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Abstract
Frequent loss of heterozygosity (LOH) on the short arm of human chromosome 3 (3p) region has been
found in pancreatic cancer (PC), which suggests the likely presence of tumor suppressor genes in this
region. However, the functional significance of LOH in this region in the development of PC has not been
clearly defined. The human telomerase reverse transcriptase gene (hTERT) contributes to unlimited
proliferative and tumorigenicity of malignant tumors. We previously demonstrated that hTERT expression
was suppressed by the introduction of human chromosome 3 in several cancer cell lines. To examine the
functional role of putative TERT suppressor genes on chromosome 3 in PC, we introduced an intact
human chromosome 3 into the human PK9 and murine LTPA PC cell lines using microcell-mediated
chromosome transfer. PK9 microcell hybrids with an introduced human chromosome 3 showed
significant morphological changes and rapid growth arrest. Intriguingly, microcell hybrid clones of LTPA
cells with an introduced human chromosome 3 (LTPA#3) showed suppression of mTert transcription, cell
proliferation, and invasion compared with LTPA#4 cells containing human chromosome 4 and parental
LTPA cells. Additionally, the promoter activity of mTert was downregulated in LTPA#3. Furthermore, we
confirmed that TERT regulatory gene(s) are present in the 3p21.3 region by transfer of truncated
chromosomes at arbitrary regions. These results provide important information on the functional
significance of the LOH at 3p for development and progression of PC.

Introduction
Pancreatic cancer (PC) is a lethal malignancy with a poor prognosis (5-year survival rate of < 10%) 1. The
lethality is attributed to late diagnosis, early metastasis, and resistance to chemotherapy 2. Compared
with gemcitabine alone, the chemotherapeutic regimen comprising 5-fluorouracil, leucovorin, irinotecan,
and oxaliplatin has improved the median overall survival from 6.8 months to 11.1 months in patients
with untreated metastatic PC 3. However, the tolerability remains a concern because of the high systemic
toxicity of these drugs. Additionally, unlike other cancers, there are few effective molecularly targeted
drugs for PC, and only a small number of patients will benefit from them 4. The molecular mechanism
involved in PC progression remains unclear, and further research is urgently required to improve diagnosis
and develop effective treatments for PC.
Multiple tumor suppressor genes (TSGs) have been identified by positional cloning and analysis of loss
of heterozygosity (LOH) 567,8. In PC, frequent LOH has been detected at several chromosomal locations,
including the 3p, 6q, 8p, 9p, 17p, and 18q regions 910. The 9p, 17p, and 18q regions have particularly high
frequencies of LOH (> 80%) and encode cyclin dependent kinase inhibitor 2A, tumor protein 53, and
SMAD family member 4 (also known as deleted in pancreatic carcinoma 4), respectively. These genes are
frequently mutated or deleted in PC, which suggests a close relationship between LOH and mutation of
TSGs. Although LOH of the 3p region has also been observed with high frequency (75%), specific TSGs
involved in the development or progression of PC have yet to be identified. Therefore, the discovery of
TSGs in the 3p region may facilitate our understanding of the molecular mechanisms that are involved in
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PC development. Additionally, the frequent LOH of the 3p region has been observed in several other
cancers, such as renal cell carcinoma (RCC), non-small cell lung cancer, and oral squamous cell
carcinoma (OSCC) 111213. Thus, this chromosomal region may play a crucial role in the development of
malignant tumors.
Telomerase is an enzyme that maintains telomere length and confers unlimited proliferative potential and
tumorigenicity to cancer 14. The activity of telomerase is primarily attributed to the expression of
telomerase reverse transcriptase (TERT) 15. Previous studies have demonstrated that TERT expression is
not only associated with replicative immortality, but also with cancer cell invasion, metastasis, and
induction of a stem cell-like phenotype 16-18. Telomerase is activated in most cancer cells, including PC,
while its expression is suppressed in normal somatic cells 19. Therefore, telomerase is an ideal target for
novel anticancer drugs and diagnostic agents; however, it has not yet been widely used in clinical
settings. We have shown that telomerase activity was suppressed in RCC and OSCC cell lines after the
introduction of normal human chromosome 3 using the chromosome engineering technique microcellmediated chromosome transfer (MMCT) 2021. We identified 3p21.3 as the telomerase inhibitory region in
the RCC cells by transferring truncated chromosomes that had deletions from the 3p22 or 3p21.3 locus to
the terminal end of the short arm 20.

