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Human telomerase reverse transcriptase (hWTERT) is a
catalytic subunit of telomerase and is a potentially
useful diagnostic marker for cancers. There have
been few studies in which immunological detection of
hTERT has been attempted and its subcellular local-
ization has not been precisely defined. In the present
study, we re-evaluated expression and localization of
hTERT in cancer and normal cells using a newly de-
veloped antibody. Immunohistochemistry revealed
that hTERT is expressed in ~80% of gynecological
cancers, but some premalignant lesions exhibited
weak expression of hTERT. Interestingly, not only
nuclei but also cytoplasm of cancer cells were positive
for hTERT staining. This finding was supported by the
results of Western blot analysis of cell lines, in which
both nuclear and cytoplasmic extracts exhibited sig-
nificant hTERT bands. Cytoplasmic hTERT in cancer
cells may be functional because the telomeric repeat
amplification protocol assay of cytoplasmic extracts
showed high levels of telomerase activity. Unexpect-
edly, not all normal primary cells and telomerase-
negative cancer cell lines lacked hTERT expression;
some exhibited weak TERT signals. In Western anal-
ysis, hTERT signals did not always correlate with te-
lomerase activity of the various cell types. These find-
ings suggest that functional hTERT is expressed in

both the nucleus and cytoplasm of cancer cells and
that hTERT expression does not strictly reflect telom-
erase activity. Further analysis is needed to clarify the
biological significance of cytoplasmic hTERT. (Am J
Patbol 2003, 163:859—-867)

The maintenance of telomeres, specialized nucleoprotein
structures at the ends of chromosomes, is essential for
chromosome  stability."? Without new synthesis, telo-
meres undergo progressive shortening with each cell
division, leading to replicative senescence of cells.® Te-
lomerase is a ribonucleoprotein complex that extends
and maintains the telomeres. Activation of this enzyme is
therefore required for cells to overcome replicative se-
nescence and be able to divide indefinitely.*® This hy-
pothesis is supported by observations that telomerase is
frequently activated in the vast majority of cancers or
cancer cell lines but not in most normal tissues.® Studies
of the telomerase enzyme complex have revealed the
presence of two major subunits that contribute to in vitro
enzymatic activity: an intrinsic RNA component (hTERC)
containing a template region that binds to TTAGGG re-
peats in telomeres;” and a catalytic subunit with reverse
transcriptase activity (nTERT).®° Minimal essential com-
ponents for in vitro reconstitution of telomerase activity is
thought to be hTERC and hTERT.'® Whereas hTERC is
constitutively present in normal and cancer cells, expres-
sion of hTERT is almost exclusively limited to cancer
cells.®? Introduction of the h"TERT gene into telomerase-
negative normal cells is sufficient to induce telomerase
activity and to immortalize cells that would otherwise
enter telomere-based replicative senescence.’’ '3 Te-
lomerase activity and hTERT mRNA expression are
closely associated in human cancers.'*'® |n vitro trans-
formation of telomerase-negative normal cells using de-
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fined genetic elements almost usually requires hTERT
expression.’® These findings indicate that hTERT expres-
sion is the rate-limiting step in telomerase activity and
cellular immortalization.

As a diagnostic marker for cancer, hTERT is potentially
useful. In several studies, immunohistochemical detec-
tion of hTERT has been attempted in a variety of tu-
mors."” 22 In most of these studies, nuclei of cancer cells
stained positive for hTERT, and staining closely corre-
lated with telomerase activity. However, there has some-
times been unexpected hTERT-positive staining in nor-
mal cells and in cytoplasm of cancer cells, depending on
the antibodies used. Such unexpected staining has often
been dismissed as nonspecific, because most research-
ers believe that NTERT is exclusively localized to nuclei in
cancer cells. Strict evaluation by immunohistochemistry
and Western blot analysis, using well-characterized anti-
bodies, is needed to precisely define the expression and
localization of hTERT.

The purpose of the present study was to address the
above issues using a newly developed antibody against
hTERT. Interestingly, the present immunohistochemical
results show that hTERT is expressed not only in nuclei
but also cytoplasm in cancer cells. This finding was sup-
ported by Western blot analysis. Furthermore, some nor-
mal or telomerase-negative cancer cells were found to
express weak TERT signals. Present telomeric repeat
amplification protocol (TRAP) assays showed significant
telomerase activity in both nuclei and cytoplasm of can-
cer cells. These findings appear to support the novel
hypothesis that hTERT expression does not always reflect
telomerase activity and that functional hTERT is ex-
pressed in both nuclei and cytoplasm.

