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Antitumor effect of COOH-terminal polypeptide of human
TERT is associated with the declined expression
of hTERT and NF-kB p65 in HeLa cells
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Abstract. Human telomerase reverse transcriptase (hTERT)
plays an important role in the development of tumors and has
been investigated as a potent target for anticancer therapy.
In the present study, we constructed a recombinant adeno-
virus, Ad-EGFP-C197 which was capable of expressing
COOH-terminal polypeptide of hTERT (amino acid 936-1,132,
termed as C197 for the reason that it contains 197 amino acids).
Infection of HeLa cells with Ad-EGFP-C197 suppressed the
activity of telomerase, decreased the expression of hTERT and
NF-«xB p65, and induced rapid growth delay and apoptosis
of HeLa cells in vitro. In nude mice xenografted with HeLa
tumors, injection of Ad-EGFP-C197 into the tumor nodule
significantly slowed tumor growth and promoted tumor cell
apoptosis, as well as reduced the expression of NF-kB p65 in
tumor tissues. In the present study, we suggest that the anti-
tumor effect of C197 is associated with the declined expression
of hTERT and NF-«kB p65. Our results highlight the potential
of C197 in tumor therapy.

Introduction

Telomeres are the ends of linear chromosomes in eukaryotic
cells and are characterized by the TTAGGG repeats (1) that
are bound by the shelterin complex (2). Telomeric DNA
shrinks with each cellular division due to incomplete replica-
tion of TTAGGG repeats, which eventually results in DNA
damage and replicative senescence (3). Telomerase is a
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particular ribonucleoprotein complex which specifically adds
TTAGGG repeats to the ends of eukaryotic chromosomes,
thus counteracts the shortening of telomeric DNA during
cell division. The activity of telomerase is not detected in
most human somatic cells (4). However, telomerase is reac-
tivated in vast majority of human cancer cells (5) and plays a
critical role in the progression of human cancer (6). Recently
telomerase has been found to exert extra-telomeric effects via
the modulation of NF-xB (7,8) and Wnt/B-catenin signaling
pathways (9,10). These non-canonical functions are associated
with the development and progression of human cancer. In
fact, telomerase has been investigated as a potent target for
anticancer therapy (11).

The major components of human telomerase are tolemerase
RNA (hTR) and telomerase reverse transcriptase (hTERT).
While hTR subunit serves as a template, hTERT subunit
catalyzes the elongation of telomeric DNA. Three main struc-
tural domains of hTERT have been identified: NH, terminus
that binds DNA and RNA, central catalytic RT region and a
short COOH terminus (12). Although the function of COOH
terminus is the least-characterized, it has been found to
mediate the nuclear translocation of telomerase (13) and is
essential for the in vivo activity of human telomerase (14).
Recent studies showed that ectopic expression of C27 (amino
acid 882-1,132 of hTERT) reduces the growth and tumori-
genicity of tumor cells (15-19) and sensitizes tumor cells to
5-fluorouracil-induced growth inhibition and apoptosis (20).
C27 does not affect telomerase activity. The unclearly
illustrated mechanisms include the induction of telomere
dysfunction (15), triggering of apoptosis signal and reduction
of angiogenesis in tumor tissue (16), as well as involvement of
immune responses (18).

In the present study, a novel COOH-terminal polypeptide
(C197, amino acid 936-1,132) of hTERT was overexpressed
in HeLa cells using recombinant adenovirus Ad-EGFP-C197.
Ectopic expression of C197 was found to induce growth delay
and promotes apoptosis of HeLa cells in vitro, and in nude
mice. Furthermore, C197 suppressed the telomerase activity,
as well as downregulated the expression of hTERT and
NF-«xB p65 in HeLa cells, demonstrating that the antitumor
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effect of C197 was associated with the reduced expression of
hTERT and NF-«B p65.

Materials and methods

Ethics statement. All animal protocols conformed to the EU
guidelines (2010/63/EU) and other EU recommendations, and
were conducted with the approval of the Ethics Committee
of Animal Experiments, Southern Medical University. All
surgery was performed under sodium pentobarbital anesthesia,
and every effort was made to minimize suffering.

Cell culture. HEK-293 (CRL-1573) and HeLa (CCL-2) cell
lines were obtained from American type culture collec-
tion (ATCC; Manassas, VA, USA). Cells were cultivated in
Dulbecco's modified Eagle's medium (DMEM) supplemented
with 10% fetal bovine serum (FBS) (both from Gibco, USA)
plus 100 U/ml penicillin and 100 pg/ml streptomycin (Sigma,
USA) at 37°C in a humidified atmosphere containing 5% CO,.