TERT expression is strictly regulated by multiple transcriptional activators and repressors, such as the cMYC oncogene protein, specificity protein 1, hypoxia-inducible factor 1, E2F transcription factor 1, mitotic
arrest deficient 1 protein, multiple endocrine neoplasia type 1 protein, Wilms’ tumor protein 1,
retinoblastoma protein, and paired-like homeodomain 1 (PITX1) protein, although the exact regulatory
mechanism has not been completely elucidated 2223. A precise understanding of the mechanism by
which TERT expression is repressed in somatic cells will help clarify the process of carcinogenesis.
Furthermore, the identification of TERT-regulated factors may lead to the development of novel
therapeutic and diagnostic approaches, as well as reveal telomerase-induced oncogenic pathways.
By using unique chromosome engineering techniques, this study demonstrated that the TERT suppressor
in PC is located at the 3p21.3 region. Furthermore, we verified that TERT expression was repressed by
decreasing promoter activity. Our results may provide important information regarding the functional
significance of the LOH at the 3p region in pancreatic carcinogenesis and may lead to the identification of
novel TSGs encoded by the 3p21.3 locus.

Results
PK9 microcell hybrids with human chromosome 3 could not be established because of arrested cell
proliferation
To investigate the status of chromosome 3 in PK9 cells, we performed FISH analysis using PAC and BAC
probes that contained the genomic DNA from the 3p21.3 (rhodamine) and 3q26.2 (FITC) chromosomal
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regions, respectively. Although PK9 cells had two copies of chromosome 3, one displayed chromosomal
abnormalities that included the deletion of the 3p21.3 region (Fig. 1a).
We transferred human chromosome 3 tagged with pSV2neo into PK9 cells using MMCT to determine
whether chromosome 3 induced tumor suppressive effects in human PC. However, G418-resistant PK9
microcell hybrids with human chromosome 3 (PK9#3) displayed significant morphological changes and
arrested cell proliferation after several population divisions compared with parental PK9 cells. The
colonies showed an expanded cytoplasm that was similar to senescent cells and survived for
approximately one month after proliferation ceased (Fig. 1b, c). To confirm whether this phenomenon
was caused by the introduction of chromosome 3, we also transferred chromosome 4 into PK9 cells.
Microcell hybrids with an introduced chromosome 4 (PK9#4) were easily established and exhibited a
morphology and rapid proliferation that was similar to the parental PK9 cells (Fig. 1d). The presence of
transferred chromosome 4 in each hybrid clone was confirmed by FISH analysis using a BAC probe
(FITC) containing the 4q22.1 genomic DNA region. The parental PK9 cells had two copies of
chromosome 4, whereas all clones of PK9#4 had three copies of chromosome 4, which confirmed the
presence of the transferred chromosome (Fig. 1e, f). Thus, these results suggest that chromosome 3
contains a gene or genes that suppressed the immortalization process of the human PC cell line.
Suppression of mTert expression by introduction of an intact human chromosome 3 into mouse LTPA
cells
We examined whether the tumor suppressor region on chromosome 3 functioned in the murine LTPA
pancreatic cancer line and whether the tumor suppressive mechanism was related to telomerase
suppression. The microcell hybrid clones with an introduced human chromosome 3 (LTPA#3) and 4
(LTPA#4) were obtained by MMCT, and the presence of the each transferred human chromosome was
confirmed by FISH analysis using human COT-1 DNA as a probe (rhodamine) (Fig. 2a, b).
