Chapter Four:

Investigation of ALT in tumours using the APB assay
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Investigation of ALT in tumours using the APB assay

4.1 Introduction

This chapter demonstrates the utility of the APB assay for ALT by using it to survey
for the presence of ALT in a variety of tumour types. By analysing the clinical data,
the significance of the ALT mechanism for patient outcome and tumour behavior was
examined. The APB assay was also used to test for ALT in tumours from patients
with known mutations in tumour suppressors to further investigate genes that may be

involved in the ALT mechanism or its regulation.

4.2 Prevalence of ALT in tumours

We used the APB assay to test for ALT in paraffin sections of five major tumour
types, namely osteosarcoma, soft tissue sarcoma (STS), astrocytoma, non small cell
lung carcinoma (NSCLC) and papillary carcinoma of the thyroid (Table 4.1; examples
in Fig. 4.1 - 43 and Fig. 3.11), as we considered these more likely to have a

substantial proportion of ALT[+] tumours™*"’

(also see Section 1.11). The assay
detected ALT in 27/58 (47%) osteosarcomas, 35/101 (35%) STS (including the 26
STS in Section 3.7), 17/50 (34%) astrocytomas, 22/291 (8%) NSCLC and none of the
17 papillary carcinomas. We also tested the prevalence of ALT in paraffin sections of
colorectal carcinomas which are reported to have a high prevalence of telomerase
activity (Table 1.3) and found none of the 31 to be ALT[+] (Table 4.1; Fig. 4.3).

STS include tumours derived from or resembling a diverse group of tissue types and

the prevalence of ALT varied greatly between the subtypes (Table 4.1). Malignant
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Table 4.1: Prevalence of ALT in tumours

Tumour Type ALT][+]/Total % ALT][+]
Osteosarcoma 27/58 47%
Total STS 35/101 35%
Malignant Fibrous Histiocytoma 17/22 T7%
Leiomyosarcoma 8/13 62%
Liposarcoma 3/9 33%
Synovial Sarcoma 1/11 9%
Rhabdomyosarcoma 2/35 6%
Fibrosarcoma 2/2 N/A
Alveolar Soft Part Sarcoma 1/4 N/A
Chondrosarcoma 1/3 N/A
Epithelioid Sarcoma 02 N/A
Telomerase[-] set of STS 10/16 52%*
Malignant Fibrous Histiocytoma 8/10 73%"°
Leiomyosarcoma 1/3 N/A
Liposarcoma 1/3 N/A
Astrocytoma 17/50 34%
Non Small Cell Lung Carcinoma 22/291 8%
Colorectal Carcinoma® 0/31 0%
Papillary Carcinoma of the Thyroid 0/17 0%

*This separate set of STS were from a group of 24 STS of which 83% were
telomerase[-] and included 12 Malignant Fibrous Histiocytoma (MFH), of which 11
(92%) were telomerase[-]*". Thus 52%=10/16 x 83% and 73%= 8/10 x 92%. 12 of
the 22 colorectal carcinomas were known to have MSI, 10 were MSS and 9 unknown.
N/A, not applicable.
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Figure 4.1: The APB assay in osteosarcomas. Combined PML immunofluorescence and
telomere FISH in paraffin sections of ALT[+] osteosarcomas. Indirect immunofluorescence
(FITC label) was used for the PML protein, telomere FISH was performed using a Cy3-
conjugated telomeric peptide nucleic acid probe and slides were photographed using a 100x
objective. The bright foci of telomeric DNA that colocalise with PML represent APBs. In
APB[+] sections the telomeres are not bright enough relative to the telomeric DNA in APBs to
be visible with the exposure time used. Similar to those in cell lines, tumour APBs can have
PML protein detected in the outer rim and telomeric DNA inside (OS 02.176076) or PML
staining throughout the foci (OS 00.11988B1). APBs in tumours can sometimes be extremely
large (OS 00.013936 and OS 00.11988B2) and can also appear to be dividing or fusing (OS
02.142011ID1). The image of OS 02.142011ID7 was taken with low magnification (40x
objective) to illustrate what appears to be a distinct border (arrows) between normal tissue
and a tumour mass with APBs; bright telomeric foci (red) in the nuclei (blue). In one region,
a few cells on the normal tissue side of the border also have APBs.
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Figure 4.2: The APB assay in A: STS and B: NSCLC. Combined PML
immunofluorescence and telomere FISH in paraffin sections. Unless specified otherwise,
indirect immunofluorescence (FITC label) was used for the PML protein, telomere FISH was
performed using a Cy3 conjugated telomeric peptide nucleic acid probe and slides were
photographed using a 100x objective. A: STS 664 is an example of an APB[+] STS. B:
NSCLC 98 and 102 were APB[+] however, NSCLC 102 had less than <0.5% of its nuclei
APBJ[+] and was classified as a low frequency APB[+] tumour. The inset in NSCLC 98 shows
a nucleus from another region of the slide. The inset in NSCLC 118 shows a nucleus in a more
appropriate focal plane than used for the other nuclei in this image (and slightly magnified
post-imaging) — the APBs in 8 um sections are in different focal planes. NSCLC 118 was
classified as APBJ[-] despite having colocalisations between telomeric DNA and PML protein
(see Section 4.3). Cy3 generally gives better distinction between telomeric foci and artifact,
however, as shown in the lower panel (NVSCLC 118), when appropriate, telomere FISH was
performed using a FITC-conjugated telomeric peptide nucleic acid probe to ensure exact
colocalisations were not false positives due to bright Cy3 signal being detected through the
green filter.
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Figure 4.3: The APB assay in A: Papillary Carcinoma of the Thyroid and B: Colorectal
Carcinoma. Combined PML immunofluorescence and telomere FISH in paraffin sections.
Indirect immunofluorescence (FITC label) was used for the PML protein, telomere FISH was
performed using a Cy3 conjugated telomeric peptide nucleic acid probe and slides were
photographed using a 100x objective. A: PC 97.4778 is an example of a APBJ[-] papillary
carcinoma of the thyroid. B: examples of APB[-], minisatellite unstable colorectal carcinomas
that were scored as having most telomeres undetectable (CRC 1146) or staining at medium
intensity (CRC 863).
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Fibrous Histiocytomas (MFH), the most common STS subtype in adults®***** had the
highest prevalence of ALT, with 77% being ALT[+]. ALT was also common in
leiomyosarcomas (62%) and liposarcomas (33%). Rhabdomyosarcomas (6%) and
synovial sarcomas (9%) had a significantly lower prevalence of ALT compared to
MFH (Fisher’s exact test; p < 0.0001 for each). Results from a separate set of 16 STS
selected on the basis of being telomerase[-] (Table 4.1) supported the high prevalence
of ALT in MFH. Both of the ALT[+] rhabdomyosarcomas were of the embryonal
subtype (the rhabdomyosarcomas consisted of 15 embryonal, 4 alveolar and 16
unspecified subtypes). Of the liposarcoma subtypes, 0/1 myxoid, 1/2 pleomorphic,

1/2 dedifferentiated and 1/4 unspecified were ALT[+].

4.3 Tumours with low frequency APBs and other diagnostic dilemmas

In 5-10% of ALT[+] sarcomas and astrocytomas (3/45 ALT[+] STS, 2/27 ALT[+]
osteosarcomas and 1/17 astrocytomas) and 50% (11/22) of ALT[+] NSCLC, the
frequency of APB[+] nuclei was <0.5%, which is more than 10-fold less than the
frequency of APB[+] nuclei reported for ALT[+] cell lines®. In this study most
ALT[+] tumours had 10-25% of their nuclei APB[+]. Examples of tumours with a low
frequency of APB[+] nuclei include NSCLC 102 (Fig 4.2B) and STS 2 and 12 in Fig
3.7A and Fig 3.9. The TRF analysis of STS 12 may be consistent with it having a
relatively small (<5%) subpopulation of ALT[+] cells (Fig 3.7B and E). Whether
tumours with < 0.5% of nuclei APB[+] should be classified as ALT[+] may ultimately

depend on which conclusions are being drawn from the data.
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Another finding that warranted review of the APB assay criteria arose in a NSCLC,
NSCLC 118 (Fig 4.2B). NSCLC 118 was classified as APBJ[-] despite having
colocalisations between telomeric DNA and PML protein. The colocalisations did not
fit the APB criteria because the telomeric foci were not bright enough and/or were not
completely within the PML bodies. Even if the intensity requirement was relaxed, less
than 10 telomeric foci in the entire slide (~10 000 nuclei) were found to be completely
inside the PML bodies. With a low proportion of exact colocalisations and relatively
small foci, there is a significant chance that the exact colocalisations observed are
false positives due to separation in the vertical axis but colocalisation in the horizontal
plane. Since bright telomeric foci adjacent to PML bodies has been reported for the
cell line, AG11395%, the telomeric foci in NSCLC 118 were compared to telomeric
foci in AG11395. The telomeric foci in NSCLC 118 appeared very different (much
more distinct) than the telomeric foci in AG11395. NSCLC 118 more resembled the
LOX-IMVI melanoma cell line (Section 3.3). This type of difficulty did not arise in

any other tumour.

4.4  ALT and tumour aggressiveness

Patient data were analysed to determine if ALT is associated with tumour
aggressiveness (Table 4.2). For both osteosarcomas and adult STS, approximately
50% of the high grade tumours were ALT[+]. Thus, in this sample of sarcomas the
prevalence of ALT was not reduced in the high grade tumours compared to the
prevalence of ALT overall. In astrocytomas ALT was more prevalent in the lower
grades, 88% compared with 24% in GBM (Fisher’s exact test; p = 0.001). Consistent

with this observation, work performed by Hakin-Smith et al.”’® showed that 0/7 of
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these grade II-III astrocytomas were telomerase[+] compared with 13/34 (38%) of the

GBM, which is in agreement with other reports that show the prevalence of

telomerase[+] in astrocytoma correlates with grade

355,356

Although 33% of the metastases in adult STS were ALT[+], this was significantly less

than the 67% of primary tumours that were ALT[+] (p = 0.025). There was no

significant difference between the prevalence of ALT in the recurrences (50%) and

either the primaries or the metastases (p = 0.36 and p = 0.37, respectively). Whenever

paired samples were available, metastases and recurrences always had the same ALT

status as the primary tumour; for all tumour types this totalled 5 metastases (2/5

ALT[+]) and 2 recurrences (1/2 ALT[+]).

Table 4.2: Association of ALT with tumour grade and metastasis

Tumour Type Total Grade Tumour Stage Sampled
Tumours Low” High Primary Recurrence Metastasis

Osteosarcoma 27/58 1/7 20/39 27/57 1/1 2/3
(47%) (51%) (47%)

Adult STS 34/68 3/5 8/16 16/24 10/20 9/27
(50%) (50%) (67%) (50%) (33%)

Astrocytoma 17/50 7/8° 10/42 17/50 1/1 N/A
(34%) (88%)  (24%) (34%)

Data are presented as number of tumours ALT[+]/total tumours in partition
(percentage ALT[+]). Grading was not available for all tumours. *Low or intermediate
grade. "1/2 grade II and 6/6 grade III astrocytomas were ALT[+]. Metastasis is not
applicable (N/A) for astrocytomas.
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4.5 ALT and outcome of STS

The relationship between patient survival and ALT had not previously been
investigated for STS. Patient survival data were available for all adult STS patients
except the three patients with chondrosarcoma. The median survival for the entire
group of 65 patients was 44 months, with no significant variation between the
component STS subtypes. Kaplan-Meier analysis (Fig 4.44 and 4.4B) showed that
there was no significant difference in survival between the ALT[+] and ALTJ[-]
patients in STS or the MFH subgroup (log rank p = 0.87 and 0.90, respectively;
Hazard Ratio = 1.0 (95% CI = 0.5 to 1.7) and 0.9 (95% CI = 0.3 to 3.0), respectively).
If the two-fold longer median survival reported for ALT[+] compared with ALTI[-]
GBM patients®”® had been present in STS, our sample size was sufficient to detect this

(based on the 95% confidence intervals described in Fig 4.44).

4.6 ALT and outcome of osteosarcoma

Kaplan-Meier analysis found no significant survival difference between the ALT[+]
and ALT][-] osteosarcoma patients (Fig 4.4C; log rank p = 0.59, Hazard Ratio = 1.6
(95% CI = 0.3 to 9.3)). Although median follow up time (28 months) was short, these
results are consistent with recently published data®’' indicating that survival of

patients with ALT[+] osteosarcomas is the same or less than in the ALT[-] group.

We investigated if response to chemotherapy correlated with ALT status in
osteosarcoma as there is currently no adequate predictor of osteosarcoma response
that could facilitate tailoring of preoperative chemotherapy to increase survival®”’.

However, there was no significant difference between the proportion of ALT[+]
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(6/17; 35%) and ALT[-] (8/24; 33%) osteosarcomas that responded (>90% necrosis)

to chemotherapy (p = 1.00; mean difference of response = 2%, 95% CI = -33% to

+29%).
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Figure 4.4: ALT and patient survival. Kaplan-Meier survival analysis of A: soft tissue
sarcoma (STS) B: the STS subtype malignant fibrous histiocytoma (MFH) C:
osteosarcoma and D: glioblastoma multiforme (GBM) patients with ALT[+] or ALT[-]
tumours as determined by the APB assay. Open circles or diamonds represent patients that
exited the analysis for reasons other than death from disease. For each arm the number of
patients and median survival (with 95% confidence intervals in parentheses) are indicated.
Comparison of the ALT/+] and ALT/-] survival curves with the log rank test showed no
significant difference for any of the sarcoma groups but significantly longer survival for
ALT[+] GBM patients. P values are as indicated.
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4.7  ALT and outcome of glioblastoma multiforme

Because of the concordance between the assays for ALT, we expected the APB assay
to be a prognostic indicator for patients with GBM as has been reported for ALT
detected by TRF analysis®’’. Kaplan-Meier analysis (Fig 3D) showed that the patients
with APB[+] GBM had better survival than the APB[-] group (log rank p = 0.001).
The APB[+] GBM patients had a 3-fold longer median survival (Fig 3D; Hazard

Ratio = 0.3 (95% CI=0.1 to 0.6)).

4.8 ALT and patient age

As illustrated in Fig. 4.5, there was a significantly lower age at diagnosis for the
ALT[+] osteosarcoma patients compared with the ALT[-] osteosarcoma patients
(Mann-Whitney Test, p = 0.01). This appeared to be due to a marked lack of ALT[+]
osteosarcomas diagnosed in patients older than 40 years (1/10 or 10% ALT[+])
compared with prevalence of ALT[+] osteosarcomas diagnosed in patients younger
than 40 years (26/48 or 54% ALT[+]; p = 0.01). However Ulaner ez al.*”" did not
observe a significant difference in the mean age at diagnosis of ALT[+]

osteosarcomas, so this association needs to be tested in a larger tumour set.

ALT has been associated with a younger patient group in GBM?*°. This study also
found that patients with ALT[+] astrocytomas had a significantly lower mean age at
diagnosis than that of patients with ALT[-] astrocytomas (Fig 4.5; mean difference of
age at diagnosis = 16.4 years, 95% CI = 9.0 to 23.7 years). If grade II and III
astrocytomas (which can progress to GBM) are excluded from analysis, there was still
a significantly lower mean age of the remaining ALT[+] GBM (mean age of 40.1

years, 95% CI = 33.4 to 46.8 years for the ALT[+] GBM compared to 54.6 years,
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95% CI = 51.2 to 58.0 years for ALT[-] GBM; mean difference = 14.5 years, 95% CI

= 6.3 to 22.7 years).
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Figure 4.5: ALT and patient age. Distribution of age at diagnosis is shown for
ALT[+] and ALT/-] patients with osteosarcoma and grade II-1V astrocytoma. The
number of patients () in each arm is shown. For the astrocytomas, the open diamonds
indicate grade II or III tumours and filled diamonds indicate glioblastoma multiforme.
In osteosarcoma patients there appeared to be a lack of ALT/+] tumours in patients
over 40-45 years. Because the age distribution for osteosarcomas is skewed, the means
with 95% confidence intervals (CI) are not appropriate. Instead the median age values
for ALT/-] and ALT[+] groups (25 and 16 years, respectively) are indicated with a
horizontal bar.

Due to significant differences in both the mean ages and prevalence of ALT in the
different STS subtypes they could not be combined and the sample sizes did not allow
significant results when analysed separately. No significant gender difference was

found for the prevalence of ALT in osteosarcoma, STS or astrocytoma (Table 4.3).
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Table 4.3: Gender and the prevalence of ALT

Difference 95% CI of
(f-m) the difference

Tumour Gender N ALT[+]  P-value®

Osteosarcoma f 34 56% 0.11 23% -4% to +49%
m 24 33%
STSP f 26 42% 0.32 -14% -40% to +11%

m 39 56%

Astrocytoma f 20 40% 0.55 10% -18% to +38%

m 30 30%

“Fisher’s exact test. "The 65 adult STS used for survival analysis.

4.9  Prevalence of ALT and tumour predisposition syndromes

4.9.1 Prevalence of ALT in Li Fraumeni syndrome

It is possible that Li Fraumeni syndrome (LFS) patients are predisposed to ALT due
to loss of putative p53 suppression of ALT (Section 1.9). Therefore, APBs were
assayed in paraffin sections of fourteen cancers from LFS patients including five
sarcomas (one sclerosing spindle cell sarcoma, one leiomyosarcoma and three ovarian
sarcomas) three breast carcinomas, three lung adenocarcinomas, two endometrial
carcinomas and one squamous cell carcinoma. Only one sarcoma, the sclerosing
spindle cell sarcoma, was ALT[+] (Fig 4.6A). However, 13/14 of these tumours
(including the ALT[+] sarcoma) were from LFS patients with G:C to A:T germline
mutations in p53 codon 273. The remaining tumour, an ALT[-] breast carcinoma, was
from a LFS patient with a G:C to A:T germline mutation in p53 codon 342 (R Eeles,

personal communication)
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Figure 4.6: ALT in cancer predisposition syndromes. A: The APB assay for ALT using
PML immunofluorescence with (indirect) FITC label and telomere FISH with a Cy3
conjugated telomeric peptide nucleic acid probe in paraffin sections of cancer predisposition
syndromes, photographed using a 100x objective. The bright foci of telomeric DNA that
colocalise with PML represent APBs. APB[+] and hence ALT[+] examples of Li Fraumeni
syndrome, LFS 95.1033, Werner syndrome, WS 6102 and Rothmund-Thompson syndrome,
RTS 117 are shown. B: The mismatch repair protein, MLHI, colocalises with APBs (bright
TRFI foci) in the ALT[+] cell line, JEFCF-6/T.1J/1-3C. Bright MLH1 foci were not seen in the
ALT([-] cell line, JFCF-6/T.1J/6G. MLHI and TRF1 were detected by indirect
immunofluorescence with FITC and Texas Red labels, respectively.
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4.9.2 Prevalence of ALT in Werner and Rothmund-Thompson syndromes

To determine if RecQ helicases are required for ALT, as in the S. cerevisiae analogue
of ALT!*1663% "ATT was assayed in tumours from patients with Werner syndrome
(WS) and Rothmund Thompson syndrome (RTS) who had known mutations in the

RecQ helicase genes, WRN and RecQL4 respectively.

For WS, APBs were assayed in paraffin sections of a fibrosarcoma from a patient
with homozygous G to C mutation in the splice donor site immediately before
nucleotide 3370 of the WRN ¢cDNA>*’ (M Goto, personal communication) and an
adrenal adenocarcinoma and a ureteric transitional cell carcinoma, both from the same
patient with a homozygous C to T mutation at nucleotide 1336 of the WRN
cDNA?**3! Both these mutations result in truncations before the nuclear localisation
signal and are considered to be functionally null with identical phenotypes362’363.
However the possibility of a difference between the two mutations has been suggested

364 that found the latter mutation (that retains the helicase domain) to be

by one study
associated with follicular thyroid carcinomas and the former muation (that causes a
truncation before the helicase domain) to be associated with papillary thyroid

carcinomas. The fibrosarcoma tested ALT[+] (Fig 4.6A) and the remaining two

tumours were ALT[-].

Paraffin sections of two osteosarcomas from different RTS patients with known

mutations in REQL4 (L Wang personal communication) were both ALT[+] (Fig

4.6A).
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4.9.3 Prevalence of ALT in carcinomas with microsatellite instability

To determine if MMR may be involved in suppressing ALT, an increased prevalence
of ALT was looked for in colorectal cancers with microsatellite instability (MSI),
which is a marker for defective MMR?*®®. APBs were assayed in paraffin sections
from 22 colorectal tumours with known microsatellite status; twelve had MSI and ten
were microsatellite stable (MSS; Ward, R. personal communication). None were
APBJ[+] (Table 4.1, Fig 4.3B), which is supported by recent results’®. Carcinomas
with MSI appeared to have longer telomeres (by telomere FISH; Table 4.4), however
larger sample sizes are needed to obtain statistical significance. Figure 4.3B shows an
example of two MSI carcinomas with average telomeres scored by telomere FISH as

not visible and medium length, respectively.

Table 4.4: Telomere length and MSI in colorectal carcinomas

Telomere length” MSI tumours MSS tumours Total
not visible 6 8 14
small 3 2 5
small medium 2 0 2
medium 1 0 1
Total 12 10

*Telomere length determined by telomere FISH. MSI, microsatellite instability. MSS,
microsatellite stable.

Although there is evidence that MMR deficiency may facilitate ALT in yeast™®

, there
is also evidence that MMR deficiency is associated with deficiency of the MRN

complex’®®**” which is thought to be necessary for ALT. Thus ALT may be blocked
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in most MMR deficient cancers. Consistent with ALT requiring intact components of
MMR, we found MLH1, the protein most commonly deficient in MSI carcinomasz“,

to be present in APBs (Fig 4.6B).

4.10 Summary of results (see chapter 6 for discussion)

In this chapter, the APB assay was used to show that ALT is a significant concern for
oncology. ALT was utilised in approximately one quarter of GBM, one third of STS
including three quarters of MFH, half of osteosarcomas and one tenth of NSCLC.
Furthermore, the patients with these ALT[+] tumours had poor survival, median
survivals were 2 years for ALT[+] GBM, 4 years for ALT[+] STS including 3.5 years
for ALT[+] MFH and 5 years for ALT[+] osteosarcoma. ALT[+] STS and
osteosarcomas were also just as aggressive as their ALT[-] counterparts in terms of
grade and patient outcome. ALT status was not found to be associated with response
to chemotherapy in osteosarcomas or survival in STS. ALT was however, less

prevalent in metastatic STS.

The APB assay was a prognostic indicator for GBM and was correlated with three-
fold increased median survival in GBM (although this survival was still poor). ALT
was more common in lower grade astrocytomas (88% ALT[+]) than GBM (24%
ALT[+]) and ALT[+] GBM had an identical median age at diagnosis to that reported

368

for secondary GBM™"". In osteosarcoma, ALT was also associated with a younger age

at diagnosis.

ALT varied among the different STS subtypes. It was common in MFH (77%),

leiomyosarcoma (62%) and liposarcoma (33%) but rare in thabdomyosarcoma (6%)
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and synovial sarcoma (9%). ALT was not found in thyroid papillary carcinoma (0/17)

or colorectal carcinoma (0/31).

Diagnostic difficulties were identified for the APB assay in tumours. Occurrences of
cell populations with a low frequency (<0.5%) of APB[+] nuclei was seen in 2-4% of
sarcomas, astrocytomas and NSCLC. Although the variant APBs reported for the in
vitro transformed cell line, AG11395”, were not seen in any of the 583 tumours, one
NSCLC did have telomeres appearing to colocalise with PML nuclear bodies without
any APBs detected, similar to observations in the melanoma cell line, LOX-IMVI

(Section 3.3).

Using the APB assay to test for the presence of ALT in tumours from patients with
known mutations in either WRN or RECQLA4 it was demonstrated that neither of these
RecQ helicases was essential for ALT. There was no apparent increase in the
frequency of ALT in tumours from patients with germline G:C to A:T mutations in
p53 codon 273 or in colorectal carcinomas that had MSI and thus MMR deficiency.
The MMR protein, MLH1 was demonstrated to be present in the APBs of an ALT[+]

cell line.
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Chapter Five:

Gene expression associated with ALT
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Gene expression associated with ALT

5.1  Introduction

The research described in this chapter investigated gene expression changes
associated with the ALT mechanism. It seemed possible that expression changes
directly or indirectly associated with ALT activity may make ALT[+] tumours more
susceptible to existing treatments or be potential targets for new therapies. Support for
suspecting a different pattern of gene expression associated with the ALT mechanism
arose from the investigations of ALT and patient outcome. The reason the presence of
the ALT mechanism was associated with a better prognosis in GBM but not in
sarcomas could possibly be due to tissue specific effects of changes in gene
expression associated with an active ALT mechanism. In this chapter, gene
expression levels were compared between ALT[+] cells lines and telomerase[+] cell
lines using RNA microarray analysis. The results from this analysis motivated the

further investigation of three proteins: DRG2, AGT and SATBI.

5.1.1 DRG2

DRG@G?2 is one of two known members of the Developmentally Regulated GTP binding
protein (DRG) subfamily of GTPases’®~"’. DRG1 and DRG2 are both thought to
have similar functions and share 62% sequence identity’’'. DRG1 has been better
characterised and was originally identified as being highly expressed in the

- . 372,373
developing mouse brain’ '~

. DRG1 is a putative tumour and cell growth suppressor
with low levels of DRGI1 associated with more advanced cancers and worse
prognosis. However, high levels of DRG1 appear to improve cancer cell resistance to
some chemotherapy agents and DRGI expression is enhanced by DNA damage in a

p53 dependent manner® 7.
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In humans, DRG2 may not be regulated developmentally with similar mRNA levels
reported for foetal and adult organs’’’. In adult humans DRG2 mRNA is highly
expressed in heart, skeletal muscle and kidney, and to a lesser extent in liver, brain

369,371

and placenta . In Xenopus laevis, DRG2 is highly expressed in developing tissues

378

and gonads’” and similarly in Arabidopsis thaliana DRG proteins are highly

expressed in growing tissue and reproductive organs®”".

The possibility that repression of DRG2, like DRG1, may promote carcinogenesis is
supported by the reduced expression of DRG2 found in some sarcoma cell lines
relative to the moderate levels found in a normal fibroblast strain®”'. DRG2 RNA
levels have been reported to be low in the cell line WI38-VA13/2RA’® which is
ALT[+] and moderate in the osteosarcoma cell line MG-63°"" which is
377,380

telomerase[+]. DRG2 is located in a region deleted in Smith-Magenis Syndrome

that has also been associated with neuroblastoma’®!.

The fact that DRG proteins are highly conserved in eukaryotes and Achaea indicates

that they may have an important function®*””"

. DRG2 appears to be involved in
regulating cellular proliferation. Overexpression of DRG2 leads to decreased cellular
proliferation, accumulation of cells in G2/M phase, decreased cellular adhesion and
decreased apoptosis after nocodazole exposure®****. Furthermore, DRG2 is increased
in fish cells infected with rhabdovirus®*. Although DRG2 is found in the
cytoplasm®®, it is a basic protein and may have RNA binding activities’’®. DRG2

protein levels may be regulated by ubiquitylation dependent proteolysis and DFRP2

(hGIR2) may stabilise DRG2 by inhibiting ubiquitylation®’.
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5.1.2 AGT

The O°-methylguanine DNA methyltransferase (MGMT) gene encodes the DNA
repair protein O°-alkylguanine DNA transferase (AGT). MGMT expression is an
important determinant of cancer-causing mutations and resistance of cancer cells to
chemotherapy agents. AGT acts alone to detect and remove alkylating lesions at the
O° position of guanine, including its preferred substrate, O°-methylguanine (O°-
MG)**®*% " Although nucleotide excision repair (NER) is capable of removing O°-
alkylguanine (O%-AG lesions), AGT appears to be the critical repairer, especially for
0°-MG***¥_ Repair of all O°-AG lesions is essential for avoiding both mutation and

cell death™®.

From prokaryotes to humans, AGT has a conserved function and sequence, especially
at its active site’*®. AGT is a small protein of 207 amino acids and 22 kDa**’. Each
AGT enzyme scans DNA for one O°-AG adduct, which it removes in a suicide
reaction that corrects the lesion. The AGT enzyme is inactivated by the covalent
transfer of the alkyl group to its active site which causes a conformational change
causing both its release from DNA and ubiquitylation which marks it for
degradation®®***°. This makes AGT a simple target for inhibition, as any substrate is

an irreversible inhibitor.

Although O°-MG comprises less than 10% of nucleotide adducts due to methylating
agents, it is one of the main carcinogenic lesions. Methylating agents can be
endogenous such as S-adenosylmethionine, environmental such as N-nitroso
compounds in food and cigarette smoke or therapeutic such as temozolomide and
dacarbazine which are used as chemotherapy agents for a variety of tumours
including gliomas and STS, respectively. If O®-MG is not repaired before DNA

replication, 90% of the time O°-MG is paired with thiamine which can cause G:C to
5-135



A:T transition mutations. MMR will recognise O°-MG:T, degrade the newly
synthesised strand surrounding the T and then resynthesise it but as O°-MG:T 90% of
the time. This results in several rounds of repair and single strand gap. If replication
occurs while there is a single strand gap, a double strand break will occur in one
daughter chromatid that may be repaired by HR or NHEJ (possibly leading to SCE or
cytogenetic changes) or cell death may occur - usually apoptosis initiated by

3386387391 Thys MMR is required for the creation of the single strand gap

pS
necessary for the cytotoxic effect of methylating agents. Drug resistance has been
seen to emerge in AGT deficient tumours due to mutation or promoter methylation
which inactivates MMR genes’ *******. Knockout of both AGT and MMR protein

MLH]1 in mice leads to mutagenesis but not cell death®* and the level of MLHI was

found to be important for the control of mutation and apoptosis.

AGT also repairs branched and chlorinated alkyl groups such as O°-
chloroethylguanine formed by chemotherapeutic agents such as bis-(2-chloroethyl)-
nitrosourea (BCNU) that has also been used to treat gliomas. If 0°-
chloroethylguanine lesions are not removed within 8-12 h they form G-C interstrand

crosslinks, which are poorly repaired and extremely cytotoxic***"!.

MGMT is ubiquitously expressed in normal human tissue but levels vary, presumably
reflecting genetic background and exposure to alkylating agents. AGT activity can be
heterogeneous in tumours but average activity is usually many fold higher than the
normal tissue counterpart’>***>%° Many tumour cell lines and a small subset of
tumours lack AGT expression due nearly always to gene silencing. Methylation of
specific CpG regions in the MGMT promoter is associated with a condensed
chromatin structure and turns off expression of the gene. This is sometimes associated

with similar changes in other cancer associated genes such as CDKN1A (p21), MLH1
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and CDKN2A (p16)**°*°. Exclusion of a putative MGMT enhancer binding protein

from the nucleus may also be involved in silencing of MGMT>’.

AGT function can be disrupted by loss of nuclear transport due to mutation in its
nuclear recognition sequence or a sequence for binding an accessory protein thought
to facilitate its transfer to the nucleus. Phosphorylation of AGT increases its nuclear
localisation and decreases its ubiquitylation and degradation. MGMT can be induced
by glucocorticoids, cCAMP and PKC activators. Modest p53-dependent induction of
MGMT occurs after DNA damage such as ionising radiation and other non alkylating

- 386,387
damaging agents™ """,

AGT may have another role as it is expressed in normal and cancer cells at levels

higher than necessary to repair endogenous or therapeutic damage respectively’> =%,

and is known to make mycobacteria more virulent

. Human AGT does appear to
have some role in inhibiting cell cycle progression in the presence of DNA damage.
The most critical times for DNA repair are during transcription and replication. Not
only are these the processes that realise the mutations into mutated mRNA and fix
them into daughter chromosomes, but at sites of transcription and replication the
DNA is open and accessible to mutagenic agents. O°~-MG is of particular concern as it
does not appear to halt the respective polymerases’***”’. AGT has been found to
accumulate at these sites, possibly by binding other proteins®®*%. There is no
evidence that non-alkylated AGT influences transcription or replication, but it does
bind CREB-binding protein (CBP)*' and DNA replication licensing factors*®.
Alkylated AGT formed by the suicidal removal of O°-AG adducts initiates a
conformational changes that stops it binding CBP and allows AGT to bind the

oestrogen receptor, inhibiting the latter from transcriptional activation that mediates

cellular proliferation - including progression to S phase of the cell cycle®'. Alkylated
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AGT may also be linked to cell signalling events leading to a G2/M arrest in response
to DNA damage’®”. Evidence that increased levels of AGT help survival of human
cancer cells treated with cyclophosphamide that is not known to cause an AGT
repairable lesion®®’ and that AGT binds DNA repair proteins (such as MSH2 and
DNA dependent protein kinase) and cell cycle and signalling proteins*® suggest that
AGT may be part of a more general cell cycle arrest pathway. Interestingly, AGT has
also been found to bind two proteins, DNA-PK and heterogeneous nuclear
ribonucleoprotein (hnRNP) A2/B1* that are known to reside at telomeric

DNA 139,403

Loss of MGMT expression may be an early event in carcinogenesis by allowing
mutagenesis of endogenous O°-MG adducts in oncogenes and tumour suppressors.
Evidence suggests that both MGMT promoter methylation and p53 mutation are early
events in the progression of astrocytoma to secondary GBM in about two thirds of
these tumours*****. The possibility that the lack of AGT may be the cause of the p53
mutations in these astrocytomas was supported by a correlation between MGMT
promoter methylation and G:C to A:T transition mutations in p53***. Loss of MGMT
expression is also associated with p53 G:C to A:T mutations in NSCLC and mutations
of K-ras in gastrointestinal tract cancer’®*®®. Thus, one effect of MGMT loss on

prognosis could be to worsen it due to increased oncogenic mutations.

Contrary to this, the overall effect of MGMT expression loss in GBM and anaplastic
astrocytoma was improved survival, especially when patients receive temozolomide
chemotherapy*”*!’. In GBM loss of MGMT expression as determined by MGMT
promoter methylation, was associated with an increase in median survival of 50%
overall and 70% in the treatment group who received adjuvant temozolomide

chemotherapy. However, AGT status is not always indicative of response to
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temozolomide®®”*'. Other determinants of drug sensitivity are likely to include MMR

386,392-394 5

status , p53 status®” and the ability of MGMT expression to re-emerge’™.
Other putative changes common to cells with MGMT promoter methylation such as
concomitant methylation of other promoters may also make these tumours more

sensitive to chemotherapy.

5.1.3 SATBI

SATBI is a chromatin organiser that is necessary for cell-type specific, coordinated
gene regulation. SATB1 forms a cage-like structure in the nucleus’'' and binds
specific sites on the DNA, organising it into loop domains. It also acts as a landing
platform for chromatin remodelling factors to act in the neighbourhood of the tethered
DNA (within about 50 kb) to establish histone modifications and inhibit or enhance

Lo . . 411,412
gene expression in a tissue specific manner’ ' °.

SATBI1 is found at high levels only in the thymus, where it is essential for the
maturation of T-cells and its loss at this stage affects the expression of over 2% of

#13 1t has also been found to have a role in the activation of mature

total genes
T-cells*"® and differentiation in both myeloid and erythroid cells*'**'>*"°_In erythroid
progenitor cells SATB1 binds and affects gene expression in conjunction with CREB-
binding protein (CBP) but not p300*"°. However in myeloid progenitor cells the

reverse occurs and SATBI1 binds and affects gene expression in conjunction with

p300 but not CBP*'°,

SATBI binding appears to coincide with Base Unpairing Regions (BURs) which are
20 -30 bp regions which can readily unpair to form a single stranded conformation,
depending on local supercoiling®'”*"*. BURs are often found in Matrix Attachment

Regions (MARs). MARs (about 1 kb long) allow tethering of the chromatin either
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side of a loop (of 70kb on average) that is an independent torsional, transcriptional

418,420

and replication domain . The BURSs’ ability to base unpair appears to be

important for binding to the nuclear matrix**', and the regions immediately adjacent

420,422,423

to matrix binding may be hotspots for recombination BURs can contain

short (several nucleotides long) subregions termed core unwinding elements that stay
unpaired even under conditions that favour the double stranded conformation***.
SATBI makes direct contact with the core unwinding elements*'>**!, but there does
not appear to be an exact consensus sequence for its binding, which also depends on
the surrounding BUR sequence*”. BURs tends to be AT rich, have the Gs and Cs
segregated on different strands and be well mixed in terms of not having runs of
purines or pyrimidines*'”’. However one reported SATBI site in the MAR of the &-

45 Telomeric DNA is also a

globin promoter only contained 12 A/Ts out of 22 bases
MAR despite not being AT rich*”. SATBI binds BURs in the double stranded
conformation and stabilises them against unpairing*®***. This may inhibit BUR

binding to the nuclear matrix and other proteins that bind the unpaired single strands

of BUR*.

5.2 RNA microarray

5.2.1 Celllines and RNA isolation

For RNA microarray analysis, 12 pairs of ALT[+] and telomerase[+] cell lines were
chosen that best provided an unbiased sample of ALT[+] cell lines and could be
closely matched by cell or tissue type and method of transformation with
telomerase[+] cell lines (Table 5.1). RNA was harvested immediately from 50-70%
confluent monolayers. RNA purity was confirmed for all samples; the Ajg0/Axgp ratio
was between 1.95 and 2.05 (pH 7.5) and no degradation of the RNA was seen on

analysis by agarose gel electrophoresis.
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Table 5.1: Cell lines used for RNA microarray analysis

Cell/Tissue Type Transformation | ALT[+] Telomerase[+]
Fibroblast, jejunal® SV40 JFCF-6/T.1J/1.3C ™ | JFCF-6/T.1J/6G ™
Fibroblast, jejunal® SV40 JFCF-6/T.1R " | JFCF-6/T.1P "
Fibroblast, lung SV40 MRC5-V2 ™ | MRC5-V1 m
Fibroblast, lung SV40 WI38-VA13/2RA ' | BFT-3K X
Fibroblast, skin SV40 GM847 ™1 GM639 m
Fibroblast, AT SV40 AT1BR44neo ™ AT221JE-T f
Mesothelial SV40 MeT-4A " | MeT-5A/6TGR-B ™
Osteosarcoma tumour Saos-2 " | TE-85 '
Osteosarcoma tumour U-2 OS "' MG-63 m
Adenocarcinoma, lung | tumour SK-LU-1 "1 A2182 "
Fibroblast, liver chemical SUSM-1 m

Fibroblast, breast, LFS | Spontaneous IIICF/c !

Fibrosarcoma tumour HT1080 m
Fibroblast, breast SV40, hTERT F80-TERT/K1-1 '

*JFCF-6/T.1J/1-3C, 1J/6G, 1P and 1R all were derived from the JECF-6 primary cell
strain. JFCF-6/T.1J/1-3C and 1J/6G were subclones from the same transformation
event. "or ™ indicates the cell line was derived from a female or male patient,
respectively. “BFT-3K was derived from a male primary cell donor, but the cell line
is aneuploid X0. AT and LFS denotes the cells were from a patient with Ataxia
Telangiectasia and Li Fraumeni syndrome, respectively.

5.2.2 Microarray analysis and identification of differentially expressed genes

The level of mRNA from 27868 genes (33096 probes or gene elements) was
determined for each cell line separately on a Human Genome Survey Microarray
(Applied Biosystems), using the commercial microarray service provided by Human
Genetic Signatures (Macquarie Park NSW, Australia) with no amplification of the
cDNA; see section 2.6.2. Genome wide median expression was used to normalise
each gene for comparison with other arrays. In total, 19469 gene elements had a
signal to noise ratio of greater than or equal to 3 in at least 6/12 ALT or 6/12

telomerase cell lines, and only these genes were included in further analysis.

The gene expression among the different cell lines was not normally distributed and
contained outliers and noise, all of which has been reported to be standard for

microarray data*”’. The nonparametric Mann-Whitney test was considered the most
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appropriate method to identify the differentially expressed genes due to the above
characteristics of the data. Appendix A shows the expression levels of the 240 genes
(250 gene elements) that were differentially expressed between the ALT[+] and
telomerase[+] groups (Mann-Whitney test, p < 0.005) and fourteen of these genes
that are further analysed in this chapter are summarised in Fig 5.1. Some of the
differentially expressed genes with known functions that may be relevant to telomere
maintenance are shown in Table 5.2. Hierarchical clustering of the cell lines based on
these 250 gene elements yielded a clear separation of ALT[+] cell lines from

telomerase[+] cell lines (Fig 5.2).

There are not currently any published studies comparing the effect on gene expression
of the ALT and telomerase telomere maintenance mechanisms. However, Nautiyal et
al.**® have investigated in S. cerevisiae the gene expression changes in response to
deletion of the telomerase RNA component. Nautiyal ef al. described a set of twelve
genes that were upregulated specifically in response to the telomere shortening
associated with telomerase deletion (and not generally in other stress conditions) and
that remained upregulated in telomerase negative survivors. However, none of these
genes corresponded to the genes found in this chapter to be differentially expressed
between the ALT[+] and telomerase[+] groups. One gene, RPL37A, had a human

homologue that had weak differential expression between the ALT[+] and
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Figure 5.1: Differential gene expression between ALT[+] and telomerase[+] cell
lines. Gene expression levels for 12 ALT[+] and 12 telomerase[+] cell lines were
determined by RNA microarray analysis and 19469 gene elements had levels three-fold
higher than background noise in at least half of the ALT[+] or at least half of the
telomerase[+] cell lines. Of these gene elements, 240 genes found to be differentially
expressed (Mann-Whitney test, p < 0.005) between the ALT[+] and telomerase[+] cell
lines (Appendix A). Of these genes, the fourteen further analysed in Chapter 5 are
summarised here with the significance of their differential expression (Mann-Whitney
test p-value) and their rank according to this test. The fold change was determined by
dividing the median gene expression level in the ALT[+] cell lines by the median gene
expression level in the telomerase[+] cell lines.
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Table 5.2: Differentially expressed genes with known roles that are potentially relevant to telomere maintenance.

Gene Change” Rank Relevant Functions Comments References
DRG2 0.3 1 Cellular proliferation, RNA Cytoband 17p11.2 contains DRG2, FLJ36674 and FAM18B that See section 5.1.1
binding are all down-regulated in ALT.
MGMT 0.1 10 DNA repair, chemotherapy Located near TACC2 and SFXN4 on 10g23-26 which contains 13  See section 5.1.2
resistance genes that are all expressed at significantly lower levels in ALT.
EGF 4.8 13 Cellular proliferation, may Chromosome 4 contains high proportion of genes with higher 430-432
negatively regulate MGMT and  expression in ALT. Other evidence of up-regulation of MAPK
MLH1 pathway in ALT includes higher levels of IRAK1BP1, LEF1,
TGFB2 and lower levels of SIGIRR .
HNRPK 0.7 43 Binds telomeric C-strand DNA.  Single stranded C-strand telomeric DNA is increased in ALT. 433-435
Transcriptional coactivator of Also binds the CT-rich element in the c-myc promoter
p53 in DNA damage response.
SATBI1 14.2 50 Establishment/maintenance of Only 4/16 differentially expressed genes on chromosome 3 are See section 5.1.3
chromatin architecture, elevated in ALT.
Transcriptional regulator
NSBP1 9.9 51 May be a transcriptional On X chromosome; fold median expression change in NSBP1 436
regulator between ALT and telomerase for female cell lines, 29; male cell
lines 3.7 (all cell lines 9.9).
CCNG2 23 73 Cell cycle checkpoint Chromosome 4 contains high proportion of genes with higher 429.437
expression in ALT. CCNG2 levels are increased by DNA damage
dependent on p53. Expression may be positively regulated by
hTR.
TACC2 0.5 112 Gene regulation, chromatin Located near MGMT and SFXN4. 10g23-26 contains 13 438,439
remodelling differentially expressed genes all lower in ALT.
NSE1 6.7 130 DNA HR and repair in yeast Lower significance but higher in ALT in all ALT-telomerase pairs 440
(non SMC) from the same parental cell strain.
CEBPA 0.6 203 Transcriptional regulation, cell May act with pRb proteins to impose G1 arrest in response to 441,442

proliferation and differentiation

DNA damage.

*Fold change in median expression levels in ALT[+] compared to telomerase[+] cell lines
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Figure 5.2: Hierarchical clustering of the differential expressed genes. Hierarchical
clustering of the cell lines based on their expression levels of the 250 differentially
expressed gene elements (Mann-Whitney test, p < 0.005). For each cell line, gene
expression relative to the median level for all cell lines is illustrated by a red bar for
increased expression, a blue bar for decreased expression and a yellow bar indicates
expression not different from the median level. The individual gene elements are not
indicated but are described in detail in Appendix A. This figure illustrates that the set of
250 differentially expressed gene elements successfully separates all the ALT[+] cell
lines (grey background) from the telomerase[+] cell lines.
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telomerase[+] groups (Mann-Whitney test, p = 0.055). However, RPL37A was >
3-fold upregulated in the S. cerevisiae telomerase negative survivors*™® and 1.4-fold
downregulated in the ALT[+] group. Li et al.**® have described a set of genes,
including Cyclin G2, that are downregulated in immediate response to depletion of
the telomerase RNA component in human cell lines. Although Cyclin G2 was
differentially expressed between the ALT[+] and telomerase[+] groups (CCNG2,

Appendix A; Mann-Whitney test, p = 0.001) Cyclin G2 was upregulated in ALT.

One problem with analysing a large pool of genes is that the number of false positives
for differential expression will be high. That is, a significant number of the
differentially expressed genes will have a higher level of expression in one group
solely due to chance (and would show equal expression if we had sampled an infinite
number of cell lines). Two simple ways of managing this problem are the
conservative Bonferroni method of adjusting the p-value to take into account the
chance of false positives and the less stringent Benjamini and Hochberg method of

estimating the false positive rate**’

. Table 5.3 shows the Bonferroni corrected p-
values and the Benjamini and Hochberg estimate of the false positive rate for the 250
differentially expressed gene elements (Mann-Whitney test, p < 0.005). Both methods
estimate that only two genes, DRG2 and SFXN4 are significantly likely to be both
differentially expressed and not false positives (p < 0.05). The Benjamini and
Hochberg method also provides an estimate of the proportion of false positives for
each p-value cut-off (Table 5.3). For example, 39% or 98 of the 250 differentially
expressed gene elements (Mann-Whitney test, p < 0.005) are expected to be false
positives. The Bonferroni corrected p-values and the Benjamini and Hochberg

estimate of the false positive rate are plotted for the 1580 most significantly

differentially expressed gene elements (Mann-Whitney test p < 0.05; Fig 5.3).
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Table 5.3: Adjusting the significance of differentially expressed genes to include the estimated false positive rate.

g::ﬁ P-value Adjusted P-value® False +ve rate® g::z P-value Adjusted P-value® False +ve rate”

1.05E-

1 07 0.0020 0.2% 87-99 1.42E-03 27.6 27.9%
1.00E-

2 06 0.019 1.0% 100-102 1.61E-03 31.3 30.7%
1.75E-

3-4 05 0.3 8.5% 103 1.84E-03 35.8 34.8%
3.51E-

5 05 0.7 13.7% 104-110 1.85E-03 36.0 32.7%
4 40E-

6-8 05 0.9 10.7% 111-127 1.86E-03 36.2 28.5%
6.07E-

9 05 1.2 13.1% 128 1.99E-03 38.7 30.3%
6.69E-

10 05 1.3 13.0% 129 2.06E-03 40.1 31.1%
8.22E-

11 05 1.6 14.5% 130 2.10E-03 40.9 31.4%
1.00E-

12-13 04 1.9 15.0% 131-135 2.11E-03 41.1 30.4%
1.01E-

14-16 04 20 12.3% 136 2.38E-03 46.3 34.1%
1.48E-

17-18 04 29 16.0% 137 2.40E-03 46.7 34.1%
2.14E-

19-22 04 4.2 18.9% 138-155 2.41E-03 46.9 30.3%
2.98E-

23-24 04 5.8 24.2% 156 2.67E-03 52.0 33.3%
3.04E-

25-30 04 5.9 19.7% 157 2.73E-03 53.2 33.9%
4 24E-

31-35 04 8.3 23.6% 158 2.73E-03 53.2 33.6%
4 93E-

36 04 9.6 26.7% 159 3.06E-03 59.6 37.5%

5-148



4.95E-
37 04 9.6 26.0% 160 3.06E-03 59.6 37.2%
4.97E-
38-39 04 9.7 24.8% 161-185 3.10E-03 60.4 32.6%
5.76E-
40 04 11.2 28.0% 186 3.49E-03 67.9 36.5%
5.82E-
41 04 11.3 27.6% 187 3.50E-03 68.1 36.4%
5.85E-
42-50 04 1.4 22.8% 188 3.90E-03 75.9 40.4%
6.80E-
51 04 13.2 26.0% 189 3.92E-03 76.3 40.4%
7.84E-
52 04 15.3 29.4% 190-192 3.93E-03 76.5 39.9%
7.92E-
53-56 04 15.4 27.5% 193 3.94E-03 76.7 39.7%
7.95E-
57-68 04 15.5 22.8% 194-215 3.95E-03 76.9 35.8%
9.04E-
69 04 17.6 25.5% 216 4.36E-03 84.9 39.3%
1.05E-
70 03 20.4 29.2% 217 4.43E-03 86.2 39.7%
1.06E-
71-72 03 20.6 28.7% 218-222 4.44E-03 86.4 38.9%
1.07E-
73-84 03 20.8 24.8% 223-225 4.98E-03 97.0 43.1%
1.15E-
85 03 224 26.3% 226-250 4.99E-03 97.2 38.9%
1.22E-
86 03 23.8 27.6%

#P-value was adjusted to take into account the chance of false positives by the Bonferroni method. °False positive rate was
estimated by the Benjamini and Hochberg method.
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Figure 5.3: Effect of the false positive rate on the significance of differential
expression. A: P-values were adjusted by the Bonferroni method to take into account
the chance of false positives and plotted for the 1580 most significantly differentially
expressed gene elements ranked in order of their significance. B: The false positive
rate, as estimated by the Benjamini and Hochberg method is graphed for the 1580 most
significantly differentially expressed gene elements.