Construction of Ad-EGFP-C197. The cDNA encoding C197
(hTERT amino acid 936-1,132) was synthesized by Sangon
Biotech (Shanghai, China), and was identified by sequencing.
A 6-histidine (6-His)-tag was added to the N-terminus of C197
cDNA to facilitate the detection of C197 protein. The AdEasy
Vector system was used for the construction of recombinant
adenovirus Ad-EGFP-C197. The construction, preparation
and titration of Ad-EGFP-C197 were conducted as previously
described (21), with the substitution of 6-His-C197 cDNA for
AT?2R cDNA. The foreign genes 6-His-C197 and enhanced
green fluorescent protein (EGFP) were driven by a separate
cytomegalovirus (CMV) promoter within the recombinant
Ad-EGFP-C197. The mock adenovirus Ad-CMV-EGFP was
prepared as previously described (21).

Detection of the expression of C197 in HeLa cells. Cells
(2x10%/well) were seeded into 6-well tissue culture plates
(Corning, Shanghai, China). The following day, cells were
infected with Ad-EGFP-C197 [multiplicity of infection (MOI)
of 100]. Forty-eight hours after infection, cells were subject
to the detection of C197 protein using anti-6-His antibody by
western blotting as described below.

Determination of the sub-cellular localization of C197.
HeLa cells (1x10%) were cultivated in a 10 mm glass bottom
culture dish (Corning). The following day, cells were infected
with Ad-EGFP-C197 (MOI of 100). At the time point of
24 or 48 h after infection, cells were washed 3 times with
phosphate-buffered saline (PBS), then fixed in 4% paraformal-
dehyde for 15 min, followed by the incubation with 1% BSA
(Sigma) for 30 min. Next, cells were incubated with primary
antibody against 6-His-tag (mouse monoclonal IgG, 1:500
dilution; sc-57598; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) at 37°C for 1 h, washed with PBS and incubated with
TRITC-coupled secondary antibody (goat polyclonal against
mouse IgG, 1:100 dilution; BS11502; Bioworld Technology)
for 1 h at room temperature. Cell nuclei were counterstained
by phenylindole dihydrochloride (DAPI) (Sigma) for 5 min.
After several washes with PBS, cells were examined under a
confocal microscope (Nikon, Japan).
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In vitro proliferation and apoptosis assay. For the cell prolif-
eration assay, HeLa cells (1x10* cells/well) were seeded in
96-well plates (Corning). The following day, cells were infected
with recombinant adenovirus Ad-EGFP-C197 or mock adeno-
virus Ad-EGFP (MOI of 100). Cells were cultivated for 7 days
after infection. On each day cell viability was examined by
MTT (Sigma) method using a Multiskan microplate reader
(Benchmark Plus; Bio-Rad, USA).

For in vitro apoptosis assay, HeLa cells (1x10° cells/well)
were seeded in 6-well plates (Corning). The following day,
cells were infected with Ad-EGFP-C197 or Ad-EGFP (MOI
of 100). Cells were cultivated for 3 days after infection. Each
day cell apoptosis was detected using Annexin V-PE apop-
tosis detection kit I (BD Biosciences, USA) according to the
manufacturer's instructions, and analyzed by flow cytometry
(Bio-Rad) within 1 h.

Telomerase activity assay. HeLa cells (1x10° cells/well) were
seeded into 6-well plates (Corning). The following day, cells
were infected with Ad-EGFP-C197 or Ad-EGFP (MOI of 100).
Forty-eight hours after infection, cell lysates were prepared
and telomerase activity was determined using a TRAPeze®
telomerase detection kit (S7700; Millipore, Billerica, MA,
USA) as described in the manufacturer's instructions. Briefly,
protein was extracted from cells and suspended in 1X CHAPS
in a concentration of 700 ng/ul. PCR was performed in 50 ul
reaction system (including 2 ul protein solution). Amplification
reactions were performed for 30 cycles of 94°C for 30 sec,
59°C for 30 sec and 72°C for 10 min. Products were separated
by electrophoresis on 12.5% polyacrylamide gels, stained with
EB for 30 min and scanned with a gel documentation system
(Bio-Rad).