We analyzed the expression of mTert mRNA in the LTPA#3 and LTPA#4 hybrid cells by using qRT-PCR to
determine whether TERT repressor gene(s) on human chromosome 3 might function in mouse PC cells.
The LTPA#3 microcell hybrid cells exhibited significant transcriptional suppression of mTert compared
with the parental LTPA and LTPA#4 hybrid cells (Fig. 2c). Thus, these results suggest that a tumor
suppressor gene or genes on chromosome 3 control mTert transcription, and, therefore, may play a
crucial role in the development and progression of PC.
Introduction of human chromosome 3 in LTPA cells inhibits cell proliferation and invasion
Next, we examined whether transfer of human chromosome 3 into LTPA cells affected cell proliferation
similar to PK9 cells. Proliferation of LTPA#3 microcell hybrid cells was significantly decreased compared
with parental LTPA and LTPA#4 cells (Fig. 3a). Additionally, we examined cell invasion potential in
parental LTPA, LTPA#3, and LTPA#4 cells because recent findings have indicated that a relationship
exists between telomerase activity and cancer cell invasion and metastasis 17. The invasion assays
showed a significant decrease in the number of invading LTPA#3 cells compared with the other cells (Fig.
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3b, c, d, e). These results showed that suppression of mTert gene expression by chromosome 3 was
accompanied by the suppressive effects on cell proliferation and invasion in PC.
Confirmation of an mTert suppressor region on 3p21.3 after transfer of truncated chromosomes
To determine whether the 3p21.3 region carries the TERT repressor element in PC, we truncated
chromosome 3 by deleting the regions from the 3p22 locus to the telomere of the short arm (#3delp22pter) and the 3p21.3 locus to the telomere of the short arm (#3delp21.3-pter) as previously described 20.
PCR analysis using six STS markers revealed that the specific target regions were deleted on each of the
two truncated chromosomes in the mouse A9 microcell hybrid cells (Fig. 4a, Supplementary Fig. S1
online). The truncated chromosomes were transferred independently into LTPA cells by MMCT. The
transfer of truncated chromosomes in the isolated LTPA microcell hybrids LTPA#3delp22-pter and
LTPA#3delp21.3-pter was confirmed using FISH analyses with a human COT-1 DNA probe (rhodamine)
and PAC probe containing the 3p21.3 genomic DNA region (FITC), respectively (Fig. 4b, c).
We analyzed the expression of mTert mRNA in the LTPA#3delp22-pter and LTPA#3delp21.3-pter microcell
hybrids by using qRT-PCR. The expression of mTert was repressed in LTPA#3delp22-pter and LTPA#3
cells compared with parental cells. Conversely, high expression of mTert was maintained in the
LTPA#3delp21.3-pter cells without any changes in cell growth properties (Fig. 4-d).
We transferred the truncated chromosome 3 with deleted 3p21.3-pter into PK9 cells that had shown rapid
growth arrest by the introduction of intact chromosome 3. The isolated microcell hybrid cells
(PK9#3delp21.3-pter) showed no morphological changes, unlike after the transfer of chromosome 3 (see
Supplementary Fig. S2 online). Supplementary Table S1 (see online) shows the transfer efficiency of
chromosomes 3, 4, and 3delp21.3-pter in PK9 cells. MMCT of chromosome 3 was performed six times
more than that of the control, but no clone could be established because of cell growth arrest. These
results may support the hypothesis that the 3p21.3 region carries various TSGs that are involved in
regulating cell growth arrest and TERT repression in PC.
The mTert repressive effect of the gene(s) located on human chromosome 3 is due to regulation of mTert
promoter activity
The mechanism of increased TERT expression in various cancers is generally known to result from
transcription factor activation, epigenetic modifications, and mutations of the TERT promoter 24.
However, it has been reported that PC has a low frequency of mutations in the TERT promoter 25.