5.2.3 Characteristics of differentially expressed genes

Of the 240 genes that were differentially expressed (Mann Whitney test p < 0.005),
only 93 or 39% (95% CI; 33% to 45%) had higher expression in ALT[+] cell lines. If
we estimate (Benjamini and Hochberg method) that 94 of the 240 differentially
expressed genes are false positives - with half of the false positives expressed at a
lower level in ALT cells, then 46 (32%) of 146 truly differentially expressed genes
have higher levels of expression in ALT[+] cell lines. The distribution of the
differentially expressed genes among the chromosomes is shown in Table 5.4.
Chromosomes 1, 4, 14 and X contain a significantly high proportion of genes
upregulated in ALT cell lines. Chromosomes 10 and 15 contain a significantly high
proportion of genes down-regulated in ALT cell lines. The high proportion of the
differentially expressed genes on chromosome X that are up-regulated in ALT, could
be in part due to the higher proportion of ALT cell lines derived from female donors;

six ALT compared with three telomerase cell lines.
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Table 5.4: Distribution of the differentially expressed genes among the chromosomes.

Chromosome 1 2 3 4 5 6 7 8 9 10 1 12 13
No. genes

changed 17 17 16 13 5 6 13 10 8 14 15 2 6
No. genes up? 13 5 4 11 3 3 2 2 3 1 6 0 2
% genes up® 76.5% | 29.4% | 25.0% | 84.6% | 60.0% | 50.0% | 15.4% | 20.0% | 37.5.0% | 7.1% | 40.0% | 0.0% | 33.3%
lower 95% CI 54.0% | 5.3% | 1.2% | 62.0% | -8.0% -7.5% | -7.0% | 10.2% | -5.8% | -0.8% | 11.9% - 20.9%
upper 95% CI 99.0% | 53.6% | 48.8% | 107.0% | 128.0% | 107.5% | 38.0% | 50.2% | 80.8% | 22.6% | 68.1% - 87.5%
Chromosome 14 15 16 17 18 19 20 21 22 X N/A total
No. genes

changed 7 13 4 7 2 8 3 3 4 18 29 240
No. genes up? 6 1 1 2 0 3 1 1 1 14 8 93

% genes up® 85.7% | 7.7% | 25.0% | 28.6% | 0.0% | 37.5% | 33.3% 33.3% | 25.0% | 77.8% 27.6% 38.8%
lower 95% CI 50.8% | -9.1% | -54.6% | 17.0% - -5.8% | 110.0% | 110.0% | -54.6% | 56.5% 10.3% 32.5%
upper 95% CI 120.7% | 24.5% | 104.6% | 74.0% - 80.8% | 180.0% | 180.0% | 104.6% | 99.1% 44.9% 45.0%

%in ALT[+] compared to telomerase[+]. N/A indicates that the gene location was not available on the public domain.
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5.2.4 Co-regulation of differentially expressed genes

Analysis was carried out to elucidate differentially expressed genes that may be co-
regulated or genes that may be responsible for regulating ALT specific expression.
For practical reasons analysis was carried out on a small number of genes. Also to
allow immediate interpretation of results, the genes chosen for analysis were the
differentially regulated genes with known roles that are potentially relevant to
telomere maintenance (Table 5.2). SFXN4 and differentially expressed genes in the
MAPK pathway, IRAK1BP1, LEF1 and SIGIRR were also included in the analysis.
Spearman’s correlation coefficient was used to determine pair-wise correlation
between expression levels (Table 5.5). In Table 5.5 all gene pairs with a Spearman’s
correlation coefficient > 0.4 (or < -0.4) are correlated (or negatively correlated) with p
< 0.05. This means that there is a less than 5% chance that they are not correlated (or
not negatively correlated). The problem with this is that this set of differentially
expressed genes is a biased set from an unbiased set of the 19469 gene elements
analysed in section 5.2.2. This provides 1.9x10® gene (probe) pairs and thus a large
number of false positive pair-wise correlations over the 24 cell lines that may be
overrepresented in the biased set of differentially expressed genes analysed in Table
5.5. To reduce the chance of false positives a stringent cut-off for the Spearman’s
correlation coefficient of > 0.71 (or < -0.71) was used, which corresponds to p <

5x107.

Two groups of genes appeared to have correlated expression levels that fitted these
criteria (Fig 5.4 and Fig 5.5A). One group centred on SIGIRR. Both NSBP1 and
LEF1 expression levels were strongly negatively correlated with expression of
SIGIRR (Spearman’s correlation coefficient = -0.77 and -0.76, respectively; Table

5.5, Fig 5.5A). There was a weaker correlation between SATB1 and NSBP1 but the
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Table 5.5: Correlation of gene expression levels determined by Spearman's correlation coefficients

a8

< - X - — o I <C o i

=) 0 = i} T 5] prd O = pd O x O [0}

DRG2 1 069 063 -056 060 -053 -048 -059 054 -081 044 -060 -058 048
SFXN4 0.69 1 073 -045 064 -049 -056 -042 077 -041 076 -049 -040 0863
MGMT 063 073 1 -060 052 -043 -0860 -038 059 -045 067 -053 -049 063
EGF -0.56 -0.45 -0.60 1 035 0441 057 044 -027 043 -022 061 053 -040
HNRPK 060 064 052 -0.35 1 -021 -025 -032 073 -054 073 -036 -028 037
SATB1 -0.53 -049 -043 041 -0.21 1 071 039 -031 05 -027 050 066 -058
NSBP1 -0.48 -056 -060 057 -025 071 1 031 -051 026 -038 043 068 -076

CCNG2 -059 -042 -038 044 -032 0389 031 1 -011 046 -016 043 033 -0.18
TACC2 054 077 059 -027 073 -031 -051 -0.11 1 -032 082 -031 -040 065
NSE1 -061 -041 -045 043 -054 056 026 046 -032 1 -035 036 044 -022
CEBPA 044 076 067 -022 073 -027 -038 -016 082 -0.35 1 -0.27 -037 061
IRAK1BP1 | -0.60 -048 -053 061 -036 050 043 043 -031 036 -027 1 032 -033
LEF1 -0.58 -040 -049 053 -028 066 068 033 -040 044 -037 032 1 -0.77
SIGRR 048 063 063 -040 037 -059 -0Y6 -018 065 -022 061 -033 -077 1

A Spearman's correlation coefficient of > 0.40 (< -0.40) indicates significant correlation (negative
correlation) with p < 0.05.
A Spearman's correlation coefficient of > 0.71 (< -0.71) indicates significant correlation (negative

correlation) with p < 5x10°

‘G,;-a
L

0.71

[ = median expression in ALT[+] < Telomerase[+] cell lines

I = redian expression in ALT[+] = Telomerase[+] cell lines
= = gene expression correlated (Spearman's correlation coefficient; p < 5x10°9)

Figure 5.4: Co-regulated groups of differentially expressed genes. A subset of
differentially expressed genes were analysed for correlated gene expression. The lines
between the gene pairs represent highly significant correlations (Spearman’s correlation
coefficient > 0.71 or < -0.71corresponding to a p-value cut-off of p < 5x107). The numbers
beside the /ines indicate the Spearman’s correlation coefficient for the gene pair. Gene pairs
down-regulated in ALT (Mann-Whitney test, p < 0.005) have a blue background, where as a
red background denotes genes up-regulated in ALT (Mann-Whitney test, p < 0.005).
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Figure 5.5: Pair-wise gene expression correlations. The pair-wise correlations between
the expression levels of selected genes are illustrated. Each one of the 24 cell lines are
represented by a point on the graph. 4: Shows the correlations for co-regulated gene
groups shown in Fig 5.4. There was a highly significant correlation (Spearman’s
correlation coefficient, p < 5x107; Table 5.5) between the expression levels of all gene
pairs. B: The correlation between EGF and MGMT, MLH1 and EGFR. There was a
significant negative correlation between EGF and MGMT, Spearman’s correlation
coefficient =-0.6 = 0.4, p < 0.05. However, this was below the more stringent p-value cut-
off used to select the gene pairs in part 4 of this figure. No significant correlation was
found between EGF and either MLHI or EGFR; Spearman’s correlation coefficients =
0.26 £ 0.4, and -0.07+ 0.4, respectively (p < 0.05).
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Spearman’s correlation coefficient = 0.71 was above the p < 5x107 cut-off (Table
5.5, Fig 5.5A). SATB1, NSBP1 and LEF1 were up-regulated in ALT (Mann-Whitney
test p = 5.9x10™, p = 6.8x10™ and p = 1.9x107, respectively, Fig 5.1) and SIGIRR

was down-regulated in ALT (Mann-Whitney test p = 4.0x107, Fig 5.1).

The second group of co-regulated genes centred on CEBPA and TACC2 (Fig 5.4 and
Fig 5.5A). The expression levels for this pair of genes were strongly correlated
(Spearman’s correlation coefficient = 0.82; Table 5.5, Fig 5.5A). Both CEBPA and
TACC2 had expression levels that correlated with both SFXN4 and HNRPK
expression, but only SFXN4 expression correlated with MGMT expression levels
(Spearman’s correlation coefficients were between 0.73 to 0.77, all above the p <
5x107 cut-off; Table 5.5, Fig 5.5A). This group of genes were all down-regulated in
ALT (Mann-Whitney test p = 1.0x10°, 6.7x107, 5.9x10™, 1.9x10™ and 4.0x10~ for

SFXN4, MGMT, HNRPK, TACC2 and CEBPA, respectively; Fig 5.1).

Since Epidermal Growth Factor (EGF) has been reported to down-regulate MGMT
and MLH]1 expression®?, these relationships were looked at separately. EGF was up-
regulated in ALT (Mann-Whitney test p = 1x10, Figure 5.1), MGMT expression was
down-regulated in ALT (Mann-Whitney test p = 1x10™, Fig 5.1) and there was no
difference in expression levels of MLH1 between the ALT[+] and telomerase[+] cell
lines (Mann-Whitney test p = 0.72, Fig 5.6A). The telomerase[+] cell lines that had a
marked elevation in MGMT levels had below median levels of EGF expression (Fig
5.5B). There was a significant negative correlation between the expression of EGF
and MGMT (Spearman’s correlation coefficient = -0.60 + 0.40, p< 0.05; Fig 5.5B,

Table 5.5), but not as significant as the correlations shown in Figure 5.4 with p <
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5x107. No correlation was seen between EGF and MLHI1 (Spearman’s correlation

coefficient = 0.26 + 0.40; Fig 5.5B). The relationship between EGF and EGF receptor

(EGFR) expression was also investigated. ALT appears to be more common in

secondary GBM than primary GBM (Section 6.3). EGFR has been reported to be

over-expressed in primary GBM

44 No correlation was observed between the

expression levels of EGF and EGFR in the 24 cell lines (Spearman’s correlation

coefficient = -0.07 = 0.40; Fig 5.5B) and EGFR expression was not significantly

associated with ALT[+] or telomerase[+] cell lines (Mann-Whitney test p = 0.50, Fig

5.6B).
A
. MLH1: mutL homeleg 1, colon cancer, nonpolypesis type 2 (E. coli)
P-value: 0.71 Fold change: 0.9
* Chromosome: 3p21.3
© g Genbank: NM_000249.2 Gene ID: hCG17142.2
. Biclogical process: mismatch repair; negative regulation of cell cycle
: - Molecular function: ATP binding
! -;- Cellular component: nucleus
- : Expression levels in ALT cell lines median: 1.0
* 13C 1R V2 2RA GM847 AT1 MeT4A SAOCS2 U20S SKLU1 SUSM1 llICFe
120 093 055 08 159 0968 069 113 179 101 0.99 0.90
Expression levels in Telomerase cell lines median: 1.1
o 686G 1P V1 BFT3K GM639 AT22 6TGR A2182 F80 HT1080 MG63 TES85
ALT  Telomerass 145 149 097 101 135 062 066 158 083 114 081 1.64
B
. EGFR: epidermal growth factor receptor
{erythroblastic leukemia viral (v-erb-b) oncogene homolog, avian)
P-value: 0.50 Fold change: 0.9
Chromosome: 7p12 Genbank: NM_005228.3 Gene ID: hCG1811404.2
e L Biclogical process: cellular proliferation;EGFR signalling pathway;protein
phosphorylation;electron transprt
s * Molecular function: iron ion and ATP binding;EGFR, transferase and electron transporter activity
. * ! Cellular component: integral to plasma membrane;endosome;cytoskeleton
. Expression levels in ALT cell lines median: 0.9
* s 13C 1R V2 2RA GM847 AT1 MeT4A SAOCS2 U20S SKLU1 SUSM1 llICFe
: p90 068 104 137 122 118 089 015 028 053 143 079
0 Expression levels in Telomerase cell lines median: 1.0
ALT  Telomerase 66 1P V1 BFT3K GMB39 AT22 6TGR A2182 F80 HT1080 MG63 TESS

Figure 5.6: Expression levels of MLH1 and EGFR in ALT][+] and telomerase[+] cell
lines. A: MLH1 and B: EGFR expression levels for 12 ALT[+] and 12 telomerase[+] cell
lines determined by RNA microarray analysis. MLH1 and EGFR were not differentially
expressed between the ALT[+] and telomerase[+] cell lines (Mann-Whitney test; p-value
=0.71 and 0.50, respectively) and the median expression of MLH1 and EGFR in
ALT[+] cell lines were both 0.9 fold the median of the telomerase[+] cell lines.
Descriptions of MLH1 and EGFR are shown'.

041 207 109 107 113 117 049 145 100 090 076 1.00
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5.3  Western blot analysis and confirmation of RNA microarray results

Three genes, DRG2, MGMT and SATBI, were prioritised for further investigation.
Of the genes for which investigations could be facilitated by existing antibodies and
expression plasmids, these genes were thought to be most relevant to the ALT
mechanism or the therapy of ALT[+] cancer. This was based on the strength of their
differential expression and their known functions.

Microarray results were validated and extended by testing the protein levels of DRG2,
AGT and SATBI in 37 cell lines (Table 5.6) including the 22 of the 24 cell lines used
for the microarray analysis. Protein levels were determined by western blot analysis
with 19 cell lines per gel to minimise problems of comparing protein levels between
gels. Gels were probed for DRG2, AGT and actin before stripping and probing for
SATBI. Gel conditions were optimised for the 22 and 41 kDa size of AGT* and
DRG2*® and not the 86 to 104 kDa size of SATB1*'***_ As confirmed by Ponceau S

staining (Fig 5.7A) the gels had equal loading.

The protein levels for DRG2, AGT, SATBI and actin are shown in Figure 5.7B and
have been quantitated (Appendix B) and plotted in Figure 5.8. The DRG2 antibody
bound a band at the correct position (41 kDa*®), labelled as DRG2 in Figure 5.7B,
but also bound to a lower band at approximately 35 kDa (DRG2lower; Fig 5.7B).
Because the intensity of DRG2 relative to DRG2lower seemed to be more strongly
related to ALT status than DRG2 intensity alone, DRG2lower was also quantitated
and the ratio between DRG2 and DRG2lower was analysed. The resolution of the
SATBI1 band in the gel 2 (Fig 5.7B) was considered unsatisfactory and the intensity
results were omitted from further analysis. MeT-5A results were not included in the
telomerase[+] cell line group as this cell line has a low frequency of APBs suggesting

it may have some ALT activity (Section 3.2).
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Table 5.6: Cell lines used for Western blot analysis

Cell/Tissue Type Transformation Primary strain ALT[+] Telomerase[+]
Fibroblast, jejunal* SV40 JFCF-6 ™ JFCF-6/T.1R ™ JFCF-6/T.1P o
Fibroblast, lung SV40 MRC-5 ™ MRC5-V2 " MRC5-V1 "
Fibroblast, lung SV40 WI-38 f WI38-VAI3/2RA

Fibroblast, bronchial SV40 BF10* m BFT-3K* xe
Epithelial, bronchial SV40 ND BET-3M* ™ BET-3K* "
Fibroblast, breast, LFS spontaneous IIICF f IIICF/c f

Fibrosarcoma tumour ND HT1080 m
Fibroblast, skin SV40 HFF5 m

Fibroblast, skin ND GM47 m

Fibroblast, skin ND GM639 m
Cell/Tissue Type Transformation ALT[+] Telomerase[+]

Fibroblast, AT SV40 AT1BR44neo m AT22IJE-T f

Mesothelial SV40 MeT-4A " MeT-5A/6TGR-B ™

Mesothelial SV40 **MeT-5A m

Osteosarcoma tumour Saos-2 f TE-85 f

Osteosarcoma tumour G292 f SISA-1 m

Osteosarcoma tumour U-2 OS ' MG-63 m

Adenocarcinoma, lung tumour SK-LU-1 o A2182 m

Fibroblast SV40 GM637 !

Adenocarcinoma, lung tumour A549 "

Fibroblast, embryonal y - irradiation KMST6 f )

Adenocarcinoma, cervix tumour HeLa f

Fibroblast, liver chemical SUSM-1 m

Fibroblast, breast SV40 F80-TERT/K1-1

*BF10, BFT-3K, BET-3M and BET-3K were derived from the same donor. For™ indicates the cell line was derived from a female or
male patient, respectively. “"BFT-3K is aneuploid X0. **MeT-5A had a low frequency of APBs (Table 3.1). ND indicates the primary
cell strain was not investigated.

5-158



Gel 1 Gel 2 .
P 2 Figure 5.7: Western
= -~ Eg = .
2 xa g <3 & g blot analysis of DRG2,
S B = & - E S+ 3
.55 Lo Ty 5 o = x o IEIdcacs @I e AGT and SATB1
§4 i Lei8822888, 8823728 obafbEEgii®Ysaz8832%
s ria ? S+ S T k- - = 4 S - & EP28 o . 5 B .
KD Eiii%%%é%&%%%%%f%%%% 5232385522230 8338%238 w prote.lnlevels.Gel]
o010 e u__n~“uﬂ~~~f~_,__.w.g%gﬁqm qmmmaﬂwm%ﬁnm
¥ ENSSEEEEEsESSEE=ENE SEEEEENaEESERES - T Sl).iALT[-i-]celllmes
.- . with matched mortal cell
05 B~ strains (early to mid life
" g span) and telomerase[+]
10K0— —10 cell lines as well as an
additional telomerase[+]
Lo 3 8 . ° = cell line, A2182, which
i [ = @x o T o .
SATB] e e & was included on both
ACT s D - @ @b - 3 gels. Gel 2 contained
DRG? e o o e o lysates from nine
DRGZ"ZWt.er - N ALT[+] cell lines with
CliN  om— o— — o — —
2 matched telomerase[+]
< .
v @ s cell lines and the
= S § .
& . = £ = 5 e I 3 < o g 3 telomerase[+] cell line
® = i b © s © 1% %} o = 3 S 3 MeT-5A th h
s 2 8 B &5 4y = 2 2 > g & o I > eT-5A that may have
5 o = = = a4 o = @ < = 3 O > 5 5 o<
SATB1 mmm e - e ms mm  mm - am == s - some ALT activity
AGT - - v -~ 8 (Section 3.2). 4:
DRG2 e — — — S5 M E= == o - W == = = Ponceau S staining
DRG2-lower WS o c— — - - — S )
Actin pmee T S — - W o o confirmed equal loading.
< @ B: Immunoblots for
= . O & DRG2, AGT, SATBI and
= v ' © o .
© g X Z 8 ¥ o . T T S . 3 actin. As well as the
L ; o i © o © N N ] ; © © o
S £ L E £ % & T 3z 2 & B 4 2 ¢ g 3 expected 41 kDa band
= O] m = T m < < T s < = = = %] = < ”
SATB1 mm s s mes SR ™ . e e S e S Ty e wew .% (doublet), the DRG2
AGT  wi - @ - - - -ae - A o 5 antibody also recognised
(0]
(2117 S e —— - o — R P — 2 :
DRG2-loWer e - — - Em —— G & B = & o o = a second band, DRG2
ACHn [ - — — G WD WD WD WS v e e o lower, at about 35 kDa.

5-159




042 0971
5 4 :
: ;
. f.E: 1.5 [
| | * % *
1 ﬂ R 3 2
£ r ¢ [ 5
* * ‘ 5 | | o ‘] <<
— = = c
o $ . c 2 E . I .
o . 2 E . o o || .
c o5 ¥ $ : : 2 5|+
‘© ° * b4 o ¢ 3 o t
° - $ + s 0.5 £ .
o : s 1l :
o . . . <
*
* ‘ * T _:_ . *
- i .
0 0 $ 0
DRG2 AGT SATB1

Figure 5.8: Association of TMM with DRG2, AGT and SATB1 protein levels. Protein levels for A: DRG2, B: AGT and C: SATB1
are plotted for the mortal cell strains and the ALT]+] and telomerase[+] cell lines. The horizontal bars indicate the median levels. For
SATBI, only cell strains/lines from gel 1 were analysed (unmatched A2182 omitted). The values in boxes linking two groups indicate
the p-value from the Mann-Whitney test that evaluates the significance of the difference in the protein levels between those two groups.
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The expression level for DRG2 was lower in ALT[+] cell lines (median = 0.38; Fig
5.8A, Appendix B) compared to the telomerase[+] cell lines (median = 0.64) and
mortal cell strains (median = 0.55), however, only the former was significant (Mann-
Whitney test, ALT[+] compared to telomerase[+]; p = 0.045, ALT[+] compared to
mortal, p = 0.42). Analysing the level of DRG2 relative to the lower band,
DRG2lower, improved the discrimination between the ALT[+] cell lines and the
ALT]I-] cell lines (Mann-Whitney test, ALT[+] compared to telomerase[+] p = 0.001,
ALT[+] compared to mortal p = 0.38) and also in contrast to the DRG2 levels the
DRG2:DRG2lower levels were significantly different between the telomerase[+] and

mortal cell lines (Mann-Whitney test p = 0.045).

The expression level for AGT in ALT[+] cell lines (median = 0.08) was lower than in
telomerase[+] cell lines (median = 0.70) and mortal cell strains (median = 1.19),
however only the former was significant (Mann-Whitney test, p = 0.01 and 0.06,

respectively; Fig 5.8B).

The expression of SATBI1 protein in ALT[+] cell lines (median = 0.68) and
telomerase[+] cell lines (median = 0.40; unmatched A2182 omitted) was significantly
higher than in the mortal cell strains (median = 0.20; Fig 5.8C, Mann Whitney test
p=0.01 and 0.02 respectively). Although 5/6 of the ALT[+] cell lines had a higher
level of SATB1 than 5/6 of the telomerase[+] cell lines, one ALT[+] and one
telomerase[+] outlier meant that the difference between the ALT[+] and
telomerase[+] cell lines was not significant (Fig 5.8C, Mann Whitney test p=0.31).
Only a small sample size was available for SATB1; a larger sample size may reveal a

significant difference.
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As the contexts in which these proteins are expressed may be different for the
different cell lines, the change in the protein levels was analysed between the parental
(mortal) cell strains and the ALT[+] and telomerase[+] cell lines derived from them
(Fig 5.9). This analysis is most clear cut for SATBI1 levels. SATBI1 increased as the
mortal cell strains activated a TMM but to higher levels for ALT activation. There
was also a clear pattern for AGT. As the mortal cell lines activated ALT, the levels of
AGT decreased, while AGT levels increased during activation of telomerase. It is
interesting that the only exception to this pattern, BFT-3K (a telomerase[+] cell line
which had a lower level of AGT than its parental strain), had an abnormally high level
of EGF expression for a telomerase[+] cell line (Appendix A). While all ALT[+] cell
lines had a lower level of DRG2 than their corresponding telomerase[+] cell line
derived from the same parental cell strain, the change during activation of the TMM
from the mortal cell strains was less consistent. Nevertheless, DRG2 levels were

reduced during activation of ALT in 3/4 of the mortal: ALT[+] pairs (Fig 5.9).

The RNA microarray results were also tested for a gene, FEN1 which showed no
differential RNA expression (Mann-Whitney test p = 0.51; Fig 5.10). Western blot
analysis of FEN1 in seven ALT[+] and seven telomerase[+] matched cell lines (Fig
5.11) showed no difference in protein levels between ALT[+] and telomerase[+] cell

lines.

Although the microarray results indicating a down-regulation of DRG2 and MGMT,
and an up-regulation of SATB1 in ALT[+] cell lines were confirmed by the Western
analysis, it is also important for future work to assess the general accuracy of the
microarray results. Although mRNA levels are only one factor influencing protein

levels a significant correlation between the two would imply that the microarray
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Figure 5.9: Changes in DRG2, AGT and SATB1 with TMM activation. Difference
in DRG2, AGT and SATBI levels between A: ALT/+] cell lines and the parental
(mortal) strains they were derived from, B: telomerase[+] cell lines and the parental
(mortal) strains they were derived from and C: ALT/[+] cell lines and telomerase[+]
cell lines derived from the same parental strains.
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, FEN1: flap structure-specific endonuclease 1
P-value: 0.48 Fold change: 1.0
* Chromosome: 11912 Genbank: NM_004111.4 Gene |D: hCG40848.3
. Biclogical process: DNA replication;double-strand break repair;UV protection
z ‘ Molecular function: damaged DNA & double-stranded DNA binding;double-stranded DNA
specific exadeoxyribonuclease, hydrolase, exonuclease & endonuclease activity
! % —_— Cellular component: nucleus
: $ Expression levels in ALT cell lines median: 1.0
13C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1T NlICFe
© 137 133 134 096 172 084 083 087 123 105 079 068
Expression levels in Telomerase cell lines median: 1.0
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Figure 5.10: Expression levels of FEN1 in ALT[+] and telomerase[+] cell lines. FEN1
expression levels for 12 ALT[+] and 12 telomerase[+] cell lines was determined by RNA
microarray analysis. FEN1 was not differentially expressed between the ALT[+] and
telomerase[+] cell lines (Mann-Whitney test; p-value = 0.48) and the median expression of
FEN1 in ALT[+]and telomerase[+] cell lines was equal. A description of FEN1 is shown'.
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Figure 5.11: Western analysis of FEN1 protein levels in ALT[+] and telomerase[+]
cell lines. Protein lysates from seven ALT[+] and seven telomerase|+] cell lines and one
mortal cell strain (no TMM) were run on two gels (upper and lower panel each
represent one gel). The immunoblots for FENI and actin are shown.

results were generally accurate. The general accuracy of the RNA microarray results

were tested by comparing the RNA levels for DRG2, MGMT and SATBI to the
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protein levels for each cell line (Fig 5.12). All three genes showed a significant
correlation between the RNA levels from the microarray and the protein levels from
the Western analysis. However the correlation was strongest for MGMT/AGT
(Pearson’s coefficient = 0.91 £ 0.23) which showed the largest range in expression
levels. DRG2, which had the lowest range of expression and SATBI, for which the
gel conditions were not optimal, had weak correlations between the RNA and protein

levels (Pearson’s coefficient = 0.36 = 0.23 and 0.62 £ 0.36, respectively).

5.4  Loss of MGMT could mutate telomeric DNA

Loss of AGT activity has been associated with G:C to A:T transition mutations that
could give rise to the mutated telomeric repeat 5'-TTAAGG-3'. This would introduce
a restriction site for Msel, which recognises TTAA, into the telomere. To investigate
the presence of Msel sites in ALT telomeres, TRF analysis was performed on a panel
of six ALT[+] and four telomerase[+] cell lines using a variety of different restriction
enzymes to create the terminal restriction fragments — including Msel or the standard
TRF endonucleases Hinfl or Rsal (Fig 5.13). These results indicated that the
(mutated) TTAAGG repeats may exist in the ALT cell line GM847 that lacks MGMT
expression (Fig 5.13 and Fig 5.7). The median TRF length of GM847 genomic DNA
cut with Msel was 2.7kb compared with 10kb for the same genomic DNA cut with
the usual enzymes, Hinfl or Rsal. Msel did not appear to generate shorter TRFs than
Hinfl or Rsal in KMST6 or IIICF/c which express MGMT (Fig 5.13 and Fig 5.7).
Other ALT cell lines JFCF-6/T.1J/1-4D, WI38-VA13/2RA and SUSM-1 and
telomerase cell lines JFCF-6/T.1J/6B, HeLa, HT1080 and 293 showed shorter TRFs

with Msel
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Figure 5.12:
Correlation between
microarray RNA levels
and Western analysis
protein levels. A subset
of 22 cell lines were
analysed by both RNA
microarray and Western
analysis. For A: DRG?2,
B: MGMT/AGT and C:
SATBI the RNA levels
from the microarray and
protein levels from
Western analysis are
plotted for each of these
cell lines. The
significance of the
correlations between the
microarray and Western
results was evaluated
using Pearson’s
correlation coefficient.

expressed (p<0.005) between ALT[+] and telomerase[+] cell lines. Only DRG2 and
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Figure 5.13: Presence of 5'-TTAA-3' sites in GM847 telomeres . Genomic DNA from
ALTI[+] cell lines GM847, KMST6, JECF-6/T.1J/14-D, I1ICF/c, WI38-VA13/2RA and SUSM-
1 and telomerase[+] cell lines JFCF-6/T.1J/6B, HeLa, HT1080 and 293 were digested with
one of nine restriction enzymes and analysed by TRF analysis. The nine restriction enzymes
are shown with the corresponding TRF /anes and the DNA sequence recognised by the
enzyme. The TRF length distribution was measured by Telometric**' and the median lengths
shown below their respective lanes.
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digestion of amount and pattern consistent with a restriction site in the distal
subtelomeric region or possibly in the proximal telomere which is known to harbour

variant repeats. This is not unexpected for a frequent restriction site and thus these
cell lines show no evidence of mutated telomeric repeats. Further work is needed to
determine if the dramatic shortening in GM847 suggestive of a TTAA restriction site
in the telomere is due to TTAAGG repeats and if these repeats occur in other ALT

and telomerase cell lines but were below the detection threshold of TRF analysis.

5.5 Summary of results (see chapter 6 for discussion)

By microarray analysis 240 genes were identified that were significantly differentially
SFNX4 were significantly differentially expressed after adjusting for the estimated
false positive rate. The genes, CEBPA, TACC2, SFXN4, HNRPK and MGMT that
were down-regulated in ALT (p < 0.005), formed a group of co-regulated genes (p <
5x107) with the strongest correlation of expression between CEBPA and TACC2.
Another group of co-regulated genes involved SIGIRR, LEF1, NSBP1 and SATBI (p
< 5x107°) with strong negative correlation between SIGIRR and both NSBP1 and
LEF1. The microarray data were consistent with MGMT expression being suppressed
by EGF (p < 0.05). Two thirds of differentially expressed genes were down-regulated
in ALT. Chromosomes 10 and 15 had a bias towards genes with lower expression in
ALT while chromosomes 1, 4, 14 and X had a bias towards genes with higher

expression levels in ALT.

Considering the known functions of the 240 differentially expressed genes, three
genes, DRG2, MGMT and SATBI1 were identified as most likely to be relevant to
ALT[+] tumours and their differential expression was confirmed by Western analysis,
although for SATB1 larger sample sizes are needed to confirm statistical significance.

Investigating the levels of these proteins in the parental cell strains from which some
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of the ALT[+] and telomerase[+] cell lines were derived, indicated that DRG2 and
AGT (MGMT) protein levels were down-regulated after activation of ALT and up-
regulated after activation of telomerase. SATB1 protein levels appeared to be up-
regulated after immortalisation but to a higher degree with activation of ALT
compared to telomerase. GM847 which did not express AGT had TTAA sequence in
its telomeres that possibly could have resulted from mutations due to lack of AGT

expression.
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Chapter Six:

Discussion
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Discussion

6.1  Development of the APB assay for ALT in tumours

This study has developed a robust assay for detecting ALT in archived tumour
specimens that does not require extraction of high molecular weight genomic DNA
for Southern analysis of TRF length. TRF Southern analysis has previously been used
as the definitive test for ALT and detects the long and heterogeneous telomere length
distribution that is a hallmark of ALT activity. For a homogeneous population of cells
in culture, the presence of ALT is determined by demonstrating telomere maintenance
(over many population doublings) in the absence of telomerase activity and also the
presence of the characteristic ALT telomere length pattern. However, it cannot be
assumed that every tumour contains cells that are immortal and therefore have a
TMM?*®, so a telomerase[-] tumour may not necessarily be ALT[+]. Conversely, it
has been demonstrated that some tumours utilise both TMMs>?"%*"! o a
telomerase[+] tumour cannot be assumed to be ALT[-]. Consequently, TRF Southern
analysis alone (i.e., regardless of telomerase activity) has been used as the test for

ALT in tumours.

The APB assay provides another method of testing for ALT in tumours. Although this
study and other work has demonstrated that the presence of APBs is a hallmark of
ALT, detection of APBs in tumours had not previously been compared to TRF
Southern analysis and validated as an assay for ALT. Section 3.4 showed an excellent
correlation between the results of these two assays. Both in a set of frozen STS
specimens and also in a set of paraffin sections of grade II — IV astrocytomas there

was an exact correspondence between the APB assay and the TRF Southern assay for
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every tumour sample where the TRF Southern analysis yielded a result (total of 20

ALT[+] and 40 ALT[-] tumours).

The APB assay may be more appropriate than TRF analysis for detecting ALT in
tumours, as the APB assay analyses individual cells in contrast to Southern analysis
which uses genomic DNA extracted from a mixture of cells in the tumour. This may
be the reason that the presence of ALT could be determined by APB status in six STS
where the TRF pattern was equivocal (Fig 3.7). In addition to frozen and paraffin
sections, the APB assay can be applied readily to fine needle aspiration biopsy

samples.

For both the APB and TRF assays for ALT in tumours there will need to be a standard
set of criteria for scoring ALT status. For the APB assay a stringent set of criteria was
used to avoid false positive results. In particular, the only APBs that were counted
were ones with an order of magnitude more telomeric signal than the telomeres on the
same slide. Also to avoid false positives, samples with APBs an order of magnitude
less frequent than usual for ALT[+] cell lines* were not scored as ALT[+] unless the
APBs had a morphology that made them very unlikely to be an artefact. Since a very
low frequency of APBs could reflect a low amount of ALT activity, whether tumours
with a low frequency of APBs should be classified as ALT[+] may depend on the
study design.

For the TRF assay a similar approach to that of Hakin-Smith et al.*"°

was employed.
The median telomere length of all tumours was plotted and a high, intermediate and
low cluster was noted with only tumours in the high cluster being classified as

ALT[+]. Since ALT[+] TRF length distributions are characteristically heterogeneous4,

it may be prudent to also include measures of variance and range in determining ALT
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status. However, combining the three characteristics of median, variance and range to
determine ALT status gave identical results to using the median alone. Thus the

simplicity of just using the median may be preferable.

Evidence of intratumoral spatial heterogeneity for ALT was found in 2/10 (20%)
osteosarcomas, which is similar to reported frequencies of intratumoral spatial

0271323325 " The lack of intratumoral

heterogeneity for telomerase activity of 7-38
spatial heterogeneity found for ALT in 15 osteosarcomas®’' or 13 GBM (this study)
may be due to the sample sizes involved. Alternatively, the lack of heterogeneity for
ALT in GBM may be due to ALT being an early event in the progression of lower
grade astrocytomas (88% were ALT[+]) into secondary GBM. Loss of heterogeneity
due to clonal expansion during progression to secondary GBM has been reported for

p53 mutation**®4’

. The occurrence of intratumoral spatial heterogeneity for TMM
may mean that several sites need to be tested for each tumour to reliably assess its

TMM status. Where studies have not addressed this issue, the reported prevalence

values for ALT in tumours may be underestimates.

6.2 Potential limitations of APBs as a test for ALT

This study and recent publications have uncovered some reasons to reassess whether
APBs only occur in the presence of ALT activity and if ALT activity always gives
rise to APBs. Although no telomerase[+] cell lines have > 0.5% of their nuclei
APBJ[+], the fact that 3/31 (10%) telomerase[+] cell lines (Table 3.1) as well as 2-4%
of sarcomas, astrocytomas and NSCLC have a low frequency of APBs, raises the
concern that APBs could be occurring in tumours without ALT activity. However,
known phenomena could provide an alternative explanation for a significantly lower
frequency of APBs in these situations. /n vivo intratumoral heterogeneity for ALT due

to a mix of immortal clones or an emerging ALT[+] population would obviously be
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associated with a low frequency of APB[+] nuclei. This is supported by the finding in
collaboration with the Dr N Royle laboratory, that the subset of ALT[+] STS that
lacked MS32 instability had the lowest frequency of APB[+] nuclei (Table 3.2; MS32
instability is a characteristic of ALT[+] cell lines'?"). Since 3/5 of these STS had
MS32 mutation frequencies within approximately one tenth of the threshold level for
MS32 instability'*!, it is possible that the lower frequencies in some ALT[+] STS was
due to intratumoral heterogeneity, especially if the heterogeneity was due to an
emerging ALT[+] population that may have had insufficient PDs to generate high
levels of MS32 instability in the ALT[+] population. Also, similarly low frequencies
of APBs have been observed in a minority of clones of an ALT[+] cell line forced to
express telomerase®’, suggesting that coexpression of telomerase activity with ALT

in the same cells may sometimes partially mask ALT.

It remains to be determined if the three telomerase[+] cell lines with a low frequency
of APBs have some ALT activity. All three of these cell lines could be considered
likely to activate ALT. JFCF-6/hTERT/I is derived from the same parental cell strain
that has given rise to several ALT[+] cell lines. The other two APB[+]/telomerase[+]
cell lines, SKOV-3 and MeT-5A are an ovarian adenocarcinoma and a SV40
transformed mesothelial cell line, respectively, and both ovarian epithelial cells and
mesothelial cells are known to be transformable into ALT[+] cell lines. Further
testing of these cell lines for other characteristics of ALT is required; however, at this
stage there is no reason to believe that APBs can occur without ALT activity,
especially considering the stringent criteria used to determine APB-positivity in the
APB assay. Furthermore, none of the ten mortal cell strains or two telomerase[+] cell

lines with long telomeres had any APBs.
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Although this study and others**® have not found evidence of ALT in tumours (by
TRF analysis) without APBs, rarely in artificial situations it appears that the ALT
mechanism can be varied such that APBs and the long heterogeneous TRF length
hallmark of ALT are varied or lost. One of the two APB[-]/ALT[+] cell lines (see
Section 3.2), AG11395, had SV40 sequence integrated into its telomeres’**, which
is an unusual situation; SV40 sequence integrated into telomeres has not been
reported in human cancers. Furthermore, AG11395 had a variant of APBs: bright
telomeric foci colocalising with the recombination proteins usually found in APBs
and adjacent to PML nuclear bodies instead of inside them. This situation was not
seen in any of the 583 tumours tested with the APB assay. Thus this phenomenon is
unlikely to occur often enough in human cancer to significantly affect the sensitivity
of the APB assay for ALT. The second cell line that had APB[-] telomere
maintenance without telomerase activity, C16-c3, was a clone from the WI38-
VA13/2RA ALT[+] cell line that had been transformed with hTR and a catalytically
inactive hTERT mutant''’. Although other clones from the same transformation
retained their ALT characteristics, this clone, despite continued lack of telomerase
activity, had lost all its ALT characteristics except a high rate of postreplicative
telomeric exchanges. It had short homogeneous telomeres by TRF and telomere
FISH, no ECTR (linear or circular) and no APBs. Intertelomeric recombination and
fluctuations in the ratio of p:q arm telomere lengths were not checked. This may
represent an altered or different ALT mechanism and although it also occurred in a
SV40 transformed cell line it may represent a possible cancer TMM. In both these
cases the standard assay for ALT in tumours, TRF analysis, would have also given a
negative result. Thus it is possible that a subset of cancers that test negative for

telomerase and ALT do have a TMM.
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It seems possible that APBs are associated with the production and/or amplification of
ECTR. Hence an ALT mechanism that manages to suppress the formation and/or
amplification of ECTR but maintain intertelomeric recombination-mediated
replication could occur without APBs, possibly despite a very similar set of proteins
being involved. Although it is not known exactly how APBs relate to the ALT
mechanism, Section 3.2.2 showed that in an ALT[+] cell line in which the APBs were
suppressed, ALT activity was also inhibited (this has been confirmed by loss of other
hallmarks of ALT in Jiang ef al.*). This combined with evidence that APBs contain
the Mrel1-RAD50-Nbsl complex*>'** and RADS51D"® both of which are
implicated in the ALT mechanism*"** and that ATM/ATR dependent DNA synthesis

131,132,140

has been found to occur in APBs support a functional link between APBs and

ALT. Thus there is a strong basis to use APBs as a marker for ALT.

6.3 Using the APB assay to show the significance of ALT in tumours

Before the commencement of this study, ALT was generally assumed to be limited to
rare sarcomas™ . Chapter 4 demonstrated the utility of the APB assay by using it to
investigate ALT in sarcomas, astrocytomas and various carcinomas including
NSCLC, papillary carcinomas of the thyroid and colorectal carcinomas. The
prevalence of ALT in STS had not previously been investigated in detail. Guilleret et
al*® reported that 4/22 telomerase[-] STS were ALT[+] and a recent study**® found
6/18 STS to be ALT[+]. In the current study the prevalence of ALT in STS was found
to be 35/101 (35%), and ALT was found to be common among some types of STS:
77% of MFH, 62% of leiomyosarcomas and 33% of liposarcomas were ALT[+]. The
prevalence of ALT in MFH was supported by the independent set of telomerase|[-]
STS in which 8/10 MFH were ALT[+]. ALT was significantly less common in other
types of STS: only 9% of synovial sarcomas and 6% of rhabdomyosarcomas were

ALT[+]. The APB assay also showed ALT to be common in osteosarcomas and grade
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II-IV astrocytomas (47% and 34%, respectively), which is consistent with recent

reports using TRF analysis to test for ALT>"**"",

This study is the first substantial study of ALT in carcinomas and the finding that 8%
(22/291) of NSCLC were ALT[+] is the first evidence that ALT is a significant TMM
for carcinomas. The higher prevalence of ALT in NSCLC compared to the
prevalence of ALT in colorectal carcinomas of 0% (0/31), complements the reported
prevalence of telomerase-negativity in these carcinomas of 27% and 11%,
respectively (Table 1.3). In contrast, although over half of all papillary carcinomas of
the thyroid are telomerase[-] (Table 1.3), none of the 17 papillary carcinomas were
ALT[+]. This may reflect less need for a TMM in a cancer with a low cell

451,452
turnover

. It will be of interest to determine the prevalence of ALT in other
thyroid cancers, such as follicular and anaplastic carcinoma, that have a higher cell

turnover but still have a low prevalence of telomerase activity (70% and 62%

telomerase[-], respectively; Table 1.3)

Thyroid follicular cancer is an example of a cancer for which development of a
marker capable of differentiating benign from malignant neoplasia would
significantly help management. A common problem in management is distinguishing
between follicular adenoma and follicular cancer with many patients undergoing
unnecessary surgery and some patients undergoing inadequate surgery. There are a
number of studies attempting to use the presence of telomerase activity to aid in this

306,313,315,316

diagnosis , as well as to distinguish more aggressive thyroid tumours in

1308,310-3 12

genera . It is possible this correlation would be improved if ALT were also

taken into account.
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The reason for the differing proportions of ALT[+] tumours in various tumour types is
unknown. It is possible that the prevalence of ALT may depend on the selection
pressure for an alternative TMM and the presence of ALT repressors. In cancers
originating from cell types where telomerase is repressed, there may be more
selection pressure for ALT activation than in cancers originating from cell types
where telomerase can be easily and quickly up-regulated. The higher frequency of
ALT in cancers and cell lines of mesenchymal origin may be due to a tighter
repression of telomerase in normal mesenchymal cells than in epithelial cells******,
Similarly, the cells that give rise to astrocytomas may have tight repression of
telomerase given that telomerase activity is undetectable in normal brain tissue®”>*>
% and normal human astrocyte cells***°. However, different sarcoma subtypes have
widely varying proportions of ALT[+] tumours. Somatic cell hybridisation studies

have shown that ALT repressors exist™" and it seems possible that some tissues have

tighter repression of ALT than others.

Sarcoma subtypes can be classified into two groups: one group with near-diploid
karyotypes with few chromosome rearrangements that often include a specific
translocation, and another group with complex karyotypes which are characteristic of
severe genetic and chromosomal instability*®'. A recent report suggests an association

between ALT and complex karyotype STS**

. My data are partly consistent with this,
as I found ALT to be common in osteosarcomas, MFH, leiomyosarcomas and non-
myxoid liposarcomas which typically have complex karyotypes, and rare in synovial
sarcomas which typically have simple karyotypes*®'. However, embryonal
rhabdomyosarcomas typically have complex karyotypes, but I found only 2/15 (13%)
to be ALT[+]. It has been proposed that the ALT mechanism causes chromosome

instability because of chromosome end-to-end fusion events resulting from the subset

of telomeres within ALT[+] cells that are very short’®. If such a causal association
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exists between ALT and complex karyotypes, then most or all ALT[+] tumours would
have complex karyotypes, but because ALT activity is not the only source of
chromosomal instability some types of tumours with complex karyotypes will be
found to be ALT[-]. Thus my data are consistent with ALT being one cause of

complex karyotypes.

The APB assay was also useful for investigating associations between ALT and
clinical parameters. This study supported the view that the ALT TMM can support
fully malignant sarcomas*®”. It was recently reported that ALT[+] osteosarcomas were
just as clinically aggressive as telomerase[+] osteosarcomas in terms of clinical
outcome, and were also able to metastasise’’’. My results for osteosarcomas were
consistent with this, and I showed for the first time a similar pattern in STS. I found
no difference between the survival rates of patients with ALT[+] STS and the ALT[-]
group, and there was no reduction in the proportion of ALT[+] STS in the high grade

group or in the group with local recurrence.

While a significant proportion of STS metastases were ALT[+] (9/27), the prevalence
of ALT was lower in the metastases than in the primary tumours. A similar pattern
was described in ALT[+], mTerc-/- mouse cell lines that were able to form extremely
aggressive fast growing tumours in SCID mice, but had poor metastatic activity
without the reconstitution of mTerc’*. There is growing evidence that telomerase has
cancer promoting properties independent of its role in telomere maintenance’**%*4%*,
so it is possible that cancers utilising ALT may take longer than telomerase[+]
cancers to acquire properties such as the ability to metastasise. However, the data for
human tumours presented here and elsewhere””' indicate that ALT[+] tumours may

nevertheless be highly malignant in contradiction to suggestions based on in vitro

data, that ALT may not be able to support fully malignant cancers*®. The apparent
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paradox of ALT[+] STS being less likely or slower to metastasise but having an
equally poor prognosis as ALT[-] STS, could be explained if other factors, such as
ability to invade and resistance to chemotherapy are more important for patient

survival.

The survival analyses underscore the relevance of investigating ALT in cancer. ALT
was common in GBM, STS (including MFH) and osteosarcoma and in all these
cancers the ALT[+] tumour subsets tested were found to have poor prognosis (Table
6.1). Thus ALT is an important cancer therapy target. Despite ALT[+] GBM only
having a median survival of 2.3 years, this was three fold higher than the ALT[-]
subgroup. This is consistent with a previous study that used the TRF assay to show
ALT was a better independent predictor of survival in GBM than the currently used
prognosticator, patient age®’’. Results here confirm that the APB assay can be used as

a prognostic indicator in GBM.

Table 6.1: Prognosis of ALT[+] tumours

Cancer type Percentage Median survival in Median survival in
ALT[+] ALT[+] group (years) ALT]-] group (years)
GBM 24 2.3 0.8
STS 35 3.8 3.1
MFH 77 3.4 3.7
Osteosarcoma 47 5.2 5.8

This study has shown for the first time that the prevalence of ALT is significantly
higher in grade II-III astrocytomas compared to GBM (grade IV astrocytomas).
Grade II-IIT astrocytomas slowly progress to GBM over 5-10 years (these GBM are
referred to as "secondary" in contrast to "primary" GBM which arise de novo in the
absence of a pre-existing low grade lesion***). This suggests an association between

ALT and secondary GBM, which is strengthened by the observation of Hakin-Smith
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127 that ALT is associated with younger GBM patients. In my data set the mean

eta
age of ALT[+] GBM was 40 years compared with 55 years for ALT[-] GBM,
possibly reflecting the mean ages of secondary and primary GBM patients of 39 and
55 years, respectively’®. This is of interest because secondary GBM have genetic

** that are distinct from those of primary

alterations (such as p53 and Rb mutations)
GBM and which conceivably may facilitate activation of the ALT mechanism. An
association between ALT and p53 mutation has recently been confirmed in GBM

tumours*®, however it still remains to be determined if p53 mutation facilitates the

ALT mechanism.