Materials and Methods
Cell Lines

The following cell lines were obtained from the American
Type Culture Collection (Rockville, MD): HelLa, C33A,
ME180 (cervical cancer), MCF-7 (breast cancer), JEG-3
(choriocarcinoma), and Sa0OS2 (osteosarcoma). HEC1
and Ishikawa cells (endometrial cancer) were donated by
Dr. Hiroyuki Kuramoto (Kitasato University, Tokyo, Japan)
and Dr. Masato Nishida (Kasumigaura National Hospital,
Ibaragi, Japan), respectively. A-431 cells (vulvar cancer)
were provided by Dr. Wen-Chang Chang, National
Cheng Kung University, Taiwan. SUSM-1 cells were ob-
tained from Riken (Tsukuba, Japan). The above cells
were grown in Dulbecco’s modified Eagle’s medium sup-
plemented with 10% fetal bovine serum in an atmosphere
of 5% CO, at 37°C. Human renal corticoepithelial cells
(HRCEs) and normal foreskin fibroblasts (NHFs) were
purchased from Clonetics (San Diego, CA) and were
cultured according to the Clonetics protocol.

Immunohistochemistry

An affinity-purified monoclonal rat antibody against
hTERT (KM2604) was raised against a GST-fused trun-

cated recombinant protein (corresponding to amino ac-
ids 549 to 831 of hTERT) expressed by an Escherichia coli
expression system (Kyowa Hakko Kogyo, Tokyo, Japan).
Immunohistochemical assays for hTERT were performed
on formalin-fixed, paraffin-embedded specimens of a va-
riety of gynecological tissues, using the histofine SAB-PO
kit (Nichirei Corporation, Tokyo, Japan). Antigen retrieval
was performed for 10 minutes in 1X antigen retrieval
solution (Biogenex, San Ramon, CA), and endogenous
peroxidase was quenched in 3% H,O.. Then, the tissue
sections were incubated for 16 hours at 4°C with anti-
hTERT antibody at a dilution of 1:1300 or with nonimmune
whole rat serum. After washing, the sections were incu-
bated with a biotinylated secondary antibody, followed
by detection by sequential reaction with a streptavidin-
biotin-horseradish peroxidase complex, biotinylated tyra-
mide, streptavidin peroxidase, and 3,3’-diaminobenzi-
dine (chromogenic visualization). Sections were lightly
counterstained with Ayer’s hematoxylin, and then
mounted. Staining was evaluated as + (positive in >25%
of the cells at the region of interest), — (<5%), or weak +
(positive cells in 5 to 25% or staining intensity was ex-
tremely low). The results were judged by two indepen-
dent pathologists and the cases with discordant results
were excluded from the analyses.

Western Blot Analysis

Nuclear and cytoplasmic extracts from a variety of cell
lines were prepared using the method of Schreiber and
colleagues.®* Briefly, 1 X 10° cells were collected:;
washed with phosphate-buffered saline; and resus-
pended in 400 wl of buffer A containing 10 mmol/L
HEPES (pH 7.9), 10 mmol/L KCI, 0.1 mmol/L EDTA, 0.1
mmol/L EGTA, 1 mmol/L dithiothreitol, and 0.5 mmol/L
phenylmethyl sulfonyl fluoride and allowed to swell for 15
minutes, after which 25 ul of a 10% solution of Nonidet
P-40 (Fluka, Chemie AG, Buchs, Switzerland) is added
and the tube is vigorously vortex for 10 seconds. The
homogenate is centrifuged at 12,000 rpm for 30 seconds.
The supernatant is recovered as cytoplasmic extracts.
The nuclear pellet is resuspended in 50 ul of lysis buffer
C containing 20 mmol/L HEPES (pH 7.9), 0.4 mol/L NaCl,
1 mmol/L EDTA, 1 mmol/L EGTA, 1 mmol/L dithiothreitol,
and 1 mmol/L phenylmethyl sulfonyl fluoride and the tube
is vigorously rocked at 4°C for 15 minutes on a shaking
platform and then centrifuged at 12,000 rpm for 5 minutes
at 4°C and the supernatant is recovered as nuclear ex-
tracts. Then, 100 ug of nuclear or cytoplasmic extracts
were electrophoresed on a sodium dodecy! sulfate-poly-
acrylamide gel with a gradient of 5 to 10% (Readygels
J161-J351; Bio-Rad, Hercules, CA), and transferred to poly-
vinylidene difluoride membranes. Membranes were
blocked in TBST (150 mmol/L NaCl, 20 mmol/L Tris-Cl, pH
7.5, 0.1% Tween) containing 5% nonfat dried milk, and then
incubated with specific antibody against hTERT (KM2604;
Kyowa Hakko Kogyo) or Sp1 (PEP2; Santa Cruz Biotech-
nology, Santa Cruz, CA), followed by reaction with horse-
radish peroxidase-linked anti-rat IgG for hTERT or anti-rab-
bit IgG for Sp1. Immunoreactive bands were visualized
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Figure 1. Western blot analysis to verify specificity of hTERT antibody. A:
FLAG-tagged purified recombinant hTERT was electrophoresed on sodium
dodecyl sulfate-polyacrylamide gel electrophoresis, transferred to a mem-
brane, and probed with hTERT antibody (KM2604). For absorption test, the
antibody was preincubated with (+) or without (=) purified hTERT. A
significant band is detected with predicted molecular weight of 127 kd. B:
Western blotting with FLAG M2 antibody to verify the position of recombi-
nant protein.