Detection of the expression of hTERT and NF-kB p65.
HeLa cells (1x10° cells/well) were seeded into 6-well plates
(Corning). The following day, cells were infected with
Ad-EGFP-C197 or Ad-EGFP (MOI of 100). Forty-eight
hours after infection, cell lysates were prepared to detect the
expression of hTERT. For the detection of NF-kB p65, TNF-a
(PeproTech, USA) was added to the medium (final concentra-
tion 10 ng/ml) and cells were cultivated for another 12 h. Cells
were then collected to prepare cell lysates. The expression of
hTERT and NF-kB p65 were detected by western blotting as
described below.

Western blot analysis. Western blotting was performed
according to standard protocols. Briefly, total protein was
extracted from the cells by repeated freezing and thawing,
or from tumor tissues by homogenization, and was quanti-
fied using the Bradford method. Samples were separated
by SDS-PAGE and transferred onto a polyvinylidene
fluoride (PVDF) membrane (Millipore) using Mini Trans-
Blot (Bio-Rad). The membrane was blocked with 5%
non-fat dry milk (Sigma) and incubated with primary
antibodies, followed by the incubation with horseradish
peroxidase (HRP)-conjugated secondary antibodies.
The film was developed using the enhanced chemilumi-
nescence (ECL) kit (Vazyme, Nanjing, China). Primary
antibodies included mouse monoclonal antibodies (IgG)
against 6-his-tag (1:500 dilution, sc-57598)/human GAPDH
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(1:500 dilution, sc-365062)/human fB-actin (1:500 dilution,
sc-130301)/hTERT (1:100 dilution, sc-393013) (all from
Santa Cruz Biotechnology), and rabbit monoclonal IgG
against human NF-xB p65 (1:1,000 dilution, #8242; Cell
Signaling Technology). The secondary antibodies used were
HRP-conjugated goat polyclonal antibody against mouse IgG
(1:5,000 dilution, BS12478) and HRP-conjugated goat poly-
clonal antibody against rabbit IgG (1:500 dilution, BS13278)
(both from Bioworld Technology).

Animal studies. Male athymic nude mice (BALB/c-nu/nu)
aged 4-6 weeks (Center of Laboratory Animals, Southern
Medical University, Guangzhou, China) were housed in
sterile cages with a 12:12 h light-dark cycle. Animals were
fed autoclaved chow and water ad libitum. The tumors were
established by subcutaneous injection of 1x107 HeLa cells
into the right flank of each mouse. When the tumor nodules
reached 5-6 mm in diameter, mice were randomly divided
into two groups of six mice. Each mouse received intratumor
injection of Ad-EGFP-C197 or Ad-EGFP (1x10° pfu) twice
a week for 4 weeks. Animals were observed for one week
after the last injection. Tumor volumes were determined once
a week by measuring in two dimensions and calculated as
tumor volume = length x (width)?/2 (22). At the end of the
experiment, mice were sacrificed with sodium pentobarbital
and tumor nodules were separated and weighed. Tumor tissues
were subjected to TUNEL assay and immunohistochemistry
analysis, and a fraction was homogenized for protein extrac-
tion and immunodetection of f-actin and 6-His-C197 by
western blotting, as previously described.

TUNEL assay. Tumor tissues were fixed with 4% paraformal-
dehyde (Sigma) and were embedded in paraffin (Sigma). After
dehydration, tissue sections (6-ym thick) were prepared and
mounted on polylysine (Sigma) coated slides. Sections were
then subject to deparaffinization and rehydration, followed by
the microwave antigen retrieval with citric acid. TUNEL assay
was conducted using the DeadEnd Colorimetric TUNEL
System (Promega, Beijing, China) as described in the manu-
facturer's instructions. Stained sections were analyzed with a
light microscope (Nikon). At least 3-high magnification fields
were examined in each section (500 cells altogether), and
the apoptotic index (AI) was calculated as the percentage of
TUNEL-positive cells.

Immunohistochemistry analysis. Tissue sections were
prepared as described above. After incubation with 3% H,0,
for 10 min and blocking with 5% BSA for 30 min, sections
were incubated with primary antibody against NF-kB p65
(rabbit monoclonal IgG, 1:800 dilution, #8242; Cell Signaling
Technology) for 12 h at 4°C, followed by the incubation with
HRP-conjugated goat polyclonal antibody against rabbit IgG
(1:500 dilution, BS13278, Bioworld Technology) for 30 min at
37°C. Next, 3,3'-diaminobenzidine (DAB; Sigma) was added
to visualize the brown color. Finally, sections were counter-
stained with hematoxylin to show cell nuclei and examined
with a light microscope (Nikon). The total integrate optical
density (IOD) and total area of each section was determined
with an Image-Pro Plus 6.0 software. The mean optical density
(MOD) was employed to show the relative amount of p65
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Figure 1. Ectopic expression of C197 in HeLa cells. (A) HeLa cells infected
with Ad-EGFP-C197 (left, green fluorescence was shown; right, green fluo-
rescence was not shown). Magnification, x100. (B) The expression of C197
protein in HeLa cells was confirmed by western blotting. GAPDH was used
as an internal control.

protein in each section using the following formula: mean
optical density = total IOD/total area.