This study also found that ALT is more common in younger patients with
osteosarcoma which, unlike astrocytoma, appeared to be due to a marked lack of ALT
in patients over 40 years of age. Ulaner et al?’' did not observe a significant
difference in the mean age at diagnosis of ALT[+] osteosarcomas, so this association

needs to be tested in a larger tumour set.

6.4  The prevalence of ALT in tumour predisposition syndromes

The association between ALT and tumour predisposition syndromes was investigated
in this study in an effort to elucidate proteins involved in the ALT mechanism or its
regulation. This study found that MLH]1, the protein most commonly deficient in MSI
carcinomas>®® was present in APBs. MLH]1 is known to interact with MRE11°%, a
component of the MRE11-RAD50-NBS1 complex that is essential for ALT. Given
the potential that MLHI may be functionally involved in the ALT mechanism,
combined with reports of at least 92% of MSI colorectal cancers (and at least 43% of
non-colorectal MSI cancers) having mutations in a MRE11-RADS50-NBS1 complex

366

member ®°, it is not surprising that this study and others*® found no evidence of ALT

in MSI cancers. However, as ALT has never been detected in these MSI cancer types
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(colorectal cancer, endometrial cancer and transitional cell carcinoma) it will be
necessary to determine the change in the prevalence of ALT with the presence of MSI
in cancer types that commonly use ALT. MSI has been reported in MFH,
leiomyosarcomas and osteosarcomas*®’*’!. Involvement of MLH1 in ALT could also

be investigated by knockdown experiments in ALT[+] cells.

The finding that ALT occurs in tumours from patients with known mutations in WRN
and RecQL4 indicate that these RecQ helicases are not required for ALT. This is
consistent with recent evidence in mouse cells that WRN is not required for ALT and
deficiency of WRN may even facilitate ALT in mouse cells lacking telomerase
activity’’>. Given that there are three other human RecQ helicases that could be used
in the ALT mechanism it is still possible that ALT is mechanistically similar to the S.
cerevisiae analogue of ALT (that depends on the yeast RecQ helicase, sgsl'>*'%%). It
has been suggested that the RecQ helicase, BLM is involved in the ALT
mechanism'®, and BLM deficiency is the cause of a cancer predisposition syndrome,
Bloom syndrome®*. However, if the prevalence of ALT is indeed reduced in patients
with Bloom syndrome, it may be difficult to prove as the tumour spectrum of Bloom
syndrome does not contain a high proportion of cancer types for which ALT is known

to be common (Section 1.9).

Although only 1/14 LFS tumours were ALT[+], it is difficult to draw any conclusions
about the influence p53 mutation has on the prevalence of ALT because very few of
the tumours were of types in which ALT is known to be common. However, there
was not as high a prevalence of ALT as was expected given that 2/2 previously tested
LFS tumours and 70% of 37 LFS cell lines are ALT[+]°*"*092260261 ([ Hyschtscha
and R Reddel, unpublished results). One possible reason could be that different types

of p53 mutations have a different effect on ALT. 13/14 of the LFS tumours in this
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study (including the ALT[+] tumour) had a G:C to A:T germline mutation in the 273
codon. The previously reported ALT[+] LFS tumours and the LFS cell lines with a
high prevalence of ALT were either from one patient with a germline mutation in p53
codon 248, or from a family with a p53 truncating mutation (intron 4 inclusion). It
may be interesting to test for a higher prevalence of ALT in sarcomas from LFS
families with germline mutations in p53 codon 248, compared to those with codon
273 mutations. Although p53 with the G:C to A:T mutation in codon 273 has been
shown to be compatible with ALT in cell lines™®, other p53 mutations such as
mutation in codon 248 may predispose to ALT. However, recent work has failed to

find any association between ALT and specific p53 mutations in GBM*®.

6.5 Single stranded C-rich DNA in ALT telomeres

It is interesting that ALT[+] cell lines had detectable single stranded C-rich and G-
rich telomeric DNA, whereas telomerase and mortal cell lines only had single
stranded G-rich telomeric DNA. Large amounts of single stranded C-rich DNA could
be seen colocalising with similar amounts of single stranded G-rich DNA inside
APBs. It is possible that the single stranded C-rich DNA could promote
recombination mediated DNA synthesis or could simply be a by-product of the

telomere metabolism in ALT[+] cells*”.

The single stranded DNA nuclease, MBN, destroys the ALT telomeres
electrophoresing above the 20-25kb marker proportionally to its effect on the
telomeric C-rich single stranded DNA. Since creation of C-rich telomeric single
stranded DNA in HT1080 decreased the mobility of the telomeres so that they ran run
above the 20-25 kb marker, ALT[+] cells may have fewer telomeres larger than 20 kb

than previously thought.
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A potential use of this finding may be to make the APB assay quicker and more
appropriate for pathology labs. If an antibody could be raised against C-rich telomeric
single stranded DNA it would allow single step immunodetection of APBs. It would
also be interesting to determine if C-rich telomeric single stranded DNA is detectable
in the blood of patients with ALT[+] tumours. Further characterisation of this C-rich

telomeric single stranded DNA and possible binding proteins is warranted.

6.6 ALT associated gene expression
The reason that ALT predicts better survival in GBM but same or worse survival in

270,271,474
sarcomas 70.271.47

(Section 4.5 — 4.7) may be due to putative gene expression patterns
that favour ALT activation. Different cancer types have characteristic gene expression
patterns arising from their tissue origin and characteristic genetic modifications
during carcinogenesis. It is possible that these different expression patterns could
independently influence ALT activation and survival. Thus the gene expression
pattern in GBM that results in activation of ALT may independently favour increased
survival while the gene expression pattern in sarcomas that activates ALT may
independently decrease or have no effect on survival. A potential example of this is
the ALT associated loss of MGMT expression found in this study. Depending on
genetic background, loss of MGMT expression could worsen prognosis due to
increased oncogenic mutations or improve prognosis due to increased sensitivity to
chemotherapy (Section 5.1.2). The association between ALT-positivity and secondary
GBMs, which have been shown to have a distinct set of genetic alterations, further
suggests that there exist activators or repressors of ALT and/or an ALT associated
gene expression pattern. Identifying genes involved in ALT may allow the design of
strategies to target ALT[+] cancer cells. Identifying ALT associated gene expression

changes may also identify which treatment strategies may be more effective in the

ALT[+] subpopulation within specific tumour types.
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This study identified genes that were differentially expressed between ALT[+] and
telomerase[+] cell lines using RNA microarray analysis. The expression levels of two
genes, DRG2 and SFXN4, were found to be significantly lower in the ALT[+] cell
lines after taking into account the expected rate of false positives from the 19469 gene
elements analysed. The 240 most significantly differently expressed genes were also
considered, although 94 (39%) of these are expected to be false positives. Generally
ALT[+] cell lines appeared to have a more repressive transcriptional environment
than the telomerase[+] cell lines with two thirds of the differentially expressed genes
being down-regulated in the ALT[+] cell lines. Two chromosomes in particular, 10
and 15 had a high proportion of genes with decreased expression in the ALT[+] cell
lines. Chromosome 7, which has been suggested to harbour ALT inhibitors® >,
appeared transcriptionally less active in ALT[+] cell lines, but the proportion of genes

with lower levels of expression in ALT was not significantly different to the overall

proportions.

The quality of the microarray results was assessed by comparing the microarray
transcription levels with Western of analysis protein levels for three differentially
expressed genes, DRG2, MGMT and SATBI. Despite the potential presence of
factors other than mRNA levels affecting protein levels, there was a significant
correlation between mRNA and protein levels on a cell line by cell line basis for all
three genes. The strongest correlation was observed for MGMT which had the largest

range of both RNA and protein levels.

One potential use of the microarray data is the identification of genes that will allow
treatment of ALT[+] cancers either by inhibiting the ALT mechanism directly or by

targeting common weaknesses in ALT[+] cancers. In order to increase the chance of
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avoiding false positives and for the sake of practicality this study focused on known
genes that have functions that are potentially relevant to telomere maintenance (Table
5.2). Three genes were chosen for initial further study, DRG2, MGMT and SATBI.
The lower expression of DRG2 and MGMT in ALT was confirmed by comparing
protein levels in 15 ALT[+] cell lines to 15 matched telomerase[+] cell lines. By also
comparing the protein levels between the ALT[+] cell lines and the mortal cell lines
they were derived from, it seemed that DRG2 and MGMT were repressed in
conjunction with the activation of ALT. SATBI levels were significantly increased in
conjunction with activation of a telomere maintenance mechanism. The microarray
results showing higher levels of SATBI1 in ALT[+] than telomerase[+] cell lines were
supported by the Western analysis of matched and related cell lines, but larger sample
sizes than used in this study are necessary to confirm this with statistical significance

(for SATBI1 only six ALT[+] cell lines were compared to six telomerase[+] cell lines).

The potential role of DRG2 in cell proliferation and cell cycle progression (Section
5.1.1) is consistent with DRG2 being involved in telomere maintenance, however the
main reason for interest in DRG2 was its marked differential expression. DRG2 was
the most significantly differentially transcribed gene identified and even after
allowing for false positives (Bonferroni method) there was only a 0.2% chance of no
difference in the level of transcription between ALT[+] and telomerase[+] cell lines.
DRG2 RNA levels have previously been reported to be low in the WI38-VA13/2RA
3371

cell line*® which is ALT[+] and moderate in the osteosarcoma cell line MG-6

which is telomerase[+], in keeping with our results.

The association between ALT and MGMT in relation to GBM treatment is intriguing.
Lower levels of AGT in ALT[+] cell lines were confirmed by western analysis with

7/15 ALT[+] cell lines having complete loss of AGT (none of the 16 telomerase[+] or
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mortal cell lines had undetectable AGT levels). Both ALT-positivity and AGT loss
(Sections 5.1.2 and 6.3) have been associated as early events in the progression to
secondary GBM and both have been identified with better survival in GBM. This
could be further investigated by correlating ALT status and MGMT status in GBM
directly (preferably secondary GBM as this is probably a different disease entity to

primary) and comparing them as predictors of survival and temozolomide response.

ALT and the APB assay may be a determinant that is complementary to, or better
than AGT loss, for treatment stratification. Clearly AGT loss is not the only
determinant for response to temozolomide (Section 5.1.2). If AGT loss is required for
ALT, then in ALT[+] GBM there may be selection pressure against the re-expression
of AGT. Alternatively other genetic characteristics of ALT[+] cells such as a putative
need for MLHI1 (see Section 6.4) may increase alkylating agent sensitivity. The
increased median survival found for ALT[+] GBM here was 3-fold, compared with
only 1.5-fold for AGT[-] GBM*”. Even if the association between ALT and increased
survival in GBM is dependent on AGT status, it may help identify responsive tumours
for appropriate chemotherapy regimens. Currently MGMT status is determined by
PCR for promoter methylation or by MGMT immunostaining, both of which may
have inaccuracies arising from contamination with normal cells and lymphocytes.
Furthermore, PCR analysis of promoter methylation would miss other causes of AGT
activity loss, and immunostaining for MGMT may not pick up low levels of MGMT
expression that could be induced during chemotherapy. The APB assay could
complement these techniques. ALT status may also indicate subgroups of other
cancers for which methylating agents may useful. For example, it has been shown that
temozolomide has some activity against previously treated STS*”> and any

identification of responsive subgroups would be of benefit.
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It is theoretically possible that AGT loss may be involved in the ALT mechanism.
One possibility is that if telomeric chromatin is altered by O°-G methylating agents,
then AGT loss may allow O°-MG lesions to persist. If MMR remains intact then it
could remove segments of the C-strand, causing single strand gaps and double strand
breaks in the telomeric DNA. The latter could lead to ECTR, as well as increased HR
that could elongate the telomere as previously proposed’ and enhance post replicative
telomere exchanges as has been observed in ALT''"'". The single strand gaps as
illustrated in Fig 6.1 could also promote HR between telomeres allowing elongation
or HR from the proximal telomeric repeats leading to telomeric deletions and
telomeric circular DNA as have been seen in ALT81’108’109(Fig 6.1). Whether this
could occur frequently enough is difficult to assess as the frequency of endogenous
0°-MG has not been determined. It would also not explain the specificity for
increased recombination at the telomere, although only repetitive DNA may be able
to undergo HR before S-phase and telomeres have been reported to be predisposed to

202

alkylating damage”. Another possibility is that AGT normally represses ALT as part

of its putative role in regulating DNA repair and replication (Section 5.1.2).
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Figure 6.1: Loss of AGT could give rise to ALT characteristics. Persistence of an O’
MG lesion in the telomere with the presence of functional MMR would be expected to give
rise to repeated cycles of degradation of the opposite C-strand and resynthesis (Section
5.1.2). In this figure the G-rich telomeric strand is black and its 3’ terminus is indicated, the
O°-MG lesion is indicated by a square, the C-rich telomeric strand is grey and a
mismatched T (opposite the O°-MG lesion) is represented by a triangle. The repeated
presence of single strand gaps (opposite O°-MG) could give rise to the various hallmarks of
ALT. A: Replication through a single strand gap could give rise to a telomeric double
strand break (DSB) and thus a shortened telomere and linear ECTR. B: Elongation could
occur by HR. For example, this figure illustrates a single strand gap in a short telomere
initiating repair by HR, with strand invasion from a longer telomere (by creation of a 3’ end
inside the C-strand of the longer telomere). If a Holliday junction is then formed and
resolved with crossover, two long telomeres would result without any DNA synthesis but
one with a long 3" overhang and the other with a long 5’ overhang. Fill in repair could result
in two long telomeres with a normal and a blunt end. C: Telomeric shortening with circular
ECTR could occur if the single strand gap initiates HR repair from its own strand (on its
centromeric side). As for B, Holliday junction formation and resolution with crossover
would give rise to a short telomere and a circular ECTR.

The fact that not all ALT lines were devoid of MGMT could have a number of
explanations. Firstly, MGMT silencing may not be directly related to ALT but part of
a wider gene silencing required for ALT and is consistent with the general down-
regulation of genes found in this study. Even so, the mechanistics of the gene

silencing may still be of interest in understanding the epigenetics of ALT activation.
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Secondly, ALT may have a number of mechanisms, with only one requiring loss of
AGT. Thirdly, the function of AGT that suppresses ALT may not be related to its
repair function and could be lost via mutation or loss of another protein. Fourthly it is
possible that the AGT which is present in some ALT[+] cell lines is inactive due to
mutation and/or mislocalisation. Immunostaining could test if AGT in these cell lines

is not localised properly to the nucleus.

Although SATBI is a transcriptional regulator, its expression was only found to be
correlated with that of NSBP1 (p < 5x107). The actual levels of SATB1 mRNA may
not be as important as its expression above a threshold level. Alternatively, SATBI
could also have a more direct effect on telomeric DNA. A SATBI binding site has

1 and telomeric DNA is a matrix attachment

been found at a telomere flank in mice
region (MAR)*®. The telomeric T-loop is a candidate for a chromosomal torsional
loop domain. The D-loop region of the T-loop is often near the start of the telomeric
repeats™> and its single stranded nature, together with that of the terminal overhang,
could make good candidates for nuclear matrix tethering. Since SATB1 coordinates
chromatin modification, if it bound the MAR of the telomere loop, the effect of
aberrantly increased SATBI1 expression in ALT[+] cells could be to make the
telomeres more open. In the absence of MGMT, it may be possible for a few G:C to
A:T transition mutations in the telomere to change the telomeric sequence into a site
more conducive to SATB1 binding and being recognised as a BUR in general. The
potential of telomeric DNA to form G-quartets and I-motifs on the G- and C-strand,
respectively’’®, could stabilise any unpairing. A BUR at a telomere flank*'' could also
become involved through recombination and/or telomere erosion. BURs are known to
be conducive to recombination**”***** and unscheduled DNA synthesis*’’. The

association between secondary GBM and both p53 mutation****®> and ALT (this

study) may be relevant since certain mutant p53s and not wild type p53 bind MAR*”®,
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EGF should not be overlooked as a possible upstream inhibitor of MGMT*?. EGF
showed negative correlation with MGMT expression (p < 0.05). Also, BFT-3K, the
only telomerase[+] cell line that had a lower level of AGT than its parental cell strain
(Fig 5.12) had an abnormally high level of EGF for a telomerase[+] cell line (Fig 5.1).
If EGF is a repressor of MGMT, then caution would need to be taken with recent

479-481
41

trials of combining EGFR inhibitors with temozolomide to treat GBM
ALT[+] GBM, the EGFR inhibitors could relax MGMT suppression decreasing

sensitivity to temozolomide.

Other MAPK pathway members, LEF1 and SIGIRR appeared to be part of a co-
regulated group including NSBP1 and SATB1 (p < 5x107). Another co-regulated
group was centred around a strong pair-wise correlation between gene expressions of
CEBPA and TACC2. CEBPA may need to be down-regulated in ALT to avoid DNA
damage-induced growth arrest for which CEBPA is critical in at least some
contexts**”. Interestingly, chromatin remodelling in which TACC2 is involved, may
be required for the ability of CEBPA to impose a G1 arrest*®***** SFNX4 and
MGMT expression may be part of this co-regulated group due to their proximity to

TACC2 on chromosome 10q26.

6.7  Future directions

The primary aim of this study was to establish and validate a method for detecting for
ALT in routinely archived paraffin-embedded tumours to facilitate the investigation
of ALT in cancer. It is expected that the APB assay can be used to further our
knowledge of the prevalence of ALT in cancer and its association with patient
prognosis and tumour behaviour such as metastasis. It would be of interest to

investigate further the association of ALT with survival in the various STS subtypes,
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osteosarcoma and NSCLC. Follicular cancer of the thyroid is another tumour type in
which investigation of ALT may prove beneficial given the need for differentiating
between benign and potentially malignant thyroid follicular neoplasias and the low
prevalence of telomerase in these tumours. There is a wide variety of cancers for

which the existence of ALT activity has not yet been determined.

The association between ALT and secondary GBM is of potential interest for
understanding both ALT and GBM. It is necessary to directly prove an association
between ALT and secondary GBM, and whether ALT is an early step in the
development of secondary GBM from lower grade astrocytomas. In other tumour
types ALT may also associate with distinct subtypes in terms of genetic alterations. In
this context it may be worthwhile to confirm an association between ALT and patient

age in osteosarcoma.

There is currently no clinically practical inhibitor of ALT and as argued here this
would be of potential benefit. Further investigation of a functional link between
MGMT, DRG2 and SATBI and ALT by overexpression or knockdown studies may
contribute to this. Testing ALT[+] cell lines for sensitivity to alkylating agents,
especially temozolomide, would determine the utility of the observed association
between AGT loss and ALT. If lack of AGT does cause ALT[+] cells to be sensitive
to alkylating agents then given the current interest in EGFR inhibitors as
chemotherapy agents, it will be important to understand the mechanism of the
apparent EGF inhibition of MGMT expression and if EGFR inhibitors reduce the

sensitivity of ALT[+] cancers to alkylating agents.

Further investigation of the association between the tumour predisposition syndromes

and ALT may lead to a better understanding of the ALT mechanism and its
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regulation. One example would be to investigate the association between ALT and the
different germline p53 mutations (i.e. codon 273 and 248 mutations). There is also
good reason to determine if BLM and the MMR system (in particular MLH1) are
necessary for ALT, or if deficiency of MMR promotes ALT. For all these
investigations, the difficulty will be identifying sufficient numbers of samples of
tumours that have a high prevalence of ALT, e.g., MFH, leiomyosarcomas and

osteosarcomas, in these relatively rare cancer predisposition syndromes.

Since telomerase inhibitors may be used alone as cancer therapeutics, it may be
important to determine if the three telomerase[+] cell lines found in this study to have
a low frequency of APB[+] nuclei, have a homogeneous low level of ALT activity or
a discrete APB[+] subpopulation. One of these cell lines, SKOV-3, has been found to

. . 1.1, 482
be resistant to a telomerase inhibitor*®?.

Finally, further characterisation of the existence of the single stranded C-rich
telomeric repeats in APBs may provide for the development of a more rapid APB
assay that may be more appropriate for routine use in a clinical pathology laboratory.
Development of an antibody against single stranded C-rich telomeric repeats may

allow such an assay.

6.8 Conclusion

This study has developed APB analysis as a robust assay for detecting ALT in
archived tumour specimens. Whenever ALT was clearly present or absent according
to TRF Southern analysis the APB assay gave a concordant result and the APB assay

appeared to be superior to TRF Southern analysis when there was intratumoral
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heterogeneity. This study found the APB assay very useful for testing archives of

paraffin-embedded specimens as well as assessing prognosis for GBM.

ALT is an important target for anticancer treatments. This study has shown ALT to be
common in a range of tumour types and unfortunately all ALT[+] tumour subsets
tested were found to have poor prognosis (Table 6.1). Although inhibitors for

483, there is no known inhibitor of ALT that

telomerase are entering clinical trials
could be used clinically. Yet in vitro, inhibition of ALT can lead to rapid senescence
and cell death®’**°. Therefore it is important to identify proteins that may facilitate the
design of a clinically practical method of inhibiting ALT in ALT[+] cancers and thus

killing cancer cells with minimal side effects. This study has started to address this by

identifying genes expressed differently between ALT[+] and telomerase[+] cell lines.

6-195



Appendix

7-196



Appendix

A. Differential gene expression between ALT[+] and telomerase[+] cell lines.

Gene expression levels for 12 ALT[+] and 12 telomerase[+] cell lines were
determined by RNA microarray analysis and 19469 gene elements had levels three-
fold higher than background noise in at least half of the ALT[+] or at least half of the
telomerase[+] cell lines. Of these gene elements, the 250 genes found to be
differentially expressed (Mann-Whitney test, p < 0.005) between the ALT[+] and
telomerase[+] cell lines are summarised here with a brief description', the fold change
of the median gene expression level in the ALT[+] cell lines compared to the median
gene expression level in the telomerase[+] cell lines and the significance of the
differential expression (Mann-Whitney test p-value). N/A indicates this gene has not
yet been named. Descriptions are left blank were gene ontology descriptions were not
available'. Some cell lines have been abbreviated: 1.3C denotes JFCF-6/T.1J/ 1-3C,
IR denotes JFCF-6/T.1R, V2 denotes MRC5-V2, 2RA denotes WI38-VA13/2RA, AT1
denotes AT1BR44neo, 6G denotes JFCF-6/T.1J/6G, IP denotes JFCF-6/T.1P, VI
denotes MRC5-V1, AT22 denotes AT22IJE-T, 6TGR denotes MeT-5A/6TGR-B and

F80 denotes F80-TERT/K1-1.
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Appendix A: Expression levels and descriptions of differentially expressed genes

Index of genes

Gene name® |Rank] Gene name® |Rank| Gene name® |Rank|] Gene name® |Rank| Gene name® Rank
ABCB4 153 |FLJ14803 77 |hCG2041462 181 |[LOC149134 213 |SATB1 50
ABHD2 250 |FLJ20032 54 |hCG2042185 17 |LOC284014 221 |SCAMP2 177
ACVR2 91 |FLJ21159 158 |hCG2042587 212 |LOC284475 182 |SCARB2 118
ADP-GK 64 |FLJ23033 119 |hCG22106.2 184 |LOC338645 126 |SERP1 95
ADP-GK 125 |FLJ30046 129 |hCG23704 .1 30 |LOC339803 141 |SFXN4 2
ALDHBA1 157 |FLJ32685 156 |hCG24202.3 114 |LOC375449 227 |SH3MD2 146
AMOTLZ2 228 |FLJ36674 48 |hCG26523.2 185 |LOC51234 181 |SHOC2 233
ANXAZ 226 |FLJ38993 55 |hCG27427.2 98 |LOC51270 124 |SIGIRR 206
AP133 117 |FLJ40629 94 |hCG38053.3 236 |LRP5 169 |SLC15A4 229
APBB2 232 |FLJ43663 192 |hCG38403.2 78 |LRRCCA1 209 |SLC16A2 89
ARHGAPS 172 |FLJ46041 36 |hCT12692.2 162 IMAGED4 80 |SLC19A1 81
ARHGEF10 147 |fs03c07.y1 15 |hCT1643271.1 180 IMBNLA 6 |SLC39A4 151
BCAS3 243 |GAL 46 |hCT1648454.1 | 188 |MGC:13379 7 |SLCO4A1 38
BCL2A1 193 |GBP1 145 |hCT1784913.1 18 [MGC10911 62 |SPANXD 41
BEXL1 179 |GPC5 189 |hCT1833869 8 |MGC15416 34 |SPANXD 132
BZWH1 210 |GPR114 89 |hCT1844408.1 | 110 [MGC22773 101 |SRPUL 71
C100rf11 150 |GTPBP4 176 |hCT18705.1 115 IMGC42174 224 |SRPX 88
C21ori6 65 |GYG 127 |hCT8651.1 70 |MGC50722 222 |15SB 67
C2orf13 104 |GYG 171 |[HECTD3 235 IMGEAS 120 |ST7 31
C2orf13 136 |hCG1641068.3 | 155 [HNRPK 43 |MGMT 10 |STMN3 167
C3orf10 40 |hCG1641550.3 | 144 |[HTO11 215 IMPZLA1 246 |SYT11 195
C5orf13 175 |hCG1643350.2 | 194 [HTPAP 45 |MYO10 109 |TACC2 M2
CA3 216 |hCG1644183.3 | 214 [HYPK; SERF2 20 |NANOS1 42 |TAFBL 53
CCL20 14 |hCG1646764.3 | 68 |IDH3A 4 |NDUFAF1 230 |TCFL4 180
CCNDBP1 248 |hCG1654216.1 | 207 |IDH3G 37 |NDUFB3 26 |TGFB2 237
CCNG2 73 |hCG1659708.3 27 |IDS 217 |NEDDS 245 |THADA 113
CDC14A 204 |hCG1731660.2 66 [IFITM2 58 |NME4 19 |THSDM 134
CEBPA 203 |hCG1733583.1 | 199 |IFITM3 21 |INME4 47 |TLOC1 22
CHFR 24 |hCG1742145.1 | 187 [IFITM3 49 |NSBP1 51 |TM4SF10 79
CHKL 208 |hCG17581.2 201 [IGLJ3 143 INSE1 130 |[TMSNB 3
CLK3 111 |hCG1770437.2 | 183 [IL27RA 86 |OPRS1 241 |TPM3 240
CLN8 244 |hCG1774546.2 | 99 |IMPDH1 97 |PCSK5 242 |TRAM1 164
COPS7B 142 |hCG1776624.1 | 225 [INMO1 137 |PCYT1A 198 |TRAMIL1 223
CREB3L1 148 |hCG1783311.2 | 32 |IRAK1BP1 12 |PGAMA1 83 |TRIP6& 93
CRIP2 57 |hCG1793602.1 | 166 |ITIH3 160 |PGAM1 140 |TTC11 161
CSE-C 249 |hCG1814693.1 87 |JAM2 23 |PIGB 29 |USP4 174
CYP251 108 |hCG1818302.1 | 103 |[KAL1 138 |PIGB 56 |USP51 76
DKFZP5641122 | 35 |hCG1820368.1 | 159 [KCNN4 168 |PIGK 28 |VPS13D 107
DRG2 1 |hCG1820894.1 | 202 [KCTDS8 85 |PKE 133 |WFDC3 205
EBRP 123 |hCG1820813.1 | 173 |KIAAD261 33 |POLR3K 116 [YWHAG 96
EGF 13 |hCG1986460 186 |KIAAOB90 239 |PPP1R2 149 |YWHAZ 152
EPS8L3 82 |hCG1991368.1 72 |KIAA1229 74 |PPP1R2 154 |ZDHHC15 128
FAM18B 122 |hCG2005887 11 |KIAA1458 247 |PPRCA1 165 |ZFP36L1 238
FAM35A 219 |hCG2009963 105 |KPNA4 197 |PRKAR1B 39 |ZMYND19 170
FBXO33 25 |hCG2015269 84 |LEF1 108 |PTKY 75 |ZNF215 121
FHOD3 63 |hCG2026048 220 |LGALSS 44 |PTPNS 59 |ZNF44 52
FLJ10357 92 |hCG2033356 90 |[LOC122618 9 |PTPRG 60 |ZNF462 178
FLJ10377 200 |hCG2040332 5 |LOC134147 163 |PTX3 231 |ZNF513 139
FLJ13984 16 |hCG2040549 218 |LOC134218 131 |REPS2 100 |ZNF584 234
FLJ13984 61 |hCG2040606 211 |LOC1363086 135 |RYBP 196 |ZNF588 102

Genes with more than one entry are due to different probes used for the same gene *For un-named genes the

Celera genomics® gene identifiers (hCG) are used.
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1: DRG2: developmentally regulated GTP binding protein 2

P-value: 1.1E-07 Fold change: 0.2
* Chromosome: 17p11.2
Genbank: NM_001388.3 Gene ID: hCG1986077

Biclogical process: cell growth and/or maintenance; signal transduction

: Molecular function: GTP binding
- Cellular component:
* Expression levels in ALT cell lines median: 0.5
t - 13C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
e 052 057 084 026 035 019 104 011 088 084 056 0417
‘ Expression levels in Telomerase cell lines median: 1.8

6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGE3 AZ182 HT1080 F80
148 212 254 257 1580 178 349 211 096 130 180 1.40

ALT Telomerase

2: SFXN4: sideroflexin 4

P-value: 1.0E-06 Fold change: 0.5
3 Chromosome: 10g26.13
. Genbank: NM_178867.3 Gene |ID: hCG37954.2
+ Biological process: cation transport
* Molecular function: cation transporter activity
== Cellular component: membrane
[y $ Expression levels in ALT cell lines median: 0.8
- * 1.3C 1R V2 2RA GM847 AT1 MeT4A SAO0S2 U20S SKLU1 SUSM1 IIICFe
‘ 104 089 059 08 05 071 0.31 068 112 088 083 0.98
¢ Expression levels in Telomerase cell lines median: 1.6
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
ALT Telomerase
119 133 130 178 197 0986 1.31 267 200 25 225 0.88
3: TMSNB: thymeosin, beta, identified in neuroblastoma cells
P-value: 1.8E-05 Fold change: 3.8
* Chromosome: Xg21.33-q22.3
* Genbank: NM_021992.1 Gene ID: hCG1748783.2
© Biological process: biological_process unknown; cytoskeleton organization and biogenesis
Molecular function: actin binding; molecular_function unknown
Cellular component: cytoskeleton
Expression levels in ALT cell lines median: 2.0
. 1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFe
- . 080 060 127 124 764 275 216 7.01 878 125 210 1.98
; i Expression levels in Telomerase cell lines median: 0.5

6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGE3 A2182 HT1080 F80

ALT  Telomerase 120 051 076 024 045 076 003 172 046 013 058 057

4: IDH3A:

P-value: 1.8E-05 Fold change: 0.5
Chromosome: 15q25.1-q25.2
Genbank: BE545690 Gene ID: hCG2039407 1

Biological process: carbohydrate metabolism;metabaolism; tricarboxylic acid cycle
Molecular function: isocitrate dehydrogenase (NAD+) and oxidoreductase activity
Cellular component:  mitochondrion

+
3
z Expression levels in ALT cell lines median: 0.8
:g: s 13C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
* 053 074 104 071 076 092 085 108 070 09 050 053
Expression levels in Telomerase cell lines median: 1.4

6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGE3 A2182 HT1080 F80
182 168 109 118 134 140 087 237 167 14 122 082

ALT Telomerase
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5: N/A

P-value: 3.5E-05 Fold change: 3.6
Chromosome:
Genbank: Gene ID: hCG2040332

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines meadian: 2.4
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 IIICFe
030 388 224 267 203 282 221 249 370 1.00 157 8.85
Expression levels in Telomerase cell lines meadian: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
072 024 015 115 100 090 060 097 085 025 0368 039

6: MBNL1: muscleblind-like {Dreseophila)

P-value: 4.4E-05 Fold change: 0.5

Chromosome: 3925 Genbank: NM_021038.2 Gene |D: hCG28028.3

Biological process: muscle development;myoblast differentiation;embryonic limb

morphogenesis;neurogenesis;embryonic development (sensu Mammalia)

Molecular function: double-stranded RNA binding;nucleic acid binding

Cellular compenent: nucleus;cytoplasm

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GM847 AT1 MeT4A SAO0S2 U20S SKLU1 SUSM1 IlICFc
087 110 054 068 090 052 057 067 081 114 060 0.70

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MG63 A2182 HT1080 F80
145 202 1.1 136 147 075 128 120 240 074 117 127

7: MGC:13379: HSPC244

P-value: 4.4E-05 Fold change: 0.3
Chromosome: 11913.1
Genbank: NM_016499.2 Gene ID: hCG40864.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.5
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 HlICFc
096 042 033 063 033 034 080 014 012 275 081 0.61
Expression levels in Telomerase cell lines median: 1.6
6G 1P V1 BFT3K GMB39 AT22 6TGR TE85 MGS3 A2182 HT1080 F80
264 219 113 178 396 148 083 348 185 155 130 1.04

8: N/A

P-value: 4.4E-05 Fold change: 1.5
Chromosome:

Genbank: Gene |D: R26_hCT1833869

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.1
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IlICFe
120 112 117 138 123 105 112 165 088 106 1.31 0.81
Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
107 1.01 062 060 091 094 085 071 089 047 039 055
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9: LOC122618: hypothetical protein BC015003

P-value: 6.1E-05 Fold change: 2.2
Chromosome: 14932.33
Genbank: NM_138790.1 Gene ID: hCG40818.2

Biological process; metabolism

Molecular function: catalytic activity

Cellular compaonent:

Expression levels in ALT cell lines median: 1.1
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFc
118 173 o065 103 18 070 118 110 120 203 0.83 0.70

Expression levels in Telomerase cell lines median: 0.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 FB80
070 045 025 053 025 093 085 053 053 070 035 025

10: MGMT: O-6-methylguanine-DNA methyltransferase
P-value: 6.7E-05 Fold change: 0.1
Chromosome: 10926 Genbank: NM_002412.1 Gene |D: hCG39601.4
Biological process: DNA ligation
Molecular function: DNA-methyltransferase activity; transferase activity; DNA binding; methylated-
DNA-[protein]-cysteine S-methyltransferase activity
Cellular component: nucleus
Expression levels in ALT cell lines median: 0.1
1.3¢ 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFc
172 003 007 oOM 011 008 015 043 287 015 005 070
Expression levels in Telomerase cell lines median: 2.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGE3 A2182 HT1080 F&0
960 12986 720 087 121 099 1123 101 483 318 168 1865

11:  : CDNA FLJ13334 fis, clone OVARC1001846

P-value: 8.2E-05 Fold change: 0.4
Chromosome: 2
Genbank: AK023396 Gene ID: hCG2005887

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
035 042 067 072 080 056 054 095 117 138 028 0.90
Expression levels in Telomerase cell lines median: 1.6
6G 1P V1 BFT3K GM&39 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
131 155 158 163 080 1M 1.03 451 3.10 293 238 083

12: IRAK1BP1: interleukin-1 receptor-associated kinase 1 binding protein 1

P-value: 1.0E-04 Fold change: 1.7
Chromosome: 6g14-q15
Genbank: AKOS88678 Gene |ID: hCG32735.2

Biclogical process: l-kappaB kinase/NF-kappa B cascade

Molecular function: protein binding

Cellular component:

Expression levels in ALT cell lines median: 1.3
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 1lICFc
184 227 180 174 112 136 125 108 126 1.03 094 1.19

Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
085 087 036 04 041 097 059 212 078 057 074 072
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13: EGF: epidermal growth factor (beta-urogastrone)

P-value: 1.0E-04 Fold change: 4.8

Chromosome: 4g25 Genbank: NM_001963.2 Gene |ID: hCG19911.2

Biological process: pos. regulatn of cell proliferatn;EGFR signaling pathway;chromosome

organization and biogenesis (sensu Eukarya);activatn of MAPI(;DNA replication

Molecular function: EGFR activating ligand activity,growth factor activity;calcium ion binding

Cellular component: integral to membrane;extracellular;nucleus;plasma membrane

Expression levels in ALT cell lines median: 2.2
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFe
342 255 078 583 143 115 189 345 160 244 769 0.85

Expression levels in Telomerase cell lines median: 0.5
6G 1P V1  BFT3K GM638 AT22 6TGR TE85 MG63 A2182 HT1080 F80
060 025 088 139 044 008 006 576 023 053 047 02

14: CCL20: chemokine (C-C motif) ligand 20

P-value: 1.0E-04 Fold change: 3.1

Chromosome: 2¢33-q37 Genbank: NM_004591.1 Gene |D: hCG14841.3

Biolegical process: signal transduction;inflammatory response;cell-cell

signaling;chemotaxis;antimicrobial humoral response(sensu Vertebrata);immune response

Molecular function: chemokine activity

Cellular component: extracellular space

Expression levels in ALT cell lines median: 1.9
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFc
131 374 080 210 395 143 698 100 289 08 177 212

Expression levels in Telomerase cell lines median: 0.6
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
091 085 0.51 030 049 118 0861 058 100 150 0863 044

15: fs03c07.y1 Human Lens cDNA (Normalized): fs Homo sapiens cDNA clone
fs03c07 5, mRNA sequence.

P-value: 1.0E-04 Fold change: 0.6

Chromosome: 11 Genbank: CD673703 Gene ID: hCG2040534

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFe
028 063 057 073 074 099 058 081 083 25 073 078

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1  BFT3K GM638 AT22 6TGR TE85 MG63 A2182 HT1080 F80
101 177 185 082 150 110 103 234 343 112 132 120

16: FLJ13984: hypothetical protein FLJ13984

P-value: 1.0E-04 Fold change: 04
Chromosome: 2g31.1
Genbank: NM_024770.1 Gene ID: hCG2004832

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.6
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 1lICFe
047 045 048 063 077 031 037 0867 168 131 0.56 0.88
Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
093 199 137 107 132 080 134 242 232 194 159 117
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17 N/A

P-value: 1.5E-04 Fold change: 0.2
Chromosome:
Genbank: Gene ID: hCG2042185

Biclogical process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.4
13C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
223 080 051 007 o008 076 094 037 023 020 0418 1.00
Expression levels in Telomerase cell lines median: 2.5
8G 1P V1 BFT3K GMB398 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
118 014 100 13.02 185 424 1571 320 422 170 288 2325

18: N/A

P-value: 1.5E-04 Fold change: 1.6
Chromosome:

Genbank: Gene |D: R26_hCT1784913.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.2
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFe
118 107 154 0987 127 115 143 210 137 120 132 085
Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MG63 A2182 HT1080 F80
103 0954 0.81 0683 073 085 083 074 175 056 038 051

19: NME4: non-metastatic cells 4, protein expressed in

P-value: 2.1E-04 Fold change: 0.5

Chromosome: 16p13.3 Genbank: NM_005009.2 Gene |ID: hCG1985512.1

Biclogical process: nucleoside metabolism; GTP, UTP and CTP biosynthesis

Malecular function: transferase activity; nucleoside-diphosphate kinase activity; kinase activity;

ATP binding

Cellular component: mitochondrien

Expression levels in ALT cell lines median: 0.8
13C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSMA1 IIICFe
140 051 0.01 092 084 077 024 005 133 050 0584 o085

Expression levels in Telomerase cell lines median: 1.6
8G 1P V1 BFT3K GMB39 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
287 208 149 114 163 106 243 149 283 459 075 088

20: HYPK; SERF2: Huntingtin interacting protein K; small EDRK-rich factor 2

P-value: 2.1E-04 Fold change: 0.5
Chromosome: 15g15.1
Genbank: NM_016400.2 Gene ID: hCG2003792

Biological process:

Molecular function: protein binding

Cellular component:

Expression levels in ALT cell lines median: 0.6
13C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
070 059 122 091 0.51 094 085 05 056 149 055 055

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
088 185 130 124 150 115 1.02 251 184 114 153 079
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21: IFITM3: interferon induced transmembrane protein 3 (1-8U)

P-value: 2.1E-04 Fold change: 0.5
s Chromosome: 11p15.5
3 Genbank: BG421288 Gene ID: hCG2040233

Biclogical process: immune response

; Molecular function:
2
. . Cellular component: Integral to membrane
* o= Expression levels in ALT cell lines median: 0.7
: i 1.3C 1R V2 2RA GMB847 AT1 MeT4A SAO0S2 U20S SKLU1 SUSM1 IlICFc
+ ¢ 183 08 072 055 059 090 093 066 073 164 046 062
Expression levels in Telomerase cell lines median: 1.5
u 6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
ALT Telomerase

216 226 100 108 117 100 179 087 342 242 128 352

22:  FLJ32803; TLOC1: hypothetical protein FLJ32803; translocation protein 1

P-value: 2.1E-04 Fold change: 0.7
Chromosome: 3q26.2
Genbank: NM_003262.2 Gene ID: hCG16182.3

Biological process: cotranslational membrane targeting; protein transport
Molecular function: receptor activity; protein transporter activity

+ 00+‘ *4

! $ Cellular compaonent: endaplasmic reticulumintegral to membrane
-i- Expression levels in ALT cell lines median: 0.8
. 13C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
104 080 0988 070 081 085 073 057 084 104 070 087
Expression levels in Telomerase cell lines median: 1.2
u 6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGE63 AZ2182 HT1080 F80
ALT  Telomerase 102 122 156 131 148 149 077 097 127 124 116 1.03
23:  JAMZ2: junctional adhesion molecule 2
0 P-value: 3.0E-04 Fold change: 5.5
? hd Chromosome: 21q21.2
s Genbank: NM_021219.2 Gene ID: hCG401152.3
’ + Biclogical process: cell-cell adhesion
® Molecular function:
5 Cellular component: integral to plasma membrane
4 b + Expression levels in ALT cell lines median: 2.7
b .i. 13C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1T IIICFe
z . 889 059 309 665 257 338 083 236 203 276 117 3.86
i 3 l Expression levels in Telomerase cell lines median: 0.5
ot 6G 1P V1

BFT3K GMB38 AT22 6TGR TE85 MGE3 A2182 HT1080 F80

ALT  Telomerase 077 047 059 142 064 038 020 402 050 030 025 029

24: CHFR: checkpoint with forkhead and ring finger domains

P-value: 3.0E-04 Fold change: 0.3
5 5 Chromosome: 12q24.33
Genbank: NM_018223.1 Gene ID: hCG22242.4
4 = Biological process: cell cycle; cell division; mitosis; mitotic check paint; ubiquitin cycle
Molecular function: ligase activity; metal ion, protein and zinc ion binding
: : Cellular component: nucleus
, _:_ Expression levels in ALT cell lines median: 0.6
Y : 13C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
1 P 074 070 042 058 043 05 058 159 057 153 013 081
+ * Expression levels in Telomerase cell lines median: 1.9
0 * 6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
ALT Telomerase

281 106 137 378 057 487 309 099 101 170 219 247

7-202



+

*
&
L3 _!.
*
ALT Telomerase
*
$
+*
* -2—
*
—— -
L4 .
s
ALT Telomerase
*
*
*
3
*
© $
ALT Telomerase
*
* *
*
: r's
Y +
ALT Telomerase

25: FBXO033: F-box only protein 33

P-value: 3.0E-04 Fold change: 1.2
Chromosome: 14q13.3
Genbank: BC042535 Gene ID: hCG21239.2

Biological process: ubiquitin cycle

Molecular function:

Cellular compeonent:

Expression levels in ALT cell lines median: 1.2
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IlICFe
118 100 125 235 125 1.01 113 120 106 129 100 0.9
Expression levels in Telomerase cell lines median: 0.9
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
085 126 089 0.81 105 084 073 086 048 047 091 0.97

26:

NDUFB3: NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 3, 12kDa
P-value: 3.0E-04 Fold change: 0.6
Chromosome: 2q31.3 Genbank: NM_002491.1 Gene ID: hCG1776639.1

Biological process: mtichondrial electron transport

Molecular function: NADH dehydrogenase activity; oxidoreductase activity

Cellular component: mitochandrion

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GMB47 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFc
131 099 083 038 094 05 037 119 043 0.8 062 0.84

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
132 272 100 100 169 142 133 187 122 184 111 0.55

27:  N/A

P-value: 3.0E-04 Fold change: 2.4
Chromosome: 6

Genbank: Al814302 Gene ID: hCG1659708.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.6
1.3C 1R v2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IIICFe
082 139 093 164 154 025 230 29 272 157 175 178
Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
080 063 114 045 070 047 015 107 019 072 112 026

28: PIGK: phosphatidylinositol glycan, class K

P-value: 3.0E-04 Fold change: 1.6
Chromosome: 1p31.1
Genbank: NM_005482.1 Gene ID: hCG22810.4

Biological process: proteolysis and peptidolysis

Mealecular function: legumain activity;hydrolase activity

Cellular component: integral to membrane;endoplasmic reticulum

Expression levels in ALT cell lines median: 1.2
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
126 124 122 15 178 1.00 1.08 346 105 1.24 092 1.00

Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
061 175 067 076 094 081 076 105 0983 088 061 0.75
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29: PIGB: phosphatidylinositol glycan, class B

P-value: 3.0E-04 Fold change: 0.2
Chromosome: 15q21-q22
Genbank: NM_004855.3 Gene ID: hCG40051.3

Biological process: GPI anchor biosynthesis; protein amino acid glycosylation

Molecular function: catalytic activity

Cellular compeonent: endoplasmic reticulum membrane

Expression levels in ALT cell lines median: 0.5
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
0.83 037 074 051 046 049 056 018 102 306 017 0.35

Expression levels in Telomerase cell lines median: 1.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
098 1.61 133 113 236 110 068 206 190 266 162 1.28

30 N/A

P-value: 3.0E-04 Fold change: 0.7
Chromosome: 13

Genbank: R60865 Gene |D: hCG23704.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
116 083 043 035 089 056 059 08 107 078 055 1.04
Expression levels in Telomerase cell lines median: 1.2
63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
135 096 139 281 118 064 121 120 176 116 146 084

31: 8T7: suppression of tumorigenicity 7

P-value: 4.2E-04 Fold change: 0.6
Chromosome: 7931.1-931.3
Genbank: NM_018412.2 Gene ID: hCG15955.3

Biological process:

Malecular function: binding

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
085 078 075 089 1.068 050 043 1.01 0.74 2.3 0.61 0.70

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
112 158 129 138 192 140 250 089 089 202 088 1.07

32: N/A

P-value: 4.2E-04 Fold change: 0.5
Chromosome:

Genbank: Gene ID: hCG1783311.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
203 1.02 080 061 075 087 094 065 064 168 056 0.60
Expression levels in Telomerase cell lines median: 1.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
255 207 109 096 116 098 180 087 326 225 126 298

7-204



+ *
$
. L
*
w :
_;.
0
ALT Telomerase
4
3 *
*
*
$
2 4
e
- $
$
1 “—ﬁ
0
ALT Telomerase
3
2 $
*
3
: $
1 : > 4
*
i
ALT Telomerase
11
*

ALT

-

Telomerase

33:  KIAA0261: KIAA0261

P-value: 4.2E-04 Fold change: 0.7
Chromosome: 10q23.31
Genbank: BC036507 Gene ID: hCG23248.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFe
077 128 071 096 082 067 087 082 180 067 091 0.98
Expression levels in Telomerase cell lines median: 1.3
6G 1P V1  BFT3K GM638 AT22 6TGR TE85 MG63 A2182 HT1080 F80
13 180 088 147 120 108 107 152 139 102 132 098

34: MGC15416: hypothetical protein MGC15416

P-value: 4.2E-04 Fold change: 0.4
Chromosome: 16p13.3
Genbank: NM_138418.2 Gene ID: hCG22438.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFc
165 143 070 074 065 057 057 132 080 09 063 096
Expression levels in Telomerase cell lines median: 1.8
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
162 261 0.91 100 170 100 232 225 310 284 1988 084

35: DKFZP5641122: DKFZP5641122 protein

P-value: 4,2E-04 Fold change: 1.8
Chromosome: 1p34.1
Genbank: ALO80062 Gene ID: hCG1780057.1

Biological process:

Molecular function: Cobalt ion binding

Cellular component:

Expression levels in ALT cell lines median: 1.3
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFe
087 206 1.01 185 146 122 176 1.3H 1.28 098 083 155

Expression levels in Telomerase cell lines median: 0.7
6G 1P V1  BFT3K GM638 AT22 6TGR TE85 MG63 A2182 HT1080 F80
025 064 0687 108 058 097 089 111 060 119 055 074