Therefore, we hypothesized that the repression of mTert expression by human chromosome 3 may be
due to modulation of mTert promoter activity by transcription factors. To verify this hypothesis, we
performed a reporter assay using an mTert promoter-luciferase reporter plasmid (pGL3). The reporter
plasmids were constructed carrying the full length of the mTert promoter region (m1955) and promoter
regions with deletions in the 5ʹ end (m1747, m 824, m356, and m155) (Fig. 5a) 23. These pGL3-mTert-Luc
reporters were transfected into parental LTPA and LTPA#3 cells, and the effect on the transcriptional
activity of the mTert promoter was examined by measuring luciferase activity. The transfection of the
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m1955 and m1747 mTert promoter regions revealed reduced luciferase activity in LTPA#3 cells compared
with LTPA cells. However, luciferase activity was not decreased in LTPA#3 cells transfected with the
m824, m356, and m155 promoter regions (Fig. 5b). The results of these reporter assays suggest that the
mechanism of repression of mTert expression by human chromosome 3 is due to reduced promoter
activity via trans-factors and that the 923-bp sequence between −1747 and −824 in the mTert promoter
region is critical for the control of TERT transcription.

Discussion
We have previously clarified that human chromosome 3 carries factors that control TERT transcription in
RCC and OSCC 2120. Although a high frequency of LOH on the short arm of chromosome 3 has been
observed in PC, the function of TSGs in this region remains unclear. To our knowledge, this is the first
report referring to the localization of telomerase suppressor genes at the 3p21.3 chromosomal region in
PC.
A theory of multistage carcinogenesis has been proposed in which PC originates from pancreatic ductal
epithelial cells and progresses to cancer via pancreatic intraepithelial neoplasia (PanIN), a precancerous
lesion 26. Although telomerase is active in PC, it is known that telomere length is shortened in the first
stage of carcinogenesis 2728. Telomere shortening can lead to aberrant fusion of chromosomal ends,
causing chromosomal instability and promoting further progression of the neoplasm 29. Furthermore,
these unstable chromosomes may undergo the breakage-fusion-bridge cycle, which results in loss of
function of TSGs and gain of function of oncogenes 262930. Telomere length continues to shorten during
advancing atypia of PanIN 2831. The precancerous lesions that have reached the limit of telomere
shortening may be in crisis, which leads to immortalization by releasing the previously suppressed
expression of TERT. Therefore, identification of a novel telomerase repressor gene(s) on the 3p21.3
chromosomal region may facilitate our understanding of the molecular mechanisms in the multistage
carcinogenesis model for PC, especially in the late stages.
In this study, we used both human PK9 and murine LTPA pancreatic cancer cells. The suppressive effects
on cell growth properties and mTert expression induced by the introduction of human chromosome 3 into
LTPA cells were not observed after the introduction of the truncated chromosome #3delp21.3-pter, which
does not have the 3p21.3 region. The rapid cell growth arrest after the introduction of chromosome 3 was
greater in PK9 cells than in LTPA cells. It is possible that human chromosome 3 may carry specific cell
growth regulators that are more functional in human cells than mouse cells. The difference in cell growth
suppression may also be affected by the telomere length in humans and mice. Humans and mice have
telomere DNA lengths of 5–10 kb and 30–40 kb, respectively 32. In general, inhibition of telomerase has
stronger anticancer effects in cells with shorter telomere lengths 33,34. These findings support the present
results that showed that the growth of PK9 cells, which have a shorter telomere length, was robustly
arrested by the introduction of human chromosome 3 compared with LTPA cells. Moreover, a study based
on human tissues collected in a clinical setting showed that the telomere length of PC cells is
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approximately one-third of that found in normal pancreatic ductal epithelial cells 28. In brief, these
previous reports and our results suggest that telomerase suppression has potential as an attractive
therapeutic target in human PC, which has shortened lengths of telomere DNA.