Statistical analysis. Data are represented as mean + standard
deviation (SD). All statistical analyses were carried out using
SPSS 13.0 (IBM, USA). Differences between groups were
assessed using independent samples t-test and were considered
to indicate a statistically significant result when the P-value
was <0.05.

Results

Expression and sub-cellular localization of C197 in HeLa
cells. As shown in Figs. 1 and 2, high level expression of C197
was achieved in HeLa cells by the infection of Ad-EGPF-C197.
Within the first 24 h after infection, C197 accumulated
predominantly in the cytoplasm, and appeared in the cell
nucleus 48 h after infection (Fig. 2) demonstrating that C197
was capable of entering the nucleus.

Ad-EGFP-C197 induces growth delay and apoptosis of HeLa
cells in vitro. We next evaluated the effect of C197 on the
proliferation of HeLa cells. The results in MTT assay showed
that Ad-EGFP-C197 significantly inhibited the proliferation
of cells [optical density (OD) value, 1.17+0.20, 1.18+0.12,
1.44+0.06 and 1.68+0.10 at the 4, 5, 6 and 7 days after
infection, respectively] compared to Ad-EGFP (OD value,
1.50+0.20, 1.72+0.28, 2.21+£0.61 and 2.48+0.69 at the 4, 5,
6 and 7 days after infection, respectively, P<0.05 or P<0.01,
Fig. 3A).

We further assayed the apoptosis rate of cells. Apoptotic
rate was calculated using the following formula: apoptotic
rate = (cells undergoing apoptosis and cells in end-stage
apoptosis)/total cells. Ad-EGFPC197 induced a higher apop-
tosis rate (9.36x2.32, 25.03+4.00 and 38.07+2.59% at 24, 48
and 72 h after infection, respectively) compared to Ad-EGFP
(4.53+£0.59, 5.24+0.68 and 10.33+0.40% at 24, 48 and 72 h
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Figure 2. Sub-cellular localization of C197. C197 was transferred into nucleus 48 h after the infection of Ad-EGFP-C197. (A and D) C197 protein stained by
TRITC-coupled antibody (red). (B and E) Cell nucleus stained by DAPI (blue). (C) A merged with B. (F) D merged with E. Magnification, x3,000. DAPI,
phenylindole dihydrochloride.
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Figure 3. Ad-EGFP-C197-induced growth delay and apoptosis of HeLa cells in vitro. (A) Cell proliferation rate was measured by MTT. Proliferation
rate was significantly lower in Ad-EGFP-C197-infected cells compared to Ad-EGFP-infected cells. (B) Quantification of apoptotic cell population
(Annexin V-positive/PI-negative) by flow cytometry at 24, 48 and 72 h after infection. The apoptotic rates in Ad-EGFP-C197 infected cells were significantly
higher compared to Ad-EGFP infected cells. Values are depicted as mean + SD, n=3. "P<0.05, “"P<0.01 vs. control.

after infection, respectively, P<0.05 or P<0.01, Fig. 3B), Ad-EGFP-CI197 suppresses telomerase activity and the
implying that apoptosis contributed to the growth inhibition  expression of hTERT and NF-kB p65 in HeLa cells in vitro.
induced by C197 in vitro. Telomerase activity was detected by TRAP assay using
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Figure 4. Ad-EGFP-C197 suppresses telomerase activity and expression of hTERT and NF-kB p65 in HeLa cells in vitro. (A) Ad-EGFP-C197 suppresses
telomerase activity. The 36-bp internal positive control band (S-IC) is seen in every lane. Lane 1, negative control without any product except S-IC. Lane 2,
telomerase-positive control cell showing a ladder of PCR products with 6 base increments starting at 50 nucleotides. Lane 3, HeLa cells infected with
Ad-EGFP. Lanes 4 and 5, HeLa cells 24 and 48 h after infection with Ad-EGFP-C197, respectively. Lanes 6 and 7, HeLa cells 72 h after infection with
Ad-EGFP-C197. Lane 8, HeLa cells without any treatment. (B and C) Ad-EGFP-C197 suppresses the expression of hTERT and NF-«kB p65. HeLa cells were
treated with Ad-EGFP, PBS or Ad-EGFP-C197. The expression of hTERT and NF-xB p65 was determined by western blot analysis. -actin served as an
internal control. hTERT, human telomerase reverse transcriptase; S-IC, standard of internal control; PBS, phosphate-buffered saline.
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Figure 5. Ad-EGFP-C197 inhibits tumor growth in vivo. (A) Tumor-bearing mice and xenografted tumors were exemplarily depicted. (B and C) Tumor size