36: FLJ46041: FLJ46041 protein

P-value: 4.9E-04 Fold change: 0.6
Chromosome: 6q24.3
Genbank: AK127832 Gene ID: hCG1749747.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 1lICFe
030 058 018 068 080 040 086 1.01 0.89 020 127 1.0
Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
080 1044 136 142 084 1.1 122 099 105 105 157 198
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37: KIAA1444; IDH3G: PDZ domain containing 4;isocitrate dehydrogenase 3

(NAD+) gamma
P-value: 5.0E-04 Fold change: 0.5
Chromosome: Xg28 Genbank: NM_174869.1 Gene |D: hCG2004880

Biological process;

Molecular function: protein binding

Cellular component: membrane

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFc
022 020 127 065 083 053 079 071 030 125 0.61 0.79

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 FB80
059 08 125 123 133 113 174 147 158 154 162 1.15

38:

SLCO4A1: solute carrier erganic anion transporter family, member 4A1
P-value: 5.0E-04 Fold change: 0.1
Chromosome: 20q13.33 Genbank: NM_016354.3 Gene |ID: hCG1748044.2

Biological process: ion transport
Molecular function: transporter activity
Cellular compaonent: integral to membrane
Expression levels in ALT cell lines median: 0.4
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFc
0.84 0.21 040 024 116 041 019 014 653 068 074 0.18
Expression levels in Telomerase cell lines median: 4.0

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
403 368 404 041 403 273 1093 1578 1592 2639 13.94 0.38

39:

PRKAR1B: protein kinase, cAMP-dependent, regulatory, type |, beta
P-value: 5.0E-04 Fold change: 0.4
Chromosome: 7pter-p22 Genbank: NM_002735.1 Gene |ID;: hCG1993358

Biological process: signal transduction;protein amino acid phosphorylation

Malecular function: cAMP-dependent protein kinase regulatar activity;3',5-cAMP binding

Cellular component: cAMP-dependent protein kinase complex

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
100 066 067 1.00 1.81 023 069 027 063 057 043 081

Expression levels in Telomerase cell lines median: 1.8
6G 1P V1 BFT3K GM&39 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
244 148 100 170 254 280 0.41 099 205 237 188 125

40: chromosome 3 open reading frame 10

P-value: 5.8E-04 Fold change: 0.4
Chromaosome: 3
Genbank: AF281279 Gene ID: hCG1811444.1

Biclogical process:

Meolecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 1lICFc
050 05 040 072 088 077 073 08 112 234 069 0.69
Expression levels in Telomerase cell lines median: 1.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
150 257 248 069 214 085 143 230 513 1.8 137 145
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41: SPANXD: SPANX family, member D

P-value: 5.8E-04 Fold change: 11.1
Chromosome: Xq27.1
Genbank: BC054023 Gene ID: hCG1756726.2

Biological process: biological_process unknown

Molecular function: molecular_function unknown

Cellular component: nucleus

Expression levels in ALT cell lines median: 4.4
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFe
233 039 332 429 542 070 90 638 48.04 0.83 29.80 1.79

Expression levels in Telomerase cell lines median: 0.4
6G 1P V1  BFT3K GM638 AT22 6TGR TE85 MG63 A2182 HT1080 F80
117 232 026 028 024 008 014 05 026 056 994 055

42: NANOS1: nanos hoemolog 1 (Drosophila)

P-value: 5.9E-04 Fold change: 0.5
Chromosome: 10926.13
Genbank: BI485757 Gene ID: hCG1820523.1

Biological process: regulation of translation

Molecular function: RNA binding; metal ion binding; zinc ion binding

Cellular component: cytoplasm

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFc
112 065 063 057 073 054 049 116 108 097 057 0.88

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
130 113 091 1683 172 085 074 1.71 142 183 124 1.03

43: HNRPK: heterogeneous nuclear ribonucleoprotein K

P-value: 5.9E-04 Fold change: 0.7
Chromosome: 9¢21.32-21.33
Genbank: NM_002140.2 Gene ID: hCG 1985822

Biological process:

Molecular function: DNA, RNA and protein binding

Cellular component: nucleus; ribonuclearprotein complex

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFe
095 087 090 083 090 077 088 103 086 146 072 085

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1  BFT3K GM638 AT22 6TGR TE85 MG63 A2182 HT1080 F80
107 1685 089 128 136 102 102 172 129 15 135 097

44: LGALSS: lectin, galactoside-binding, soluble, 9 (galectin 9)

P-value: 5.9E-04 Fold change: 0.3
Chromosome: 17q11.2
Genbank: NM_002308.2 Gene ID: hCG1749819.3

Biological process: heterophilic cell adhesion

Molecular function: galactose binding; sugar binding

Cellular component:

Expression levels in ALT cell lines median: 0.5
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 1lICFe
039 050 017 055 027 014 045 071 0.87 212 082 099

Expression levels in Telomerase cell lines median: 1.6
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
235 204 150 173 2.3 1.01 038 183 104 126 189 1.22
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45: HTPAP: HTPAP protein

P-value: 5.9E-04 Fold change: 0.6
Chromeseme: 8p11.23
Genbank: NM_032483.2 Gene ID: hCG23115.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 lICFe
078 080 078 055 151 060 034 044 088 207 080 089
Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GME39 AT22 6TGR TE85 MG63 A2182 HT1080 F80
087 110 118 129 261 100 100 240 199 360 112 1.85

46: GAL: galanin

P-value: 5.9E-04 Fold change: 0.5

Chromesome: 11913.1 Genbank: NM_015973.2 Gene |D: hCG27180.1

Biological process: growth hormone secretion;smooth muscle contraction; neurapeptide signaling

pathway;insulin secretion

Molecular function: neurapeptide hormone activity

Cellular component: extracellular; cellular_component unknawn

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
085 0.51 115 074 050 045 064 063 028 281 1.04 0.66

Expression levels in Telomerase cell lines median: 1.4
686G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
160 336 128 091 606 103 115 3564 1.61 3583 097 073

47: NME4: non-metastatic cells 4, protein expressed in

P-value: 5.9E-04 Fold change: 0.5

Chromesome: 16p13.3 Genbank: NM_005008.2 Gene |D: hCG1985512.1

Biological process: nucleoside metabolism UTP, GTP and CTP biosynthesis

Molecular function: transferase activity; nucleoside-diphosphate kinase activity; ATP binding;

kinase activity

Cellular component: mitochondrion

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
200 067 001 1.06 084 071 023 006 094 033 087 083

Expression levels in Telomerase cell lines median: 1.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
334 1.81 128 148 155 128 239 114 313 464 066 0.87

48: FLJ36674; LOC201158: hypothetical protein FLJ36674; similar to CGl-148

protein
P-value: 5.9E-04 Fold change: 0.7
Chromoeseome: 17p11.2 Genbank: NM_173622.1 Gene |D: hCG1820468.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
094 0.91 118 071 106 076 078 082 079 087 068 058
Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 FB80
085 118 135 110 133 073 116 190 110 153 128 1.25

7-208



*
2
* =
oo
4 . Y
+ b
0
ALT Telomerase
14
12 hd
+ *
10
*
g
*
L 2
6
-.-
+ *
L 4
e *
* *
ol e |
ALT Telomerase
18
*
15
*
12 *
9 L
*
5 -
>
*
3 +

L ¢ 4

ALT Telomerase
2
*
*
i 4
i L4
*
:
0
ALT Telomerase

49: IFITM3: interferon induced transmembrane protein 3 (1-8U)

P-value: 5.9E-04 Fold change: 0.5
Chromosome: 11p15.5
Genbank: BF768108 Gene ID: hCG2036716

Biological process;

Malecular function:

Cellular compaonent:

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFc
256 1.01 060 058 075 050 086 075 069 169 042 051
Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 FB80
273 293 099 088 136 09 152 1.07 286 280 106 293

§0: SATB1: special AT-rich sequence binding protein 1 (binds to nuclear
matrix/scaffold-associating DNA's)

P-value: 5.9E-04 Fold change: 14.2

Chromosome: 3p23 Genbank: NM_002971.2 Gene |ID: hCG26781.3

Biclogical process: establishment andfor maintenance of chromatin architecture; regulation of

transcription, DNA-dependent

Malecular functn: dsDNA binding; transcriptn factor activity. Cellular component: nucleus

Expression levels in ALT cell lines median: 4.4
1.3¢ 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFc
039 140 942 314 491 382 746 659 1156 1257 035 250

Expression levels in Telomerase cell lines median: 0.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGE3 A2182 HT1080 F&0
045 030 017 023 021 0N 0.31 048 020 133 11.27 067

51: NSBP1: nucleosomal binding protein 1

P-value: 6.8E-04 Fold change: 9.9
Chromosome: Xq13.3
Genbank: NM_030763.1 Gene ID: hCG1646094.3

Biological process: regulation of transcription, DNA-dependent

Malecular function: transcriptional activator activity; chromatin binding

Cellular component: :nucleus; chromatin

Expression levels in ALT cell lines median: 6.3
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
027 1.01 16.84 776 9.06 4.77 3.97 17.02 1227 1421 085 3.26

Expression levels in Telomerase cell lines median: 0.6
6G 1P V1 BFT3K GM&39 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
048 047 082 108 089 034 0.41 132 027 079 086 031

52: ZNF44: zinc finger protein 44 (KOX 7)

P-value: 7.8E-04 Fold change: 1.6
Chromosome: 19p13.2
Genbank: NM_016264.1 Gene ID: hCG2002471.1

Biclogical process: regulation of transcription, DNA-dependent

Molecular function: nucleic acid binding; DNA binding

Cellular component: nucleus;intracellular

Expression levels in ALT cell lines median: 1.2
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 1lICFc
128 080 128 161 115 128 183 123 059 117 1.07 0.86

Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
025 112 071 037 088 1.0 078 09 109 028 017 039
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§3: TAF6L

P-value: 7.9E-04 Fold change: 1.4
Chromosome: 11
Genbank: NM_018338.1 Gene ID: hCG1727076.2

Biological process: chromatin remodelling; regulation and initiation of transcription

Molecular functn: DNA binding; RNA pol Il transcriptn and transcriptn initiatn factor activity

Cellular compeonent: histone deacetylase complex; nucleus

Expression levels in ALT cell lines median: 1.2
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IlICFe
093 09 206 104 109 175 153 109 163 122 152 079

Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
102 103 065 085 062 0.8 0.61 076 137 082 0988 073

54: FLJ20032: hypothetical protein FLJ20032

P-value: 7.9E-04 Fold change: 2.8
Chromosome: 4q24
Genbank: AKO00039 Gene ID: hCG1778365.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 2.2
1.3C 1R V2 2RA GMB47 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 IIICFe
083 633 159 238 098 333 423 125 317 202 280 081
Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM839 AT22 6&6TGR TE85 MG63 A2182 HT1080 F80
032 039 063 084 036 088 182 0865 076 182 102 090

55: FLJ38993: Hypothetical protein FLJ38993; Homo sapiens hypothetical
protein FLJ38993, mRNA (cDNA clone MGC:9297 IMAGE: 3894832)

P-value: 7.9E-04 Fold change: 10.1

Chromosome: 1q42.13 Genbank: NM_152495.1 Gene |ID: hCG1641724.2

Biological process: intracellular signaling cascade

Molecular function:

Cellular component: integral to membrane

Expression levels in ALT cell lines median: 3.6
1.3C 1R v2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IIICFe
559 090 062 886 1090 1.10 149 049 451 1041 265 4.89

Expression levels in Telomerase cell lines median: 0.4
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
025 018 023 043 161 034 018 014 037 213 467 073

56: PIGB: phosphatidylinositol glycan, class B

P-value: 7.9E-04 Fold change: 0.4
Chromosome: 15q21-q22
Genbank: NM_004855.3 Gene ID: hCG40051.3

Biological process: GPI anchor biosynthesis; protein amino acid glycosylation

Meolecular function: catalytic activity

Cellular component: endoplasmic reticulum membrane

Expression levels in ALT cell lines median: 0.5
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
098 052 073 042 052 072 023 051 120 266 024 0.44

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
068 137 125 102 275 104 080 245 188 242 152 132
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67: CRIPZ2: cysteine-rich protein 2

P-value: 8.0E-04 Fold change: 0.3
Chromosome: 14q32.3
Genbank: NM_001312.2 Gene ID: hCG2029375

Biological process;

Molecular function: zinc ion binding

Cellular compaonent:

Expression levels in ALT cell lines median: 0.5
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFc
178 052 025 017 019 046 085 092 114 019 0.1 0.73

Expression levels in Telomerase cell lines median: 1.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 FB80
186 1.08 060 147 154 151 4.91 048 517 132 159 1.39

§8. IFITM2: interferon induced transmembrane protein 2 (1-8D)

P-value: 8.0E-04 Fold change: 0.5
Chromosome: 11p15.5
Genbank: NM_008435.1 Gene ID: hCG1741135.2

Biological process: immune response

Molecular function: protein hinding

Cellular compaonent: integral to membrane

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFc
182 091 070 0.4 063 092 093 057 078 188 039 048

Expression levels in Telomerase cell lines median: 1.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
181 2.31 089 0.8 110 1.01 168 1.07 337 354 127 3.09

59: PTPN9: protein tyrosine phosphatase, non-receptor type 9

P-value: 8.0E-04 Fold change: 0.6

Chromosome: 15923 Genbank: NM_002833.2 Gene |D: hCG2005449

Biological process: transport;protein amino acid dephosphorylation

Molecular function: hydrolase activity;non-membrane spanning protein tyrosine phosphatase

activity transporter activity

Cellular component: intracellular

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
173 094 040 070 098 075 0.91 025 047 1.07 064 0.51

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM&39 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
118 133 117 113 173 104 086 156 148 131 093 1.02

60: PTPRG: protein tyrosine phosphatase, receptor type, G
P-value: 8.0E-04 Fold change: 1.9
Chromosome: 3p21-p14 Genbank: NM_002841.2 Gene |D: hCG23837.3

Biological process; protein amino acid dephosphorylation; transmembrane receptor protein

tyrosine kinase signaling pathway; one-carbon compound metabolism. Molecular functn:

carbonate dehydratase, zinc ion binding;transmembrane receptor protein tyrosine phosphatase

and hydrolase activity. Cellular component: integral to plasma membrane

Expression levels in ALT cell lines median: 1.2
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 1lICFc
1.04 056 0.81 138 825 110 130 115 248 149 119 113

Expression levels in Telomerase cell lines median: 0.6
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
072 133 080 038 044 044 038 054 03 0.71 117 0.96
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61: FLJ13984: hypothetical protein FLJ13984

P-value: 8.0E-04 Fold change: 0.4
Chromosome: 2q31.1
Genbank: NM_024770.1 Gene ID: hCG2004932

Biological process:

Molecular function:

Cellular compeonent:

Expression levels in ALT cell lines median: 0.6
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IlICFe
060 043 034 061 073 035 014 112 179 130 045 0.74
Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
144 270 122 103 192 062 085 333 206 146 139 097

62: MGC10911: hypothetical protein MGC10911

P-value: 8.0E-04 Fold change: 0.6
Chromosome: 7p22.3
Genbank: NM_032302.1 Gene ID: hCG19463.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA GMB47 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 IIICFe
092 093 1.0 0.82 059 128 084 053 089 149 057 093
Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM839 AT22 6&6TGR TE85 MG63 A2182 HT1080 F80
203 099 112 168 132 192 069 162 085 187 151 1.04

63: FHOD3

P-value: 8.0E-04 Fold change: 0.6
Chromosome: 18q12

Genbank: NM_025135.1 Gene ID: hCG2042959

Biological process: cell and actin organisation and biogenesis

Molecular function: actin binding

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R v2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IIICFe
068 1.3 062 064 076 078 104 0852 114 08 072 0.88

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
078 163 104 150 125 089 127 184 166 185 143 0096

64: ADP-GK: ATP-dependent glucokinase

P-value: 8.0E-04 Fold change: 0.6
Chromosome: 15922.33
Genbank: NM_031284.3 Gene ID: hCG1787419.2

Biological process: glycolysis

Mealecular functn: phosphotransferase activity, alcohel group as acceptor, Mg ion bimding

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
112 089 056 100 082 073 065 039 0988 132 043 040

Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
144 15 1.2 1.1 179 130 083 208 151 145 100 0.87
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65: C21orfé: chromosome 21 open reading frame 6

P-value: 8.0E-04 Fold change: 0.6
. Chromosome: 21922.11
t Genbank: NM_016940.1 Gene ID: hCG401159.3
* + Biological process:
* Molecular function: acylphosphatase activity
. —— Cellular component:
¢ Expression levels in ALT cell lines median: 0.8
+ 3 13C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 lICFe
* 056 079 072 093 074 091 068 080 144 201 0.80 069
Expression levels in Telomerase cell lines median: 1.3

6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MG63 A2182 HT1080 F80

ALT  Telomerase 084 168 134 212 198 245 109 220 106 135 084 1.06
66: N/A
P-value: 8.0E-04 Fold change: 0.6
Chromosome:
* Genbank: Gene ID: hCG1731660.2
Biological process:
Molecular function:
¢ Cellular component:
. Expression levels in ALT cell lines median: 0.8
-+ 1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOCS2 U20S SKLU1 SUSM1 1lICFc
45—07_ _ 120 058 046 047 090 066 098 070 0.61 135 1.02 09
‘ * Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
ALT Telomerase
239 206 141 125 132 094 245 059 245 082 138 383
67: S8SB:
P-value: 8.0E-04 Fold change: 0.6
Chromosome: 2q31.1
- Genbank: BU540259 Gene ID: hCG1982987
Biological process: RNA processing and nuclear export; histone mRNA metabolism; tRNA
modification; transcription form RNA pol |1l promoter. Molecular function: mRNA and tRNA
e binding. Cellular component: cytoplasm; nucleus; ribonucleoprotein complex
f ¢ Expression levels in ALT cell lines median: 0.8
. 1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
073 077 095 121 1.00 070 082 0.83 1.31 0.72 073 0.98
Expression levels in Telomerase cell lines median: 1.3

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGHE3 A2182 HT1080 F80

ALT  Telomerase 100 133 120 110 136 096 114 222 126 132 137 081

68: N/A
P-value: 8.0E-04 Fold change: 0.7
b4 Chromosome:
Genbank: Gene |D: hCG1646764.3
o Biological process:
* Molecular function:
3 * Cellular component:
-t : . . o
- Expression levels in ALT cell lines median: 0.9
-2— : 1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
137 087 074 088 127 056 037 08 095 054 064 083
© Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
ALT Telomerase

167 186 105 104 1219 101 128 262 147 170 089 075
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69: GPR114: G protein-coupled receptor 114

P-value: 9.0E-04 Fold change: 1.6
Chromosome: 16913
Genbank: NM_153837 .1 Gene ID: hCG1817974.2

Biological process: neuropeptide signaling pathway

Molecular function: receptor activity; G-protein coupled receptor activity

Cellular component: membrane

Expression levels in ALT cell lines median: 1.2
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
0% 05 163 200 130 310 088 120 113 130 180 1.03

Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
085 097 072 068 025 100 063 100 075 100 08B0 050

70.  N/A

P-value: 1.1E-03 Fold change: 1.6
Chromosome:

Genbank: Gene |ID: R26_hCT8651.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.3
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
092 192 238 153 075 08 251 1.3 113 134 113 172
Expression levels in Telomerase cell lines median: 0.8
63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
125 0.81 075 106 074 077 09 060 113 089 083 045

71: SRPUL: sushi-repeat protein

P-value: 1.1E-03 Fold change: 3.3
Chromosome: Xq21.33-923
Genbank: NM_014467 .1 Gene ID: hCG20192.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.8
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
0.84 3N 185 274 213 080 172 205 267 072 1.31 0.96
Expression levels in Telomerase cell lines median: 0.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
019 132 129 014 104 017 008 042 066 019 088 1.29

72: : Transcribed locus, highly similar to XP_169258.3 hypothetical
LOC219638 [Hemeo sapiens]

P-value: 1.1E-02 Fold change: 2.2

Chromosome: 11 Genbank: AK024304 Gene ID: hCG1991368.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.5
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
268 1.78 115 318 305 208 080 063 293 108 1.08 0.93

Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
143 078 070 025 028 063 050 130 083 083 085 058
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73: CCNG2: cyclin G2

P-value: 1.1E-02 Fold change: 2.2
Chromosome: 4q21.22
Genbank: NM_004354.1 Gene ID: hCG22999.3

Biological process: cell cycle checkpoint; mitosis; cytokinesis; cell cycle

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 2.1
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
239 351 065 103 276 219 089 177 285 273 188 1.01

Expression levels in Telomerase cell lines median: 0.9
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
095 204 057 071 123 082 059 061 040 099 0.88 095

74 KIAA1229: KIAA1229 protein

P-value: 1.1E-03 Fold change: 1.7
Chromosome: 1p22.3
Genbank: BC028420 Gene ID: hCG25236.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.4
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
137 100 152 084 247 105 148 384 136 148 100 078
Expression levels in Telomerase cell lines median: 0.8
63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
067 091 073 105 090 070 112 083 049 104 042 046

75: PTK7: PTKY protein tyrosine kinase 7

P-value: 1.1E-03 Fold change: 2.2

Chromosome: 6p21.1-p12.2  Genbank: NM_002821.3 Gene ID: hCG2001916

Biological process: signal transduction;protein amino acid phosphorylation;cell adhesion

Molecular function: ATP binding; protein binding; protein-tyrosine kinase, transmembrane

receptor protein tyrosine kinase, transferase and receptor activity

Cellular component: integral to plasma membrane

Expression levels in ALT cell lines median: 1.4
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
147 160 161 137 205 158 102 28 064 112 1.05 0.56

Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
098 060 068 077 122 122 037 085 039 046 014 064

76: USP51: ubiquitin specific protease 51

P-value: 1.1E-03 Fold change: 3.7
Chromosome: Xp11.22
Genbank: Al368143 Gene ID: hCG1685885.2

Biclogical process: ubiquitin cycle; ubiquitin-dependent protein catabolism

Molecular function: cysteine type endopeptidase and ubiquitin thioesterase activity; Zn ion

binding. Cellular component:

Expression levels in ALT cell lines median: 2.5
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
069 078 375 109 273 425 058 647 478 236 216 276

Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
202 076 095 0583 040 122 025 055 1.04 0986 029 0.60
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77: FLJ14803: hypothetical protein FLJ14803
P-value: 1.1E-03

Chromosome: 7q32.3

Genbank: NM_032842.1

Biological process:

Fold change: 0.5

Gene ID: hCG18872.3

Molecular function:

Cellular component:

Expression levels in ALT cell lines
1.3¢ 1R V2 2RA GM847 AT1
072 100 091 121 083 0.34

Expression levels in Telomerase cell lines
6G 1P V1 BFT3K GMB39 AT22

median: 0.7
MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFc
053 088 082 105 041 0.66

median: 1.3
6TGR TE85 MG63 A2182 HT1080 F80

052 115 125 130 160 087 103 200 1.71 3.27 192 1.00
78: N/A

P-value: 1.1E-03 Fold change: 7.3
Chromosome:

Genbank: Gene ID: hCG38403.2

Biological process:
Molecular function:
Cellular component:
Expression levels in ALT cell lines
1.3C 1R V2 2RA  GM847 ATI1
295 424 369 025 10.02 8.57
Expression levels in Telomerase cell lines
6G 1P V1
085 0.08 0.16

median: 4.0
MeT4A SAOS2 U20S SKLU1 SUSM1 IIICFe
11.08 725 139 1.03 1571 0.2

median: 0.5
BFT3K GM&39 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
015 0957 056 006 179 053 013 137 062

79: TM4SF10: transmembrane 4 superfamily member 10

P-value: 1.1E-03 Fold change: 18.0
Chromosome: Xp11.4
Genbank: NM_031442.2
Biological process:

Gene ID: hCG1747231.2

Moleeular function:

Cellular component: integral to membrane
Expression levels in ALT cell lines

1.3C 1R V2 2RA GM847 AT1
377 264 095 463 843 175
Expression levels in Telomerase cell lines
6G 1P V1 BFT3K GM839 AT22
005 047 062 005 016 0.04

median: 2.9
MeT4A SAOS2 U20S SKLU1 SUSM1 IIICFe
317 346 105 020 1311 1.7

median: 0.2
6TGR TE85 MG63 A2182 HT1080 F80
0.03 0.02 231 0.16 053 19.65

80: MAGED4: melanoma antigen, family D, 4
P-value: 1.1E-03

Chromosome: X

Genbank: NM_177535.1

Biological process:

Fold change: 2.4

Gene ID: hCG32481.3

Molecular function:
Cellular component:
Expression levels in ALT cell lines
1.3C 1R V2 2RA GM847 AT1
160 144 137 1.3 148 147
Expression levels in Telomerase cell lines
6G 1P V1 BFT3K GM839 AT22
070 114 107 077

median: 1.3
MeT4A SAOS2 U20S SKLU1 SUSM1 IIICFe
130 330 198 002 094 057

median: 0.5
6TGR TE85 MG63 A2182 HT1080 F80
073 1.06 0.01 039 013 0.1 0.10 0.34
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81: SLC19A1: solute carrier family 19 (folate transporter), member 1

P-value: 1.1E-02 Fold change: 0.5
Chromosome: 21q22.3
Genbank: NM_194255.1 Gene ID: hCG401276.3

Biological process: transport

Molecular function: falic acid hinding;reduced folate carrier activity

Cellular component: membrane

Expression levels in ALT cell lines median: 0.7
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
09 107 048 100 064 061 075 066 084 118 033 045

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
108 208 139 100 212 100 086 23 213 1.81 119 0.28

82: EPS8L3: EPS8-like 3

P-value: 1.1E-03 Fold change: 0.6
Chromosome: 1p13.2
Genbank: NM_024526.2 Gene ID: hCG40254.3

Biological process:

Molecular function: receptor activity

Cellular component:

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
120 107 033 059 092 087 058 098 093 08 030 0862

Expression levels in Telomerase cell lines median: 1.3
63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
114 222 161 0.81 136 104 126 215 254 134 157 057

83: PGAM1: phosphoglycerate mutase 1 (brain)

P-value: 1.1E-03 Fold change: 0.8

Chromosome: 10q25.3 Genbank: BES27571

Gene ID: hCG2015269; hCG2015269; hCG25778.3; hCG2015138

Biological process: glycolysis

Molecular function: bisphosphoglycerate mutase and phosphatase activity; phosphoglycerate

mutase activity. Cellular component: cytosol

Expression levels in ALT cell lines median: 0.9
13C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 NlICFe
049 072 094 093 1.01 087 092 098 100 093 126 085

Expression levels in Telomerase cell lines median: 1.1
686G 1P V1 BFT3K GM638 AT22 6TGR TES8S MGB3 AZ2182 HT1080 F&0
120 164 097 154 109 100 112 1865 115 148 103 085

84: N/A

P-value: 1.1E-03 Fold change: 0.7
Chromosome: 6

Genbank: AA897384 Gene ID: hCG17797.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
103 088 064 086 066 078 107 0.82 103 088 065 081
Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
177 128 1.02 084 1.61 123 115 083 176 136 175 0.87
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85: KCTDB3: potassium channel tetramerisation domain containing 8

P-value: 1.2E-03 Fold change: 7.1
Chromosome: 4p13
Genbank: H18387 Gene ID: hCG1647805.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 2.4
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
033 308 188 085 123 448 408 228 1028 275 025 250
Expression levels in Telomerase cell lines median: 0.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
140 025 072 025 030 03 025 025 060 110 083 035

86: IL27RA: interleukin 27 receptor, alpha

P-value: 1.2E-03 Fold change: 0.3
Chromosome: 19p13.11
Genbank: NM_004843.2 Gene ID: hCG27523.2

Biological process: cell surface receptor linked signal transduction;immune response

Molecular function: transmembrane receptor activity

Cellular component: integral to plasma membrane

Expression levels in ALT cell lines median: 0.5
1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOCS2 U20S SKLU1 SUSM1 1lICFc
196 220 026 044 049 078 039 030 0590 059 039 0.82

Expression levels in Telomerase cell lines median: 1.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
203 110 208 118 195 309 148 068 080 353 213 137

87: :Clone IMAGE:5311129, mRNA

P-value: 1.4E-03 Fold change: 0.5
Chromosome: 9
Genbank: BC045702 Gene ID: hCG1814693.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.6
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
091 099 045 037 039 076 203 033 1.2 055 027 0.66
Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
121 1.21 062 11 110 122 145 154 1.01 3.64 087 1.40

88: SRPX: sushi-repeat-containing protein, X-linked

P-value: 1.4E-03 Fold change: 8.2
Chromosome: Xp21.1
Genbank: NM_006307.2 Gene ID: hCG18713.3

Biclogical pracess: cell adhesion

Molecular function: protein binding

Cellular component: membrane

Expression levels in ALT cell lines median: 2.0
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
259 013 137 2980 662 122 1.01 794 218 322 083 1.86

Expression levels in Telomerase cell lines median: 0.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
032 009 108 063 015 017 002 019 03 005 548 0.99
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89: SLC16A2: solute carrier family 16 (monocarboxylic acid transporters),
member 2 {putative transporter)

P-value: 1.4E-03 Fold change: 3.6

Chromosome: Xq13.2 Genbank: NM_006517.1 Gene ID: hCG21949.2

Biclogical pracess: transport; monacarboxylic acid transport. Molecular function: transporter

activity; monocarboxylic acid transporter activity; symporter activity

Cellular component: integral to plasma membrane; membrane fraction

Expression levels in ALT cell lines median: 2.0
13C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 lICFe
076 103 364 334 326 212 177 063 046 230 307 181

Expression levels in Telomerase cell lines median: 0.5
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGBE3 A2182 HT1080 F&0
057 120 170 038 051 038 001 005 o085 087 021 203

90: N/A

P-value: 1.4E-03 Fold change: 0.4
Chromosome:

Genbank: Gene ID: hCG2033356

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.5
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
011 033 1.1 03 028 107 051 089 087 1.8 044 032
Expression levels in Telomerase cell lines median: 1.3
63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
127 093 206 105 098 104 125 167 54 133 134 080

91: ACVR2: activin A receptor, type Il

P-value: 1.4E-03 Fold change: 2.1

Chromosome: 2q22.2-q23.3  Genbank: NM_001616.2 Gene ID: hCG19691.3

Biological process: protein amino acid phosphorylation; transmembrane receptor protein

serinefthreonine kinase signaling pathway

Molecular function: ATP binding; receptor, transferase and transforming growth factor beta

receptor activity. Cellular component; integral to plasma membrane

Expression levels in ALT cell lines median: 1.7
13C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 NlICFe
117 232 294 273 238 182 151 08 229 100 070 1.04

Expression levels in Telomerase cell lines median: 0.8
686G 1P V1 BFT3K GM638 AT22 6TGR TES8S MGB3 AZ2182 HT1080 F&0
100 036 076 078 225 085 047 147 0985 022 083 055

92: FLJ10357

P-value: 1.4E-03 Fold change: 2.7
Chromosome: 14q11.2

Genbank: NM_018071.2 Gene ID: hCG1812753.2

Biological process: regulation of Rho signal transduction

Molecular function: Rho guanyl-nucleotide exchange factor activity

Cellular component: intracellular

Expression levels in ALT cell lines median: 1.4
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
180 073 067 130 227 099 103 383 264 159 1.01 1.42

Expression levels in Telomerase cell lines median: 0.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
089 067 055 022 112 040 0280 036 046 160 036 1.19
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93: TRIPS: thyreoid hormeone receptor interactor 6

P-value: 1.4E-03 Fold change: 0.6
Chromosome: 7q22
Genbank: NM_003302.1 Gene ID: hCG20459.3

Biological process:

Molecular function: thyroid hormone receptor binding; protein binding

Cellular compeonent:

Expression levels in ALT cell lines median: 0.7
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IlICFe
063 059 08 122 09 046 065 162 069 012 085 060

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
119 118 165 09 134 110 1.08 073 129 184 158 1.04

94: FLJ40629: hypothetical protein FLJ40629

P-value: 1.4E-03 Fold change: 1.7
Chromosome: 2q14.1
Genbank: NM_152515.2 Gene ID: hCG16261.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.3
1.3C 1R V2 2RA GMB47 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 IIICFe
112 266 132 128 113 145 089 058 183 128 172 1.0
Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM839 AT22 6&6TGR TE85 MG63 A2182 HT1080 F80
068 073 105 062 062 083 078 053 148 068 098 087

95: SERP1: stress-associated endoplasmic reticulum protein 1

P-value: 1.4E-03 Fold change: 0.5

Chromosome: 3q25.1 Genbank: NM_014445.2 Gene ID: hCG21346.3

Biological process: plasma membrane organization and biogenesis;protein amino acid

glycosylation;response to stress

Molecular function:

Cellular component: ribosome;endoplasmic reticulum

Expression levels in ALT cell lines median: 0.9
1.3C 1R v2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IIICFe
09 082 09 092 066 063 063 144 058 145 066 073

Expression levels in Telomerase cell lines median: 1.6
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
160 200 124 102 2290 078 072 1.81 168 110 208 1.64

96: YWHAG: tyrosine 3-moncoxygenaseftryptophan 5-monooxygenase
activation protein, gamma polypeptide

P-value: 1.4E-03 Fold change: 0.7

Chromosome: 7q11.23 Genbank: NM_012479.2 Gene |ID: hCG41357.2

Biologl procss:cytoskeltn organisatn&biogensis; inhibit apoptosis&protnkinase; regulatn mitosis,

neuron differentiatn, signal transductn & synaptic plasticity. Molec. functn:actin, insulinlike g.f.

receptr & protn kinaseC bindg; protn kinaseC inhibitn. Cell compont:cytoplsm

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SAOS2 U205 SKLU1 SUSMI1 IIICFe
046 070 073 09 072 047 055 077 123 203 069 06869

Expression levels in Telomerase cell lines median: 1.1
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MG63 A2182 HT1080 F80
098 156 081 103 164 118 112 102 107 272 106 114
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97: IMPDH1: IMP (inosine monophosphate) dehydrogenase 1

P-value: 1.4E-03 Fold change: 0.5
Chromosome: 7q31.3-9q32
Genbank: NM_000883.2 Gene ID: hCG1811280.1

Biological process: GMP & GTP biosynthesis; response to stimulus; visual perception

Molecular function: IMP dehydrogenase activity;K ion binding; oxidoreductase activity

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
093 068 013 080 1.01 055 072 185 083 1.51 044 0.62

Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
152 339 130 099 393 1386 161 280 088 154 079 132

98: N/A

P-value: 1.4E-03 Fold change: 0.7
Chromosome:

Genbank: Gene ID: hCG27427.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
122 09 109 052 068 05 071 0.9 079 089 119 090
Expression levels in Telomerase cell lines median: 1.3
63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
086 147 1.01 120 139 166 095 182 140 115 157 085

99: : QV3-CT0192-021099-002-e11 CT0192 Homo sapiens cDNA, mRNA

sequence.
P-value: 1.4E-03 Fold change: 0.5
Chromosome: 11 Genbank: AW752159 Gene ID: hCG1774546.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.7
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
179 083 077 056 066 102 106 0.65 0.61 1.63 0.47 0.50
Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
222 218 098 093 123 087 164 085 259 247 1.21 2.90

100: REPS2: RALBP1 associated Eps domain containing 2

P-value: 1.6E-03 Fold change: 3.6
Chromosome: Xp22.2
Genbank: NM_004726.1 Gene ID: hCG1817838.1

Biological process: EGFR signaling pathway; protein complex assembly

Molecular function: Caion binding; protein binding

Cellular component:

Expression levels in ALT cell lines median: 1.7
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
070 1.8 218 595 225 203 153 045 095 060 063 1.98

Expression levels in Telomerase cell lines median: 0.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
100 097 040 033 048 163 043 053 028 068 040 045
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101: MGC22773: hypothetical protein MGC22773

P-value: 1.6E-03 Fold change: 2.7
Chromosome: 1p31.1
Genbank: NM_145258.1 Gene ID: hCG1857579.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.6
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
391 079 099 099 048 141 202 1440 299 174 114 3.03
Expression levels in Telomerase cell lines median: 0.6
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
03 132 066 0580 070 103 123 022 039 101 048 0.18

102: ZNF586: zinc finger protein 586

P-value: 1.6E-03 Fold change: 0.6
Chromosome: 19913.43
Genbank: NM_017652.1 Gene ID: hCG1773387.2

Biological process: regulation of transcription, DNA-dependent

Molecular function: nucleic acid binding

Cellular component: intracellular

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOCS2 U20S SKLU1 SUSM1 1lICFc
114 149 092 027 072 078 072 058 010 060 084 095

Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
170 104 093 208 138 149 1.01 1.51 1.31 1.60 150 0.58

103: : CDNA: FLJ21778 fis, clone HEP00201

P-value: 1.8E-03 Fold change: 1.7
Chromosome: 4
Genbank: AKO75468 Gene ID: hCG1818302.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.4
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
091 148 093 08 202 213 137 1.41 204 093 302 133
Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
120 043 028 046 056 091 1.28 148 074 107 087 037

104: C2orf13: chromosome 2 open reading frame 13

P-value: 1.9E-03 Fold change: 2.3
Chromosome: 2p13.3
Genbank: NM_173545.1 Gene ID: hCG1986872.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.3
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
260 156 058 103 117 128 162 185 083 317 0987 1.36
Expression levels in Telomerase cell lines median: 0.6
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
115 050 089 042 007 022 081 017 064 173 027 115
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105: N/A

P-value: 1.9E-03 Fold change: 0.7
Chromosome:
Genbank: Gene |D: hCG2000963

Biological process;

Malecular function:

Cellular compaonent:

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFc
112 091 085 089 085 057 045 051 055 118 0.91 1.53
Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 FB80
123 140 094 123 094 118 1.06 180 132 123 1.06 0982

106: CYP2S1: cytochrome P450, family 2, subfamily S, polypeptide 1

P-value: 1.9E-03 Fold change: 0.1
Chromosome: 199131
Genbank: NM_030622.5 Gene ID: hCG22316.4

Biological process: electron transport
Molecular function: monooxygenase activity
Cellular companent: endoplasmic reticulum; membrane; microsome
Expression levels in ALT cell lines median: 0.2
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFc
595 018 010 016 003 090 082 003 182 012 004 0.31
Expression levels in Telomerase cell lines median: 1.5

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
138 4.12 116 162 402 192 021 117 667 1478 110 051

107: VPS813D: vacuolar protein sorting 13D (yeast)

P-value: 1.9E-03 Fold change: 1.5
Chromosome: 1p36.21
Genbank: AKO74350 Gene ID: hCG2005521

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.2
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
123 1.28 136 085 1.04 086 180 235 142 180 1.06 097
Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM&39 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
094 138 086 08 067 063 083 1.03 1.1 097 071 0.81

108: LEF1: lymphoid enhancer-binding factor 1

P-value: 1.9E-03 Fold change: 5.3
Chromosome: 4q23-q25
Genbank: NM_016269.2 Gene ID: hCG21073.3

Biclogical pracess: regulation of transcription, DNA-dependent; Wht receptor signaling pathway

Molecular function: DNA binding

Cellular component: nucleus

Expression levels in ALT cell lines median: 3.0
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 1lICFc
136 036 428 577 8150 119 086 354 324 45 197 286

Expression levels in Telomerase cell lines median: 0.6
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
053 030 0.81 060 107 05 017 083 046 093 544 041
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109: MYO10: myosin X

P-value: 1.9E-02 Fold change: 0.2
Chromosome: 5p15.1-p14.3
Genbank: NM_012334.1 Gene ID: hCG37573.2

Biological process: neuropeptide signaling pathway
Molecular function: motor activity; actin binding; ATP binding
Cellular component: cytoskeleton;myosin
Expression levels in ALT cell lines median: 0.7
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
020 066 070 064 263 09 032 088 105 070 075 149
Expression levels in Telomerase cell lines median: 2.3

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
077 249 200 234 149 071 075 223 519 549 289 229

110: N/A

P-value: 1.9E-03 Fold change: 0.3
Chromosome:

Genbank: Gene |D: R26_hCT1844408 .1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
041 027 095 1.0 063 072 113 068 096 273 046 067
Expression levels in Telomerase cell lines median: 2.1

63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
041 098 41 125 098 213 226 130 970 204 318 216

111: CLKS3: CDCHlike kinase 3

P-value: 1.9E-03 Fold change: 0.6

Chromosome: 15924 Genbank: NM_001292.1 Gene ID: hCG1739025.2

Biological process: protein amino acid phosphorylation

Molecular function: transferase activity; ATP binding; protein serinelthreonine kinase activity;

protein-tyrosine kinase activity

Cellular component: nucleus

Expression levels in ALT cell lines median: 0.8
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
085 059 073 08 087 067 09 075 127 208 059 0.60

Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
151 167 122 097 131 110 068 217 174 163 150 1.03

112: TACC2: transforming, acidic coiled-coil containing protein 2

P-value: 1.9E-03 Fold change: 0.5
Chromosome: 10926
Genbank: NM_006997.1 Gene ID: hCG41426.3

Biological process:

Molecular function:

Cellular component: nucleus

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
161 103 025 077 027 028 033 08 063 126 054 0.68
Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
101 217 062 126 138 077 184 181 099 638 145 1.16
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113: THADA: thyreoid adenoma associated

P-value: 1.9E-02 Fold change: 0.5
Chromosome: 2p22.1
Genbank: BCO37890 Gene ID: hCG1643320.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
050 143 091 073 115 056 017 057 081 089 144 064
Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
099 106 190 192 1.71 097 249 210 109 303 1.01 0.7

114: N/A

P-value: 1.9E-03 Fold change: 0.5
Chromosome:

Genbank: Gene |D: hCG24202.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.6
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
105 120 044 048 058 057 064 103 077 1.09 048 042
Expression levels in Telomerase cell lines median: 1.2
63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
085 188 090 128 235 104 097 174 1.4 116 150 0.63

115: N/A

P-value: 1.9E-03 Fold change: 51.0
Chromosome:

Genbank: Gene |D: R26_hCT18705.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 5.1
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
2587 2190 806 050 143 197 410 667 623 071 6.08 0.15
Expression levels in Telomerase cell lines median: 0.1

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
3203 129 010 010 008 003 023 35 003 008 020 0.01

116: POLR3K: polymerase (RNA) Il (DNA directed) polypeptide K, 12.3 kDa
P-value: 1.9E-03 Fold change: 0.7
Chromosome: 16p13.3 Genbank: NM_016310.2 Gene |D: hCG1787292.2
Biological process: RNA elongation; transcription; regulation of transcription, DNA-dependent;
transcription from Pal Il promoter
Molecular function: transferase, DNA-directed RNA polymerase and transcription factor activity.
Cellular component: nucleus; DNA-directed RNA polymerase lll complex
Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
105 053 115 1.03 091 072 049 0.81 087 094 056 0.97
Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
200 139 091 1.31 094 108 173 183 152 134 137 050
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117: AP153: adaptor-related protein complex 1, sigma 3 subunit

P-value: 1.9E-02 Fold change: 0.4
Chromosome: 2q36.3
Genbank: NM_178814.2 Gene ID: hCG21436.2

Biological process: endocytosis;intracellular protein transport

Molecular function: protein transporter activity

Cellular component: clathrin vesicle coat;coated pit;AP-1 adaptor complex;Golgi trans face

Expression levels in ALT cell lines median: 0.6
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
116 188 0.91 048 056 055 093 064 178 017 059 0.61

Expression levels in Telomerase cell lines median: 1.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
102 252 098 081 1.67 140 364 210 195 247 113 0982

118: SCARB2: scavenger receptor class B, member 2

P-value: 1.9E-03 Fold change: 1.8
Chromosome: 4q21.21-q21.22
Genbank: NM_005508.2 Gene ID: hCG23840.2

Biological process: cell adhesion

Molecular function: receptor activity

Cellular component: integral to plasma membrane; lysosomal membrane; membrane fraction

Expression levels in ALT cell lines median: 1.4
1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOCS2 U20S SKLU1 SUSM1 1lICFc
130 306 083 061 1.68 205 1.50 143 079 1.3 142 123

Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
060 105 068 095 086 069 115 066 045 061 0.81 1.26

119: FLJ23033: hypothetical protein FLJ23033

P-value: 1.9E-03 Fold change: 4.3
Chromosome: 1p22.3
Genbank: NM_024686.3 Gene ID: hCG24792.3

Biological process: protein modification

Malecular function: tubulin-tyrosine ligase activity

Cellular component:

Expression levels in ALT cell lines median: 2.1
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
208 395 389 383 084 110 256 388 1.1 1.06 037 219

Expression levels in Telomerase cell lines median: 0.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
024 004 094 091 044 014 3289 054 018 087 046 113

120: MGEAS: meningioma expressed antigen 5 (hyaluronidase)

P-value: 1.9E-03 Fold change: 0.6
Chromosome: 10924.1-q24.3
Genbank: NM_012215.1 Gene ID: hCG25645.3

Biological process: glycoprotein catabolism

Molecular function: hyalurononglucosaminidase activity

Cellular component:

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
065 073 125 061 0.94 067 041 120 0.68 1.02 088 0.65

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
127 193 083 162 122 113 0980 109 105 137 083 1.34
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121: ZNF215: zinc finger protein 215
P-value: 1.9E-02 Fold change: 2.0
* Chromosome: 11p15.4
Genbank: NM_013250.1 Gene |D: hCG24083.4
: Biological process: regulation of transcription, DNA-dependent
¢ Molecular function: nucleic acid binding; transcription factor activity; zinc ion binding
_’_ * Cellular component: nucleus
| ! | Expression levels in ALT cell lines median: 1.4
$ - 1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
086 205 172 079 177 103 155 117 262 183 075 1.10
: Expression levels in Telomerase cell lines median: 0.7
* 6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
ALT Telomerase
140 099 030 036 1.01 047 003 004 094 105 003 09
122: FAM18B: myocardin-related transcription factor B
P-value: 1.9E-03 Fold change: 0.7
. Chromosome: 17p11.2
Genbank: NM_016078.1 Gene ID: hCG1997516
3 Biological process: regulation of transcription, DNA-dependent
Molecular function: DNA binding
. + Cellular (fomponent:_nucleus _ _
* Expression levels in ALT cell lines median: 0.9
i * 1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOCS2 U20S SKLU1 SUSM1 1lICFc
b 4 * 108 092 098 087 128 098 081 098 095 0.8 055 045
Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
ALT Telomerase
102 187 144 087 185 058 115 264 132 183 128 137
123: EBRP: emopamil binding related protein, delta8-delta7 sterol isomerase
o related protein
P-value: 1.9E-03 Fold change: 0.6
A Chromosome: 13q12-q13 Genbank: NM_032565.1 Gene ID: hCG1643106.4
3 Biological process: sterol metabolism
o . Molecular function: cholestenaol delta-isomerase activity
_,_ Cellular component: endoplasmic reticulum; integral to membrane
* Expression levels in ALT cell lines median: 0.9
| ; . 1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
. 095 0483 095 077 080 074 071 052 0980 1.61 089 1.13
Expression levels in Telomerase cell lines median: 1.3
AT Telomerase 6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
095 106 122 132 214 071 137 158 236 279 205 1.04
124: LOCS51270: E2F-like protein
P-value: 1.9E-03 Fold change: 0.6
* Chromosome: Xq26.2
Genbank: NM_016521.2 Gene ID: hCG1643568.2
> Biological process: regulation of transcription, DNA-dependent regulation of cell cycle
$ Molecular function: transcription factor activity
; - Cellular component: transcription factor complex
o Expression levels in ALT cell lines median: 0.8
-i— : 1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
0.80 076 0.41 035 098 066 086 120 126 059 067 143
* Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
ALT Telomerase
158 098 137 271 1.64 072 1.3 1.38 195 081 1.68 1.02
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125: ADP-GK: ATP-dependent glucokinase

P-value: 1.9E-02 Fold change: 0.6
Chromosome: 15q22.33
Genbank: NM_031284.3 Gene ID: hCG1787419.2

Biological process: glycolysis

Molecular functn: phosphotransferase activity, alcohol group as acceptor, Mg ion bimding

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
141 074 043 081 0985 080 071 0.41 103 144 040 040

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
172 208 106 09 220 1.01 048 21 150 173 1.05 0.99

126: LOC338645: hypothetical protein LOC338645

P-value: 1.9E-03 Fold change: 1.8
Chromosome: 11p14.3
Genbank: AY 164480 Gene ID: hCG1991034

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.3
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
089 090 133 057 183 1865 154 15 1.1 142 135 1.0
Expression levels in Telomerase cell lines median: 0.8

63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
039 123 112 070 080 084 071 048 107 044 089 072

127: GYG:

P-value: 1.9E-03 Fold change: 0.7
Chromosome: 3q24-q25.1

Genbank: BF174009 Gene ID: hCG1757059.2

Biological process: glycogen biosynthesis
Molecular function: glycogenin glucosyltransferase activity
Cellular component:
Expression levels in ALT cell lines median: 0.8
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
0.88 1.21 099 064 073 063 078 057 054 1.01 0.67 0.84
Expression levels in Telomerase cell lines median: 1.1
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
103 149 109 1.1 154 119 051 119 164 1.18 1.07 0.90

128: ZDHHC15: zine finger, DHHC domain containing 15

P-value: 2.0E-03 Fold change: 3.1
Chromosome: Xq13.2
Genbank: NM_144969.1 Gene ID: hCG20331.3