There are various TSGs (AXUD1, HYAL2, FUS1, LIMD1, NPRL2, CACNA2D2 and RASSF1) in 7-Mb of the
3p21.3 region 353637. Among them, the Ras-association domain family-1 (RASSF1) gene is a major tumor
suppressor gene that inhibits the RAS pathway, which is upregulated in the majority of PCs 3839. However,
it is unlikely that RASSF1 is a TERT repressor gene because the forced-expression of RASSF1 in the RCC
cell line RCC23 did not repress TERT promoter activity 40.
In our study, the results of the reporter assays may be useful for selecting candidate genes. The reporter
assays suggested that the 923-bp sequence between −1747 and −824 bp of the mTert promoter was a
candidate site for transcription factor binding. The 923-bp sequence may help to identify telomerase
suppressor genes by comparing the sequence with putative transcription factor binding sites.
Chromosome 3 may carry elements for direct or indirect negative transcriptional regulation of TERT
expression. Another consideration for candidate genes in the 3p21.3 region is that multiple TSGs may
interact to repress TERT, rather than a single gene. We have previously shown that at least two hTERT
negative regulators may be present on human chromosome 3 by using whole cell fusion of human
squamous carcinoma cells HSC3 and RCC23 cells 21. Deletions in the 3p21.3 region are frequent events
in several cancers, and this region is considered to be a TSG cluster because multiple TSGs are densely
localized to this chromosomal segment 35. Most studies on the 3p21.3 region have focused on the
anticancer function of each single gene 3638. However, TSGs are frequently deleted through loss of whole
chromosomes or large chromosomal segments. Recent studies have shown that TSGs can cooperate
with many nearby genes that are deleted together, which results in a more invasive disease 41. We have
previously reported that PITX1, a negative regulator of hTERT, interacts with zinc finger CCHC-type
containing 10 (ZCCHC10) to regulate hTERT transcription, and both genes are encoded together in the
5q31.1 region 42. Therefore, chromosome engineering technologies that can transfer an entire
chromosome or chromosomal fragments, which contain the essential genomic context for regulation of
gene transcription, may enable elucidation of tumor suppressor functions by specific chromosomal
domains 43.
In conclusion, the TERT repressor gene(s) was found to be localized within the 3p21.3 chromosomal
region in PC. Moreover, the gene(s) may regulate TERT promoter activity. This study provides important
information and materials for identification of novel TERT suppression genes on human chromosome
3p21.3 by an approach that uses a database of transcription factor binding profiles. Additionally, we
previously identified PITX1 as a novel telomerase repressor gene on human chromosome 5 that directly
regulated hTERT transcription. This was accomplished by using comparative microarray analyses of
microcell hybrid clones comprising mouse B16F10 melanoma cells with an introduced human
chromosome 5 23. Using a similar approach, it may be possible to identify the TERT repressor gene(s) on
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3p21.3. The identification and characterization of putative TERT repressor genes on the 3p21.3 region
should facilitate our understanding of the molecular mechanisms involved in the development of PC.

Materials And Methods
Cell culture
Mouse A9 microcell hybrid cells containing intact or truncated human chromosomes were cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10%
fetal bovine serum (FBS; HyClone, Logan, UT, USA) and 800 µg/mL G418 (Calbiochem, La Jolla, CA, USA).
The human PK9 and murine LTPA pancreatic cancer cell lines were cultured in DMEM containing 10%
FBS and used as recipient cells for microcell fusion. PK9 and LTPA microcell hybrid cells containing
intact or truncated chromosomes were selected with 400 and 600 µg/mL G418, respectively. All cells were
cultured at 37℃ in a humidified incubator with 5% CO2. In this study, we utilized only cell lines and no
tissue samples obtained from human/animal.
Microcell-mediated chromosome transfer
MMCT was performed as previously described 44. Briefly, the A9 donor cells were incubated with 0.05
µg/mL colcemid (Sigma-Aldrich) in DMEM containing 20% FBS for 48 h. Micronuclei were harvested by
treatment with 10 mg/mL cytochalasin B and centrifugation and were sequentially filtered through 8-, 5-,
and 3-mm polycarbonate filters (Nuclepore, UK). Fusion was mediated by the addition of 47%
polyethylene-glycol 1000, followed by extensive washing with serum-free DMEM. After incubation for 24
h in DMEM supplemented with 10% FBS, the cells with transferred chromosomes were selected in the
presence of G418 as described above.