and weight, respectively. Values are mean + SD, n=6. "P<0.05 vs. Ad-EGFP.

TRAPeze kit, which generated a ladder of products with
six-base increments starting at 50 nucleotides. K1 primer and
TSK1 template in each reaction mixture allowed for the ampli-
fication of 36 bp nucleotides as standard of internal control
(S-IC). The results (Fig. 4A) showed that telomerase activity
in Ad-EGFP infected cells was unaffected when compared to
untreated cells. While in cells infected with Ad-EGFP-C197,
telomerase activity was significantly decreased at 48 and 72 h
after infection, showing that the expression of C197 inhibited
the telomerase activity in HeLa cells.

Based on the fact that hTERT is critical to the telomerase
activity, we asked whether C197 affected the expression of

hTERT. The results showed that infection of AD-EGFP-C197
reduced the expression of hTERT protein (Fig. 4B), which
accounts for the suppressed telomerase activity.

In contrast, depressed telomerase activity impaired the
telomere elongation, yet this could not explain the rapid
antiproliferative effect of C197 (as shown in Fig. 2A), since
there is a long lag period between the initiation of telomerase
inhibition and the observing of growth arrest effect (23).
Since there is a positive feedback between hTERT and NF-«xB
signaling pathway in the development of tumors (24), and
suppression of NF-kB activation results rapidly in apoptosis
in HeLa cells (25-27), we further asked whether the expression



2914

WU et al: ANTITUMOR EFFECT OF C197 IS ASSOCIATED WITH DECLINED EXPRESSION OF hTERT AND p65

| C197 (25 kDa)

Ad-EGFP-C197

Ad-EGFP

Tunel

-c‘;;@g?{'ﬁ.‘; {etal) B ria g

alse 9

p65

04

*k

010

—

0.08

The mean of density
S © o o
g8 8 ¥ R

Figure 6. Ad-EGFP-C197 promotes tumor cell apoptosis and decreases expression of NF-kB p65 in tumor tissues. (A) Western blot analysis confirmed the
expression of C197 in tumor tissues. $-actin served as an internal control. (B) TUNEL assays of tumor tissues to detect apoptotic cells. Magnification, x200.
TUNEL-positive cells (apoptotic cells, nuclei were stained brown) and the apoptotic index (AI) were significantly higher in tumors injected with Ad-EGFP-C197
than in tumors injected with Ad-EGFP. (C) Immunohistochemistry analysis of NF-kB p65 protein (stained brown) in tumor tissues. Magnification, x200. The
relative expression of NF-kB p65 protein was significantly lower in tumors injected with Ad-EGFP-C197 than in tumors injected with Ad-EGFP. Images are
representative results of 3 independent experiments. Values are mean + SD, "P<0.05, “P<0.01 compared to Ad-EGFP.

of NF-kB p65 would be affected by C197 in HeLa cells. As
shown in Fig. 4C, Ad-EGFP did not affect the expression of
NF-xB p65, while Ad-EGFP-C197 significantly reduced the
expression of NF-kB p65 suggesting that C197 has an impact
on NF-«B signaling pathway.

Ad-EGFP-CI197 inhibits tumorigenicity of HeLa cells
in vivo. HeLa cells were subcutaneously injected into
athymic nude mice to establish xenograft tumor models,
followed by injecting the resulting tumors with Ad-EGFP
or Ad-EGFP-C197. Periodic measurement showed that
the sizes of tumors in Ad-EGFP-C197-treated mice
(909.18+309.65 mm? at 4 weeks, and 1496.18+153.35 mm”?
at 5 weeks) were significantly smaller than in Ad-EGFP-
treated mice (1736.02+643.67 mm?® at 4 weeks, and
2538.26+715.6 mm? at 5 weeks, P<0.05, Fig. 5B). At 5 weeks

the weight of tumors in animals injected with Ad-EGFP-C197
(1.36+£0.46 g) were significantly lower than in animals
injected with Ad-EGFP (1.99+0.23 g, P<0.05, Fig. 5C).