Biological process: regulation of transcription, DNA-dependent

Molecular function: transcription factor activity; zinc ion binding

Cellular component: nucleus; integral to membrane

Expression levels in ALT cell lines median: 1.2
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
068 088 1353 078 060 743 325 922 640 058 025 1.60

Expression levels in Telomerase cell lines median: 0.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
097 045 025 040 030 025 025 025 068 1.08 040 045
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129: FLJ30046: hypothetical protein FLJ30046

P-value: 2.1E-03 Fold change: 2.8
Chromosome: 13922.1
Genbank: NM_144595.2 Gene ID: hCG32998.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.0
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
417 093 667 045 040 628 078 053 115 188 043 185
Expression levels in Telomerase cell lines median: 0.4

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
270 025 025 038 043 043 030 053 038 033 145 025

130: NSE1: NSE1

P-value: 2.1E-03 Fold change: 6.7
Chromosome: 2p25.1
Genbank: NM_145175.1 Gene ID: hCG1644052.4

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 2.8
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
308 440 045 193 11868 575 213 260 463 035 498 068
Expression levels in Telomerase cell lines median: 0.4

63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
033 028 028 045 033 025 050 040 050 085 557 185

131: DNAJAS

P-value: 2.1E-03 Fold change: 1.5
Chromosome: 5p13.3

Genbank: NM_194283.1 Gene ID: hCG37729.3

Biological process: protein folding
Molecular function: heat shock protein, unfolded protein, nucleic acid and zinc ion binding
Cellular component: nucleus
Expression levels in ALT cell lines median: 1.3
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
095 156 123 174 060 118 161 1.35 1.09 0.82 1.66 1.31
Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
0.87 026 081 0.83 061 0.88 1.31 0.71 038 105 086 126

132: SPANXD: SPANX family, member D

P-value: 2.1E-03 Fold change: 4.8
Chromosome: Xq27.1
Genbank: BC054023 Gene ID: hCG1756726.2

Biological process:

Molecular function:

Cellular component: nucleus

Expression levels in ALT cell lines median: 3.0
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
170 0.18 234 4518 359 106 6.30 517 4142 024 2756 1.15
Expression levels in Telomerase cell lines median: 0.6
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
094 106 016 077 014 017 014 0861 0.26 064 8.82 081
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133: PKE: PKE protein kinase

P-value: 2.1E-03 Fold change: 0.2
Chromosome: 10q26.3
Genbank: BC045760 Gene ID: hCG20231121

Biological process: protein amino acid phosphorylation

Molecular function: protein serinefthreonine kinase activity; ATP binding

Cellular component:

Expression levels in ALT cell lines median: 0.4
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
103 048 039 010 043 015 031 1.83 0.31 167 015 077

Expression levels in Telomerase cell lines median: 1.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
248 226 157 104 017 099 352 183 185 3988 088 1.01

134: THSD1; C13orf9: thrombospondin, type |, domain 1; chromosome 13 open
reading frame 9

P-value: 2.1E-03 Fold change: 04
Chromosome: 13q14.2 Genbank: NM_016075.1 Gene |ID: hCG29569.3
Biological process:
Molecular function:
Cellular component: cell surface
Expression levels in ALT cell lines median: 0.6
1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOCS2 U20S SKLU1 SUSM1 1lICFc
156 060 0.08 061 063 156 046 0.51 046 0.09 0.03 1.1
Expression levels in Telomerase cell lines median: 1.5

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
161 183 117 200 312 134 041 088 082 235 102 156

135: LOC136306: hypothetical protein LOC136306

P-value: 2.1E-03 Fold change: 1.8
Chromosome: 7q34
Genbank: NM_174959.1 Gene ID: hCG2042772

Biological process: transport

Molecular function: transporter activity

Cellular component: integral to membrane

Expression levels in ALT cell lines median: 1.3
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
129 120 127 097 153 146 085 146 076 11.00 139 1.03

Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
176 046 064 069 117 032 095 076 112 054 017 078

136: C2o0rf13: chromosome 2 open reading frame 13

P-value: 2.4E-03 Fold change: 3.1
Chromosome: 2p13.3
Genbank: NM_173545.1 Gene ID: hCG1986872.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.8
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
531 299 019 147 250 08 123 285 114 454 146 208
Expression levels in Telomerase cell lines median: 0.6

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
068 159 082 031 066 0.3 046 050 019 268 019 0.80
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137: INMO1: hypothetical protein INMO1

. P-value: 2.4E-03 Fold change: 0.2
. Chromosome: 8p23.3
Genbank: BCO33779 Gene ID: hCG1736809.2

Biological process:
Molecular function:
Cellular component:

Expression levels in ALT cell lines median: 0.6
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 lICFe
e 127 170 029 029 059 090 095 005 104 010 005 063

i $ Expression levels in Telomerase cell lines median: 2.5
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGBE3 A2182 HT1080 F&0

ALT  Telomerase 096 354 128 295 324 350 106 1041 036 1163 198 0.09
138: KAL1: Kallmann syndrome 1 sequence
- P-value: 2.4E-03 Fold change: 8.5
Chromosome: Xp22.32 Genbank: NM_000216.1 Gene |ID: hCG401093.3
© Biological process: axon guidance;chemotaxis;cell motility;cell adhesion
Molecular function: extracellular matrix structural constituent;protein binding;serine-type
+ endopeptidase inhibitor activity
s Cellular component: extracellular space;extracellular matrix
_._ Expression levels in ALT cell lines median: 2.4
= 1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOCS2 U20S SKLU1 SUSM1 1lICFc
i 317 21 079 274 043 263 2M1 640 398 330 0.38 066
z Expression levels in Telomerase cell lines median: 0.3
T ==
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
ALT  Telomerase 121 168 027 043 015 022 026 028 030 147 559 025
139: ZNF513: zinc finger protein 513
P-value: 2.4E-03 Fold change: 0.5
Chromosome: 2p23.3
o Genbank: NM_144631.3 Gene ID: hCG1784441.2
Biological process: regulation of transcription, DNA dependent
- % Malecular function: DNA binding; zinc ion binding
* Cellular component: nucleus
- -g- Expression levels in ALT cell lines median: 0.6
! : 1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
“e o 051 164 092 030 1.02 075 102 041 0.28 0.87 0.1 0.42
g Expression levels in Telomerase cell lines median: 1.3

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGHE3 A2182 HT1080 F80

ALT  Telomerase 114 116 148 220 110 135 150 071 046 142 0088 180

140: PGAMI1: phosphoglycerate mutase 1 (brain)

P-value: 2.4E-03 Fold change: 0.8
Chromosome: 10925.3 Genbank: NM_002629.2
Gene ID: hCG25778.3; hCG20152689; hCG2015138; hCG25778.3

Biclogical process: metabalism; glycolysis. Cellular component: cytosol

Molecular function: bisphosphoglycerate phosphatase, isomerase, hydrolase, phosphoglycerate
mutase and bisphosphoglycerate mutase activity

$
*
* 1: Expression levels in ALT cell lines median: 0.9
; 13C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSMA1 lICFe

057 070 065 079 117 064 094 086 129 097 1.03 0.95
Expression levels in Telomerase cell lines median: 1.2

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
128 164 097 15 115 098 106 15 119 197 104 091

ALT Telomerase
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141: LOC339803: hypothetical protein LOC339803

P-value: 2.4E-03 Fold change: 0.3
Chromosome: 2p16.1
Genbank: AK0D23856 Gene ID: hCG1783888.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.7
13C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSMI lICFe
062 073 082 071 052 105 105 037 930 058 018 058
Expression levels in Telomerase cell lines median: 2.0
6G 1P V1 BFT3K GMB39 AT22 6TGR TE&5 MGB3 A2182 HT1080 F80
085 1.41 385 089 062 450 107 28 112 601 352 344

142: COPS7B: COP9 constitutive photomerphogenic homelog subunit 7B
(Arabidopsis)

P-value: 2.4E-03 Fold change: 0.6

Chromosome: 2q37.1 Genbank: NM_022730.1 Gene |ID: hCG33982.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.7
13C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
100 077 152 1.00 067 080 042 064 053 080 053 072

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
105 103 085 194 114 116 119 116 144 118 105 048

143: IGLJ3: immuneglobulin lambda joining 3

P-value: 2.4E-03 Fold change: 0.5
Chromosome: 22q911.1-911.2
Genbank: AAB22375 Gene |D: hCG1780806.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.6
13C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
033 050 044 049 103 060 0.61 079 089 165 126 068
Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
066 122 185 075 1.01 0.91 136 205 334 135 167 1.28

144: N/A

P-value: 2.4E-03 Fold change: 0.6
Chromosome: 9

Genbank: BG205746 Gene ID: hCG1641550.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.9
13C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
088 067 083 074 099 0958 087 106 088 110 083 0.82
Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GMB39 AT22 6TGR TE85 MG63 A2182 HT1080 F80
101 167 140 107 164 116 075 209 179 138 185 081
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145: GBP1: guanylate binding protein 1, interferon-inducible, 67kDa

P-value: 2.4E-03 Fold change: 2.7
Chromosome: 1p22.2
Genbank: NM_002053.1 Gene ID: hCG1774285.4

Biological process; immune response

Molecular function: GTP binding; GTPase activity

Cellular component: membrane

Expression levels in ALT cell lines median: 1.5
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFc
154 1.91 196 128 108 08 152 353 007 213 195 071

Expression levels in Telomerase cell lines median: 0.6
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
116 098 105 053 046 046 077 053 058 010 057 1456

146: SH3MD2: SH3 multiple domains 2

P-value: 2.4E-03 Fold change: 0.6
Chromosome: 4q32.3
Genbank: NM_020870.1 Gene ID: hCG1811386.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.7
1.3¢ 1R V2 2RA GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 [lICFc
102 115 032 040 068 055 112 054 077 072 089 088
Expression levels in Telomerase cell lines median: 1.1
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGE3 A2182 HT1080 F80
128 302 082 157 11 119 102 1.00 071 130 088 257

147: ARHGEF10: Rho guanine nucleotide exchange factor (GEF) 10

P-value: 2.4E-03 Fold change: 0.5
Chromosome: 8p23
Genbank: NM_014629.1 Gene |ID: hCG2005257 .1

Biological process: regulation of Rho protein signal transduction

Molecular function: Rho guanyl-nucleotide exchange factor activity

Cellular component: intracellular

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFe
081 076 080 063 116 057 068 057 068 172 044 1.12

Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
101 160 073 176 212 118 108 205 247 309 069 0.89

148: CREB3L1: cAMP responsive element binding protein 3-like 1

P-value: 2.4E-03 Fold change: 1.4
Chromosome: 11p11.2
Genbank: NM_052854.1 Gene ID: hCG25775.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.2
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFc
134 107 169 110 238 139 0987 28 0.21 0985 1.11 1.21
Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
092 103 098 057 110 083 002 074 085 001 0.07 1.44
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149: PPP1R2: protein phosphatase 1, regulatory (inhibitor) subunit 2

P-value: 2.4E-03 Fold change: 0.7
Chromosome: 3q29
Genbank: NM_006241.3 Gene ID: hCG22103.3

Biological process: glycagen metabolism; generation of precursor metabolites and energy

Molecular function: protein binding; type 1 serinefthrecnine specific protein phosphatase activity.

Cellular compeonent:

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
194 072 102 038 094 083 088 158 080 079 061 0.65

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MG63 A2182 HT1080 F80
315 180 124 105 260 111 108 200 088 132 095 0098

160: C100rf11: chromosome 10 open reading frame 11

P-value: 2.4E-03 Fold change: 3.6
Chromosome: 109223
Genbank: NM_032024.2 Gene |ID: hCG22507 .4

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.7
1.3C 1R V2 2RA GMB47 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 IIICFe
321 038 176 272 1136 126 327 442 0984 156 157 1086
Expression levels in Telomerase cell lines median: 0.5
6G 1P V1 BFT3K GM839 AT22 6&6TGR TE85 MG63 A2182 HT1080 F80
201 016 042 033 058 017 049 050 089 530 036 0.14

161: SLC239A4: solute carrier family 39 (zinc transporter), member 4

P-value: 2.4E-03 Fold change: 0.1
Chromosome: 8q24.3
Genbank: NM_017767.1 Gene ID: hCG1992198.1

Biological process: metal ion transport

Molecular function: metal ion transporter activity

Cellular component: membrane

Expression levels in ALT cell lines median: 0.2
1.3C 1R v2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IIICFe
013 184 048 015 014 015 017 3.3 133 1.04 011 0.10

Expression levels in Telomerase cell lines median: 1.7
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
404 785 392 183 020 051 356 150 154 813 065 0096

152: YWHAZ: tyrosine 3-monooxygenaseftryptophan 5-monooxygenase
activation protein, zeta polypeptide

P-value: 2.4E-03 Fold change: 0.7

Chromosome: 8q23.1 Genbank: NM_003406.2

Gene ID: hCG2009146; hCG2009146; hCG21543.2; hCG1820813.1

Biological process:

Molecular function: protein domain specific binding Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
048 087 115 062 084 078 070 0.73 0.84 231 0.74 0.59

Expression levels in Telomerase cell lines median: 1.1
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
079 15 108 103 103 120 089 101 118  1.81 1.11 1.02
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153: ABCB4: ATP-binding cassette, sub-family B (MDR/TAP), member 4
P-value: 2.4E-03 Fold change: 2.6
Chromosome: 7921.1 Genbank: NM_000443.2 Gene |ID: hCG1743207.2

Biological process: response to xenobiotic stimulus;lipid metabolism;transport;response to drug

Molecular function: ATP binding;nucleotide binding;ATP-binding cassette (ABC) transporter

activity. Cellular component: membrane fraction;integral to plasma membrane

Expression levels in ALT cell lines median: 1.7
1.3¢ 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 NlICFe
097 278 232 381 197 230 282 152 102 094 05 1.26

Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGE3 A2182 HT1080 F80
071 09 020 0#&1 057 053 054 123 071 1.3 1.30 0.30

154: PPP1R2: protein phosphatase 1, regulatory (inhibitor) subunit 2

P-value: 2.4E-03 Fold change: 0.7
Chromosome: 3q28
Genbank: NM_0068241.3 Gene ID: hCG22103.3

Bioclogical process: glycogen metabolism; generation of precursor metabolites and energy
Molecular function: protein binding; type 1 serine/threcnine specific protein phosphatase activity.
Cellular component:
Expression levels in ALT cell lines median: 0.8
1.3¢ 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFc
173 078 078 030 107 065 072 172 080 063 060 077
Expression levels in Telomerase cell lines median: 1.1
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGE3 A2182 HT1080 F&0
234 177 102 1.0 263 122 087 207 09 08 1.04 114

155: : Transcribed sequence with moderate similarity to protein sp:P47755
(H.sapiens) CAZ2_HUMAN F-actin capping protein alpha-2 subunit

P-value: 2.4E-03 Fold change: 0.5

Chromosome: 7 Genbank: BU728167 Gene ID: hCG1641068.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.6
13C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IlICFe
064 044 041 030 105 035 05 1.7/ 068 161 057 0.84

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGE3 A2182 HT1080 F80
096 154 112 094 178 119 104 204 108 166 094 1.19

156: FLJ32685: hypothetical protein FLJ32685

P-value: 2.7E-03 Fold change: 2.7
Chromosome: 3p24.1
Genbank: NM_152534.1 Gene ID: hCG1895893; hCG2039986; hCG1985993

Biclogical process: protein amine acid phosphorylation

Molecular function: ATP binding; protein kinase activity; transferase activity

Cellular component:

Expression levels in ALT cell lines median: 1.6
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 1lICFc
048 188 460 140 175 245 215 130 765 030 095 1.03

Expression levels in Telomerase cell lines median: 0.6
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
160 025 075 030 025 025 03230 165 075 103 043 085
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157: ALDH6A1: aldehyde dehydrogenase 6 family, member A1

P-value: 2.7E-03 Fold change: 2.0

Chromosome: 14q24.3 Genbank: NM_005589.2 Gene |ID: hCG21723.2

Biological process: valine metabalism;metabolism ;pyrimidine nuclectide metabolism

Molecular function: methylmalonate-semialdehyde dehydrogenase (acylating)

activity;oxidoreductase activity

Cellular compeonent: mitochondrion

Expression levels in ALT cell lines median: 1.3
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 lICFe
105 447 086 147 196 074 100 1089 200 167 150 0098

Expression levels in Telomerase cell lines median: 0.6
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGBE3 A2182 HT1080 F&0
061 1.2 060 051 138 172 0687 100 060 065 0415 061

158: FLJ21159: hypothetical protein FLJ21159

P-value: 2.7E-03 Fold change: 2.6
Chromosome: 4q31.3
Genbank: NM_024826.1 Gene ID: hCG26928.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.6
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
061 129 09 107 470 174 172 140 256 214 081 1.88
Expression levels in Telomerase cell lines median: 0.6
63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
034 141 076 061 058 045 003 042 181 083 130 039

159: :ty30g12.x1 NCI_CGAP_Ut2 Homo sapiens cDNA clone IMAGE:2280646 3',
mRNA sequence.

P-value: 3.1E-03 Fold change: 0.6

Chromosome: 22 Genbank: AlI668018 Gene ID: hCG1820368.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.7
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
110 128 039 049 049 049 101 077 128 065 0.80 059

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
217 234 137 09 098 097 123 108 106 169 154 085

160: ITIH3: inter-alpha (glebulin) inhibitor H3

P-value: 3.1E-03 Fold change: 0.3
Chromosome: 3p21.2-p21.1
Genbank: NM_002217.1 Gene ID: hCG17557.3

Biological process:

Molecular function: serine-type endopeptidase inhibitor activity

Cellular component: extracellular

Expression levels in ALT cell lines median: 0.5
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
040 108 113 150 050 115 038 043 030 038 033 053

Expression levels in Telomerase cell lines median: 1.6
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80

2165 155 123 175 243 183 040 18 075 080 040 1.70
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161: TTC11: tetratricopeptide repeat domain 11

P-value: 3.1E-03 Fold change: 0.7
Chromosome: 7q22.1
Genbank: NM_016068.1 Gene ID: hCG17349.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
059 056 077 080 078 053 075 182 080 209 083 052
Expression levels in Telomerase cell lines median: 1.1

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
109 184 108 083 173 107 083 168 110 213 113 1.10

162: :thrombospondin, type | domain containing 6

P-value: 3.1E-03 Fold change: 0.3
Chromosome:19p13.3
Genbank: Gene |D: R26_hCT12692.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.5
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
052 092 088 018 162 008 040 008 189 1.3 055 0.16
Expression levels in Telomerase cell lines median: 1.6
63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
221 369 108 166 307 15 146 0.71 06z 2198 072 187

163: LOC134147: hypothetical protein BC001573

P-value: 3.1E-03 Fold change: 0.3
Chromosome: 5p15.31
Genbank: NM_138809.2 Gene ID: hCG1758400.1

Biological process:
Malecular function: hydrolase activity
Cellular component:
Expression levels in ALT cell lines median: 0.6
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
051 008 060 044 144 085 036 004 147 OM 0.61 1.71
Expression levels in Telomerase cell lines median: 1.9

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
204 021 1.82 091 108 133 056 328 849 973 446 188

164: TRAM1: translocation associated membrane protein 1

P-value: 3.1E-03 Fold change: 0.8
Chromosome: 8q13.2
Genbank: NM_014294 .3 Gene ID: hCG18447.3

Biological pracess: cotranslational protein targeting to membrane

Molecular function: receptor activity

Cellular component: endoplasmic reticulum; integral to membrane

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
049 088 117 059 0.71 075 142 057 097 088 087 0.87

Expression levels in Telomerase cell lines median: 1.1
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
108 180 133 101 150 089 122 106 217 1.02 046 164
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165: PPRC1: peroxisome proliferative activated receptor, gamma, coactivator-

related 1
P-value: 3.1E-03 Fold change: 0.6
Chromosome: 10q24.32 Genbank: NM_015062.3 Gene |ID: hCG25641.3

Biological process:

Molecular function: nucleic acid binding

Cellular component:

Expression levels in ALT cell lines median: 0.9
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
060 133 09 115 086 077 068 08 085 073 086 1.04

Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
124 115 1.04 232 147 08 081 185 177 204 158 094

166: N/A

P-value: 3.1E-03 Fold change: 0.6
Chromosome:

Genbank: Gene ID: hCG1793602.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
055 078 077 035 072 062 103 127 086 2.3 1.09 0.5
Expression levels in Telomerase cell lines median: 1.4
63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
082 248 135 122 186 142 084 191 258 242 084 097

167: STMN3: BTB (POZ) demain containing 4

P-value: 3.1E-03 Fold change: 0.3
Chromosome: 20q13.3
Genbank: NM_015894.2 Gene ID: hCG2018447; hCG2018447; hCG1643000.3

Biological process: regulation of transcription, DNA-dependent

Malecular function: zinc ion binding;protein binding;nucleic acid binding

Cellular component: nucleus

Expression levels in ALT cell lines median: 0.4
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
064 049 029 006 0.01 276 290 002 106 014 0.18 0.64

Expression levels in Telomerase cell lines median: 1.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
146 115 092 235 513 149 376 147 249 407 084 04

168: KCNN4: potassium intermediate/small conductance calcium-activated
channel, subfamily N, member 4

P-value: 3.1E-03 Fold change: 12.2

Chromosome: 19913.2 Genbank: NM_002250.2 Gene |D: hCG33372.3

Biologl process: ion transport; defense response; potassium ion transport. Molecr functn: ion

channel and small conductance Ca+2-activated K+ channel activity; calmedulin binding

Celir compnt: voltage-gated K+ channel complex; membrane fractn; integral to membrane

Expression levels in ALT cell lines median: 2.4
1.3 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
3.07 095 364 444 150 358 044 432 223 247 088 1.02

Expression levels in Telomerase cell lines median: 0.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
231 003 033 014 010 008 003 004 024 279 428 086
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169: LRPS5: low density lipoprotein recepter-related protein §
P-value: 3.1E-03 Fold change: 0.5
Chromosome: 11q13.4 Genbank: NM_002335.1 Gene |ID: hCG27192.2

Biological process: positive regulation of cell proliferation; lipid metabolism; signal transduction

Molecular function: receptor activity

Cellular component: integral to membrane; membrane

Expression levels in ALT cell lines median: 0.7
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
167 076 100 056 046 040 070 087 065 043 1.00 1.36

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
073 192 166 084 143 101 126 3.0 122 24 078 1.96

170: ZMYND19: zinc finger, MYND demain containing 19

P-value: 3.1E-03 Fold change: 0.8
Chromosome: 9q34.3
Genbank: NM_138462.2 Gene ID: hCG28444.3

Biological process:

Molecular function: zinc ion binding

Cellular component:

Expression levels in ALT cell lines median: 1.0
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
1.01 104 1.01 072 074 08 097 058 094 087 048 078

Expression levels in Telomerase cell lines median: 1.2
63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
137 079 087 137 108 134 110 154 132 15 108 075

171: GYG: glycegenin

P-value: 3.1E-03 Fold change: 0.6
Chromosome: 3q24-q25.1
Genbank: NM_004130.2 Gene ID: hCG21210.3

Biological process: glycogen biosynthesis

Molecular function: glycogenin glucosyltransferase activity

Cellular component:

Expression levels in ALT cell lines median: 0.7
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
105 125 088 066 075 05 071 076 049 112 0.69 0.68

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
145 206 096 090 227 104 053 138 148 125 110 1.1

172: ARHGAPS: Rho GTPase activating protein 5

P-value: 3.1E-03 Fold change: 1.8
Chromosome: 14912
Genbank: NM_001173.1 Gene ID: hCG2014162

Biological pracess: Rho protein signal transduction;cell adhesion

Molecular function: GTPase activity;Rho GTPase activator activity

Cellular component: membrane;cytoplasm

Expression levels in ALT cell lines median: 1.4
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
086 353 08 160 123 091 1.21 202 169 169 1.60 0.93

Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
054 1.3 068 075 144 0985 111 105 066 078 080 0.78
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173: N/A

P-value: 3.1E-03 Fold change: 0.7
Chromosome:
Genbank: Gene |ID: hCG1820813.1; hCG2009146; hCG1820813.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
058 094 099 055 096 067 054 088 138 263 069 057
Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
101 180 106 110 120 120 0989 120 152 224 1.08 094

174: USP4:

P-value: 3.1E-03 Fold change: 0.7
Chromosome: 3p21.3

Genbank: AVW444548 Gene ID: hCG1993742

Biological process: ubiquitin-dependant protein catabolism; ubiquitin cycle

Molecular function: cysteine-type endopeptidase activity; ubiquitin thiolesterase activity

Cellular compaonent: nucleus; lysosome

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOCS2 U20S SKLU1 SUSM1 1lICFc
143 1.31 102 070 073 09 073 068 069 087 045 0.79

Expression levels in Telomerase cell lines median: 1.1
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
108 094 087 100 156 147 1.00 126 147 176 1.03 1.01

175: C5orf13: chromosome 5 open reading frame 13

P-value: 3.1E-03 Fold change: 2.2
Chromosome: 5q22.2
Genbank: AA331666 Gene ID: hCG2009910; hCG2028192; hCG2009910

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.3
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
048 094 142 140 398 131 2.59 1.06 0.89 1.23 158 1.28
Expression levels in Telomerase cell lines median: 0.6
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
012 052 129 079 237 023 067 068 045 043 016 1.12

176: GTPBP4: GTP binding protein 4

P-value: 3.1E-03 Fold change: 0.6
Chromosome: 10p15-p14
Genbank: NM_012341.1 Gene ID: hCG24698.3

Biological process:

Molecular function; GTP binding

Cellular component: nucleus

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
065 1.33 084 061 1.25 045 077 1.1 042 1.64 0.64 059

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
098 187 086 116 1.91 102 097 435 170 1.87 142 087
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177: SCAMP2: secretory carrier membrane protein 2

P-value: 3.1E-03 Fold change: 0.6
Chromosome: 15q23-q25
Genbank: NM_005697.3 Gene ID: hCG40805.3

Biological process: post-Golgi transport; protein transport

Molecular function:

Cellular component: integral to membrane; membrane fraction

Expression levels in ALT cell lines median: 0.8
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
151 103 098 095 072 081 102 040 066 070 074 035
Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
135 067 152 128 190 183 1.4 142 192 076 087 133

178: ZNF462: zinc finger protein 462

P-value: 3.1E-03 Fold change: 1.6
Chromosome: 9932
Genbank: NM_021224.2 Gene ID: hCG15653.3

Biological process: regulation of transcription, DNA-dependent

Molecular function: DNA binding;zinc ion binding

Cellular component: nucleus

Expression levels in ALT cell lines median: 1.2
1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOCS2 U20S SKLU1 SUSM1 1lICFc
120 200 087 216 1.02 089 098 1.74 249 1.69 1.28 1.07

Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
090 089 092 114 068 053 061 1.62 0.51 0.10 1.37 062

179: BEXL1: brain expressed X-linked-like 1

P-value: 3.1E-03 Fold change: 9.4
Chromosome: Xq22.1-q22.3
Genbank: BCO15794 Gene ID: hCG17757.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 3.6
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
207 0483 2083 465 097 375 621 0.10 869 250 7.30 3.53
Expression levels in Telomerase cell lines median: 0.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
1118 119 103 056 085 022 009 083 016 012 005 0.06

180: TCFLA: transcription factor-like 4

P-value: 3.1E-03 Fold change: 0.7
Chromosome: 17921.1
Genbank: NM_013383.2 Gene ID: hCG16844.3

Biological process: regulation of transcription, DNA-dependent

Molecular function: transcription factor activity

Cellular component: cytoplasm; nucleus

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
143 110 091 0.84 096 066 061 0.48 0.61 1.03 052 0.82

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
124 128 116 166 118 118 050 087 125 169 125 0096
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181: LOCS51234: hypothetical protein LOC51234

P-value: 3.1E-03 Fold change: 0.8
Chromosome: 15¢13.2
Genbank: NM_016454.2 Gene ID: hCG38789.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 1lICFc
140 0.81 0985 081 098 078 078 068 099 146 072 079
Expression levels in Telomerase cell lines median: 1.1

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
171 235 103 112 1980 1.01 084 319 1.01 134 102 084

182: LOC284475: hypothetical protein LOC284475

P-value: 3.1E-03 Fold change: 1.9
Chromosome: 1p12
Genbank: AL832882 Gene ID: hCG1999407

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.7
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFe
042 477 312 636 189 325 363 150 124 118 046 1.40
Expression levels in Telomerase cell lines median: 0.9
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
058 116 069 085 0.79 0.84 091 1.01 0.7 051 0.92 099

183: N/A

P-value: 3.1E-03 Fold change: 0.7
Chromosome:

Genbank: Gene |D: hCG1770437.2

Biolegical process:
Molecular function:
Cellular component:
Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IlICFe
082 113 075 089 112 053 082 100 080 121 0.81 0.82
Expression levels in Telomerase cell lines median: 1.1

6G 1P V1  BFT3K GM638 AT22 6TGR TE85 MG63 A2182 HT1080 F80
093 180 103 100 144 096 085 162 183 1168 122 1.06

184: N/A

P-value: 3.1E-03 Fold change: 0.7
Chromosome:

Genbank: Gene ID: hCG22106.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFc
100 090 070 072 105 062 039 0.68 0.81 1.15 1.18 0.57
Expression levels in Telomerase cell lines median: 1.1

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
106 159 136 08 127 1.08 0.81 203 100 114 145 093
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185: N/A

P-value: 3.1E-03 Fold change: 0.6
Chromosome:
Genbank: Gene |D: hCG26523.2

Biological process:
Molecular function:
Cellular component:
Expression levels in ALT cell lines median: 0.7
13C 1R V2 2RA GMB47 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 lICFe
060 071 036 033 143 038 050 115 068 156 098 069
Expression levels in Telomerase cell lines median: 1.1
6G 1P V1 BFT3K GMB39 AT22 6TGR TE&5 MGB3 A2182 HT1080 F80
103 158 082 110 o088 138 107 265 116 159 162 097

186: : ym33h07.r1 Soares infant brain 1NIB Homo sapiens cDNA clone
IMAGE:20072 5'

P-value: 3.5E-03 Fold change: 1.9

Chromosome: 19 Genbank: H28867 Gene |ID: hCG1986460

Biclogical process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.3
13C 1R V2 2RA GMB47 AT1 MeT4A SAOS2 U205 SKLU1 SUSMI NICFe
072 153 083 101 133 153 185 08 254 192 127 117

Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GMB39 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
211 021 089 075 033 124 078 0683 028 046 060 101

187: N/A
P-value: 3.5E-03 Fold change: 0.6
Chromosome: 13 Genbank: AVW182500

Gene ID: hCG1742145.1; hCG2030722; hCG1992242; hCG1983637; hCG1742145.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
084 125 1.01 0.31 083 074 069 072 085 179 065 071

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MG63 A2182 HT1080 F80
150 13 088 120 116 127 083 170 128 146 086 1.12

188: N/A

P-value: 3.9E-03 Fold change: 2.6
Chromosome:

Genbank: Gene |ID: R26_hCT 16484541

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.7
1.3C 1R V2 2RA GM847 AT1 MeT4A SAO0S2 U208 SKLU1 SUSM1 NlICFe
220 279 089 180 053 1.01 1.86 2.61 287 156 115 075
Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
075 075 1.09 099 024 048 115 040 044 059 277 042
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189: GPCS5: glypican §

P-value: 3.9E-03 Fold change: 2.0
Chromosome: 13932
Genbank: NM_004466.3 Gene ID: hCG32231.4

Biological process:

Molecular function:

Cellular compoenent: extracellular matrix; integral to plasma membrane

Expression levels in ALT cell lines median: 1.6
13C 1R V2 2RA GMB47 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 lICFe
624 164 687 152 1552 110 179 057 255 093 028 1.02

Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GMB39 AT22 6TGR TE&5 MGB3 A2182 HT1080 F80
124 024 0280 093 098 024 090 105 026 071 105 045

190: N/A

P-value: 3.9E-03 Fold change: 04
Chromosome:

Genbank: Gene ID: R26_hCT1643271.1

Biclogical process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.5
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
048 049 062 032 048 044 042 015 148 148 104 079
Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
119 080 152 199 103 097 120 033 205 181 162 1.23

191: N/A

P-value: 3.9E-03 Fold change: 0.3
Chromosome:

Genbank: Gene |D: hCG2041462

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.4
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
063 029 027 041 024 100 048 058 183 352 033 015
Expression levels in Telomerase cell lines median: 1.5
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MG63 A2182 HT1080 F80
151 033 309 108 099 184 208 100 923 124 248 154

192: FLJ43663: Hypothetical protein FLJ43663, mRNA (cDNA clone
IMAGE:5314992), partial cds

P-value: 3.9E-03 Fold change: 0.3

Chromosome: 7 Genbank: AK125651 Gene |D: hCG1645276.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.5
13C 1R V2 2RA GM847 AT1 MeT4A SAO0S2 U208 SKLU1 SUSM1 NlICFe
093 038 048 060 017 05 048 183 036 317 030 113

Expression levels in Telomerase cell lines median: 1.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
238 159 100 074 190 143 085 1.00 150 328 146 1.84
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193: BCL2A1: BCL2-related protein A1

P-value: 3.9E-03 Fold change: 0.4
Chromesome: 15q24.3
Genbank: NM_004049.2 Gene ID: hCG201186.3

Biological process: regulation of apoptosis; anti-apoptosis

Molecular function:

Cellular component: intracellular

Expression levels in ALT cell lines median: 0.6
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 lICFe
168 08 078 102 058 05 028 049 033 210 019 045

Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GME39 AT22 6TGR TE85 MG63 A2182 HT1080 F80
140 172 089 144 180 110 085 140 164 178 556 057

194: N/A

P-value: 4.0E-03 Fold change: 0.6
Chromosome:

Genbank: BIO04197 Gene ID: hCG1643350.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
218 118 064 046 1.01 083 086 083 050 158 045 054
Expression levels in Telomerase cell lines median: 1.5
686G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
250 291 099 085 120 081 165 094 2984 183 128 3.18

195: SYT11: synaptotagmin XI

P-value: 4.0E-03 Fold change: 1.9
Chromesome: 1¢21.2
Genbank: NM_152280.2 Gene ID: hCG17193.3

Biological process: transport

Molecular function: transporter activity

Cellular component: synapse; integral to membrane; synaptic vesicle

Expression levels in ALT cell lines median: 1.4
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 lICFe
315 324 092 126 099 092 15 18 317 104 115 2327

Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GME39 AT22 6TGR TE85 MG63 A2182 HT1080 F80
009 033 097 144 050 054 o071 077 808 028 097 101

196: RYBP: RING1 and YY1 binding protein

P-value: 4.0E-03 Fold change: 1.7
Chromeseme: 3p14.2
Genbank: NM_012234.3 Gene ID: hCG16333.3

Biological process: development; negative regulation of transcription from Pol Il promoter

Molecular function: transcription corepressor activity

Cellular component:

Expression levels in ALT cell lines median: 1.4
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
085 132 222 179 143 177 143 045 134 1.3 149 077

Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 FB80
108 085 064 095 072 072 087 105 078 112 048 0861
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197: KPNA4: karyopherin alpha 4 (importin alpha 3)

P-value: 4.0E-03 Fold change: 0.8
Chromosome: 3q25.33
Genbank: NM_002268.3 Gene ID: hCG17225.4

Biological process: NLS-bearing substrate-nucleus import;intracellular protein transport

Molecular function: protein transporter activity

Cellular component: nucleus

Expression levels in ALT cell lines median: 0.9
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IlICFe
094 104 097 074 082 079 072 101 1.02 116 091 0.68

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
129 201 116 133 150 099 076 08 127 089 135 1.05

198: PCYT1A; LOC116211: hypothetical protein BC013113;phosphate
cytidylyltransferase 1, cheline, alpha isoferm;hypothetical protein

P-value: 4.0E-03 Fold change: 0.7

Chromosome: 3q29 Genbank: NM_138461.1 Gene |ID: hCG2002711

Biol procss: defens respnse;biosynthesis;phospholipid biosynthess. Cellr compnt: scluble

fractn;integral to membrne;membrne;outer membrne (sensu Gram-ve Bact.). Molr functn:

nucleatidyltransferase,chaline-phosphate cytidylyltransferase & transferase activity

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GMB47 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFc
120 065 1.01 078 074 085 060 0.8 073 1.02 069 050

Expression levels in Telomerase cell lines median: 1.1
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
108 128 1.04 1.1 267 109 114 057 110 079 125 0.99

199: :ym61g12.r1 Soares infant brain 1NIB Homo sapiens cDNA clone
IMAGE:52876 5', mRNA sequence.

P-value: 4.0E-03 Fold change: 1.4

Chromosome: 11 Genbank: H29808 Gene ID: hCG1733583.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.1
1.3C 1R v2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IIICFe
134 145 115 166 089 1.02 132 065 116 1.07 102 1.09

Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
098 124 073 037 117 097 063 082 084 070 069 046

200: FLJ10377: hypothetical protein FLJ10377

P-value: 4.0E-03 Fold change: 0.6
Chromosome: 7q32.2
Genbank: NM_018077.1 Gene ID: hCG33003.3

Biological process:

Mealecular function: nucleic acid binding

Cellular component:

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
048 045 068 09 119 034 050 1.21 0.91 196 049 0.69

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
113 260 125 104 165 1.21 0984 213 072 138 1.3 0.73
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201: : processed pseudogene 1; Homo sapiens PSI1TOM20 pseudogene,
complete sequence.

P-value: 4.0E-03 Fold change: 0.5

Chromosome: Xq13.1 Genbank: BM931952 Gene ID: hCG17581.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
13C 1R V2 2RA GM847 AT1 MET4A SAOS2 U208 SKLU1 SUSM1 lICFe
g0 126 094 040 123 061 064 056 063 164 056 1.00

Expression levels in Telomerase cell lines median: 1.6
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGBE3 A2182 HT1080 F&0
088 202 125 152 173 0865 075 268 177 163 185 1.00

202: N/A

P-value: 4.0E-03 Fold change: 0.7
Chromosome:

Genbank: Gene ID: hCG1820694.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA  GM847 AT1 MET4A SAOS2 U205 SKLU1 SUSM1 NlICFe
182 094 085 05 117 083 057 138 O0O04# 088 057 0.76
Expression levels in Telomerase cell lines median: 1.3
63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
149 210 100 156 198 120 100 240 118 132 083 079

203: CEBPA: CCAAT/enhancer binding protein (C/EBP), alpha

P-value: 4.0E-03 Fold change: 0.6

Chromosome: 19913.1 Genbank: NM_004364.2 Gene |ID: hCG20142.2

Biological process: regulation of transcription, DNA-dependent; transcription

Molecular function: RNA polymerase |l transcription factor activity, enhancer binding; DNA

binding

Cellular component: nucleus

Expression levels in ALT cell lines median: 0.7
1.3C 1R v2 2RA GM847 AT1 MET4A SAOS2 U208 SKLU1 SUSM1 llICFe
1.05 1.01 037 041 012 047 026 124 099 101 0.67 0.68

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
180 195 078 095 108 072 146 201 119 364 117 0.61

204: CDC14A: CDC14 cell division cycle 14 homolog A (S. cerevisiae)

P-value: 4.0E-03 Fold change: 1.4

Chromosome: 1p21 Genbank: NM_033312.1 Gene |D: hCG32850.3

Biologicl proess: cell proliferatn; protein amine acid dephosphorylatn; regulatn of cell cycle

Molecular function: hydrolase, protein tyrosine phosphatase & protein tyrosine/serinefthreonine

phosphatase activity

Cellular component: nucleus

Expression levels in ALT cell lines median: 1.2
1.3C 1R V2 2RA  GMB847 AT1 MET4A SACS2 U20S SKLU1 SUSM1 TlICFc
137 089 129 183 1.18 064 115 388 177 114 088 1.17

Expression levels in Telomerase cell lines median: 0.9
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
103 1.1 0.81 095 053 069 09893 087 033 136 035 054
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205: WFDC3: WAP four-disulfide core domain 3

P-value: 4.0E-02 Fold change: 2.2
Chromosome: 20q13.12
Genbank: NM_080614.1 Gene ID: hCG38384.3

Biological process:

Molecular function: serine-type endopeptidase inhibitor activity

Cellular component:

Expression levels in ALT cell lines median: 1.5
1.3C 1R v2 2RA  GM847 AT1 MET4A SACS2 U208 SKLU1 SUSM1 llICFc
143 260 207 08 050 108 121 613 233 192 159 071

Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
131 061 052 041 092 057 069 017 152 084 129 036

206: SIGIRR: single Ig IL-1R-related molecule

P-value: 4.0E-03 Fold change: 0.3
Chromosome: 11p15.5
Genbank: AY358342 Gene ID: hCG19080.4

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.6
1.3C 1R V2 2RA  GM847 AT1 MET4A SAOS2 U205 SKLU1 SUSM1 NlICFe
506 239 049 034 023 081 059 061 073 057 069 036
Expression levels in Telomerase cell lines median: 1.9

63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
178 267 124 210 123 071 474 118 450 358 064 214

207: N/A

P-value: 4.0E-03 Fold change: 0.5
Chromosome: 18q21.32

Genbank: BX358447 Gene ID: hCG1654216.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.7
1.3C 1R v2 2RA GM847 AT1 MET4A SAOS2 U208 SKLU1 SUSM1 llICFe
131 133 062 074 059 066 070 117 070 1.04 040 040
Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
1090 222 081 150 264 0906 086 244 135 143 139 052

208: CHKL; CPT1B: carnitine palmitoyltransferase 1B (muscle);choline kinase

beta
P-value: 4.0E-02 Fold change: 2.2
Chromosome: 22q13.33 Genbank: NM_005198.3 Gene |D: hCG16873.3

Biologicl procss; transport;fatty acid beta-oxidation;fatty acid metabolism. Moleculr functn:
acyltransferse,ethanclamine kinase,transferse & carnitine O-palmitoyltransferse activity
Cellular component: mitochondrion;integral to membrane;outer membrane
Expression levels in ALT cell lines median: 1.2
1.3C 1R V2 2RA  GMB847 AT1 MET4A SACS2 U20S SKLU1 SUSM1 TlICFc
119 259 1.2 156 1.05 165 1.11 1.0 177 132 081 0.63
Expression levels in Telomerase cell lines median: 0.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
060 050 042 022 040 095 086 009 088 219 167 046
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209: LRRCC1

P-value: 4.0E-03 Fold change: 2.4
Chromosome: 8
Genbank: NM_033402.1 Gene ID: hCG20885.3

Biological process:

Molecular function:

Cellular compaonent:

Expression levels in ALT cell lines median: 1.2
1.3C 1R V2 2RA GM847 AT1 MeT4A SA0SZ U20S SKLU1 SUSM1 IIICFe
099 064 275 110 385 176 107 130 3.63 421 015 1.0
Expression levels in Telomerase cell lines median: 0.5
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
097 043 053 065 037 025 0.01 105 123 004 116 049

210: BZW1: basic leucine zipper and W2 demains 1

P-value: 4.0E-03 Fold change: 0.7
Chromosome: 2933
Genbank: NM_014670.2 Gene ID: hCG2012145

Biological process: regulation of translational initiation

Molecular function: translation initiation factor activity

Cellular compaonent:

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 IIICFe
100 088 0 048 099 048 033 08 086 15 0987 110

Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM8&39 AT22 &TGR TE85 MGE3 A2182 HT1080 F80
106 210 083 1.4 1.41 122 067 166 100 203 153 120

211: :yq69e10.r1 Soares fetal liver spleen 1NFLS Homo sapiens cDNA clone
IMAGE:201066 5'

P-value: 4.0E-03 Fold change: 0.8

Chromosome: 6 Genbank: R99836 Gene |D: hCG2040606

Biological process:

Molecular function:

Cellular compeonent:

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
094 087 078 081 1.03 073 068 044 085 110 104 1.08

Expression levels in Telomerase cell lines median: 1.1
6G 1P V1 BFT3K GM&39 AT22 6&TGR TE8S MGH3 AZ2182 HT1080 F80
108 233 116 098 153 130 078 085 231 1.02 154 085

212: : Clone PP1195 unknown mRNA

P-value: 4.0E-03 Fold change: 0.6
Chromosome: 8
Genbank: BG980708 Gene ID: hCG2042587

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IIICFe
120 103 041 075 100 063 060 042 062 1.11 052 077
Expression levels in Telomerase cell lines median: 1.1

6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
105 154 088 106 082 055 1.31 115 1.60 1.51 1.00 1.32
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213: LOC149134: hypothetical protein LOC149134

P-value: 4.0E-03 Fold change: 0.4
Chromosome: 1q44
Genbank: AK125177 Gene ID: hCG1982549

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines meadian: 0.6
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 IIICFe
058 107 044 045 093 054 040 117 114 2585 039 046
Expression levels in Telomerase cell lines meadian: 1.6
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
183 261 1.41 062 223 082 077 373 589 1.7 1.26 0.88

214: N/A

P-value: 4.0E-03 Fold change: 0.6
Chromosome:

Genbank: Gene |ID: hCG1644183.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GM847 AT1 MeT4A SAO0S2 U20S SKLU1 SUSM1 IlICFc
089 069 060 060 088 065 035 073 153 218 086 0.87
Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MG63 A2182 HT1080 F80
069 167 103 190 145 144 113 175 127 189 123 097

215: HTO011: uncharacterized hypothalamus protein HT011

P-value: 4.0E-03 Fold change: 0.7
Chromosome: Xq26.1
Genbank: AK027029 Gene ID: hCG1756073.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 HlICFc
179 082 085 078 071 0.81 046 050 108 119 078 098
Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GMB39 AT22 6TGR TE85 MGS3 A2182 HT1080 F80
158 115 088 175 122 120 102 095 133 193 081 1.22

216: CA3: carbenic anhydrase Ill, muscle specific

P-value: 4.4E-03 Fold change: 3.2
Chromosome: 8q13-922
Genbank: Gene |D: hCG1640519.3

Biological process: one carbon compound metabalism

Molecular function: carbonate dehydratase activity; lysase activity; zinc ion binding

Cellular component: cytoplasm

Expression levels in ALT cell lines median: 1.1
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IlICFe
120 025 925 108 2395 850 218 195 085 078 040 0863

Expression levels in Telomerase cell lines median: 0.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
025 035 05 028 030 078 03 120 072 085 025 033
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217. IDS: iduronate 2-sulfatase (Hunter syndrome)

P-value: 4.4E-03 Fold change: 1.9
Chromosome: Xq28
Genbank: NM_000202.2 Gene ID: hCG 1983933

Biological process: metabolism;glycosaminoglycan metabolism

Molecular function: hydralase, sulfuric ester hydrolase & iduronate-2-sulfatase activity

Cellular component: lysosome

Expression levels in ALT cell lines median: 1.4
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IlICFe
150 300 079 239 185 1.31 107 118 305 043 089 159

Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
065 136 071 075 081 128 052 066 052 070 099 1.0

218: N/A

P-value: 4.4E-03 Fold change: 0.5
Chromosome:

Genbank: Gene ID: hCG2040549

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.5
1.3C 1R V2 2RA GMB47 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 IIICFe
038 105 03 092 100 048 047 027 121 038 058 120
Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM839 AT22 6&6TGR TE85 MG63 A2182 HT1080 F80
244 145 044 120 1.21 065 150 140 107 066 100 1.09

219: FAMS3S5A: unnamed protein product; Sequence 14910 from Patent

EP1074617.
P-value: 4.4E-03 Fold change: 0.6
Chromosome: 10923.31 Genbank: AW062518 Gene ID: hCG1817851.1

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.9
1.3C 1R v2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IIICFe
078 143 062 066 05 085 134 08 113 087 056 074
Expression levels in Telomerase cell lines median: 1.3
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
113 177 079 144 127 0985 105 188 140 188 151 0.82

220: N/A

P-value: 4.4E-03 Fold change: 0.2
Chromosome: 4q32.3

Genbank: BEG73692 Gene ID: hCG2026048

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.6
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
047 059 022 062 0.51 045 723 091 127 065 032 1.09
Expression levels in Telomerase cell lines median: 3.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
075 890 360 3.01 673 584 289 079 523 045 510 161
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221: LOC284014: Similar to RIKEN cDNA C730027E14 (LOC388323), mRNA

P-value: 4.4E-03 Fold change: 3.6
Chromosome: 17p13.3
Genbank: AKOB5567 Gene ID: hCG 1986016

Biological process;

Malecular function:

Cellular compaonent:

Expression levels in ALT cell lines median: 1.9
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFc
025 384 149 38 228 29 177 206 087 055 113 353
Expression levels in Telomerase cell lines median: 0.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 FB80
049 114 0.31 050 069 133 058 177 027 064 028 034

222: MGC50722: hypothetical MGC50722

P-value: 4.4E-03 Fold change: 1.8
Chromosome: 9
Genbank: BI831046 Gene |ID: hCG2022366

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.4
1.3¢ 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFc
067 090 137 29 123 138 143 7678 488 112 311 0.43
Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGE3 A2182 HT1080 F&0
096 1.04 074 043 070 081 0.41 117 046 063 128 0.86

223: TRAM1L1: translocation asscciated membrane protein 1-like 1

P-value: 5.0E-03 Fold change: 3.3
Chromosome: 4926
Genbank: NM_152402.1 Gene ID: hCG1642808.2

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.5
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
066 1.08 030 09 155 136 348 324 368 278 056 1.75
Expression levels in Telomerase cell lines median: 0.4
6G 1P V1 BFT3K GM&39 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
058 0.14 109 122 015 036 018 105 052 177 018 020

224: MGC42174: hypothetical protein MGC42174

P-value: 5.0E-03 Fold change: 0.6
Chromosome: 2937.1
Genbank: AK084293 Gene ID: hCG2039371; hCG2039371; hCG2013107

Biclogical process:
Molecular function: RNA binding; ribonuclease activity
Cellular component:
Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 1lICFc
0.18 1.01 1.06 068 082 035 075 115 198 047 033 0.58
Expression levels in Telomerase cell lines median: 1.1

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
080 105 144 173 089 138 116 267 087 21 097 1.07
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225: : CHR220333 Chromosome 22 exon Homo sapiens cDNA clone C22_426
5', mRNA sequence.