Fluorescence in situ hybridization (FISH)
To confirm the stable transfer of chromosomes, FISH was performed using cells in metaphase. RP-6
234N4 PAC, RP11-82C9 BAC, and RP11-84C13 BAC DNA contained the genomic DNA from the 3p21.3,
3q26.2, and 4q22.1 chromosomal regions, respectively, and were used as probe DNA. Human COT-1 DNA
was used for detection of the human chromosomes in mouse LTPA cells. Each DNA preparation was
labeled with digoxigenin-11-dUTP or with biotin-16-dUTP using a nick translation kit (Roche Diagnostics,
Germany). The preparation of chromosomes and the probe, hybridization, washing, and signal detection
were performed as previously described 44.
Quantitative RT-PCR
RNA isolation and reverse transcriptase (RT)-PCR was performed as described previously 21. The primers
5ʹ-ATGTCACGGAGAGCACATTC-3ʹ and 5ʹ-CTGCAGATGGGCATGGCTA-3ʹ were used for the detection of
mTert expression in the mouse LTPA cells. As an internal control, mGapdh expression was examined with
the primers 5ʹ-TCATTGTCATACCAGGAAATGAGC-3ʹ and 5ʹ-GTCTCCTGCGACTTCAACAG-3ʹ.
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Cell proliferation assay
LTPA cells and LTPA hybrid cells containing chromosome 3 or 4 were seeded in 60-mm cell culture dishes
at a concentration of 1.5×105 cells/dish. Cells were counted each day using a Coulter Counter Z2
(Beckman Coulter, Woerden, the Netherlands) and the average cell number for three wells was calculated.
The experiments were performed at least three times.
Cell invasion assay
Cell invasion assays were performed using BD BioCoat™ Matrigel™ invasion chambers with a membrane
pore size of 8.0 µm (BD Biosciences, Bedford, MA, USA) following the manufacturer's protocol. The cells
were starved in serum-free medium for 48 h and seeded in the upper inserts at a final concentration of
5.0×104 cells/well. The lower chambers were filled with medium containing 10% FBS. After 48 h, noninvading cells were removed from the top of the filter with a cotton swab. The invading cells at the
bottom of the filter were stained with Diff-Quik stain (Siemens Healthcare Diagnostics) and counted
using five different microscopic fields of view at a magnification of 200×. Each of the experiments was
performed at least three times.
Genomic PCR analysis
The presence or absence of specific regions on human chromosome 3 were confirmed by PCR using six
specific sequence-tagged site (STS) markers (D3S1283, D3S1561, D3S3624, D3S3667, D3S1578, and
D3S1589). Primer information was obtained from the National Center for Biotechnology Information
database, U.S. National Library of Medicine. PCR was performed using 35 cycles comprising 30 s at
94℃, 30 s at 55-60℃, and 30 s at 68℃.
Plasmid construction and luciferase assay
Various lengths of the mTert promoter region were previously described 23. Cells were incubated in 12well plates 24 h prior to transfection. After 24 h, 0.1 µg of each reporter plasmid was co-transfected with
0.25 µg pGL4.70-Renilla (Promega) as an internal control using Lipofectamine® LTX Reagent (Invitrogen)
in accordance with the manufacturer’s protocol. The cells were lysed 24 h after transfection and
subjected to a luciferase assay using the Picagene Dual SeaPansy Luminescence Kit (TOYO INK, Tokyo,
Japan) following standard protocols. All experiments were performed at least three times.