Ad-EGFP-C197 promoted tumor cell apoptosis and
decreased expression of NF-kB p65 in tumor tissues. After
4 weeks injection of Ad-EGFP-C197 or Ad-GFP, tumor
tissues were subjected to TUNEL assays and immunohisto-
chemistry analysis. In TUNEL assay, TUNEL-positive cells
were more abundant in tumors injected with Ad-EGFP-C197
(AT, 0.334+0.023) than tumors injected with Ad-EGFP (Al,
0.088+0.005, P<0.01, Fig. 6B). In immunohistochemistry
examination, the staining of NF-xB p65 protein was signifi-
cantly lower in Ad-EGFP-C197-treated tumor tissues (MOD,
0.022+0.006) than in tissues treated with Ad-EGFP (MOD,
0.079+0.025, P<0.01, Fig. 6C).
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Discussion

In the present study, we report that the ectopic expression
of the novel C197 COOH-terminal polypeptide (amino
acid 936-1,132) of hTERT, induced growth delay and apoptosis
of HeLa cells both in vitro and in nude mice. Furthermore,
C197 suppressed the telomerase activity which we believe
was induced by the declined expression of hTERT. In
contrast, previous studies showed that C27 did not affect the
telomerase activity. One possible explanation of the different
effects of C197 and C27 on telomerase activity is that there
may be different conformations between C197 and C27, since
C27 contains additional 54 amino acids (D and E conserved
short motifs of reverse transcriptase domain) at the NH,
terminus (15).

Since telomeric DNA progressively erodes at a rate of
30-120 bp with each cell cycle (28-30), there is a long lag
period between the initiation of telomerase inhibition and
the observing of growth arrest effect (23,31). While in the
present study, C197 induced growth arrest and apoptosis of
HeLa cells within a short time in vitro (significant effects
were observed 4 days after the infection of Ad-EGFP-C197).
Therefore, although telomerase activity and hTERT protein
were decreased, the rapid antiproliferative effect of C197 may
be independent of telomere-repairing effect of hTERT.

In the present study, ectopic expression of C197 reduced the
expression of NF-«kB p65, implying that C197 has an impact on
NF-«B signaling pathway. NF-kB signaling pathway is known
as a master regulator of cellular and developmental events and
suppression of NF-kB activation results rapidly in apoptosis
of HeLa cells (25-27). Although further study is needed to
elucidate the mechanisms, the present data suggest that the
anticancer effect of C197 is associated with the downregula-
tion of p65 which results in the impaired function of NF-kB
signaling pathway.

In recent years, it was found that hTERT and NF-«xB
pathway was often deregulated and overexpressed in many
cancer cells, and there is a forward feedback between hTERT
and NF-xB pathway (7,24). NF-kB p65 modulates hTERT
expression and nuclear translocation from cytoplasm in
tumor cells (32,33), and hTERT has been shown to contribute
to cancer development and progression as a transcriptional
modulator of the NF-kB signaling pathway in a manner
independent of telomerase activity (7,8). In the present study,
we speculated that the C197 interrupts the forward feedback
between hTERT and NF-«B signaling pathway which contrib-
utes to the antitumor effect of C197. Reduced expression of
NF-«B p65 leads to the decreased expression and activity of
hTERT. In return, decreased hTERT protein in nucleus attenu-
ates the effect of NF-xB pathway. Furthermore, it has been
reported that COOH-terminus of hTERT contains binding
sites for 14-3-3, a protein that prevents telomerase exporting
from the nucleus (13). C197 also contains these binding sites.
The present data showed that C197 was able to find its way to
enter the nucleus. Nucleus accumulation of C197 binds most
of 14-3-3, therefore inhibits the nuclear localization of hTERT,
which further suppresses the interaction between hTERT and
NF-«B pathway.

In general, our studies showed that adenovirus-mediated
overexpression of C197 inhibited the growth and promoted
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apoptosis of HeLa cells in vitro and in vivo. Although further
study is needed to elucidate the more detailed mechanisms, the
present study demonstrated that the antitumor effect of C197 is
associated with the downregulation of hTERT and NF-«xB p65
protein. Our results, along with the previous study, suggest
the potential of COOH-terminal of hTERT in the treatment
of tumors.
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