P-value: 5.0E-03 Fold change: 0.6

Chromaosome: 22 Genbank: H55384 Gene |ID: hCG1776624.1

Biological process;

Malecular function:

Cellular compaonent:

Expression levels in ALT cell lines median: 0.7
1.3¢ 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 NlICFe
014 1.06 034 065 081 1.01 068 059 066 107 108 074

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGE3 A2182 HT1080 F80
122 081 153 23H 150 150 120 099 064 1.2 1.05 085

226: ANXAZ2: annexin A2

P-value: 5.0E-03 Fold change: 0.7

Chromosome: 15q21-q22 Genbank: NM_004039.1 Gene |ID: hCG2004404

Biological process: skeletal development

Molecular function: calcium ion binding; calcium-dependent phaspholipid binding; cytoskeletal

protein binding; phospholipase inhibitor activity

Cellular compaonent: plasma membrane; soluble fraction

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFc
105 079 132 070 0.81 080 100 074 1.00 08 063 09N

Expression levels in Telomerase cell lines median: 1.1
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
138 182 077 115 143 125 088 112 115 129 0.81 1.12

227: LOC375449: similar to microtubule associated testis specific
serinefthreonine protein kinase

P-value: 5.0E-03 Fold change: 2.5

Chromosome: 5913.1 Genbank: Al431842 Gene |D: hCG2040209

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.4
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
209 198 261 398 130 109 123 08 136 354 039 1.38

Expression levels in Telomerase cell lines median: 0.5
6G 1P V1 BFT3K GM&39 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
091 046 066 041 022 006 042 053 057 146 316 067

228: AMOTLZ: angiomotin like 2

P-value: 5.0E-03 Fold change: 0.7
Chromosome: 3q21-q22
Genbank: NM_016201.2 Gene ID: hCG14791.3

Biclogical process:

Meolecular function:

Cellular component:

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 1lICFc
115 079 118 066 097 082 069 114 082 077 073 058
Expression levels in Telomerase cell lines median: 1.1

6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
213 163 083 158 103 104 104 077 120 080 166 1.22
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229: SLC15A4: solute carrier family 15, member 4

P-value: 5.0E-03 Fold change: 0.6
Chromosome: 12q24.32
Genbank: NM_145648.1 Gene ID: hCG21380.4

Biological process; oligopeptide transport

Molecular function: transporter activity

Cellular component: membrane

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFc
124 07 112 08 100 080 088 077 114 05 068 0.91

Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 FB80
148 200 084 084 118 100 079 180 176 189 1.28 1.50

230: NDUFAF1: NADH dehydrogenase (ubiquinone) 1 alpha subcomplex,
assembly facter 1

P-value: 5.0E-03 Fold change: 0.7

Chromosome: 15q11.2-g21.3 Genbank: NM_016013.1 Gene |ID: hCG1786788.2

Biological process:

Molecular function: chaperone activity

Cellular companent: mitochandrion

Expression levels in ALT cell lines median: 0.8
1.3¢ 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFc
110 077 084 08 098 083 112 044 055 111 05 060

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MGE3 A2182 HT1080 F&0
086 232 116 059 134 141 129 157 108 125 102 083

231: PTX3: pentaxin-related gene, rapidly induced by IL-1 beta

P-value: 5.0E-03 Fold change: 0.2
Chromosome: 3925
Genbank: NM_002852.2 Gene ID: hCG268914.2

Biological process: inflammatory response

Molecular function:

Cellular component: extracellular

Expression levels in ALT cell lines median: 0.4
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
088 022 026 139 025 037 140 005 0416 112 062 0.34
Expression levels in Telomerase cell lines median: 2.2
6G 1P V1 BFT3K GM&39 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
454 972 1987 055 137 233 291 1.66 0.31 0.02 364 37.07

232: APBB2: amyloid beta (A4) precursor protein-binding, family B, member 2
P-value: 5.0E-03 Fold change: 1.6
Chromosome: 4p14 Genbank: NM_173075.1 Gene |D: hCG33089.3
Biological process: regulation of transcriptn; -ve regulatn of S phase of cellcycle; actin filament-
based movemnt; intracell signal cascde; protn stabilizatn; axonogenesis
Malecular functn: beta-amyvloid binding; histone acetyltransfrase binding; transcriptn factor
hinding. Cellular compont: nucleus; lamellipodium; growth cone; membrne; synapse
Expression levels in ALT cell lines median: 1.3
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 1lICFc
082 145 159 179 103 096 1.71 1.08 1.89 0957 117 133
Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
120 053 084 038 081 034 184 091 018 044 144 076
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233: SHOC2: soc-2 suppressor of clear homelog (C. elegans)

P-value: 5.0E-03 Fold change: 0.8

Chromosome: 10925 Genbank: NM_007373.2 Gene ID: hCG40725.4

Biological pracess: fibroblast growth factor receptor signaling pathway; RAS protein signal

transduction

Molecular function: 0005554 :molecular_function unknown

Cellular component: cytoplasm

Expression levels in ALT cell lines median: 0.9
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 lICFe
069 088 09 089 096 057 068 125 115 o066 115 096

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGBE3 A2182 HT1080 F&0
114 165 084 174 118 109 098 158 102 142 056 138

234: ZNF584: zinc finger protein 584

P-value: 5.0E-03 Fold change: 0.5
Chromosome: 19913.43
Genbank: NM_173548.1 Gene ID: hCG1811578.1

Biological process: regulation of transcription, DNA-dependent

Molecular function: nucleic acid binding

Cellular component: intracellular

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOCS2 U20S SKLU1 SUSM1 1lICFc
1.09 071 0.60 103 0.71 088 064 059 054 205 080 1.23

Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
186 189 097 152 195 078 091 138 215 1.40 118 0.89

235: HECTD3

P-value: 5.0E-03 Fold change: 1.3
Chromosome: 1p34.1

Genbank: NM_024602.3 Gene ID: hCG1815097 .1

Biological process: regulation of mitotic metaphasefanaphase transition; ubiquitin cycle

Malecular function: protein binding; ubiquitin protein ligase

Cellular component: anaphase-promoting complex; intracellular

Expression levels in ALT cell lines median: 1.1
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
106 162 161 130 1.68 107 115 147 094 1.08 076 071

Expression levels in Telomerase cell lines median: 0.9
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
088 130 068 084 092 096 054 104 059 117 035 058

236: N/A

P-value: 5.0E-03 Fold change: 1.5
Chromosome:

Genbank: Gene |D: hCG38053.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.1
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
180 1.08 153 1.0 1.41 112 115 21 099 092 119 057
Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
163 112 058 054 096 108 073 074 093 057 027 052
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237. TGFB2: transforming growth factor, beta 3

P-value: 5.0E-03 Fold change: 1.6

Chromosome: 1q41 Genbank: NM_003238.1 Gene |ID: hCG24906.4

Biological process: cell growth; cell proliferation; cell-cell signaling; organogenesis; regulation of

cell cycle; signal transduction

Molecular functn: growth factor activity; transforming growth factor beta receptor binding

Cellular compeonent:

Expression levels in ALT cell lines median: 1.3
1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
398 123 315 122 075 089 112 15 282 129 180 039

Expression levels in Telomerase cell lines median: 0.8
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MG63 A2182 HT1080 F80
098 150 102 079 081 078 115 04 007 057 015 039

238: ZFP36L1: zinc finger protein 36, C3H type-like 1

P-value: 5.0E-03 Fold change: 2.0
Chromosome: 14q22-q24
Genbank: NM_004928.2 Gene ID: hCG20766.3

Biological process:

Molecular function: transcription factor activity

Cellular component: nucleus

Expression levels in ALT cell lines median: 1.2
1.3C 1R V2 2RA GMB47 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IlICFc
116 099 060 126 152 1.01 0.83 1.3 1.79 208 115 1.28

Expression levels in Telomerase cell lines median: 0.6
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
032 125 046 056 112 053 047 046 075 344 063 0980

239: KIAA0890: KIAAD690

P-value: 5.0E-03 Fold change: 0.5
Chromosome: 10q24.2
Genbank: NM_015179.2 Gene ID: hCG25780.3

Biological process:

Molecular function: binding

Cellular component: integral to membrane; nucleus

Expression levels in ALT cell lines median: 0.9
1.3C 1R v2 2RA GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 IIICFe
057 088 118 1.03 086 054 041 1.03 134 075 074 0092

Expression levels in Telomerase cell lines median: 1.6
6G 1P V1 BFT3K GM839 AT22 6TGR TE85 MGB3 A2182 HT1080 F80
137 209 097 168 166 095 046 168 154 203 186 079

240: TPM3: tropomyosin 3

P-value: 5.0E-03 Fold change: 0.7
Chromosome: 1q421.2
Genbank: BE747618 Gene ID: hCG1817631.1

Biological process: regulation of muscle contraction

Meolecular function: actin binding

Cellular component: cytoskeleton; muscle thin filament tropomyosin

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GMB847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 IIICFe
139 099 083 076 119 074 0.71 126 0.85 087 054 072

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
142 144 084 103 125 1.01 095 424 130 18 113 087
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241: OPRS1: opioid recepter, sigma 1

P-value: 5.0E-03 Fold change: 0.5
Chromosome: 9p13.2
Genbank: NM_005866.2 Gene ID: hCG20471.4

Biological process: ergosterol biosynthesis

Molecular function: receptor activity; drug binding; C-8 sterol isomerase activity

Cellular component: integral to plasma membrane; endoplasmic reticulum

Expression levels in ALT cell lines median: 0.7
1.3C 1R v2 2RA  GMB847 AT1 MeT4A SAOCS2 U208 SKLU1 SUSM1 llICFe
122 215 145 080 074 044 067 049 034 043 003 095

Expression levels in Telomerase cell lines median: 1.5
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
074 089 1.61 169 195 134 148 083 154 105 186 159

242: PCSKS5: proprotein convertase subtilisinfkexin type 5

P-value: 5.0E-03 Fold change: 5.7
Chromosome: 9921.3
Genbank: NM_006200.2 Gene ID: hCG2036726.1

Biological process: cell-cell signaling; proteclysis and peptidolysis

Molecular function: peptidase activity; hydrolase activity;subtilase activity

Cellular component: extracellular space

Expression levels in ALT cell lines median: 2.0
1.3C 1R V2 2RA  GMB47 AT1 MeT4A SAOCS2 U20S SKLU1 SUSM1 1lICFc
140 102 250 099 012 126 566 255 11.02 271 3.61 0.15

Expression levels in Telomerase cell lines median: 0.3
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
101 047 010 010 044 008 OMN 289 052 024 231 0.06

243: BCASS: breast carcinoma amplified sequence 3

P-value: 5.0E-03 Fold change: 1.9
Chromosome: 17923
Genbank: NM_017679.2 Gene ID: hCG1811950.1

Biological process: cell growth and/or maintenance

Molecular function:

Cellular component: nucleus

Expression levels in ALT cell lines median: 1.3
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
137 126 083 129 133 155 134 155 1.03 1.71 0.86 0.73
Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
083 097 055 062 056 104 052 036 117 289 029 0.73

244: CLN8: ceroid-lipefuscinosis, neuronal 8 (epilepsy, progressive with
mental retardation)

P-value: 5.0E-03 Fold change: 0.5
Chromosome: 8p23 Genbank: NM_018941.2 Gene |ID: hCG15110.2
Biological process: neurogenesis Molecular function:

Cellular component: endoplasmic reticulum; integral to membrane; ER-Golgi intermediate
compartment

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
152 147 089 068 055 045 013 051 0.38 1.76 0.74 0.88
Expression levels in Telomerase cell lines median: 1.4
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
086 1.1 0.86 152 225 134 081 1.4 207 231 1.88 1.33
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245: NEDDS: neural precursor cell expressed, developmentally down-regulated

5
P-value: 5.0E-03 Fold change: 0.7
Chromosome: 2937 Genbank: AA346067 Gene |ID;: hCG2040455
Biological process: cell cycle; cytokinesis

Molecular function: GTP, nuclectide and protein binding; GTPase activity

Cellular component:  contractile ring, eytoplasm, nucleus

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 lICFe
148 125 082 061 0.81 078 053 125 073 081 079 085

Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM638 AT22 6TGR TE85 MGBE3 A2182 HT1080 F&0
123 133 085 144 130 116 098 140 138 1.02 091 1.08

246: MPZL1; FLJ21047: Myelin protein zero-like 1; immunoglobulin superfamily
member; Homo sapiens protein zero related protein (PZR) mRNA,
P-value: 5.0E-03 Fold change: 0.7
Chromosome: 1923.3 Genbank: NM_024569.2 Gene |ID: hCG42390.4
Biological pracess: cell-cell signaling; transmembrane receptor protein tyrosine kinase signaling
pathway. Molecular function: protein binding; structural molecule activity
Cellular component: integral to plasma membrane
Expression levels in ALT cell lines median: 0.9
13C 1R V2 2RA  GM847 AT1 MeT4A SAOS2 U205 SKLU1 SUSM1 NlICFe
129 098 116 053 072 078 082 131 077 099 059 099
Expression levels in Telomerase cell lines median: 1.4
63 1P V1 BFT3K GM638 AT22 6TGR TE8S MGE3 A2182 HT1080 F&0
0go 172 090 132 143 103 101 182 202 425 073 153

247: KIAA14568: KIAA1458 protein

P-value: 5.0E-03 Fold change: 1.4
Chromosome: 4p12
Genbank: BC031691 Gene ID: hCG17415.3

Biological process:

Molecular function:

Cellular component:

Expression levels in ALT cell lines median: 1.1
1.3C 1R v2 2RA GM847 AT1 MeT4A SAOS2 U208 SKLU1 SUSM1 llICFe
114  0.81 1.00 126 1.41 092 1.01 1.29 214 1.43 1.00 1.02
Expression levels in Telomerase cell lines median: 0.7
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
136 0.61 0.83 080 1.01 0.61 039 205 087 068 069 036

248: CCNDBP1: cyclin D-type binding-protein 1

P-value: 5.0E-03 Fold change: 0.7
Chromosome: 15914-q15
Genbank: NM_012142.2 Gene ID: hCG38719.2

Biological process:

Molecular function:

Cellular component: nucleus

Expression levels in ALT cell lines median: 0.8
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SACS2 U208 SKLU1 SUSM1 TlICFc
114 073 097 107 040 08 069 069 080 142 057 051
Expression levels in Telomerase cell lines median: 1.2
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
119 184 098 102 138 1.1 062 149 115 125 081 1.41
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249: CSE-C: cytosolic sialic acid 9-O-acetylesterase homolog

P-value: 5.0E-03 Fold change: 04
Chromosome: 11924
Genbank: NM_170601.1 Gene ID: hCG39813.2

Biological process:

Molecular function: hydrolase, serine esterase and sialate O-acetylesterase activity

Cellular component: lysosme

Expression levels in ALT cell lines median: 0.7
1.3C 1R V2 2RA GM847 AT1 MeT4A SAO0S2 U20S SKLU1 SUSM1 llICFe
061 030 098 095 029 108 042 046 089 826 026 1.22

Expression levels in Telomerase cell lines median: 1.8
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
080 100 191 1.00 212 1.02 277 233 174 235 098 324

250: ABHD2: abhydrelase domain containing 2

P-value: 5.0E-03 Fold change: 1.5
Chromosome: 15q26.1
Genbank: NM_152924.2 Gene ID: hCG28637.2

Biological process: biological_process unknown

Molecular function: catalytic activity; molecular_function unknown

Cellular component: integral to membrane

Expression levels in ALT cell lines median: 1.3
1.3C 1R V2 2RA  GMB847 AT1 MeT4A SAOS2 U20S SKLU1 SUSM1 llICFe
121 222 075 127 126 1.28 1.41 135 1.00 564 103 0.99

Expression levels in Telomerase cell lines median: 0.9
6G 1P V1 BFT3K GM639 AT22 6TGR TE85 MG63 A2182 HT1080 F80
074 094 1.00 0.61 096 058 0.80 0.61 183 155 097 0.68
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B. Quantitation of Western blot analysis for DRG2, AGT and SATB1

DRG2 Dlower DRG2:Dlower AGT SATB1
Mortal
JFCF-6 0.58 0.82 0.71 1.14 0.20
HFF5 0.26 0.20 1.32 1.48 0.13
WI-38 0.21 0.44 0.48 0.59 0.13
MRC5 0.56 0.74 0.76 1.31 0.38
IICF 0.54 0.77 0.71 1.23 0.28
BF-10 0.80 0.82 0.97 0.86 0.20
Median 0.55 0.75 0.73 1.19 0.20
ALT
JFCF-6/T.1R 0.47 0.88 0.53 0.00 0.73
GM847 0.16 0.48 0.33 0.00 0.22
WI38-VA13/2RA 0.17 0.58 0.30 0.00 0.73
MRC5-V2 0.38 0.46 0.82 0.00 0.59
IIICF/c 0.58 1.20 0.49 0.25 0.85
BET-3M 1.08 1.17 0.93 1.77 0.64
GM637 0.39 0.58 0.68 1.16 N/A
KMST6 0.17 0.55 0.31 1.21 N/A
SUSM-1 0.33 0.73 0.46 0.00 N/A
AT1BR44neo 0.19 0.38 0.50 0.00 N/A
MeT-4A 0.25 0.31 0.81 0.00 N/A
Saos-2 0.14 0.20 0.72 0.26 N/A
G292 0.75 0.18 4.06 3.58 N/A
U-2 0S 0.72 0.67 1.08 1.13 N/A
SK-LU-1 0.79 1.10 0.72 0.08 N/A
Median 0.38 0.58 0.68 0.08 N/A
Median; gel1 0.42 0.73 0.51 0.00 0.68
Median; gel2 0.33 0.55 0.72 0.26 N/A
Telomerase
JFCF-6/T.1P 0.53 0.39 1.36 1.64 0.40
GM639 0.42 0.39 1.08 0.20 0.25
BFT-3K 0.37 0.51 0.72 0.13 0.39
MRC5-V1 0.73 0.74 1.00 1.96 0.49
HT1080 1.00 0.82 1.22 0.63 1.36
BET-3K 1.16 1.12 1.04 2.67 0.36
A549 0.78 0.57 1.37 1.40 N/A
Hela 0.67 0.13 5.05 1.82 N/A
F80-TERT/K1-1 0.45 0.67 0.67 0.25 N/A
AT22IJE-T 0.42 0.42 1.00 0.70 N/A
MeT-5A/6TGR-B 0.35 0.50 0.70 2.63 N/A
TE-85 0.75 0.49 1.54 0.33 N/A
SJSA-1 0.49 0.36 1.38 0.55 N/A
MG-63 0.64 0.53 1.22 1.35 N/A
A2182 0.66 0.41 1.61 0.69 0.11
Median 0.64 0.50 1.22 0.70 N/A
Median; gel1 0.63° 0.62° 1.06" 1.14*  0.40°
Median; gel2 0.64 0.49 1.37 0.70 N/A
MeT-5A" 0.12 0.16 0.73 2.39 N/A

“Unmatched A2182 omitted from the median of gel 1."MeT-5A was not included in

the telomerase analysis as it has some evidence of ALT activity (section 3.1).

7-260



References

. Ashburner, M., Ball, C. A., Blake, J. A., Botstein, D., Butler, H., Cherry, J.
M., Davis, A. P., Dolinski, K., Dwight, S. S., Eppig, J. T., Harris, M. A., Hill,
D. P., Issel-Tarver, L., Kasarskis, A., Lewis, S., Matese, J. C., Richardson, J.
E., Ringwald, M., Rubin, G. M., and Sherlock, G. Gene ontology: tool for the
unification of biology. The Gene Ontology Consortium. Nat.Genet., 25: 25-29,

2000.

. Jiang, W. Q., Zhong, Z. H., Henson, J. D., Neumann, A. A., Chang, A. C., and
Reddel, R. R. Suppression of alternative lengthening of telomeres by Sp100-
mediated sequestration of MRE11/RADS50/NBS1 complex. Mol.Cell.Biol., 25:

2708-2721, 2005.

. Dunham, M. A., Neumann, A. A., Fasching, C. L., and Reddel, R. R.
Telomere maintenance by recombination in human cells. Nat.Genet., 26: 447-

450, 2000.

. Henson, J. D., Neumann, A. A., Yeager, T. R., and Reddel, R. R. Alternative

lengthening of telomeres in mammalian cells. Oncogene, 217: 598-610, 2002.

Tarsounas, M. and West, S. C. Recombination at mammalian telomeres: an
alternative mechanism for telomere protection and elongation. Cell Cycle, 4:

e33-e35, 2005.

de Lange, T. Shelterin: the protein complex that shapes and safeguards human

telomeres. Genes Dev., 19: 2100-2110, 2005.

8-261



10.

11.

12.

13.

14.

15.

Hanahan, D. and Weinberg, R. A. The hallmarks of cancer. Cell, 100: 57-70,

2000.

Reddel, R. R. The role of senescence and immortalization in carcinogenesis.

Carcinogenesis, 21: 477-484, 2000.

Hayflick, L. and Moorhead, P. S. The serial cultivation of human diploid cell

strains. Exp.Cell Res., 25: 585-621, 1961.

Bryan, T. M. and Reddel, R. R. SV40-induced immortalization of human cells.

Crit.Rev.Oncog., 5: 331-357, 1994.

Pereira-Smith, O. M. and Smith, J. R. Evidence for the recessive nature of

cellular immortality. Science, 221: 964-966, 1983.

Hahn, W. C., Stewart, S. A., Brooks, M. W., York, S. G., Eaton, E., Kurachi,
A., Beijersbergen, R. L., Knoll, J. H., Meyerson, M., and Weinberg, R. A.
Inhibition of telomerase limits the growth of human cancer cells. Nat.Med., 5:

1164-1170, 1999.

Blackburn, E. H. Switching and signaling at the telomere. Cell, /06: 661-673,

2001.

Ohki, R., Tsurimoto, T., and Ishikawa, F. In vitro reconstitution of the end

replication problem. Mol.Cell.Biol., 27: 5753-5766, 2001.

Harley, C. B., Vaziri, H., Counter, C. M., and Allsopp, R. C. The telomere

hypothesis of cellular aging. Exp.Gerontol., 27: 375-382, 1992.

8-262



16.

17.

18.

19.

20.

21.

Braig, M., Lee, S., Loddenkemper, C., Rudolph, C., Peters, A. H.,
Schlegelberger, B., Stein, H., Dorken, B., Jenuwein, T., and Schmitt, C. A.
Oncogene-induced senescence as an initial barrier in lymphoma development.

Nature, 436: 660-665, 2005.

Chen, Z., Trotman, L. C., Shaffer, D., Lin, H. K., Dotan, Z. A., Niki, M.,
Koutcher, J. A., Scher, H. 1., Ludwig, T., Gerald, W., Cordon-Cardo, C., and
Pandolfi, P. P. Crucial role of p53-dependent cellular senescence in

suppression of Pten-deficient tumorigenesis. Nature, 436: 725-730, 2005.

Collado, M., Gil, J., Efeyan, A., Guerra, C., Schuhmacher, A. J., Barradas, M.,
Benguria, A., Zaballos, A., Flores, J. M., Barbacid, M., Beach, D., and
Serrano, M. Tumour biology: senescence in premalignant tumours. Nature,

436: 642, 2005.

Michaloglou, C., Vredeveld, L. C., Soengas, M. S., Denoyelle, C., Kuilman,
T., van der Horst, C. M., Majoor, D. M., Shay, J. W., Mooi, W. J., and Peeper,
D. S. BRAFE600-associated senescence-like cell cycle arrest of human naevi.

Nature, 436: 720-724, 2005.

Shay, J. W. and Wright, W. E. Senescence and immortalization: role of

telomeres and telomerase. Carcinogenesis, 26: 867-874, 2004.

Ye, J. Z., Donigian, J. R., Van Overbeek, M., Loayza, D., Luo, Y.,
Krutchinsky, A. N., Chait, B. T., and de Lange, T. TIN2 binds TRF1 and
TRF2 simultaneously and stabilizes the TRF2 complex on telomeres.

J.Biol.Chem., 279: 47264-47271, 2004.

8-263



22.

23.

24.

25.

26.

27.

28.

Ye, J. Z., Hockemeyer, D., Krutchinsky, A. N., Loayza, D., Hooper, S. M.,
Chait, B. T., and de Lange, T. POT1-interacting protein PIP1: a telomere
length regulator that recruits POT1 to the TIN2/TRF1 complex. Genes Dev.,

18: 1649-1654, 2004.

Li, B., Oestreich, S., and de Lange, T. Identification of human Rap1:

Implications for telomere evolution. Cell, 7101: 471-483, 2000.

Mattern, K. A., Swiggers, S. J., Nigg, A. L., Lowenberg, B., Houtsmuller, A.
B., and Zijlmans, J. M. Dynamics of protein binding to telomeres in living

cells: implications for telomere structure and function. Mol.Cell.Biol., 24:

5587-5594, 2004.

d'Adda di Fagagna, F., Reaper, P. M., Clay-Farrace, L., Fiegler, H., Carr, P.,
Von Zglinicki, T., Saretzki, G., Carter, N. P., and Jackson, S. P. A DNA

damage checkpoint response in telomere-initiated senescence. Nature, 426:

194-198, 2003.

Takai, H., Smogorzewska, A., and de Lange, T. DNA damage foci at

dysfunctional telomeres. Curr.Biol., /3: 1549-1556, 2003.

Karlseder, J., Broccoli, D., Dai, Y., Hardy, S., and de Lange, T. p53- and
ATM-dependent apoptosis induced by telomeres lacking TRF2. Science, 283:

1321-1325, 1999.

Kim, S. H., Beausejour, C., Davalos, A. R., Kaminker, P., Heo, S. J., and
Campisi, J. TIN2 mediates functions of TRF2 at human telomeres.

J.Biol.Chem., 279: 43799-43804, 2004.

8-264



29.

30.

31.

32.

33.

34.

35.

36.

Hockemeyer, D., Sfeir, A. J., Shay, J. W., Wright, W. E., and de Lange, T.
POT]1 protects telomeres from a transient DNA damage response and

determines how human chromosomes end. EMBO J., 24: 2667-2678, 2005.

Jacobs, J. J. and de Lange, T. pl16INK4a as a second effector of the telomere

damage pathway. Cell Cycle, 4: 1364-1368, 2005.

Narita, M., Nunez, S., Heard, E., Narita, M., Lin, A. W., Hearn, S. A., Spector,
D. L., Hannon, G. J., and Lowe, S. W. Rb-mediated heterochromatin

formation and silencing of E2F target genes during cellular senescence. Cell,

113:703-716, 2003.

Griffith, J. D., Comeau, L., Rosenfield, S., Stansel, R. M., Bianchi, A., Moss,
H., and de Lange, T. Mammalian telomeres end in a large duplex loop. Cell,

97:503-514, 1999.

Stansel, R. M., de Lange, T., and Griffith, J. D. T-loop assembly in vitro
involves binding of TRF2 near the 3' telomeric overhang. EMBO J., 20: 5532-

5540, 2001.

de Lange, T. Opinion: T-loops and the origin of telomeres. Nat.Rev.Mol.Cell

Biol., 5: 323-329, 2004.

Loayza, D. and de Lange, T. POT1 as a terminal transducer of TRF1 telomere

length control. Nature, 424: 1013-1018, 2003.

Colgin, L. M., Baran, K., Baumann, P., Cech, T. R., and Reddel, R. R. Human
POT]1 facilitates telomere elongation by telomerase. Curr.Biol., /3: 942-946,

2003.

8-265



37.

38.

39.

40.

41.

42.

43.

Zhu, X. D., Niedernhofer, L., Kuster, B., Mann, M., Hoeijmakers, J. H., and
de Lange, T. ERCC1/XPF removes the 3' overhang from uncapped telomeres

and represses formation of telomeric DNA-containing double minute

chromosomes. Mol.Cell, /2: 1489-1498, 2003.

Yang, Q., Zheng, Y. L., and Harris, C. C. POT1 and TRF2 cooperate to

maintain telomeric integrity. Mol.Cell.Biol., 25: 1070-1080, 2005.

Lei, M., Zaug, A. J., Podell, E. R., and Cech, T. R. Switching human
telomerase on and off with hPOT1 protein in vitro. J.Biol.Chem., 280: 20449-

20456, 2005.

Counter, C. M., Avilion, A. A., LeFeuvre, C. E., Stewart, N. G., Greider, C.
W., Harley, C. B., and Bacchetti, S. Telomere shortening associated with

chromosome instability is arrested in immortal cells which express telomerase

activity. EMBO J., 17: 1921-1929, 1992.

Counter, C. M., Botelho, F. M., Wang, P., Harley, C. B., and Bacchetti, S.
Stabilization of short telomeres and telomerase activity accompany
immortalization of Epstein-Barr virus-transformed human B lymphocytes.

J.Virol., 68: 3410-3414, 1994.

Klingelhutz, A. J., Barber, S. A., Smith, P. P., Dyer, K., and McDougall, J. K.
Restoration of telomeres in human papillomavirus-immortalized human

anogenital epithelial cells. Mol.Cell.Biol., 74: 961-969, 1994.

Itahana, K., Dimri, G., and Campisi, J. Regulation of cellular senescence by

p53. Eur.J.Biochem., 268: 2784-2791, 2001.

8-266



44,

45.

46.

47.

48.

49.

50.

51.

Macera-Bloch, L., Houghton, J., Lenahan, M., Jha, K. K., and Ozer, H. L.
Termination of lifespan of SV40-transformed human fibroblasts in crisis is

due to apoptosis. J.Cell.Physiol., 790: 332-344, 2002.

Colgin, L. M. and Reddel, R. R. Telomere maintenance mechanisms and

cellular immortalization. Curr.Opin.Genet.Dev., 9: 97-103, 1999.

Greider, C. W. and Blackburn, E. H. Identification of a specific telomere

terminal transferase activity in Tetrahymena extracts. Cell, 43: 405-413, 1985.

Nugent, C. I. and Lundblad, V. The telomerase reverse transcriptase:

components and regulation. Genes Dev., /2: 1073-1085, 1998.

Counter, C. M., Gupta, J., Harley, C. B., Leber, B., and Bacchetti, S.
Telomerase activity in normal leukocytes and in hematologic malignancies.

Blood, §5: 2315-2320, 1995.

Broccoli, D., Young, J. W., and de Lange, T. Telomerase activity in normal
and malignant hematopoietic cells. Proc.Natl.Acad.Sci.USA, 92: 9082-9086,

1995.

Harle-Bachor, C. and Boukamp, P. Telomerase activity in the regenerative
basal layer of the epidermis in human skin and in immortal and carcinoma-

derived skin keratinocytes. Proc.Natl.Acad.Sci.USA, 93: 6476-6481, 1996.

Yasumoto, S., Kunimura, C., Kikuchi, K., Tahara, H., Ohji, H., Yamamoto,
H., Ide, T., and Utakoji, T. Telomerase activity in normal human epithelial

cells. Oncogene, /3: 433-439, 1996.

8-267



52.

53.

54.

55.

56.

57.

Hsiao, R., Sharma, H. W., Ramakrishnan, S., Keith, E., and Narayanan, R.
Telomerase activity in normal human endothelial cells. Anticancer Res., /7:

827-832, 1997.

Weng, N. P., Levine, B. L., June, C. H., and Hodes, R. J. Regulated expression
of telomerase activity in human T lymphocyte development and activation.

J.Exp.Med., 183: 2471-2479, 1996.

Masutomi, K., Yu, E. Y., Khurts, S., Ben-Porath, 1., Currier, J. L., Metz, G. B.,
Brooks, M. W., Kaneko, S., Murakami, S., DeCaprio, J. A., Weinberg, R. A.,
Stewart, S. A., and Hahn, W. C. Telomerase maintains telomere structure in

normal human cells. Cell, /74: 241-253, 2003.

Jiang, X. R., Jimenez, G., Chang, E., Frolkis, M., Kusler, B., Sage, M.,
Beeche, M., Bodnar, A. G., Wahl, G. M., Tlsty, T. D., and Chiu, C. P.
Telomerase expression in human somatic cells does not induce changes

associated with a transformed phenotype. Nat.Genet., 27: 111-114, 1999.

Morales, C. P., Holt, S. E., Ouellette, M., Kaur, K. J., Yan, Y., Wilson, K. S.,
White, M. A., Wright, W. E., and Shay, J. W. Absence of cancer-associated
changes in human fibroblasts immortalized with telomerase. Nat.Genet., 21:

115-118, 1999.

Vaziri, H., Squire, J. A., Pandita, T. K., Bradley, G., Kuba, R. M., Zhang, H.,
Gulyas, S., Hill, R. P., Nolan, G. P., and Benchimol, S. Analysis of genomic
integrity and p53-dependent G, checkpoint in telomerase-induced extended-

life-span human fibroblasts. Mol.Cell.Biol., 79: 2373-2379, 1999.

8-268



58.

59.

60.

61.

62.

63.

Kiyono, T., Foster, S. A., Koop, J. L., McDougall, J. K., Galloway, D. A., and
Klingelhutz, A. J. Both Rb/p16™%*" inactivation and telomerase activity are

required to immortalize human epithelial cells. Nature, 396: 84-88, 1998.

Farwell, D. G., Shera, K. A., Koop, J. L., Bonnet, G. A., Matthews, C. P.,
Reuther, G. W., Coltrera, M. D., McDougall, J. K., and Klingelhutz, A. J.
Genetic and epigenetic changes in human epithelial cells immortalized by

telomerase. Am.J.Pathol., 156: 1537-1547, 2000.

Dickson, M. A., Hahn, W. C., Ino, Y., Ronfard, V., Wu, J. Y., Weinberg, R.
A., Louis, D. N,, Li, F. P., and Rheinwald, J. G. Human keratinocytes that

64 _enforced mechanism that limits life

express hTERT and also bypass a pl
span become immortal yet retain normal growth and differentiation

characteristics. Mol.Cell.Biol., 20: 1436-1447, 2000.

Toouli, C. D., Huschtscha, L. 1., Neumann, A. A., Noble, J. R., Colgin, L. M.,
Hukku, B., and Reddel, R. R. Comparison of human mammary epithelial cells
immortalized by simian virus 40 T-Antigen or by the telomerase catalytic

subunit. Oncogene, 27: 128-139, 2002.

Singer, M. S. and Gottschling, D. E. TLC!: Template RNA component of

Saccharomyces cerevisiae telomerase. Science, 266: 404-409, 1994,

McEachern, M. J. and Blackburn, E. H. Runaway telomere elongation caused

by telomerase RNA gene mutations. Nature, 376: 403-409, 1995.

8-269



64.

65.

66.

67.

68.

69.

70.

Yu, G. L., Bradley, J. D., Attardi, L. D., and Blackburn, E. H. In vivo
alteration of telomere sequences and senescence caused by mutated

Tetrahymena telomerase RNAs. Nature, 344: 126-132, 1990.

Lee, H. W., Blasco, M. A., Gottlieb, G. J., Horner, J. W., II, Greider, C. W.,
and DePinho, R. A. Essential role of mouse telomerase in highly proliferative

organs. Nature, 392: 569-574, 1998.

Sung, Y. H., Choi, Y. S., Cheong, C., and Lee, H. W. The pleiotropy of

telomerase against cell death. Mol.Cells, 79: 303-309, 2005.

Calado, R. T. and Chen, J. Telomerase: not just for the elongation of

telomeres. BioEssays, 28: 109-112, 2006.

Rogan, E. M., Bryan, T. M., Hukku, B., Maclean, K., Chang, A. C. M., Moy,
E. L., Englezou, A., Warneford, S. G., Dalla-Pozza, L., and Reddel, R. R.
Alterations in p53 and p16™%* expression and telomere length during
spontaneous immortalization of Li-Fraumeni syndrome fibroblasts.

Mol.Cell.Biol., 15: 4745-4753, 1995.

Bryan, T. M., Englezou, A., Gupta, J., Bacchetti, S., and Reddel, R. R.
Telomere elongation in immortal human cells without detectable telomerase

activity. EMBO 1., 14: 4240-4248, 1995.

Hande, M. P., Samper, E., Lansdorp, P., and Blasco, M. A. Telomere length
dynamics and chromosomal instability in cells derived from telomerase null

mice. J.Cell Biol., 144: 589-601, 1999.

8-270



71.

72.

73.

74.

75.

76.

77.

Niida, H., Shinkai, Y., Hande, M. P., Matsumoto, T., Takehara, S., Tachibana,
M., Oshimura, M., Lansdorp, P. M., and Furuichi, Y. Telomere maintenance

in telomerase-deficient mouse embryonic stem cells: characterization of an

amplified telomeric DNA. Mol.Cell.Biol., 20: 4115-4127, 2000.

Bryan, T. M. and Reddel, R. R. Telomere dynamics and telomerase activity in

in vitro immortalised human cells. Eur.J.Cancer, 33: 767-773, 1997.

Bryan, T. M., Englezou, A., Dalla-Pozza, L., Dunham, M. A., and Reddel, R.
R. Evidence for an alternative mechanism for maintaining telomere length in

human tumors and tumor-derived cell lines. Nat.Med., 3: 1271-1274, 1997.

Chang, S., Khoo, C. M., Naylor, M. L., Maser, R. S., and DePinho, R. A.
Telomere-based crisis: functional differences between telomerase activation

and ALT in tumor progression. Genes Dev., /7: 88-100, 2003.

Herrera, E., Martinez, C., and Blasco, M. A. Impaired germinal center reaction

in mice with short telomeres. EMBO J., 19: 472-481, 2000.

Allshire, R. C., Dempster, M., and Hastie, N. D. Human telomeres contain at
least three types of G-rich repeat distributed non-randomly. Nucleic Acids

Res., 17: 4611-4627, 1989.

de Lange, T., Shiue, L., Myers, R. M., Cox, D. R., Naylor, S. L., Killery, A.
M., and Varmus, H. E. Structure and variability of human chromosome ends.

Mol.Cell.Biol., 10: 518-527, 1990.

8-271



78.

79.

80.

81.

82.

83.

84.

85.

Henderson, S., Allsopp, R., Spector, D., Wang, S. S., and Harley, C. In situ
analysis of changes in telomere size during replicative aging and cell

transformation. J.Cell Biol., /134: 1-12, 1996.

Steinert, S., Shay, J. W., and Wright, W. E. Modification of subtelomeric

DNA. Mol.Cell.Biol., 24: 4571-4580, 2004.

Xia, S. J., Shammas, M. A., and Shmookler Reis, R. J. Reduced telomere

length in ataxia-telangiectasia fibroblasts. Mutat.Res., 364: 1-11, 1996.

Murnane, J. P., Sabatier, L., Marder, B. A., and Morgan, W. F. Telomere

dynamics in an immortal human cell line. EMBO J., 13: 4953-4962, 1994.

Montalto, M. C., Phillips, J. S., and Ray, F. A. Telomerase activation in

human fibroblasts during escape from crisis. J.Cell.Physiol., /80: 46-52, 1999.

Yeager, T. R., Neumann, A. A., Englezou, A., Huschtscha, L. I., Noble, J. R.,
and Reddel, R. R. Telomerase-negative immortalized human cells contain a
novel type of promyelocytic leukemia (PML) body. Cancer Res., 59: 4175-

4179, 1999.

Small, M. B., Hubbard, K., Pardinas, J. R., Marcus, A. M., Dhanaraj, S. N.,
and Sethi, K. A. Maintenance of telomeres in SV40-transformed pre-immortal

and immortal human fibroblasts. J.Cell.Physiol., 168: 727-736, 1996.

Yamamoto, A., Kumakura, S., Uchida, M., Barrett, J. C., and Tsutsui, T.
Immortalization of normal human embryonic fibroblasts by introduction of

either the human papillomavirus type 16 E6 or E7 gene alone. Int.J.Cancer,

106: 301-309, 2003.

8-272



86.

87.

88.

&9.

90.

91.

Luo, P., Tresini, M., Cristofalo, V., Chen, X., Saulewicz, A., Gray, M. D.,
Banker, D. E., Klingelhutz, A. L., Ohtsubo, M., Takihara, Y., and Norwood,
T. H. Immortalization in a normal foreskin fibroblast culture following

transduction of cyclin A2 or cdkl genes in retroviral vectors. Exp.Cell Res.,

294: 406-419, 2004.

Nakabayashi, K., Ogata, T., Fujii, M., Tahara, H., Ide, T., Wadhwa, R., Kaul,
S. C., Mitsui, Y., and Ayusawa, D. Decrease in amplified telomeric sequences
and induction of senescence markers by introduction of human chromosome 7

or its segments in SUSM-1. Exp.Cell Res., 235: 345-353, 1997.

Sugihara, S., Mihara, K., Marunouchi, T., Inoue, H., and Namba, M. Telomere
elongation observed in immortalized human fibroblasts by treatment with **Co

gamma rays or 4-nitroquinoline 1-oxide. Hum.Genet., 97: 1-6, 1996.

Sprung, C. N., Bryan, T. M., Reddel, R. R., and Murnane, J. P. Normal
telomere maintenance in immortal ataxia telangiectasia cell lines. Mutat.Res.,

379: 177-184, 1997.

Shay, J. W., Tomlinson, G., Piatyszek, M. A., and Gollahon, L. S.
Spontaneous in vitro immortalization of breast epithelial cells from a patient

with Li-Fraumeni syndrome. Mol.Cell.Biol., 75: 425-432, 1995.

Vogt, M., Haggblom, C., Yeargin, J., Christiansen-Weber, T., and Haas, M.

INK4 cipl
6 1

Independent induction of senescence by p/ and p2 in spontaneously

immortalized human fibroblasts. Cell Growth Differ., 9: 139-146, 1998.

8-273



92.

93.

94.

95.

96.

97.

98.

Gollahon, L. S., Kraus, E., Wu, T. A., Yim, S. O., Strong, L. C., Shay, J. W.,
and Tainsky, M. A. Telomerase activity during spontaneous immortalization

of Li-Fraumeni syndrome skin fibroblasts. Oncogene, /7: 709-717, 1998.

Tsutsui, T., Fujino, T., Kodama, S., Tainsky, M. A., Boyd, J., and Barrett, J.
C. Aflatoxin B;-induced immortalization of cultured skin fibroblasts from a

patient with Li-Fraumeni syndrome. Carcinogenesis, /6: 25-34, 1995.

Tsutsui, T., Tanaka, Y., Matsudo, Y., Hasegawa, K., Fujino, T., Kodama, S.,
and Barrett, J. C. Extended lifespan and immortalization of human fibroblasts

induced by X-ray irradiation. Mol.Carcinog., /8: 7-18, 1997.

Fasching, C. L., Bower, K., and Reddel, R. R. Telomerase-independent
telomere length maintenance in the absence of ALT-associated PML bodies.

Cancer Res., 65: 2722-2729, 2005.

Scheel, C., Schaefer, K. L., Jauch, A., Keller, M., Wai, D., Brinkschmidt, C.,
van Valen, F., Boecker, W., Dockhorn-Dworniczak, B., and Poremba, C.
Alternative lengthening of telomeres is associated with chromosomal

instability in osteosarcomas. Oncogene, 20: 3835-3844, 2001.

Grobelny, J. V., Godwin, A. K., and Broccoli, D. ALT-associated PML bodies
are present in viable cells and are enriched in cells in the G,/M phase of the

cell cycle. J.Cell Sci., 113: 4577-4585, 2000.

Opitz, O. G., Suliman, Y., Hahn, W. C., Harada, H., Blum, H. E., and Rustgi,

A. K. Cyclin D1 overexpression and p53 inactivation immortalize primary oral

8-274



keratinocytes by a telomerase-independent mechanism. J.Clin.Invest., /08:

725-732,2001.

99. Harley, C. B., Futcher, A. B., and Greider, C. W. Telomeres shorten during

ageing of human fibroblasts. Nature, 345: 458-460, 1990.

100. Wright, W. E., Tesmer, V. M., Huffman, K. E., Levene, S. D., and Shay, J. W.
Normal human chromosomes have long G-rich telomeric overhangs at one

end. Genes Dev., 11: 2801-2809, 1997.

101. Martens, U. M., Chavez, E. A., Poon, S. S., Schmoor, C., and Lansdorp, P. M.
Accumulation of short telomeres in human fibroblasts prior to replicative

senescence. Exp.Cell Res., 256: 291-299, 2000.

102. Harley, C. B. Human ageing and telomeres. Ciba Found.Symp., 2/17: 129-144,

1997.

103. de Lange, T. Telomere dynamics and genome instability in human cancer. In
E. H. Blackburn and C. W. Greider (eds.), Telomeres, pp. 265-293. New

York: Cold Spring Harbor Laboratory Press, 1995.

104. Park, K. H., Rha, S. Y., Kim, C. H., Kim, T. S., Yoo, N. C., Kim, J. H., Roh, J.
K., Noh, S. H., Min, J. S, Lee, K. S., Kim, B. S., and Chung, H. C.
Telomerase activity and telomere lengths in various cell lines: changes of

telomerase activity can be another method for chemosensitivity evaluation.

Int.J.Oncol., 13: 489-495, 1998.

105. Lansdorp, P. M., Poon, S., Chavez, E., Dragowska, V., Zijlmans, M., Bryan,

T., Reddel, R., Egholm, M., Bacchetti, S., and Martens, U. Telomeres in the

8-275



hematopoietic system. /n D. J. Chadwick and G. Cardew (eds.), Telomeres
and Telomerase, 211 ed, pp. 209-218. West Sussex: John Wiley & Sons Ltd.,

1997.

106. Perrem, K., Colgin, L. M., Neumann, A. A., Yeager, T. R., and Reddel, R. R.
Coexistence of alternative lengthening of telomeres and telomerase in hTERT-

transfected GM847 cells. Mol.Cell.Biol., 27: 3862-3875, 2001.

107. Ogino, H., Nakabayashi, K., Suzuki, M., Takahashi, E. L., Fujii, M., Suzuki,
T., and Ayusawa, D. Release of telomeric DNA from chromosomes in
immortal human cells lacking telomerase activity.

Biochem.Biophys.Res.Commun., 248: 223-227, 1998.

108. Cesare, A. J. and Griffith, J. D. Telomeric DNA in ALT cells is characterized
by free telomeric circles and heterogeneous T-loops. Mol.Cell.Biol., 24: 9948-

9957, 2004.

109. Wang, R. C., Smogorzewska, A., and de Lange, T. Homologous
recombination generates T-loop-sized deletions at human telomeres. Cell, 7/9:

355-368, 2004.

110. Cerone, M. A., Autexier, C., Londono-Vallejo, J. A., and Bacchetti, S. A
human cell line that maintains telomeres in the absence of telomerase and of

key markers of ALT. Oncogene, 24: 7893-78901, 2005.

111. Sugimoto, M., Ide, T., Goto, M., and Furuichi, Y. Reconsideration of

senescence, immortalization and telomere maintenance of Epstein-Barr virus-

8-276



transformed human B-lymphoblastoid cell lines. Mech.Ageing Dev., 107: 51-

60, 1999.

112. Hande, M. P., Balajee, A. S., Tchirkov, A., Wynshaw-Boris, A., and
Lansdorp, P. M. Extra-chromosomal telomeric DNA in cells from Atm™" mice

and patients with ataxia-telangiectasia. Hum.Mol.Genet., /0: 519-528, 2001.

113. Metcalfe, J. A., Parkhill, J., Campbell, L., Stacey, M., Biggs, P., Byrd, P. J.,
and Taylor, A. M. Accelerated telomere shortening in ataxia telangiectasia.

Nat.Genet., /3: 350-353, 1996.

114. Li, B. and Lustig, A. J. A novel mechanism for telomere size control in

Saccharomyces cerevisiae. Genes Dev., 10: 1310-1326, 1996.

115. Bucholc, M., Park, Y., and Lustig, A. J. Intrachromatid excision of telomeric
DNA as a mechanism for telomere size control in Saccharomyces cerevisiae.

Mol.Cell.Biol., 21: 6559-6573, 2001.

116. Meyne, J., Goodwin, E. H., and Moyzis, R. K. Chromosome localization and
orientation of the simple sequence repeat of human satellite I DNA.