Statistics
Data from more than three separate experiments are presented as means ±S.E. Significance was
established at P-values less than 0.05 using an unpaired two-tailed Student’s t test. All statistical
analyses were performed using SPSS software (SPSS for Mac Version 25; IBM Corp., Armonk, NY, USA)
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Figure 1
PK9 cells have monoallelic deletion at the 3p21.3 region, and PK9 microcell hybrids with human
chromosome 3 could not be established due to arrested cell proliferation (a) Fluorescence in situ
hybridization (FISH) analysis of human pancreatic cancer PK9 cells in metaphase. Rhodamine-labeled
RP-6 234N4 pPAC4 clone containing the human chromosome 3p21.3 genomic DNA and FITC-labeled
RP11-82C9 BAC that included the 3q26.2 region were used as probe DNA. The orange arrowheads
indicate a normal human chromosome 3 which has both rhodamine and FITC signals. The gray
arrowhead points out an abnormal chromosome 3 with only the FITC signal. The morphology of (b)
parental PK9 cells and (c) G418-resistant PK9 microcell hybrids with human chromosome 3 (PK9#3).
Scale bar 100 µm. FISH analysis of (d) PK9 cells and (e) PK9#4 cells. FITC-labeled RP11-84C13 BAC
clone that included the 4q22.1 region was used as probe DNA. The arrowhead indicates parental and
transferred human chromosome 4. (f) The morphology of PK9#4 cells. Scale bar 100 µm.
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Figure 2
Suppression of mTert expression by introduction of an intact human chromosome 3 into murine LTPA
cells Fluorescence in situ hybridization (FISH) analysis of (a) LTPA#3 cells and (b) LTPA#4 cells.
Rhodamine-labeled human COT-1 DNA was used as probe DNA. The arrowhead indicates a transferred
human chromosome 3 or 4. (c) Quantitative RT-PCR analysis of relative mTert mRNA expression levels in
LTPA, LTPA#3, and LTPA#4 cells. The mRNA expression of mGapdh was used as the internal control.
Data are presented as means ± S.E. of three independent experiments (**P < 0.001).
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Figure 3
Induction of human chromosome 3 into LTPA cells inhibits cell proliferation and invasion (a) Cell
numbers for LTPA, LTPA#3, and LTPA#4 cells over a 5 day period. The bars correspond to means ± S.E. of
three independent experiments (**P < 0.001). Representative images of the invasion assay for (b) LTPA,
(c) LTPA#3, and (d) LTPA#4 cells. Scale bar 200 µm. (e) Counts of invading cells per five microscopic
fields for LTPA, LTPA#3, and LTPA#4 cells. The bars correspond to means ± S.E. of three independent
experiments (**P < 0.001).
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Figure 4
Identification of an mTert suppressor region on 3p21.3 by transfer of truncated chromosomes (a) PCR
analysis of truncated chromosomes in A9 cells using STS markers for chromosome 3. Full-length gels of
the PCR analysis are presented in Supplementary Figure S1. Fluorescence in situ hybridization analysis
of (b) LTPA#3delp22-pter and (c) LTPA#3delp21.3-pter cells. FITC-labeled RP-6 234N4 pPAC4 that
included the 3p21.3 region and rhodamine-labeled human COT-1 DNA were used as probe DNA. The
arrowhead indicates a transferred truncated human chromosome 3. (d) Quantitative RT-PCR analysis of
relative mTert mRNA expression levels in LTPA, LTPA#3, LTPA#3delp22-pter, and LTPA#3delp21.3-pter
cells. The mRNA expression of mGapdh was used as the internal control. Data are presented as means ±
S.E. of three independent experiments (**P < 0.001).
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Figure 5
The mTert repressive effect of the gene(s) on human chromosome 3 is due to the regulation of mTert
promoter activity (a) The schema shows the truncation sites of the mTert promoter for each of the
luciferase (Luc) reporter plasmids. (b) The luciferase activity was standardized using Renilla reniformis
luciferase activity from a co-transfected pGL4.70 plasmid. Data are presented as means ± S.E. of three
independent experiments (*P = 0.02).
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