using the ECL detection system (Amersham, Biosciences,
Piscataway, NJ), as suggested by the manufacturer.

TRAP Assay

TRAP assays were performed using the TRAPeze telom-
erase detection kit (Serologicals Corporation, Norcross,
GA), according to the manufacturer’'s protocols.
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Results

Characterization of hTERT Antibody

We used a newly developed anti-hTERT antibody,
KM2604, which was raised against a purified recombi-
nant hTERT protein corresponding to amino acids 549 to
831 of hTERT. To verify the specificity of this antibody,
Western blot analyses were performed using purified
insect-expressed full-length hTERT. The recombinant
hTERT was tagged with FLAG epitope at the amino ter-
minal, and retained its catalytic activity.'® Immunoblotting
with KM2604 yielded significant bands with predicted
molecular weight of 127 kd (Figure 1A). This signal was
absorbed by excess purified hTERT, and the position
was confirmed with M2 FLAG-antibody (Figure 1B). We
thus confirmed that this antibody recognizes hTERT pro-
tein.

Immunohistochemistry Reveals both Nuclear
and Cytoplasmic Expression of hTERT in
Gynecological Cancers

To investigate the expression and localization of hTERT, a
variety of gynecological malignancies were examined by
immunohistochemistry: four cervical cancers, seven en-
dometrial cancers, eight ovarian cancers, and one uter-
ine leiomyosarcoma. All four cervical cancers, five of the
seven endometrial cancers, six of the eight ovarian can-
cers, and the uterine sarcoma were significantly positive
for hTERT staining; additionally, two endometrial cancers
and one ovarian cancer exhibited faint signals. One ovar-
ian cancer exhibited no hTERT staining. TRAP assay
showed that all of the above tumors were telomerase-
positive (data not shown). In some hTERT-positive tu-

Figure 2. Immunohistochemistry of gynecological tumors with hTERT antibody. A: Predominantly nuclear hTERT signals in endometrial cancer (case 30). B: Both
nuclear and cytoplasmic signals in ovarian cancer (case 47). Original magnifications: X200 (A); X400 (B).
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mors, hTERT signals were mainly observed in the nu-
cleus, with granular or scattered patterns (Figure 2A).
However, other tumors also exhibited cytoplasmic hTERT
staining (Figure 2B). Cervical cancers exhibited particu-
larly predominant cytoplasmic hTERT staining (Figure 3).
We also examined pelvic lymph nodes of patients with
cervical cancer. Lymphocytes present in pelvic lymph
nodes were generally hTERT-negative. However, signifi-
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Figure 4. Absorption test for hTERT signals. Nuclear signals detected by hTERT antibody (KM2604) (case 12) (A) were completely eliminated by preincubation

Figure 3. Immunohistochemistry of cervical cancers with hTERT antibody. A
and B: Predominantly cytoplasmic signals in cervical cancer (case 13). C:
hTERT signals in metastatic foci of pelvic lymph node in this patient. Original
magnifications: X200 (A); X400 (B); X100 (C).

cant hTERT staining was clearly observed in metastatic
foci of cervical cancers (Figure 3). To verify the specificity
of the signals, an absorption test was performed, in which
excess full-length purified FLAG-hTERT protein or anti-
gen peptide was preincubated with primary antibody.
Positive signals were completely eliminated by excess
purified hTERT protein (Figure 4) or antigen peptide (data
not shown), verifying the specificity of the signals.

e - i

with full-length purified recombinant hTERT (B). Original magnifications, X200 (A and B).
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Figure 5. Immunohistochemistry of premalignant and normal tissues. Weak but consistent signals were observed in carcinoma in situ of the uterine cervix (case
10) with hTERT antibody (A) but not with control serum (B). hTERT staining was positive in normal proliferative-phase endometrium (case 16) (C), but not in
atrophic endometrium of postmenopausal woman (case 21) (D). Original magnifications, X200 (A-D).