Chromosoma, 703: 99-103, 1994,

117. Londono-Vallejo, J. A., Der-Sarkissian, H., Cazes, L., Bacchetti, S., and
Reddel, R. R. Alternative lengthening of telomeres is characterized by high

rates of telomeric exchange. Cancer Res., 64: 2324-2327, 2004.

118. Bechter, O. E., Zou, Y., Walker, W., Wright, W. E., and Shay, J. W.
Telomeric recombination in mismatch repair deficient human colon cancer

cells after telomerase inhibition. Cancer Res., 64: 3444-3451, 2004.

8-277



119.

120.

121.

122.

123.

124.

Bailey, S. M., Brenneman, M. A., and Goodwin, E. H. Frequent recombination
in telomeric DNA may extend the proliferative life of telomerase-negative

cells. Nucleic Acids Res., 32: 3743-3751, 2004.

Muntoni, A. and Reddel, R. R. The first molecular details of ALT in human

tumor cells. Hum.Mol.Genet., /4 Suppl 2: R191-R196, 2005.

Jeyapalan, J. N., Varley, H., Foxon, J. L., Pollock, R. E., Jeffreys, A. J.,
Henson, J. D., Reddel, R. R., and Royle, N. J. Activation of the ALT pathway
for telomere maintenance can affect other sequences in the human genome.

Hum.Mol.Genet., 14: 1785-1794, 2005.

Tsutsui, T., Kumakura, S., Tamura, Y., Tsutsui, T. W., Sekiguchi, M.,
Higuchi, T., and Barrett, J. C. Immortal, telomerase-negative cell lines derived
from a Li-Fraumeni syndrome patient exhibit telomere length variability and
chromosomal and minisatellite instabilities. Carcinogenesis, 24: 953-965,

2003.

Coggins, L. W., O'Prey, M., and Akhter, S. Intrahelical pseudoknots and
interhelical associations mediated by mispaired human minisatellite DNA

sequences in vitro. Gene, 121: 279-285, 1992.

Hodges, M., Tissot, C., Howe, K., Grimwade, D., and Freemont, P. S.
Structure, organization, and dynamics of promyelocytic leukemia protein

nuclear bodies. Am.J.Hum.Genet., 63: 297-304, 1998.

8-278



125. Maul, G. G., Negorev, D., Bell, P., and Ishov, A. M. Review: Properties and
assembly mechanisms of ND10, PML bodies, or PODs. J.Struct.Biol., /29:

278-287, 2000.

126. Zhong, S., Salomoni, P., and Pandolfi, P. P. The transcriptional role of PML

and the nuclear body. Nat.Cell Biol., 2: E85-E90, 2000.

127. Ruggero, D., Wang, Z. G., and Pandolfi, P. P. The puzzling multiple lives of

PML and its role in the genesis of cancer. BioEssays, 22: 827-835, 2000.

128. Borden, K. L. Pondering the promyelocytic leukemia protein (PML) puzzle:
possible functions for PML nuclear bodies. Mol.Cell.Biol., 22: 5259-5269,

2002.

129. Eskiw, C. H. and Bazett-Jones, D. P. The promyelocytic leukemia nuclear

body: sites of activity? Biochem.Cell Biol., §0: 301-310, 2002.

130. Wiesmeijer, K., Molenaar, C., Bekeer, I. M., Tanke, H. J., and Dirks, R. W.
Mobile foci of Sp100 do not contain PML: PML bodies are immobile but

PML and Sp100 proteins are not. J.Struct.Biol., /40: 180-188, 2002.

131. Wu, G., Jiang, X., Lee, W. H., and Chen, P. L. Assembly of functional ALT-
associated promyelocytic leukemia bodies requires Nijmegen breakage

syndrome 1. Cancer Res., 63: 2589-2595, 2003.

132. Wu, G., Lee, W. H., and Chen, P. L. NBS1 and TRF1 colocalize at
promyelocytic leukemia bodies during late S/G2 phrases in immortalized

telomerase-negative cells. Implication of NBS1 in alternative lengthening of

telomeres. J.Biol.Chem., 275: 30618-30622, 2000.

8-279



133. Zhu, X. D., Kuster, B., Mann, M., Petrini, J. H., and de Lange, T. Cell-cycle-
regulated association of RADS0/MRE11/NBS1 with TRF2 and human

telomeres. Nat.Genet., 25: 347-352, 2000.

134. Johnson, F. B., Marciniak, R. A., McVey, M., Stewart, S. A., Hahn, W. C.,
and Guarente, L. The Saccharomyces cerevisiae WRN homolog Sgslp

participates in telomere maintenance in cells lacking telomerase. EMBO J.,

20: 905-913, 2001.

135. Yankiwski, V., Marciniak, R. A., Guarente, L., and Neff, N. F. Nuclear
structure in normal and Bloom syndrome cells. Proc.Natl. Acad.Sci.USA, 97:

5214-5219, 2000.

136. Stavropoulos, D. J., Bradshaw, P. S., Li, X., Pasic, 1., Truong, K., Ikura, M.,
Ungrin, M., and Meyn, M. S. The Bloom syndrome helicase BLM interacts
with TRF2 in ALT cells and promotes telomeric DNA synthesis.

Hum.Mol.Genet., /7: 3135-3144, 2002.

137. Dantzer, F., Giraud-Panis, M. J., Jaco, 1., Ame, J. C., Schultz, 1., Blasco, M.,
Koering, C. E., Gilson, E., Menissier-De Murcia, J., de Murcia, G., and
Schreiber, V. Functional interaction between Poly(ADP-Ribose) Polymerase 2
(PARP-2) and TRF2: PARP activity negatively regulates TRF2.

Mol.Cell.Biol., 24: 1595-1607, 2004.

138. Tarsounas, M., Munoz, P., Claas, A., Smiraldo, P. G., Pittman, D. L., Blasco,
M. A., and West, S. C. Telomere maintenance requires the RAD51D

recombination/repair protein. Cell, /77: 337-347, 2004.

8-280



139. Moran-Jones, K., Wayman, L., Kennedy, D. D., Reddel, R. R., Sara, S., Snee,
M. J., and Smith, R. hnRNP A2, a potential ssDNA/RNA molecular adapter at

the telomere. Nucleic Acids Res., 33: 486-496, 2005.

140. Nabetani, A., Yokoyama, O., and Ishikawa, F. Localization of hRad9, hHusl,
hRadl and hRad17, and caffeine-sensitive DNA replication at ALT

(alternative lengthening of telomeres)-associated promyelocytic leukemia

body. J.Biol.Chem., 279: 25849-25857, 2004.

141. Silverman, J., Takai, H., Buonomo, S. B., Eisenhaber, F., and de Lange, T.
Human Rifl, ortholog of a yeast telomeric protein, is regulated by ATM and
53BP1 and functions in the S-phase checkpoint. Genes Dev., /8: 2108-2119,

2004.

142. Lallemand-Breitenbach, V., Zhu, J., Puvion, F., Koken, M., Honore, N.,
Doubeikovsky, A., Duprez, E., Pandolfi, P. P., Puvion, E., Freemont, P., and
de The, H. Role of promyelocytic leukemia (PML) sumolation in nuclear body
formation, 11S proteasome recruitment, and As;Os-induced PML or

PML/retinoic acid receptor o degradation. J.Exp.Med., /93: 1361-1372, 2001.

143. Bischof, O., Kim, S. H., Irving, J., Beresten, S., Ellis, N. A., and Campisi, J.
Regulation and localization of the bloom syndrome protein in response to

DNA damage. J.Cell Biol., /53: 367-380, 2001.

144. Tokutake, Y., Matsumoto, T., Watanabe, T., Maeda, S., Tahara, H., Sakamoto,
S., Niida, H., Sugimoto, M., Ide, T., and Furuichi, Y. Extra-chromosome
telomere repeat DNA in telomerase-negative immortalized cell lines.

Biochem.Biophys.Res.Commun., 247: 765-772, 1998.

8-281



145. Luderus, M. E., van Steensel, B., Chong, L., Sibon, O. C., Cremers, F. F., and
de Lange, T. Structure, subnuclear distribution, and nuclear matrix association

of the mammalian telomeric complex. J.Cell Biol., /135: 867-881, 1996.

146. van Steensel, B., Smogorzewska, A., and de Lange, T. TRF2 protects human

telomeres from end-to-end fusions. Cell, 92: 401-413, 1998.

147. Smogorzewska, A., van Steensel, B., Bianchi, A., Oelmann, S., Schaefer, M.
R., Schnapp, G., and de Lange, T. Control of human telomere length by TRF1

and TRF2. Mol.Cell.Biol., 20: 1659-1668, 2000.

148. Okabe, J., Eguchi, A., Masago, A., Hayakawa, T., and Nakanishi, M. TRF1 is
a critical trans-acting factor required for de novo telomere formation in human

cells. Hum.Mol.Genet., 9: 2639-2650, 2000.

149. de Lange, T. and Petrini, J. H. A new connection at human telomeres:
association of the Mrel1 complex with TRF2. Cold Spring

Harb.Symp.Quant.Biol., 65: 265-273, 2000.

150. Kishi, S., Wulf, G., Nakamura, M., and Lu, K. P. Telomeric protein
Pin2/TRF1 induces mitotic entry and apoptosis in cells with short telomeres

and is down-regulated in human breast tumors. Oncogene, 20: 1497-1508,

2001.

151. Yamada, M., Tsuji, N., Nakamura, M., Moriai, R., Kobayashi, D., Yagihashi,
A., and Watanabe, N. Down-regulation of TRF1, TRF2 and TIN2 genes is

important to maintain telomeric DNA for gastric cancers. Anticancer Res., 22:

3303-3307, 2002.

8-282



152. Zhou, X. Z., Perrem, K., and Lu, K. P. Role of Pin2/TRF1 in telomere

maintenance and cell cycle control. J.Cell.Biochem., §9: 19-37, 2003.

153. Karlseder, J., Hoke, K., Mirzoeva, O. K., Bakkenist, C., Kastan, M. B., Petrini,
J. H., and de Lange, T. The telomeric protein TRF2 binds the ATM kinase and
can inhibit the ATM-Dependent DNA damage response. PLoS.Biol., 2: E240,

2004.

154. Bradshaw, P. S., Stavropoulos, D. J., and Meyn, M. S. Human telomeric
protein TRF2 associates with genomic double-strand breaks as an early

response to DNA damage. Nat.Genet., 37: 193-197, 2005.

155. Tanaka, H., Mendonca, M. S., Bradshaw, P. S., Hoelz, D. J., Malkas, L. H.,
Meyn, M. S., and Gilley, D. DNA damage-induced phosphorylation of the
human telomere-associated protein TRF2. Proc.Natl.Acad.Sci.USA, 7102:

15539-15544, 2005.

156. Muftuoglu, M., Wong, H. K., Imam, S. Z., Wilson, D. M., III, Bohr, V. A.,
and Opresko, P. L. Telomere repeat binding factor 2 interacts with base
excision repair proteins and stimulates DNA synthesis by DNA polymerase

{beta}. Cancer Res., 66: 113-124, 2006.

157. Smogorzewska, A. and de Lange, T. Regulation of telomerase by telomeric

proteins. Annu.Rev.Biochem., 73: 177-208, 2004.

158. Lombard, D. B. and Guarente, L. Nijmegen breakage syndrome disease
protein and MREI11 at PML nuclear bodies and meiotic telomeres. Cancer

Res., 60: 2331-2334, 2000.

8-283



159. Thompson, L. H. and Schild, D. Homologous recombinational repair of DNA

ensures mammalian chromosome stability. Mutat.Res., 477: 131-153, 2001.

160. Ranganathan, V., Heine, W. F., Ciccone, D. N., Rudolph, K. L., Wu, X,
Chang, S., Hai, H., Ahearn, I. M., Livingston, D. M., Resnick, I., Rosen, F.,
Seemanova, E., Jarolim, P., DePinho, R. A., and Weaver, D. T. Rescue of a
telomere length defect of Nijmegen breakage syndrome cells requires NBS

and telomerase catalytic subunit. Curr.Biol., //: 962-966, 2001.

161. Shore, D. Telomeric chromatin: replicating and wrapping up chromosome

ends. Curr.Opin.Genet.Dev., /1: 189-198, 2001.

162. Kreuzer, K. N. Recombination-dependent DNA replication in phage T4.

Trends Biochem.Sci., 25: 165-173, 2000.

163. Lavin, M. F. The Mrell complex and ATM: a two-way functional interaction
in recognising and signaling DNA double strand breaks. DNA Repair (Amst.),

3: 1515-1520, 2004.

164. Wiltzius, J. J., Hohl, M., Fleming, J. C., and Petrini, J. H. The Rad50 hook
domain is a critical determinant of Mrell complex functions.

Nat.Struct.Mol.Biol., /2: 403-407, 2005.

165. Chai, W., Sfeir, A. J., Hoshiyama, H., Shay, J. W., and Wright, W. E. The
involvement of the Mrel1/Rad50/Nbs1 complex in the generation of G-

overhangs at human telomeres. EMBO Rep., 7: 225-230, 2006.

8-284



166. Huang, P. H., Pryde, F. E., Lester, D., Maddison, R. L., Borts, R. H., Hickson,
I. D., and Louis, E. J. SGS1 is required for telomere elongation in the absence

of telomerase. Curr.Biol., 77: 125-129, 2001.

167. Wu, L., Davies, S. L., Levitt, N. C., and Hickson, I. D. Potential role for the
BLM helicase in recombinational repair via a conserved interaction with

RADS1. J.Biol.Chem., 276: 19375-19381, 2001.

168. Opresko, P. L., Von Kobbe, C., Laine, J. P., Harrigan, J., Hickson, I. D., and
Bohr, V. A. Telomere binding protein TRF2 binds to and stimulates the
Werner and Bloom syndrome helicases. J.Biol.Chem., 277: 41110-41119,

2002.

169. Hickson, I. D. RecQ helicases: caretakers of the genome. Nat.Rev.Cancer, 3:

169-178, 2003.

170. Machwe, A., Xiao, L., and Orren, D. K. TRF2 recruits the Werner syndrome
(WRN) exonuclease for processing of telomeric DNA. Oncogene, 23: 149-

156, 2004.

171. Opresko, P. L., Otterlei, M., Graakjaer, J., Bruheim, P., Dawut, L., Kolvraa,
S., May, A., Seidman, M. M., and Bohr, V. A. The Werner syndrome helicase
and exonuclease cooperate to resolve telomeric D loops in a manner regulated

by TRF1 and TRF2. Mol.Cell, 14: 763-774, 2004.

172. Crabbe, L., Verdun, R. E., Haggblom, C. 1., and Karlseder, J. Defective
telomere lagging strand synthesis in cells lacking WRN helicase activity.

Science, 306: 1951-1953, 2004.

8-285



173. Cheok, C. F., Bachrati, C. Z., Chan, K. L., Ralf, C., Wu, L., and Hickson, I. D.
Roles of the Bloom's syndrome helicase in the maintenance of genome

stability. Biochem.Soc.Trans., 33: 1456-1459, 2005.

174. Malanga, M. and Althaus, F. R. Poly(ADP-ribose) reactivates stalled DNA
topoisomerase I and Induces DNA strand break resealing. J.Biol.Chem., 279:

5244-5248, 2004.

175. Reardon, J. T. and Sancar, A. Nucleotide excision repair. Prog.Nucleic Acid

Res.Mol.Biol., 79: 183-235, 2005.

176. Lundblad, V. and Blackburn, E. H. An alternative pathway for yeast telomere

maintenance rescues est/” senescence. Cell, 73: 347-360, 1993.

177. Le, S., Moore, J. K., Haber, J. E., and Greider, C. W. RAD50 and RAD51
define two pathways that collaborate to maintain telomeres in the absence of

telomerase. Genetics, 152: 143-152, 1999.

178. Liu, Y. and Maizels, N. Coordinated response of mammalian Rad51 and

Rad52 to DNA damage. EMBO Rep., /: 85-90, 2000.

179. Park, P. U., Defossez, P. A., and Guarente, L. Effects of mutations in DNA
repair genes on formation of ribosomal DNA circles and life span in

Saccharomyces cerevisiae. Mol.Cell.Biol., 19: 3848-3856, 1999.

180. Teng, S. C., Chang, J., McCowan, B., and Zakian, V. A. Telomerase-
independent lengthening of yeast telomeres occurs by an abrupt Rad50p-

dependent, Rif-inhibited recombinational process. Mol.Cell, 6: 947-952, 2000.

8-286



181.

182.

183.

184.

185.

186.

187.

Sugawara, N., Ivanov, E. L., Fishman-Lobell, J., Ray, B. L., Wu, X., and
Haber, J. E. DNA structure-dependent requirements for yeast RAD genes in

gene conversion. Nature, 373: 84-86, 1995.

Liu, Y., Masson, J. Y., Shah, R., O'Regan, P., and West, S. C. RAD51C is
required for Holliday junction processing in mammalian cells. Science, 303:

243-246, 2004.

Yokoyama, H., Sarai, N., Kagawa, W., Enomoto, R., Shibata, T., Kurumizaka,
H., and Yokoyama, S. Preferential binding to branched DNA strands and
strand-annealing activity of the human Rad51B, Rad51C, Rad51D and Xrcc2

protein complex. Nucleic Acids Res., 32: 2556-2565, 2004.

Smith, J., Zou, H., and Rothstein, R. Characterization of genetic interactions
with RFAI: The role of RPA in DNA replication and telomere maintenance.

Biochimie, 82: 71-78, 2000.

Wold, M. S. Replication protein A: a heterotrimeric, single-stranded DNA -
binding protein required for eukaryotic DNA metabolism.

Annu.Rev.Biochem., 66: 61-92, 1997.

Schramke, V., Luciano, P., Brevet, V., Guillot, S., Corda, Y., Longhese, M. P.,
Gilson, E., and Geli, V. RPA regulates telomerase action by providing Estlp

access to chromosome ends. Nat.Genet., 36: 46-54, 2004.

Moynahan, M. E., Chiu, J. W., Koller, B. H., and Jasin, M. Brcal controls

homology-directed DNA repair. Mol.Cell, 4: 511-518, 1999.

8-287



188. Zhong, Q., Chen, C. F., Li, S., Chen, Y., Wang, C. C., Xiao, J., Chen, P. L.,
Sharp, Z. D., and Lee, W. H. Association of BRCA1 with the hRad50-
hMrel1-p95 complex and the DNA damage response. Science, 285: 747-750,

1999.

189. Zhong, Q., Chen, C. F., Chen, P. L., and Lee, W. H. BRCA1 facilitates micro-
homology mediated end-joining of DNA double-strand breaks. J.Biol.Chem.,

277:28641-28647, 2002.

190. Hartman, A. R. and Ford, J. M. BRCA1 induces DNA damage recognition
factors and enhances nucleotide excision repair. Nat.Genet., 32: 180-184,

2002.

191. McPherson, J. P., Hande, M. P., Poonepalli, A., Lemmers, B., Zablocki, E.,
Migon, E., Shehabeldin, A., Porras, A., Karaskova, J., Vukovic, B., Squire, J.,

and Hakem, R. A role for Brcal in chromosome end maintenance.

Hum.Mol.Genet., /5: 831-838, 2006.

192. Pandita, R. K., Sharma, G. G., Laszlo, A., Hopkins, K. M., Davey, S.,
Chakhparonian, M., Gupta, A., Wellinger, R. J., Zhang, J., Powell, S. N., Roti
Roti, J. L., Lieberman, H. B., and Pandita, T. K. Mammalian rad9 plays a role
in telomere stability, s- and g2-phase-specific cell survival, and homologous

recombinational repair. Mol.Cell.Biol., 26: 1850-1864, 2006.

193. Fernandez-Capetillo, O., Liebe, B., Scherthan, H., and Nussenzweig, A.

H2AX regulates meiotic telomere clustering. J.Cell Biol., /163: 15-20, 2003.

8-288



194.

195.

196.

197.

198.

199.

200.

201.

Nussenzweig, A. and Paull, T. DNA repair: tails of histones lost. Nature, 439:

406-407, 2006.

Ford, L. P., Wright, W. E., and Shay, J. W. A model for heterogeneous nuclear
ribonucleoproteins in telomere and telomerase regulation. Oncogene, 217: 580-

583, 2002.

Dreyfuss, G., Kim, V. N., and Kataoka, N. Messenger-RNA-binding proteins

and the messages they carry. Nat.Rev.Mol.Cell Biol., 3: 195-205, 2002.

Vera, J., Jaumot, M., Estanyol, J. M., Brun, S., Agell, N., and Bachs, O.
Heterogeneous nuclear ribonucleoprotein A2 is a SET-binding protein and a

PP2A inhibitor. Oncogene, 25: 260-270, 2006.

Bechter, O. E., Zou, Y., Shay, J. W., and Wright, W. E. Homologous
recombination in human telomerase-positive and ALT cells occurs with the

same frequency. EMBO Rep., 4: 1138-1143, 2003.

Varley, H., Pickett, H. A., Foxon, J. L., Reddel, R. R., and Royle, N. J.
Molecular characterization of inter-telomere and intra-telomere mutations in

human ALT cells. Nat.Genet., 30: 301-305, 2002.

Yamazaki, H., Nomoto, S., Mishima, Y., and Kominami, R. A 35-kDa protein
binding to a cytosine-rich strand of hypervariable minisatellite DNA.

J.Biol.Chem., 267: 12311-12316, 1992.

Collick, A., Dunn, M. G., and Jeffreys, A. J. Minisatellite binding protein
Msbp-1 is a sequence-specific single-stranded DNA-binding protein. Nucleic

Acids Res., 19: 6399-6404, 1991.

8-289



202.

203.

204.

205.

206.

207.

208.

Petersen, S., Saretzki, G., and Von Zglinicki, T. Preferential accumulation of
single-stranded regions in telomeres of human fibroblasts. Exp.Cell Res., 239:

152-160, 1998.

Roth, C. W., Kobeski, F., Walter, M. F., and Biessmann, H. Chromosome end
elongation by recombination in the mosquito Anopheles gambiae.

Mol.Cell.Biol., 17: 5176-5183, 1997.

Nosek, J., Tomaska, L., Fukuhara, H., Suyama, Y., and Kovac, L. Linear
mitochondrial genomes: 30 years down the line. Trends Genet., /4: 184-188,

1998.

Teng, S. C. and Zakian, V. A. Telomere-telomere recombination is an efficient

bypass pathway for telomere maintenance in Saccharomyces cerevisiae.

Mol.Cell.Biol., 79: 8083-8093, 1999.

McEachern, M. J. and Blackburn, E. H. Cap-prevented recombination between
terminal telomeric repeat arrays (telomere CPR) maintains telomeres in

Kluyveromyces lactis lacking telomerase. Genes Dev., 10: 1822-1834, 1996.

Groff-Vindman, C., Cesare, A. J., Natarajan, S., Griffith, J. D., and
McEachern, M. J. Recombination at long mutant telomeres produces tiny
single- and double-stranded telomeric circles. Mol.Cell.Biol., 25: 4406-4412,

2005.

Nosek, J., Rycovska, A., Makhov, A. M., Griffith, J. D., and Tomaska, L.
Amplification of telomeric arrays via rolling-circle mechanism. J.Biol.Chem.,

280: 10840-10845, 2005.

8-290



209.

210.

211.

212.

213.

214.

215.

216.

Reddel, R. R., Bryan, T. M., and Murnane, J. P. Immortalized cells with no
detectable telomerase activity. A review. Biochemistry (Mosc.), 62: 1254-

1262, 1997.

Baumann, P. and Cech, T. R. Potl, the putative telomere end-binding protein

in fission yeast and humans. Science, 292: 1171-1175, 2001.

McEachern, M. J. Recombinational telomere elongation in the yeast K. lactis.
In G. Krupp (ed.), Telomeres and telomerases: Cancer and biology, pp. 1-12.

Georgetown, TX, USA: Landes Bioscience, 2001.

Tomaska, L., Nosek, J., Makhov, A. M., Pastorakova, A., and Griffith, J. D.
Extragenomic double-stranded DNA circles in yeast with linear mitochondrial

genomes: potential involvement in telomere maintenance. Nucleic Acids Res.,

28:4479-4487, 2000.

Regev, A., Cohen, S., Cohen, E., Bar-Am, 1., and Lavi, S. Telomeric repeats
on small polydisperse circular DNA (spcDNA) and genomic instability.

Oncogene, /7: 3455-3461, 1998.

Cohen, S., Regev, A., and Lavi, S. Small polydispersed circular DNA
(spcDNA) in human cells: Association with genomic instability. Oncogene,

14:977-985, 1997.

Wahl, G. M. The importance of circular DNA in mammalian gene

amplification. Cancer Res., 49: 1333-1340, 1989.

Sinclair, D. A. and Guarente, L. Extrachromosomal rDNA circles -- a cause of

aging in yeast. Cell, 97: 1033-1042, 1997.

8-291



217.

218.

219.

220.

221.

222.

Takata, M., Sasaki, M. S., Sonoda, E., Morrison, C., Hashimoto, M., Utsumi,
H., Yamaguchi-Iwai, Y., Shinohara, A., and Takeda, S. Homologous
recombination and non-homologous end-joining pathways of DNA double-
strand break repair have overlapping roles in the maintenance of chromosomal

integrity in vertebrate cells. EMBO J., 17: 5497-5508, 1998.

Kilian, A., Bowtell, D. D., Abud, H. E., Hime, G. R., Venter, D. J., Keese, P.
K., Duncan, E. L., Reddel, R. R., and Jefferson, R. A. Isolation of a candidate
human telomerase catalytic subunit gene, which reveals complex splicing

patterns in different cell types. Hum.Mol.Genet., 6: 2011-2019, 1997.

Bryan, T. M., Marusic, L., Bacchetti, S., Namba, M., and Reddel, R. R. The
telomere lengthening mechanism in telomerase-negative immortal human cells
does not involve the telomerase RNA subunit. Hum.Mol.Genet., 6: 921-926,

1997.

Dessain, S. K., Yu, H., Reddel, R. R., Beijersbergen, R. L., and Weinberg, R.
A. Methylation of the human telomerase gene CpG island. Cancer Res., 60:

537-541, 2000.

Hoare, S. F., Bryce, L. A., Wisman, G. B., Burns, S., Going, J. J., van der Zee,
A. G., and Keith, W. N. Lack of telomerase RNA gene h/TERC expression in
alternative lengthening of telomeres cells is associated with methylation of the

hTERC promoter. Cancer Res., 67: 27-32, 2001.

Atkinson, S. P., Hoare, S. F., Glasspool, R. M., and Keith, W. N. Lack of

telomerase gene expression in alternative lengthening of telomere cells is

8-292



223.

224.

225.

226.

227.

228.

associated with chromatin remodeling of the hTR and hTERT gene promoters.

Cancer Res., 65: 7585-7590, 2005.

Sanders, S. L., Portoso, M., Mata, J., Bahler, J., Allshire, R. C., and
Kouzarides, T. Methylation of histone H4 lysine 20 controls recruitment of

Crb2 to sites of DNA damage. Cell, /79: 603-614, 2004.

Wen, J., Cong, Y. S., and Bacchetti, S. Reconstitution of wild-type or mutant
telomerase activity in telomerase negative immortal human cells.

Hum.Mol.Genet., 7: 1137-1141, 1998.

Cerone, M. A., Londono-Vallejo, J. A., and Bacchetti, S. Telomere
maintenance by telomerase and by recombination can coexist in human cells.

Hum.Mol.Genet., 10: 1945-1952, 2001.

Grobelny, J. V., Kulp-McEliece, M., and Broccoli, D. Effects of reconstitution
of telomerase activity on telomere maintenance by the alternative lengthening

of telomeres (ALT) pathway. Hum.Mol.Genet., 710: 1953-1961, 2001.

Ford, L. P., Zou, Y., Pongracz, K., Gryaznov, S. M., Shay, J. W., and Wright,
W. E. Telomerase can inhibit the recombination-based pathway of telomere

maintenance in human cells. J.Biol.Chem., 276: 32198-32203, 2001.

Bryan, T. M., Englezou, A., Dunham, M. A., and Reddel, R. R. Telomere
length dynamics in telomerase-positive immortal human cell populations.

Exp.Cell Res., 239: 370-378, 1998.

8-293



229. Pereira-Smith, O. M. and Smith, J. R. Genetic analysis of indefinite division in
human cells: identification of four complementation groups.

Proc.Natl.Acad.Sci.USA, 85: 6042-6046, 1988.

230. Perrem, K., Bryan, T. M., Englezou, A., Hackl, T., Moy, E. L., and Reddel, R.
R. Repression of an alternative mechanism for lengthening of telomeres in

somatic cell hybrids. Oncogene, /8: 3383-3390, 1999.

231. Katoh, M., Katoh, M., Kameyama, M., Kugoh, H., Shimizu, M., and
Oshimura, M. A repressor function for telomerase activity in telomerase-

negative immortal cells. Mol.Carcinog., 217: 17-25, 1998.

232. Whitaker, N. J., Bryan, T. M., Bonnefin, P., Chang, A. C., Musgrove, E. A.,
Braithwaite, A. W., and Reddel, R. R. Involvement of RB-1, p53, p16INK4 and

telomerase in immortalisation of human cells. Oncogene, /1: 971-976, 1995.

233. Ogata, T., Ayusawa, D., Namba, M., Takahashi, E., Oshimura, M., and Oishi,
M. Chromosome 7 suppresses indefinite division of nontumorigenic
immortalized human fibroblast cell lines KMST-6 and SUSM-1.

Mol.Cell.Biol., 13: 6036-6043, 1993.

234. Ogata, T., Oshimura, M., Namba, M., Fujii, M., Oishi, M., and Ayusawa, D.
Genetic complementation of the immortal phenotype in group D cell lines by

introduction of chromosome 7. Jpn.J.Cancer Res., §6: 35-40, 1995.

235. Shen, Z., Pardington-Purtymun, P. E., Comeaux, J. C., Moyzis, R. K., and
Chen, D. J. UBLI, a human ubiquitin-like protein associating with human

RADS51/RADS2 proteins. Genomics, 36: 271-279, 1996.

8-294



236. Tanaka, K., Nishide, J., Okazaki, K., Kato, H., Niwa, O., Nakagawa, T.,
Matsuda, H., Kawamukai, M., and Murakami, Y. Characterization of a fission
yeast SUMO-1 homologue, Pmt3p, required for multiple nuclear events,
including the control of telomere length and chromosome segregation.

Mol.Cell.Biol., 19: 8660-8672, 1999.

237. Yeh, E. T., Gong, L., and Kamitani, T. Ubiquitin-like proteins: new wines in

new bottles. Gene, 248: 1-14, 2000.

238. Thompson, L. H. and Schild, D. Recombinational DNA repair and human

disease. Mutat.Res., 509: 49-78, 2002.

239. Lillard-Wetherell, K., Machwe, A., Langland, G. T., Combs, K. A.,
Behbehani, G. K., Schonberg, S. A., German, J., Turchi, J. J., Orren, D. K.,
and Groden, J. Association and regulation of the BLM helicase by the

telomere proteins TRF1 and TRF2. Hum.Mol.Genet., /3: 1919-1932, 2004.

240. Opresko, P. L., Mason, P. A., Podell, E. R., Lei, M., Hickson, I. D., Cech, T.
R., and Bohr, V. A. POT1 stimulates recQ helicases WRN and BLM to

unwind telomeric DNA substrates. J.Biol.Chem., 280: 32069-32080, 2005.

241. Petkovic, M., Dietschy, T., Freire, R., Jiao, R., and Stagljar, I. The human
Rothmund-Thomson syndrome gene product, RECQLA4, localizes to distinct

nuclear foci that coincide with proteins involved in the maintenance of

genome stability. J.Cell Sci., 118: 4261-4269, 2005.

242. Sangrithi, M. N., Bernal, J. A., Madine, M., Philpott, A., Lee, J., Dunphy, W.

G., and Venkitaraman, A. R. Initiation of DNA replication requires the

8-295



RECQLA4 protein mutated in Rothmund-Thomson syndrome. Cell, /21: 887-

898, 2005.

243. Monnat, R. J., Jr. Cancer pathogenesis in the human RecQ helicase
definciency syndromes. Gann Monograph on Cancer Research No. 49, pp. 83-

94. Tokyo: Japan Scientific Societies Press, 2001.

244. Tommerup, H., Dousmanis, A., and de Lange, T. Unusual chromatin in human

telomeres. Mol.Cell.Biol., 14: 5777-5785, 1994.

245. Blasco, M. A. Telomere epigenetics: a higher-order control of telomere length

in mammalian cells. Carcinogenesis, 25: 1083-1087, 2004.

246. Garcia-Cao, M., Gonzalo, S., Dean, D., and Blasco, M. A. A role for the Rb
family of proteins in controlling telomere length. Nat.Genet., 32: 415-419,

2002.

247. GQGarcia-Cao, M., O'Sullivan, R., Peters, A. H., Jenuwein, T., and Blasco, M. A.
Epigenetic regulation of telomere length in mammalian cells by the Suv39hl

and Suv39h2 histone methyltransferases. Nat.Genet., 36: 94-99, 2004.

248. Gonzalo, S., Garcia-Cao, M., Fraga, M. F., Schotta, G., Peters, A. H., Cotter,
S. E., Eguia, R., Dean, D. C., Esteller, M., Jenuwein, T., and Blasco, M. A.
Role of the RB1 family in stabilizing histone methylation at constitutive

heterochromatin. Nat.Cell Biol., 7: 420-428, 2005.

249. Helt, A. M. and Galloway, D. A. Mechanisms by which DNA tumor virus
oncoproteins target the Rb family of pocket proteins. Carcinogenesis, 24: 159-

169, 2003.

8-296



250. Downs, J. A., Kosmidou, E., Morgan, A., and Jackson, S. P. Suppression of
homologous recombination by the Saccharomyces cerevisiae linker histone.

Mol.Cell, /1: 1685-1692, 2003.

251. Savitsky, M., Kravchuk, O., Melnikova, L., and Georgiev, P. Heterochromatin
protein 1 is involved in control of telomere elongation in Drosophila

melanogaster. Mol.Cell.Biol., 22: 3204-3218, 2002.

252. Cenci, G., Siriaco, G., Raffa, G. D., Kellum, R., and Gatti, M. The Drosophila

HOAP protein is required for telomere capping. Nat.Cell Biol., 5: 82-84, 2003.

253. Noma, K., Allis, C. D., and Grewal, S. I. Transitions in distinct histone H3
methylation patterns at the heterochromatin domain boundaries. Science, 293:

1150-1155, 2001.

254. Opresko, P. L., Fan, J., Danzy, S., Wilson, D. M., III, and Bohr, V. A.
Oxidative damage in telomeric DNA disrupts recognition by TRF1 and TRF2.

Nucleic Acids Res., 33: 1230-1239, 2005.

255. Sengupta, S. and Harris, C. C. p53: traffic cop at the crossroads of DNA repair

and recombination. Nat.Rev.Mol.Cell Biol., 6: 44-55, 2005.

256. Kanaya, T., Kyo, S., Hamada, K., Takakura, M., Kitagawa, Y., Harada, H.,
and Inoue, M. Adenoviral expression of p53 represses telomerase activity

through down-regulation of human telomerase reverse transcriptase

transcription. Clin.Cancer Res., 6: 1239-1247, 2000.

257. Xu, D., Wang, Q., Gruber, A., Bjorkholm, M., Chen, Z., Zaid, A., Selivanova,

G., Peterson, C., Wiman, K. G., and Pisa, P. Downregulation of telomerase

8-297



258.

259.

260.

261.

262.

263.

reverse transcriptase mRNA expression by wild type p53 in human tumor

cells. Oncogene, 79: 5123-5133, 2000.

Razak, Z. R., Varkonyi, R. J., Kulp-McEliece, M., Caslini, C., Testa, J. R.,
Murphy, M. E., and Broccoli, D. p53 differentially inhibits cell growth
depending on the mechanism of telomere maintenance. Mol.Cell.Biol., 24:

5967-5977, 2004.

Varley, J. M. Germline TP53 mutations and Li-Fraumeni syndrome.

Hum.Mutat., 27: 313-320, 2003.

Warneford, S. G., Witton, L. J., Townsend, M. L., Rowe, P. B., Reddel, R.
Dalla-Pozza, L., and Symonds, G. Germ-line splicing mutation of the p53

gene in a cancer-prone family. Cell Growth Differ., 3: 839-846, 1992.

Herbert, B. S., Wright, A. C., Passons, C. M., Wright, W. E., Ali, I. U.,

Kopelovich, L., and Shay, J. W. Effects of chemopreventive and

R,

antitelomerase agents on the spontaneous immortalization of breast epithelial

cells. J.Natl.Cancer Inst., 93: 39-45, 2001.

Olivier, M., Goldgar, D. E., Sodha, N., Ohgaki, H., Kleihues, P., Hainaut, P.,

and Eeles, R. A. Li-Fraumeni and related syndromes: correlation between

tumor type, family structure, and TP53 genotype. Cancer Res., 63: 6643-6650,

2003.

Iwakuma, T., Lozano, G., and Flores, E. R. Li-Fraumeni syndrome: A p53

family affair. Cell Cycle, 4: 865-867, 2005.

8-298



264. Tong, W. M., Hande, M. P., Lansdorp, P. M., and Wang, Z. Q. DNA strand
break-sensing molecule poly(ADP-ribose) polymerase cooperates with p53 in
telomere function, chromosome stability, and tumor suppression.

Mol.Cell.Biol., 21: 4046-4054, 2001.

265. Rizki, A. and Lundblad, V. Defects in mismatch repair promote telomerase-

independent proliferation. Nature, 4/7: 713-716, 2001.

266. Jacob, S. and Praz, F. DNA mismatch repair defects: role in colorectal

carcinogenesis. Biochimie, §4: 27-47, 2002.

267. Counter, C. M., Hirte, H. W., Bacchetti, S., and Harley, C. B. Telomerase
activity in human ovarian carcinoma. Proc.Natl.Acad.Sci.USA, 91: 2900-

2904, 1994.

268. Kim, N. W., Piatyszek, M. A., Prowse, K. R., Harley, C. B., West, M. D., Ho,
P. L., Coviello, G. M., Wright, W. E., Weinrich, S. L., and Shay, J. W.
Specific association of human telomerase activity with immortal cells and

cancer. Science, 266: 2011-2015, 1994.

269. Gupta, J., Han, L. P., Wang, P., Gallie, B. L., and Bacchetti, S. Development
of retinoblastoma in the absence of telomerase activity. J.Natl.Cancer Inst., §8:

1152-1157, 1996.

270. Hakin-Smith, V., Jellinek, D. A., Levy, D., Carroll, T., Teo, M., Timperley,
W. R., McKay, M. J., Reddel, R. R., and Royds, J. A. Alternative lengthening
of telomeres and survival in patients with glioblastoma multiforme. Lancet,

361: 836-838, 2003.

8-299



271.

272.

273.

274.

275.

276.

Ulaner, G. A., Huang, H. Y., Otero, J., Zhao, Z., Ben-Porat, L., Satagopan, J.
M., Gorlick, R., Meyers, P., Healey, J. H., Huvos, A. G., Hoffman, A. R., and
Ladanyi, M. Absence of a telomere maintenance mechanism as a favorable

prognostic factor in patients with osteosarcoma. Cancer Res., 63: 1759-1763,

2003.

Shay, J. W. and Bacchetti, S. A survey of telomerase activity in human cancer.

Eur.J.Cancer, 33: 787-791, 1997.

Tahara, H., Kuniyasu, H., Yokozaki, H., Yasui, W., Shay, J. W., Ide, T., and
Tahara, E. Telomerase activity in preneoplastic and neoplastic gastric

colorectal lesions. Clin.Cancer Res., /: 1245-1251, 1995.

Chadeneau, C., Hay, K., Hirte, H. W., Gallinger, S., and Bacchetti, S.
Telomerase activity associated with acquisition of malignancy in human

colorectal cancer. Cancer Res., 55: 2533-2536, 1995.

Li, Z. H., Salovaara, R., Aaltonen, L. A., and Shibata, D. Telomerase activity
is commonly detected in hereditary nonpolyposis colorectal cancers.

Am.J.Pathol., 748: 1075-1079, 1996.

Yoshida, K., Sugino, T., Goodison, S., Warren, B. F., Nolan, D., Wadsworth,
S., Mortensen, N. J., Toge, T., and Tarin, D. Detection of telomerase activity

in exfoliated cancer cells in colonic luminal washings and its related clinical

implications. Br.J.Cancer, 75: 548-553, 1997.

8-300



277. Ghori, A., Usselmann, B., Ferryman, S., Morris, A., and Fraser, I. Telomerase
expression of malignant epithelial cells correlates with Dukes' stage in

colorectal cancer. Colorectal Dis., 4: 441-446, 2002.

278. Sanz-Casla, M. T., Vidaurreta, M., Sanchez-Rueda, D., Maestro, M. L.,
Arroyo, M., and Cerdan, F. J. Telomerase activity as a prognostic factor in

colorectal cancer. Onkologie, 28: 553-557, 2005.

279. Iida, A., Yamaguchi, A., and Hirose, K. Telomerase activity in colorectal
cancer and its relationship to bcl-2 expression. J.Surg.Oncol., 73: 219-223,

2000.

280. Katayama, S., Shiota, G., Oshimura, M., and Kawasaki, H. Clinical usefulness
of telomerase activity and telomere length in the preoperative diagnosis of

gastric and colorectal cancer. J.Cancer Res.Clin.Oncol., 125: 405-410, 1999.

281. Brown, T., Aldous, W., Lance, R., Blaser, J., Baker, T., and Williard, W. The
association between telomerase, p53, and clinical staging in colorectal cancer.

Am.J.Surg., 175: 364-366, 1998.

282. Engelhardt, M., Drullinsky, P., Guillem, J., and Moore, M. A. Telomerase and
telomere length in the development and progression of premalignant lesions to

colorectal cancer. Clin.Cancer Res., 3: 1931-1941, 1997.

283. Unate, H., Ikeguchi, M., Kaibara, N., Okamura, D., Nishihara, S., Katoh, M.,
and Oshimura, M. Telomerase activity and microsatellite instability in

colorectal cancer and adenoma. Int.J.Oncol., /3: 1223-1228, 1998.

8-301



284. Fang, D. C., Young, J., Luo, Y. H., Lu, R., and Jass, J. Detection of telomerase
activity in biopsy samples of colorectal cancer. J.Gastroenterol.Hepatol., /4:

328-332, 1999.

285. Albanell, J., Lonardo, F., Rusch, V., Engelhardt, M., Langenfeld, J., Han, W.,
Klimstra, D., Venkatraman, E., Moore, M. A., and Dmitrovsky, E. High
telomerase activity in primary lung cancers: association with increased cell
proliferation rates and advanced pathologic stage. J.Natl.Cancer Inst., §9:

1609-1615, 1997.

286. Hirashima, T., Komiya, T., Nitta, T., Takada, Y., Kobayashi, M., Masuda, N.,
Matui, K., Takada, M., Kikui, M., Yasumitu, T., Ohno, A., Nakagawa, K.,
Fukuoka, M., and Kawase, 1. Prognostic significance of telomeric repeat
length alterations in pathological stage I-IIIA non-small cell lung cancer.

Anticancer Res., 20: 2181-2187, 2000.

287. Hiyama, K., Hiyama, E., Ishioka, S., Yamakido, M., Inai, K., Gazdar, A. F.,
Piatyszek, M. A., and Shay, J. W. Telomerase activity in small-cell and non-

small-cell lung cancers. J.Natl.Cancer Inst., §7: 895-902, 1995.

288. Komiya, T., Kawase, L., Nitta, T., Yasumitsu, T., Kikui, M., Fukuoka, M.,
Nakagawa, K., and Hirashima, T. Prognostic significance of hTERT

expression in non-small cell lung cancer. Int.J.Oncol., 76: 1173-1177, 2000.

289. Marchetti, A., Bertacca, G., Buttitta, F., Chella, A., Quattrocolo, G., Angeletti,
C. A., and Bevilacqua, G. Telomerase activity as a prognostic indicator in

stage I non-small cell lung cancer. Clin.Cancer Res., 5: 2077-2081, 1999.

8-302



290. Ohmura, Y., Aoe, M., Andou, A., and Shimizu, N. Telomerase activity and
Bcl-2 expression in non-small cell lung cancer. Clin.Cancer Res., 6: 2980-

2987, 2000.

291. Xinarianos, G., Scott, F. M., Liloglou, T., Prime, W., Callaghan, J., Gosney, J.
R., and Field, J. K. Telomerase activity in non-small cell lung carcinomas

correlates with smoking status. Int.J.Oncol., 75: 961-965, 1999.

292. Wu, X., Kemp, B., Amos, C. L., Honn, S. E., Zhang, W., Walsh, G. L., and
Spitz, M. R. Associations among telomerase activity, p53 protein
overexpression, and genetic instability in lung cancer. Br.J.Cancer, §0: 453-

457, 1999.

293. Hsu, C. P., Miaw, J., Hsia, J. Y., Shai, S. E., and Chen, C. Y. Concordant
expression of the telomerase-associated genes in non-small cell lung cancer.

Eur.J.Surg.Oncol., 29: 594-599, 2003.

294. Wu, T. C., Lin, P., Hsu, C. P., Huang, Y. J., Chen, C. Y., Chung, W. C., Lee,
H., and Ko, J. L. Loss of telomerase activity may be a potential favorable

prognostic marker in lung carcinomas. Lung Cancer, 4/: 163-169, 2003.

295. Hara, H., Yamashita, K., Shinada, J., Yoshimura, H., and Kameya, T.
Clinicopathologic significance of telomerase activity and hTERT mRNA

expression in non-small cell lung cancer. Lung Cancer, 34: 219-226, 2001.

296. Yan, P., Coindre, J. M., Benhattar, J., Bosman, F. T., and Guillou, L.

Telomerase activity and human telomerase reverse transcriptase mRNA

8-303



expression in soft tissue tumors: Correlation with grade, histology, and

proliferative activity. Cancer Res., 59: 3166-3170, 1999.

297. Yoo, J. and Robinson, R. A. Expression of telomerase activity and telomerase
RNA in human soft tissue sarcomas. Arch.Pathol.Lab.Med., /124: 393-397,

2000.

298. Schneider-Stock, R., Boltze, C., Jager, V., Epplen, J., Landt, O., Peters, B.,
Rys, J., and Roessner, A. Elevated telomerase activity, c-MYC-, and hTERT
mRNA expression: association with tumour progression in malignant

lipomatous tumours. J.Pathol., 799: 517-525, 2003.

299. Aogi, K., Woodman, A., Urquidi, V., Mangham, D. C., Tarin, D., and
Goodison, S. Telomerase activity in soft-tissue and bone sarcomas.

Clin.Cancer Res., 6: 4776-4781, 2000.

300. Bovee, J. V., van den Broek, L. J., Cleton-Jansen, A. M., and Hogendoorn, P.
C. Chondrosarcoma is not characterized by detectable telomerase activity.

J.Pathol., 7193: 354-360, 2001.

301. Sangiorgi, L., Gobbi, G. A., Lucarelli, E., Sartorio, S. M., Mordenti, M.,
Ghedini, I., Maini, V., Scrimieri, F., Reggiani, M., Bertoja, A. Z., Benassi, M.
S., and Picci, P. Presence of telomerase activity in different musculoskeletal
tumor histotypes and correlation with aggressiveness. Int.J.Cancer, 95: 156-

161, 2001.

8-304



302. Kleideiter, E., Schwab, M., Friedrich, U., Koscielniak, E., Schafer, B. W., and
Klotz, U. Telomerase activity in cell lines of pediatric soft tissue sarcomas.

Pharm.Res., 54: 718-123, 2003.

303. Tomoda, R., Seto, M., Tsumuki, H., Iida, K., Yamazaki, T., Sonoda, J.,
Matsumine, A., and Uchida, A. Telomerase activity and human telomerase
reverse transcriptase mRNA expression are correlated with clinical

aggressiveness in soft tissue tumors. Cancer, 95: 1127-1133, 2002.

304. Tsujimura, A., Kawamura, N., Ichimura, T., Honda, K., Ishiko, O., and Ogita,
S. Telomerase activity in needle biopsied uterine myoma-like tumors:
differential diagnosis between uterine sarcomas and leiomyomas. Int.J.Oncol.,

20: 361-365, 2002.

305. Sotillo-Pineiro, E., Sierrasesumaga, L., and Patino-Garcia, A. Telomerase
activity and telomere length in primary and metastatic tumors from pediatric

bone cancer patients. Pediatr.Res., 55: 231-235, 2003.

306. Matthews, P., Jones, C. J., Skinner, J., Haughton, M., de Micco, C., and
Wynford-Thomas, D. Telomerase activity and telomere length in thyroid

neoplasia: biological and clinical implications. J.Pathol., /94: 183-193, 2001.

307. Aogi, K., Kitahara, K., Buley, 1., Backdahl, M., Tahara, H., Sugino, T., Tarin,
D., and Goodison, S. Telomerase activity in lesions of the thyroid: application
to diagnosis of clinical samples including fine-needle aspirates. Clin.Cancer

Res., 4: 1965-1970, 1998.

8-305



308. Haugen, B. R., Nawaz, S., Markham, N., Hashizumi, T., Shroyer, A. L.,
Werness, B., and Shroyer, K. R. Telomerase activity in benign and malignant

thyroid tumors. Thyroid, 7: 337-342, 1997.

309. Lo,C.Y., Lam, K. Y., Chan, K. T., and Luk, J. M. Telomerase activity in

thyroid malignancy. Thyroid, 9: 1215-1220, 1999.

310. Cheng, A. J., Lin, J. D., Chang, T., and Wang, T. C. Telomerase activity in
benign and malignant human thyroid tissues. Br.J.Cancer, 77: 2177-2180,

1998.

311. Okayasu, I., Osakabe, T., Fujiwara, M., Fukuda, H., Kato, M., and Oshimura,
M. Significant correlation of telomerase activity in thyroid papillary

carcinomas with cell differentiation, proliferation and extrathyroidal

extension. Jpn.J.Cancer Res., §8: 965-970, 1997.

312. Brousset, P., Chaouche, N., Leprat, F., Branet-Brousset, F., Trouette, H.,
Zenou, R. C., Merlio, J. P., and Delsol, G. Telomerase activity in human

thyroid carcinomas originating from the follicular cells.

J.Clin.Endocrinol.Metab., 82: 4214-4216, 1997.

313. Kammori, M., Takubo, K., Nakamura, K., Furugouri, E., Endo, H., Kanauchi,
H., Mimura, Y., and Kaminishi, M. Telomerase activity and telomere length in

benign and malignant human thyroid tissues. Cancer Lett., /59: 175-181,

2000.

314. Saji, M., Xydas, S., Westra, W. H., Liang, C. K., Clark, D. P., Udelsman, R.,

Umbricht, C. B., Sukumar, S., and Zeiger, M. A. Human telomerase reverse

8-306



transcriptase (hTERT) gene expression in thyroid neoplasms. Clin.Cancer

Res., 5: 1483-1489, 1999.

315. Saji, M., Westra, W. H., Chen, H., Umbricht, C. B., Tuttle, R. M., Box, M. F.,
Udelsman, R., Sukumar, S., and Zeiger, M. A. Telomerase activity in the
differential diagnosis of papillary carcinoma of the thyroid. Surgery, /22:

1137-1140, 1997.

316. Yashima, K., Vuitch, F., Gazdar, A. F., and Fahey, T. J., III Telomerase
activity in benign and malignant thyroid diseases. Surgery, /22: 1141-1145,

1997.

317. Umbricht, C. B., Saji, M., Westra, W. H., Udelsman, R., Zeiger, M. A., and
Sukumar, S. Telomerase activity: A marker to distinguish follicular thyroid

adenoma from carcinoma. Cancer Res., 57: 2144-2147, 1997.

318. Onoda, N., Ishikawa, T., Yoshikawa, K., Sugano, S., Kato, Y., Sowa, M., and
Hirakawa-Yong Suk, C. K. Telomerase activity in thyroid tumors. Oncol.Rep.,

5:1447-1450, 1998.

319. Trulsson, L. M., Velin, A. K., Herder, A., Soderkvist, P., Ruter, A., and
Smeds, S. Telomerase activity in surgical specimens and fine-needle
aspiration biopsies from hyperplastic and neoplastic human thyroid tissues.

Am.J.Surg., 186: 83-88, 2003.

320. Karayan-Tapon, L., Menet, E., Guilhot, J., Levillain, P., Larsen, C. J., and
Kraimps, J. L. Topoisomerase II alpha and telomerase expression in papillary

thyroid carcinomas. Eur.J.Surg.Oncol., 30: 73-79, 2004.

8-307



321. Suzuki, S., Fukushima, T., Ami, H., Onogi, H., Nakamura, 1., and
Takenoshita, S. New attempt of preoperative differential diagnosis of thyroid

neoplasms by telomerase activity measurement. Oncol.Rep., 9: 539-544, 2002.

322. Hoang-Vu, C., Boltze, C., Gimm, O., Poremba, C., Dockhorn-Dworniczak, B.,
Kohrle, J., Rath, F. W., and Dralle, H. Expression of telomerase genes in

thyroid carcinoma. Int.J.Oncol., 27: 265-272, 2002.

323. Yan, P., Benhattar, J., Coindre, J. M., and Guillou, L. Telomerase activity and
hTERT mRNA expression can be heterogeneous and does not correlate with

telomere length in soft tissue sarcomas. Int.J.Cancer, 98: 851-856, 2002.

324. Kleinschmidt-DeMasters, B. K., Hashizumi, T. L., Sze, C. 1., Lillehei, K. O.,
Shroyer, A. L., and Shroyer, K. R. Telomerase expression shows differences
across multiple regions of oligodendroglioma versus high grade astrocytomas

but shows correlation with Mib-1 labelling. J.Clin.Pathol., 57: 284-293, 1998.

325. Waullich, B., Rohde, V., Ochlenschlager, B., Bonkhoff, H., Ketter, R.,
Zwergel, T., and Sattler, H. P. Focal intratumoral heterogeneity for telomerase

activity in human prostate cancer. J.Urol., 167: 1997-2001, 1999.

326. Longchampt, E., Lebret, T., Molinie, V., Bieche, 1., Botto, H., and Lidereau,
R. Detection of telomerase status by semiquantitative and in situ assays, and
by real-time reverse transcription-polymerase chain reaction (telomerase
reverse transcriptase) assay in bladder carcinomas. BJU Int., 97: 567-572,

2003.

8-308



327. Youssef, N., Paradis, V., Ferlicot, S., and Bedossa, P. In situ detection of
telomerase enzymatic activity in human hepatocellular carcinogenesis.

J.Pathol., 194: 458-464, 2001.

328. Graham, F. L., Smiley, J., Russell, W. C., and Nairn, R. Characteristics of a
human cell line transformed by DNA from human adenovirus type 5.

J.Gen.Virol., 36: 59-74, 1977.

329. Arlett, C. F., Green, M. H., Priestley, A., Harcourt, S. A., and Mayne, L. V.
Comparative human cellular radiosensitivity: I. The effect of SV40
transformation and immortalisation on the gamma-irradiation survival of skin
derived fibroblasts from normal individuals and from ataxia-telangiectasia

patients and heterozygotes. Int.J.Radiat.Biol., 54: 911-928, 1988.

330. Ziv, Y., Jaspers, N. G., Etkin, S., Danieli, T., Trakhtenbrot, L., Amiel, A.,
Ravia, Y., and Shiloh, Y. Cellular and molecular characteristics of an

immortalized ataxia-telangiectasia (Group AB) cell line. Cancer Res., 49:

2495-2501, 1989.

331. De Silva, R. and Reddel, R. R. Similar simian virus 40-induced
immortalization frequency of fibroblasts and epithelial cells from human large

airways. Cell.Mol.Biol.Res., 39: 101-110, 1993.

332. Pereira-Smith, O. M. and Smith, J. R. Expression of SV40 T antigen in finite
life-span hybrids of normal and SV40-transformed fibroblasts. Somatic Cell

Genet., 7: 411-421, 1981.

8-309



333. Duncan, E. L. and Reddel, R. R. Downregulation of metallothionein-ITA

expression occurs at immortalization. Oncogene, /8: 897-903, 1999.

334. Ke, Y., Reddel, R. R., Gerwin, B. 1., Reddel, H. K., Somers, A. N.,
McMenamin, M. G., LaVeck, M. A., Stahel, R. A., Lechner, J. F., and Harris,
C. C. Establishment of a human in vitro mesothelial cell model system for

investigating mechanisms of asbestos-induced mesothelioma. Am.J.Pathol.,

134:979-991, 1989.

335. Huschtscha, L. I. and Holliday, R. Limited and unlimited growth of SV40-
transformed cells from human diploid MRC-5 fibroblasts. J.Cell Sci., 63: 77-

99, 1983.

336. Namba, M., Nishitani, K., Fukushima, F., Kimoto, T., Utsunomiya, J., and
Hayflick, L. Neoplastic transformation of human diploid fibroblasts treated

with chemical carcinogens and Co-60 gamma rays. GANN Monogr.Cancer

Res., 27: 221-230, 1981.

337. Girardi, A. J., Jensen, F. C., and Koprowski, H. SV40-induced transformation
of human diploid cells: crisis and recovery. J.Cell.Comp.Physiol., 65: 69-84,

1965.

338. Huschtscha, L. 1., Thompson, K. V., and Holliday, R. The susceptibility of
Werner's syndrome and other human skin fibroblasts to SV40-induced

transformation and immortalization. Proc.R.Soc.Lond.[Biol.], 229: 1-12, 1986.

339. Shew, J. Y., Ling, N., Yang, X., Fodstad, O., and Lee, W. H. Antibodies

detecting abnormalities of the retinoblastoma susceptibility gene product

8-310



(pp110°P) in osteosarcomas and synovial sarcomas. Oncogene Res., 4: 205-

214, 1989.

340. Lechner, J. F. and LaVeck, M. A. A serum-free method for culturing normal
human bronchial epithelial cells at clonal density. J.Tissue Cult.Methods, 9:

43-48, 1985.

341. Grant, J. D., Broccoli, D., Muquit, M., Manion, F. J., Tisdall, J., and Ochs, M.
F. Telometric: a tool providing simplified, reproducible measurements of
telomeric DNA from constant field agarose gels. Biotechniques, 3/: 1314-6,

1318, 2001.

342. Devries, S., Nyante, S., Korkola, J., Segraves, R., Nakao, K., Moore, D., Bae,
H., Wilhelm, M., Hwang, S., and Waldman, F. Array-based comparative
genomic hybridization from formalin-fixed, paraffin-embedded breast tumors.

J.Mol.Diagn., 7: 65-71, 2005.

343. Naka, K., Ikeda, K., and Motoyama, N. Recruitment of NBS1 into PML
oncogenic domains via interaction with SP100 protein.

Biochem.Biophys.Res.Commun., 299: 863-871, 2002.

344. Bryan, T. M. An alternative mechanism for telomere lengthening in immortal

human cells.Sydney: The University of Sydney, 1997.

345. Guilleret, 1., Yan, P., Guillou, L., Braunschweig, R., Coindre, J. M., and
Benhattar, J. The human telomerase RNA gene (hTERC) is regulated during
carcinogenesis but is not dependent on DNA methylation. Carcinogenesis, 23:

2025-2030, 2002.

8-311



346.

347.

348.

349.

350.

351.

352.

Sanders, R. P., Drissi, R., Billups, C. A., Daw, N. C., Valentine, M. B., and
Dome, J. S. Telomerase expression predicts unfavorable outcome in

osteosarcoma. J.Clin.Oncol., 22: 3790-3797, 2004.

Falchetti, M. L., Pallini, R., D'Ambrosio, E., Pierconti, F., Martini, M.,
Cimino-Reale, G., Verna, R., Maira, G., and Larocca, L. M. In situ detection
of telomerase catalytic subunit mRNA in glioblastoma multiforme.

Int.J.Cancer, 88: 895-901, 2000.

Chapman, J. A., Wolman, E., Wolman, S. R., Remvikos, Y., Shackney, S.,
Axelrod, D. E., Baisch, H., Christensen, I. J., White, R. A., Liebovitch, L. S.,
Moore, D. H., Waldman, F. M., Cornelisse, C. J., and Shankey, T. V.
Assessing genetic markers of tumour progression in the context of intratumour

heterogeneity. Cytometry, 37: 67-73, 1998.

Makarov, V. L., Hirose, Y., and Langmore, J. P. Long G tails at both ends of
human chromosomes suggest a C strand degradation mechanism for telomere

shortening. Cell, 88: 657-666, 1997.

McElligott, R. and Wellinger, R. J. The terminal DNA structure of mammalian

chromosomes. EMBO J., 16: 3705-3714, 1997.

Stewart, S. A., Ben-Porath, I., Carey, V. J., O'Connor, B. F., Hahn, W. C., and
Weinberg, R. A. Erosion of the telomeric single-strand overhang at replicative

senescence. Nat.Genet., 33: 492-496, 2003.

Chai, W., Shay, J. W., and Wright, W. E. Human telomeres maintain their

overhang length at senescence. Mol.Cell.Biol., 25: 2158-2168, 2005.

8-312



353.

354.

355.

356.

357.

358.

359.

360.

Gustafson, P. Soft tissue sarcoma. Epidemiology and prognosis in 508

patients. Acta Orthop.Scand.Suppl., 259: 1-31, 1994.

Kransdorf, M. J. Malignant soft-tissue tumors in a large referral population:
distribution of diagnoses by age, sex, and location. Am.J.Roentgenol., /64:

129-134, 1995.

Le, S., Zhu, J. J., Anthony, D. C., Greider, C. W., and Black, P. M.

Telomerase activity in human gliomas. Neurosurgery, 42: 1120-1124, 1998.

Falchetti, M. L., Larocca, L. M., and Pallini, R. Telomerase in brain tumors.

Childs Nerv.Syst., 78: 112-117, 2002.

Trieb, K. and Kotz, R. Proteins expressed in osteosarcoma and serum levels as

prognostic factors. Int.J.Biochem.Cell Biol., 33: 11-17, 2001.

Cohen, H. and Sinclair, D. A. Recombination-mediated lengthening of
terminal telomeric repeats requires the Sgs1 DNA helicase.

Proc.Natl.Acad.Sci.USA, 98: 3174-3179, 2001.

Yu, C. E., Oshima, J., Fu, Y. H., Wijsman, E. M., Hisama, F., Alisch, R.,
Matthews, S., Nakura, J., Miki, T., Ouais, S., Martin, G. M., Mulligan, J., and
Schellenberg, G. D. Positional cloning of the Werner's syndrome gene.

Science, 272: 258-262, 1996.

Takazawa, R., Ajima, J., Yamauchi, A., and Goto, M. Unusual double primary
neoplasia: adrenocortical and ureteral carcinomas in werner syndrome.

Urol.Int., 72: 168-170, 2004.

8-313



361. Matsumoto, T., Imamura, O., Yamabe, Y., Kuromitsu, J., Tokutake, Y.,
Shimamoto, A., Suzuki, N., Satoh, M., Kitao, S., Ichikawa, K., Kataoka, H.,
Sugawara, K., Thomas, W., Mason, B., Tsuchihashi, Z., Drayna, D.,
Sugawara, M., Sugimoto, M., Furuichi, Y., and Goto, M. Mutation and
haplotype analyses of the Werner's syndrome gene based on its genomic
structure: Genetic epidemiology in the Japanese population. Hum.Genet., 700:

123-130, 1997.

362. Oshima, J. The Werner syndrome protein: an update. BioEssays, 22: 894-901,

2000.

363. Huang, S., Lee, L., Hanson, N. B., Lenaerts, C., Hoehn, H., Poot, M., Rubin,
C.D., Chen, D. F., Yang, C. C., Juch, H., Dorn, T., Spiegel, R., Oral, E. A.,
Abid, M., Battisti, C., Lucci-Cordisco, E., Neri, G., Steed, E. H., Kidd, A.,
Isley, W., Showalter, D., Vittone, J. L., Konstantinow, A., Ring, J., Meyer, P.,
Wenger, S. L., Herbay, A. V., Wollina, U., Schuelke, M., Huizenga, C. R.,
Leistritz, D. F., Martin, G. M., Mian, 1. S., and Oshima, J. The spectrum of
WRN mutations in Werner syndrome patients. Hum.Mutat., 27: 558-567,

2006.

364. Ishikawa, Y., Sugano, H., Matsumoto, T., Furuichi, Y., Miller, R. W., and
Goto, M. Unusual features of thyroid carcinomas in Japanese patients with

Werner syndrome and possible genotype-phenotype relations to cell type and

race. Cancer, 85: 1345-1352, 1999.

8-314



365. De Caceres, I. 1., Frolova, N., Varkonyi, R. J., Dulaimi, E., Meropol, N. J.,
Broccoli, D., and Cairns, P. Telomerase is frequently activated in tumors with

microsatellite instability. Cancer Biol.Ther., 3: 289-292, 2004.

366. Giannini, G., Rinaldi, C., Ristori, E., Ambrosini, M. I., Cerignoli, F., Viel, A.,
Bidoli, E., Berni, S., d'Amati, G., Scambia, G., Frati, L., Screpanti, 1., and
Gulino, A. Mutations of an intronic repeat induce impaired MRE11 expression
in primary human cancer with microsatellite instability. Oncogene, 23: 2640-

2647, 2004.

367. Vo, A.T., Zhu, F., Wu, X, Yuan, F., Gao, Y., Gu, L., Li, G. M., Lee, T. H.,
and Her, C. h(MREI11 deficiency leads to microsatellite instability and

defective DNA mismatch repair. EMBO Rep., 6: 438-444, 2005.

368. Watanabe, K., Sato, K., Yonekawa, Y., Kleihues, P., and Ohgaki, H.
Overexpression of the EGF receptor and p53 mutations are mutually exclusive

in the evolution of primary and secondary glioblastomas. Brain Pathol., 6:

217-224, 1996.

369. Schenker, T., Lach, C., Kessler, B., Calderara, S., and Trueb, B. A novel GTP-
binding protein which is selectively repressed in SV40 transformed

fibroblasts. J.Biol.Chem., 269: 25447-25453, 1994

370. Schenker, T. and Trueb, B. Down-regulated proteins of mesenchymal tumor

cells. Exp.Cell Res., 239: 161-168, 1998.

371. Li, B. and Trueb, B. DRG represents a family of two closely related GTP-

binding proteins. Biochim.Biophys.Acta, /491: 196-204, 2000.

8-315



372. Kumar, S., Tomooka, Y., and Noda, M. Identification of a set of genes with
developmentally down-regulated expression in the mouse brain.

Biochem.Biophys.Res.Commun., /85: 1155-1161, 1992.

373. Sazuka, T., Kinoshita, M., Tomooka, Y., Ikawa, Y., Noda, M., and Kumar, S.
Expression of DRG during murine embryonic development.

Biochem.Biophys.Res.Commun., /89: 371-377, 1992.

374. Shah, M. A., Kemeny, N., Hummer, A., Drobnjak, M., Motwani, M., Cordon-
Cardo, C., Gonen, M., and Schwartz, G. K. Drgl expression in 131 colorectal

liver metastases: correlation with clinical variables and patient outcomes.

Clin.Cancer Res., 11: 3296-3302, 2005.

375. Motwani, M., Sirotnak, F. M., She, Y., Commes, T., and Schwartz, G. K.
Drgl, a novel target for modulating sensitivity to CPT-11 in colon cancer

cells. Cancer Res., 62: 3950-3955, 2002.

376. Kurdistani, S. K., Arizti, P., Reimer, C. L., Sugrue, M. M., Aaronson, S. A.,
and Lee, S. W. Inhibition of tumor cell growth by RTP/rit42 and its

responsiveness to p53 and DNA damage. Cancer Res., 58: 4439-4444, 1998.

377. Vlangos, C. N., Das, P., Patel, P. 1., and Elsea, S. H. Assignment of
developmentally regulated GTP-binding protein (DRG2) to human
chromosome band 17p11.2 with somatic cell hybrids and localization to the
Smith-Magenis syndrome critical interval. Cytogenet.Cell Genet., 88: 283-

285, 2000.

8-316



378. Ishikawa, K., Azuma, S., Ikawa, S., Morishita, Y., Gohda, J., Akiyama, T.,
Semba, K., and Inoue, J. Cloning and characterization of Xenopus laevis drg2,

a member of the developmentally regulated GTP-binding protein subfamily.

Gene, 322: 105-112, 2003.

379. Devitt, M. L., Maas, K. J., and Stafstrom, J. P. Characterization of DRGs,
developmentally regulated GTP-binding proteins, from pea and Arabidopsis.

Plant Mol.Biol., 39: 75-82, 1999.

380. Bi, W., Yan, J., Stankiewicz, P., Park, S. S., Walz, K., Boerkoel, C. F.,
Potocki, L., Shaffer, L. G., Devriendt, K., Nowaczyk, M. J., Inoue, K., and
Lupski, J. R. Genes in a refined Smith-Magenis syndrome critical deletion

interval on chromosome 17p11.2 and the syntenic region of the mouse.

Genome Res., 12: 713-728, 2002.

381. Hienonen, T., Sammalkorpi, H., Isohanni, P., Versteeg, R., Karikoski, R., and
Aaltonen, L. A. A 17p11.2 germline deletion in a patient with Smith-Magenis

syndrome and neuroblastoma. J.Med.Genet., 42: €3, 2005.

382. Song, H., Kim, S. I., Ko, M. S., Kim, H. J., Heo, J. C., Lee, H. J., Lee, H. S.,
Han, L. S., Kwack, K., and Park, J. W. Overexpression of DRG2 increases

G2/M phase cells and decreases sensitivity to nocodazole-induced apoptosis.

J.Biochem.(Tokyo), 735: 331-335, 2004.

383. Ko, M. S, Lee, U. H,, Kim, S. L., Kim, H. J., Park, J. J., Cha, S. J., Kim, S. B.,
Song, H., Chung, D. K., Han, I. S., Kwack, K., and Park, J. W. Overexpression
of DRG2 suppresses the growth of Jurkat T cells but does not induce

apoptosis. Arch.Biochem.Biophys., 422: 137-144, 2004.

8-317



384. Lee, E. H., Kim, H. J., Park, J. J., Choi, J. Y., Cho, W. J., Cha, S. J., Moon, C.
H., Park, J. M., Yoon, W.J., Lee, B. J., Lee, D. H., Kang, H. S., Yoo, M. A.,
Kim, H. D., and Park, J. W. Molecular cloning of a novel GTP-binding protein
induced in fish cells by rhabdovirus infection. FEBS Lett., 429: 407-411,

1998.

385. Ishikawa, K., Azuma, S., Ikawa, S., Semba, K., and Inoue, J. Identification of
DRG family regulatory proteins (DFRPs): specific regulation of DRG1 and

DRG2. Genes Cells, 10: 139-150, 2005.

386. Gerson, S. L. MGMT: its role in cancer aetiology and cancer therapeutics.

Nat.Rev.Cancer, 4: 296-307, 2004.

387. Pegg, A. E. Repair of O(6)-alkylguanine by alkyltransferases. Mutat.Res.,

462: 83-100, 2000.

388. Bobola, M. S., Silber, J. R., Ellenbogen, R. G., Geyer, J. R., Blank, A., and
Goff, R. D. O6-methylguanine-DNA methyltransferase, O6-benzylguanine,
and resistance to clinical alkylators in pediatric primary brain tumor cell lines.

Clin.Cancer Res., 11: 2747-2755, 2005.

389. Edara, S., Kanugula, S., and Pegg, A. E. Expression of the inactive C145A
mutant human O6-alkylguanine-DNA alkyltransferase in E.coli increases cell
killing and mutations by N-methyl-N'-nitro-N-nitrosoguanidine.

Carcinogenesis, 20: 103-108, 1999.

8-318



390. Daniels, D. S., Woo, T. T., Luu, K. X., Noll, D. M., Clarke, N. D., Pegg, A. E.,
and Tainer, J. A. DNA binding and nucleotide flipping by the human DNA

repair protein AGT. Nat.Struct.Mol.Biol., 71: 714-720, 2004.

391. Drablos, F., Feyzi, E., Aas, P. A., Vaagbo, C. B., Kavli, B., Bratlie, M. S.,
Pena-Diaz, J., Otterlei, M., Slupphaug, G., and Krokan, H. E. Alkylation
damage in DNA and RNA--repair mechanisms and medical significance.

DNA Repair (Amst.), 3: 1389-1407, 2004.

392. Pepponi, R., Marra, G., Fuggetta, M. P., Falcinelli, S., Pagani, E., Bonmassar,
E., Jiricny, J., and D'Atri, S. The effect of O6-alkylguanine-DNA
alkyltransferase and mismatch repair activities on the sensitivity of human
melanoma cells to temozolomide, 1,3-bis(2-chloroethyl)1-nitrosourea, and

cisplatin. J.Pharmacol.Exp.Ther., 304: 661-668, 2003.

393. Barvaux, V. A., Ranson, M., Brown, R., McElhinney, R. S., McMurry, T. B.,
and Margison, G. P. Dual repair modulation reverses Temozolomide

resistance in vitro. Mol.Cancer Ther., 3: 123-127, 2004.

394. Takagi, Y., Takahashi, M., Sanada, M., Ito, R., Yamaizumi, M., and
Sekiguchi, M. Roles of MGMT and MLH1 proteins in alkylation-induced

apoptosis and mutagenesis. DNA Repair (Amst.), 2: 1135-1146, 2003.

395. Hermisson, M., Klumpp, A., Wick, W., Wischhusen, J., Nagel, G., Roos, W.,
Kaina, B., and Weller, M. O6-methylguanine DNA methyltransferase and p53
status predict temozolomide sensitivity in human malignant glioma cells.

J.Neurochem., 96: 766-776, 2006.

8-319



396. Bhakat, K. K. and Mitra, S. CpG methylation-dependent repression of the
human O6-methylguanine-DNA methyltransferase gene linked to chromatin

structure alteration. Carcinogenesis, 24: 1337-1345, 2003.

397. Chen, F. Y., Harris, L. C., Remack, J. S., and Brent, T. P. Cytoplasmic
sequestration of an O6-methylguanine-DNA methyltransferase enhancer

binding protein in DNA repair-deficient human cells.

Proc.Natl.Acad.Sci.USA, 94: 4348-4353, 1997.

398. Wiid, I., Grundlingh, R., Bourn, W., Bradley, G., Harington, A., Hoal-van
Helden, E. G., and van Helden, P. O(6)-alkylguanine-DNA alkyltransferase

DNA repair in mycobacteria: pathogenic and non-pathogenic species differ.

Tuberculosis.(Edinb.), 82: 45-53, 2002.

399. Ali, R. B, Teo, A. K., Oh, H. K., Chuang, L. S., Ayi, T. C., and Li, B. F.
Implication of localization of human DNA repair enzyme O6-methylguanine-
DNA methyltransferase at active transcription sites in transcription-repair
coupling of the mutagenic O6-methylguanine lesion. Mol.Cell.Biol., /8: 1660-

1669, 1998.

400. Niture, S. K., Doneanu, C. E., Velu, C. S., Bailey, N. I, and Srivenugopal, K.
S. Proteomic analysis of human O6-methylguanine-DNA methyltransferase by

affinity chromatography and tandem mass spectrometry.

Biochem.Biophys.Res.Commun., 337: 1176-1184, 2005.

401. Teo, A. K., Oh, H. K., Ali, R. B,, and Li, B. F. The modified human DNA

repair enzyme O(6)-methylguanine-DNA methyltransferase is a negative

8-320



regulator of estrogen receptor-mediated transcription upon alkylation DNA

damage. Mol.Cell.Biol., 27: 7105-7114, 2001.

402. Yan, L., Donze, J. R., and Liu, L. Inactivated MGMT by O6-benzylguanine is
associated with prolonged G2/M arrest in cancer cells treated with BCNU.

Oncogene, 24: 2175-2183, 2005.

403. Bianchi, A. and de Lange, T. Ku binds telomeric DNA in vitro [published
erratum appears in J Biol Chem 1999 Dec 3;274(49):35284]. J.Biol.Chem.,

274:21223-21227, 1999.

404. Nakamura, M., Watanabe, T., Yonekawa, Y., Kleihues, P., and Ohgaki, H.
Promoter methylation of the DNA repair gene MGMT in astrocytomas is
frequently associated with G:C --> A:T mutations of the TP53 tumor

suppressor gene. Carcinogenesis, 22: 1715-1719, 2001.

405. Watanabe, T., Katayama, Y., Komine, C., Yoshino, A., Ogino, A., Ohta, T.,
and Fukushima, T. O6-methylguanine-DNA methyltransferase methylation

and TP53 mutation in malignant astrocytomas and their relationships with

clinical course. Int.J.Cancer, /73: 581-587, 2005.

406. Wolf, P., Hu, Y. C., Doffek, K., Sidransky, D., and Ahrendt, S. A. O(6)-
Methylguanine-DNA methyltransferase promoter hypermethylation shifts the
p53 mutational spectrum in non-small cell lung cancer. Cancer Res., 67: 8113-

8117, 2001.

407. Esteller, M., Toyota, M., Sanchez-Cespedes, M., Capella, G., Peinado, M. A.,

Watkins, D. N., Issa, J. P., Sidransky, D., Baylin, S. B., and Herman, J. G.

8-321



Inactivation of the DNA repair gene O6-methylguanine-DNA
methyltransferase by promoter hypermethylation is associated with G to A
mutations in K-ras in colorectal tumorigenesis. Cancer Res., 60: 2368-2371,

2000.

408. Park, T.J., Han, S. U., Cho, Y. K., Paik, W. K., Kim, Y. B., and Lim, I. K.
Methylation of O(6)-methylguanine-DNA methyltransferase gene is
associated significantly with K-ras mutation, lymph node invasion, tumor

staging, and disease free survival in patients with gastric carcinoma. Cancer,

92:2760-2768, 2001.

409. Hegi, M. E., Diserens, A. C., Gorlia, T., Hamou, M. F., De Tribolet, N.,
Weller, M., Kros, J. M., Hainfellner, J. A., Mason, W., Mariani, L., Bromberg,
J. E., Hau, P., Mirimanoff, R. O., Cairncross, J. G., Janzer, R. C., and Stupp,
R. MGMT gene silencing and benefit from temozolomide in glioblastoma.

N.Engl.J.Med., 352: 997-1003, 2005.

410. Brell, M., Tortosa, A., Verger, E., Gil, J. M., Vinolas, N., Villa, S., Acebes, J.
J., Caral, L., Pujol, T., Ferrer, 1., Ribalta, T., and Graus, F. Prognostic
significance of O6-methylguanine-DNA methyltransferase determined by
promoter hypermethylation and immunohistochemical expression in anaplastic

gliomas. Clin.Cancer Res., //: 5167-5174, 2005.

411. Cai, S., Han, H. J., and Kohwi-Shigematsu, T. Tissue-specific nuclear
architecture and gene expression regulated by SATB1. Nat.Genet., 34: 42-51,

2003.

8-322



412.

413.

414.

415.

416.

417.

Yasui, D., Miyano, M., Cai, S., Varga-Weisz, P., and Kohwi-Shigematsu, T.
SATBI targets chromatin remodelling to regulate genes over long distances.

Nature, 479: 641-645, 2002.

Alvarez, J. D., Yasui, D. H., Niida, H., Joh, T., Loh, D. Y., and Kohwi-
Shigematsu, T. The MAR-binding protein SATB1 orchestrates temporal and

spatial expression of multiple genes during T-cell development. Genes Dev.,

14: 521-535, 2000.

Hawkins, S. M., Kohwi-Shigematsu, T., and Skalnik, D. G. The matrix
attachment region-binding protein SATB1 interacts with multiple elements
within the gp91phox promoter and is down-regulated during myeloid

differentiation. J.Biol.Chem., 276: 44472-44480, 2001.

Wen, J., Huang, S., Rogers, H., Dickinson, L. A., Kohwi-Shigematsu, T., and
Noguchi, C. T. SATBI family protein expressed during early erythroid

differentiation modifies globin gene expression. Blood, /05: 3330-3339, 2005.

Fujii, Y., Kumatori, A., and Nakamura, M. SATB1 makes a complex with
p300 and represses gp91(phox) promoter activity. Microbiol.Immunol., 47:

803-811, 2003.

Kohwi-Shigematsu, T. and Kohwi, Y. Torsional stress stabilizes extended
base unpairing in suppressor sites flanking immunoglobulin heavy chain

enhancer. Biochemistry, 29: 9551-9560, 1990.

8-323



418. Bode, J., Goetze, S., Heng, H., Krawetz, S. A., and Benham, C. From DNA
structure to gene expression: mediators of nuclear compartmentalization and

dynamics. Chromosome Res., /17: 435-445, 2003.

419. Dickinson, L. A., Joh, T., Kohwi, Y., and Kohwi-Shigematsu, T. A tissue-
specific MAR/SAR DNA-binding protein with unusual binding site

recognition. Cell, 70: 631-645, 1992.

420. Bode, J., Benham, C., Emnst, E., Knopp, A., Marschalek, R., Strick, R., and
Strissel, P. Fatal connections: when DNA ends meet on the nuclear matrix.

J.Cell.Biochem.Suppl., Supp! 35: 3-22, 2000.

421. Bode, J., Kohwi, Y., Dickinson, L., Joh, T., Klehr, D., Mielke, C., and Kohwi-
Shigematsu, T. Biological significance of unwinding capability of nuclear

matrix-associating DNAs. Science, 255: 195-197, 1992.

422. Albrecht, P., Bode, J., Buiting, K., Prashanth, A. K., and Lohmann, D. R.
Recurrent deletion of a region containing exon 24 of the RB1 gene caused by

non-homologous recombination between a LINE-1HS and MER21B element.

J.Med.Genet., 41: €122, 2004.

423. Visser, R., Shimokawa, O., Harada, N., Niikawa, N., and Matsumoto, N. Non-
hotspot-related breakpoints of common deletions in Sotos syndrome are

located within destabilised DNA regions. J.Med.Genet., 42: €66, 2005.

424. Dickinson, L. A., Dickinson, C. D., and Kohwi-Shigematsu, T. An atypical
homeodomain in SATB1 promotes specific recognition of the key structural

element in a matrix attachment region. J.Biol.Chem., 272: 11463-11470, 1997.

8-324



425. de Lange, T. Human telomeres are attached to the nuclear matrix. EMBO J.,

11:717-724, 1992.

426. Yamaguchi, H., Tateno, M., and Yamasaki, K. Solution structure and DNA-
binding mode of the matrix attachment region-binding domain of the

transcription factor SATBI that regulates the T-cell maturation. J.Biol.Chem.,

281:5319-5327, 2006.

427. Troyanskaya, O. G., Garber, M. E., Brown, P. O., Botstein, D., and Altman, R.
B. Nonparametric methods for identifying differentially expressed genes in

microarray data. Bioinformatics, /8: 1454-1461, 2002.

428. Nautiyal, S., DeRisi, J. L., and Blackburn, E. H. The genome-wide expression
response to telomerase deletion in Saccharomycescerevisiae.

Proc.Natl.Acad.Sci.USA, 99: 9316-9321, 2002.

429. Li, S., Crothers, J., Haqq, C. M., and Blackburn, E. H. Cellular and gene
expression responses involved in the rapid growth inhibition of human cancer

cells by RNA interference-mediated depletion of telomerase RNA.

J.Biol.Chem., 280: 23709-23717, 2005.

430. Yarden, Y. and Sliwkowski, M. X. Untangling the ErbB signalling network.

Nat.Rev.Mol.Cell Biol., 2: 127-137, 2001.

431. Carpenter, G. and Cohen, S. Epidermal growth factor. Annu.Rev.Biochem.,

48:193-216, 1979.

432. Kuniyasu, H., Sasaki, T., Sasahira, T., Chihara, Y., and Ohmori, H.

Repression of MLH1 and MGMT genes in colon mucosa adjacent to

8-325



implanted cancer in athymic mouse. J.Exp.Clin.Cancer Res., 23: 317-323,

2004.

433. Lacroix, L., Lienard, H., Labourier, E., Djavaheri-Mergny, M., Lacoste, J.,
Lefters, H., Tazi, J., Helene, C., and Mergny, J. L. Identification of two human
nuclear proteins that recognise the cytosine-rich strand of human telomeres in

vitro. Nucleic Acids Res., 28: 1564-1575, 2000.

434. Tomonaga, T. and Levens, D. Heterogeneous nuclear ribonucleoprotein K is a

DNA-binding transactivator. J.Biol.Chem., 270: 4875-4881, 1995.

435. Moumen, A., Masterson, P., O'Connor, M. J., and Jackson, S. P. hnRNP K: an
HDM2 target and transcriptional coactivator of p53 in response to DNA

damage. Cell, /23: 1065-1078, 2005.

436. King, L. M. and Francomano, C. A. Characterization of a human gene

encoding nucleosomal binding protein NSBP1. Genomics, 7/: 163-173, 2001.

437. Bates, S., Rowan, S., and Vousden, K. H. Characterisation of human cyclin

Gland G2: DNA damage inducible genes. Oncogene, /3: 1103-1109, 1996.

438. Gangisetty, O., Lauffart, B., Sondarva, G. V., Chelsea, D. M., and Still, I. H.
The transforming acidic coiled coil proteins interact with nuclear histone

acetyltransferases. Oncogene, 23: 2559-2563, 2004.

439. Lauffart, B., Gangisetty, O., and Still, I. H. Molecular cloning, genomic
structure and interactions of the putative breast tumor suppressor TACC2.

Genomics, 87: 192-201, 2003.

8-326



440. McDonald, W. H., Pavlova, Y., Yates, J. R., III, and Boddy, M. N. Novel
essential DNA repair proteins Nsel and Nse2 are subunits of the fission yeast

Smc5-Smc6 complex. J.Biol.Chem., 278: 45460-45467, 2003.

441. Leroy, H., Roumier, C., Huyghe, P., Biggio, V., Fenaux, P., and Preudhomme,
C. CEBPA point mutations in hematological malignancies. Leukemia, /9:

329-334, 2005.

442. Johnson, P. F. Molecular stop signs: regulation of cell-cycle arrest by C/EBP

transcription factors. J.Cell Sci., 118: 2545-2555, 2005.

443. Reiner, A., Yekutieli, D., and Benjamini, Y. Identifying differentially
expressed genes using false discovery rate controlling procedures.

Bioinformatics, 79: 368-375, 2003.

444. Zhu, Y. and Parada, L. F. The molecular and genetic basis of neurological

tumours. Nat.Rev.Cancer, 2: 616-626, 2002.

445. Cunningham, J. M., Purucker, M. E., Jane, S. M., Safer, B., Vanin, E. F., Ney,
P. A., Lowrey, C. H., and Nienhuis, A. W. The regulatory element 3' to the A
gamma-globin gene binds to the nuclear matrix and interacts with special A-T-
rich binding protein 1 (SATB1), an SAR/MAR-associating region DNA

binding protein. Blood, §4: 1298-1308, 1994.

446. Sidransky, D., Mikkelsen, T., Schwechheimer, K., Rosenblum, M. L.,
Cavenee, W., and Vogelstein, B. Clonal expansion of p53 mutant cells is

associated with brain tumour progression. Nature, 355: 846-847, 1992.

8-327



447. Ishii, N., Tada, M., Hamou, M. F., Janzer, R. C., Meagher-Villemure, K.,
Wiestler, O. D., Tribolet, N., and Van Meir, E. G. Cells with TP53 mutations
in low grade astrocytic tumors evolve clonally to malignancy and are an

unfavorable prognostic factor. Oncogene, /8: 5870-5878, 1999.

448. Montgomery, E., Argani, P., Hicks, J. L., DeMarzo, A. M., and Meeker, A. K.
Telomere lengths of translocation-associated and nontranslocation-associated

sarcomas differ dramatically. Am.J.Pathol., /64: 1523-1529, 2004.

449. Marciniak, R. A., Cavazos, D., Montellano, R., Chen, Q., Guarente, L., and
Johnson, F. B. A novel telomere structure in human alternative lengthening of

telomeres cell line. Cancer Res., 65: 2730-2737, 2005.

450. Shay, J. W. and Roninson, 1. B. Hallmarks of senescence in carcinogenesis

and cancer therapy. Oncogene, 23: 2919-2933, 2004.

451. Yoshida, A., Nakamura, Y., Imada, T., Asaga, T., Shimizu, A., and Harada,
M. Apoptosis and proliferative activity in thyroid tumors. Surg.Today, 29:

204-208, 1999.

452. Katoh, R., Bray, C. E., Suzuki, K., Komiyama, A., Hemmi, A., Kawaoi, A.,
Oyama, T., Sugai, T., and Sasou, S. Growth activity in hyperplastic and
neoplastic human thyroid determined by an immunohistochemical staining
procedure using monoclonal antibody MIB-1. Hum.Pathol., 26: 139-146,

1995.

8-328



453.

454.

455.

456.

457.

458.

459.

460.

Zimmermann, S., Voss, M., Kaiser, S., Kapp, U., Waller, C. F., and Martens,
U. M. Lack of telomerase activity in human mesenchymal stem cells.

Leukemia, /7: 1146-1149, 2003.

Collins, K. and Mitchell, J. R. Telomerase in the human organism. Oncogene,

21:564-579, 2002.

Allsopp, R. C., Chang, E., Kashefi-Aazam, M., Rogaev, E. 1., Piatyszek, M.
A., Shay, J. W., and Harley, C. B. Telomere shortening is associated with cell

division in vitro and in vivo. Exp.Cell Res., 220: 194-200, 1995.

DeMasters, B. K., Markham, N., Lillehei, K. O., and Shroyer, K. R.
Differential telomerase expression in human primary intracranial tumors.

Am.J.Clin.Pathol., 107: 548-554, 1997.

Morii, K., Tanaka, R., Onda, K., Tsumanuma, I., and Yoshimura, J.
Expression of telomerase RNA, telomerase activity, and telomere length in

human gliomas. Biochem.Biophys.Res.Commun., 239: 830-834, 1997.

Weil, R. J., Wu, Y. Y., Vortmeyer, A. O., Moon, Y. W., Delgado, R. M.,
Fuller, B. G., Lonser, R. R., Remaley, A. T., and Zhuang, Z. Telomerase

activity in microdissected human gliomas. Mod.Pathol., /2: 41-46, 1999.

Rich, J. N., Guo, C., McLendon, R. E., Bigner, D. D., Wang, X. F., and
Counter, C. M. A genetically tractable model of human glioma formation.

Cancer Res., 6/: 3556-3560, 2001.

Evans, R. J., Wyllie, F. S., Wynford-Thomas, D., Kipling, D., and Jones, C. J.

A P53-dependent, telomere-independent proliferative life span barrier in

8-329



human astrocytes consistent with the molecular genetics of glioma

development. Cancer Res., 63: 4854-4861, 2003.

461. Helman, L. J. and Meltzer, P. Mechanisms of sarcoma development.

Nat.Rev.Cancer, 3: 685-694, 2003.

462. Reddel, R. R. and Bryan, T. M. Alternative lengthening of telomeres:

dangerous road less travelled. Lancet, 367: 1840-1841, 2003.

463. Artandi, S. E., Alson, S., Tietze, M. K., Sharpless, N. E., Ye, S., Greenberg, R.
A., Castrillon, D. H., Horner, J. W., Weiler, S. R., Carrasco, R. D., and
DePinho, R. A. Constitutive telomerase expression promotes mammary

carcinomas in aging mice. Proc.Natl.Acad.Sci.USA, 99: 8191-8196, 2002.

464. Stewart, S. A., Hahn, W. C., O'Connor, B. F., Banner, E. N., Lundberg, A. S.,
Modha, P., Mizuno, H., Brooks, M. W., Fleming, M., Zimonjic, D. B.,
Popescu, N. C., and Weinberg, R. A. Telomerase contributes to tumorigenesis
by a telomere length-independent mechanism. Proc.Natl.Acad.Sci.USA, 99:

12606-12611, 2002.

465. Greenwood, E. The road less travelled. Nat.Rev.Cancer, 3: 84, 2003.

466. Chen, Y. J., Hakin-Smith, V., Teo, M., Xinarianos, G. E., Jellinek, D. A.,
Carroll, T., McDowell, D., MacFarlane, M. R., Boet, R., Baguley, B. C.,
Braithwaite, A. W., Reddel, R. R., and Royds, J. A. Association of mutant
TP53 with alternative lengthening of telomeres and favorable prognosis in

glioma. Cancer Res., 66: 6473-6476, 2006.

8-330



467. Sabah, M., Cummins, R., Leader, M., and Kay, E. Leiomyosarcoma and
malignant fibrous histiocytoma share similar allelic imbalance pattern at 9p.

Virchows Arch., 446: 251-258, 2005.

468. Rucinska, M., Kozlowski, L., Pepinski, W., Skawronska, M., Janica, J., and
Wojtukiewic, M. Z. High grade sarcomas are associated with microsatellite

instability (chromosom 12) and loss of heterozygosity (chromosom 2).

Med.Sci.Monit., /1: BR65-BR68, 2005.

469. Kawaguchi, K., Oda, Y., Takahira, T., Saito, T., Yamamoto, H., Kobayashi,
C., Tamiya, S., Oda, S., Iwamoto, Y., and Tsuneyoshi, M. Microsatellite
instability and hMLH1 and hMSH2 expression analysis in soft tissue

sarcomas. Oncol.Rep., /3: 241-246, 2005.

470. Martin, S. S., Hurt, W. G., Hedges, L. K., Butler, M. G., and Schwartz, H. S.

Microsatellite instability in sarcomas. Ann.Surg.Oncol., 5: 356-360, 1998.

471. Belchis, D. A., Meece, C. A., Benko, F. A., Rogan, P. K., Williams, R. A., and
Gocke, C. D. Loss of heterozygosity and microsatellite instability at the

retinoblastoma locus in osteosarcomas. Diagn.Mol.Pathol., 5: 214-219, 1996.

472. Laud, P. R., Multani, A. S., Bailey, S. M., Wu, L., Ma, J., Kingsley, C., Lebel,
M., Pathak, S., DePinho, R. A., and Chang, S. Elevated telomere-telomere
recombination in WRN-deficient, telomere dysfunctional cells promotes
escape from senescence and engagement of the ALT pathway. Genes Dev.,

19:2560-2570, 2005.

8-331



473. Cimino-Reale, G., Pascale, E., Alvino, E., Starace, G., and D'Ambrosio, E.
Long telomeric C-rich 5'-tails in human replicating cells. J.Biol.Chem., 278:

2136-2140, 2002.

474. Henson, J. D., Hannay, J. A., McCarthy, S. W., Royds, J. A., Yeager, T. R.,
Robinson, R. A., Wharton, S. B., Jellinek, D. A., Arbuckle, S. M., Yoo, J.,
Robinson, B. G., Learoyd, D. L., Stalley, P. D., Bonar, S. F., Yu, D., Pollock,
R. E., and Reddel, R. R. A robust assay for alternative lengthening of
telomeres (ALT) in tumors demonstrates the significance of ALT in sarcomas

and astrocytomas. Clin.Cancer Res., /17: 217-225, 2005.

475. Talbot, S. M., Keohan, M. L., Hesdorffer, M., Orrico, R., Bagiella, E., Troxel,
A. B., and Taub, R. N. A phase II trial of temozolomide in patients with

unresectable or metastatic soft tissue sarcoma. Cancer, 98: 1942-1946, 2003.

476. Mills, M., Lacroix, L., Arimondo, P. B., Leroy, J. L., Francois, J. C., Klump,
H., and Mergny, J. L. Unusual DNA conformations: implications for

telomeres. Curr.Med.Chem.Anti-Canc.Agents, 2: 627-644, 2002.

477. Potaman, V. N., Bissler, J. J., Hashem, V. I., Oussatcheva, E. A., Lu, L.,
Shlyakhtenko, L. S., Lyubchenko, Y. L., Matsuura, T., Ashizawa, T., Leffak,
M., Benham, C. J., and Sinden, R. R. Unpaired structures in SCA10

(ATTCT)n.(AGAAT)n repeats. J.Mol.Biol., 326: 1095-1111, 2003.

478. Will, K., Warnecke, G., Albrechtsen, N., Boulikas, T., and Deppert, W. High
affinity MAR-DNA binding is a common property of murine and human

mutant p53. J.Cell.Biochem., 69: 260-270, 1998.

8-332



479. Combs, S. E., Heeger, S., Haselmann, R., Edler, L., Debus, J., and Schulz-
Ertner, D. Treatment of primary glioblastoma multiforme with cetuximab,
radiotherapy and temozolomide (GERT) - phase I/II trial: study protocol.

BMC Cancer, 6: 133, 2006.

480. Johns, T. G., Luwor, R. B., Murone, C., Walker, F., Weinstock, J., Vitali, A.
A., Perera, R. M., Jungbluth, A. A., Stockert, E., Old, L. J., Nice, E. C.,
Burgess, A. W., and Scott, A. M. Antitumor efficacy of cytotoxic drugs and
the monoclonal antibody 806 is enhanced by the EGF receptor inhibitor

AG1478. Proc.Natl.Acad.Sci.USA, 100: 15871-15876, 2003.

481. Haas-Kogan, D. A., Prados, M. D., Tihan, T., Eberhard, D. A., Jelluma, N.,
Arvold, N. D., Baumber, R., Lamborn, K. R., Kapadia, A., Malec, M., Berger,
M. S., and Stokoe, D. Epidermal growth factor receptor, protein kinase B/Akt,

and glioma response to erlotinib. J.Natl.Cancer Inst., 97: 880-887, 2005.

482. Gan, Y., Mo, Y., Johnston, J., Lu, J., Wientjes, M., and Au, J. Telomere
maintenance in telomerase-positive human ovarian SKOV-3 cells cannot be

retarded by complete inhibition of telomerase. FEBS Lett., 527: 10, 2002.

483. Shay, J. W. and Wright, W. E. Telomerase: a target for cancer therapeutics.

Cancer Cell, 2: 257-265, 2002.

8-333