We next examined expression of hTERT in normal,
benign, and premalignant lesions. No significant signals
were observed in normal cervical mucosa. Faint or weak
signals were observed in severe dysplasia of uterine
cervix and carcinoma in situ; whole layers of stratified
atypical cells were positive for hnTERT expression (Figure
5). These premalignant lesions exhibited both nuclear
and cytoplasmic staining. Neither of the two uterine my-
omas and none of the six benign ovarian tumors was
positive for hTERT staining. Thirteen normal endometria
were also examined. None of the eight atrophic endome-
trial glands in postmenopausal women were positive for
hTERT expression. One of the three endometrial glands
in proliferative phase was strongly positive for hTERT
staining in both nuclei and cytoplasm, whereas neither of
the two glands in secretory phase were significantly pos-
itive (Figure 5). These results are summarized in Table 1.
Thus, both nuclear and cytoplasmic hTERT staining
was observed in most cancers as well as some tel-
omerase-positive normal tissues, such as proliferative
endometrium.

Western Blot Analysis Identifies Subcellular
Localization of hTERT Expression

Based on the findings of immunohistochemistry, we fur-
ther examined the subcellular localization of hTERT by
Western blot analysis using various telomerase-positive
and telomerase-negative cell lines and primary normal
cells. Nuclear and cytoplasmic extracts were separately
collected and subjected to Western blot analysis. hTERT
was detected at the predicted size (127 kd) in both
nuclear and cytoplasmic extracts from cancer cells (Fig-
ure 3). The band intensity varied among cell lines: cervi-
cal cancer C33A and Hela, Ishikawa (endometrial
cancer), and A-431 (vulvar cancer) cells exhibited strong
bands; ME180 (cervical cancer), HEC1 (endometrial can-
cer), and MCF-7 cells (breast cancer) showed rather
weak bands; JEG3 cells did not show definite bands. In
contrast, no significant signals were detected in nuclear
and cytoplasmic extracts from normal renal cells
(HRCEs). NHFs as well as Sa0S2 and SUSUM-1 cells,
cell lines that use the ALT (alternative lengthening of
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Table 1. Results of the Immunohistochemistry
Case Organ Lesion Signal Pattern Comment
1 Cervix Normal -
2 Cervix Normal -
3 Cervix Normal -
4 Cervix Normal -
5 Cervix Mild dysplasia -
6 Cervix Mild dysplasia —
7 Cervix Moderate dysplasia -
8 Cervix Moderate dysplasia —
9 Cervix Severe dysplasia w+
10 Cervix CIS w+
11 Cervix CIS w+
12 Cervix Ca (SCC) + N<C
13 Cervix Ca (SCC) + N<C LN + (#1)
14 Cervix Ca (clear cell) + N<C
15 Cervix Ca (mucinous) + N<C LN + (#1)
16 Endometrium Normal proliferative + N<C
17 Endometrium Normal proliferative -
18 Endometrium Normal proliferative -
19 Endometrium Normal secretory -
20 Endometrium Normal secretory -
21 Endometrium Atrophic -
22 Endometrium Atrophic -
23 Endometrium Atrophic -
24 Endometrium Atrophic -
25 Endometrium Atrophic -
26 Endometrium Atrophic -
27 Endometrium Atrophic -
28 Endometrium Atrophic -
29 Endometrium Ca (serous) + N>C
30 Endometrium Ca (EMoid G1) + N>C
31 Endometrium Ca (EMoid G1) w+
32 Endometrium Ca (EMoid G2) + N<C
33 Endometrium Ca (EMoid G1) w+
34 Endometrium Ca (EMoid G1) + N<C
35 Endometrium Ca (carcinosarcoma) + N<C(Ca)
N>C(Sar)
36 Myometrium Leiomyosarcoma + N>C
37 Myometrium Cellular leiomyoma -
38 Myometrium Leiomayoma -
39 Ovary Surface epithelium -
40 Ovary Surface epithelium -
41 Ovary Surface epithelium —
42 Ovary Dermoid cyct -
43 Ovary Endometriosis —
44 Ovary Mucinous cyct -
45 Ovary Ca (serous) + N<C
46 Ovary Ca (SSPC) w+
47 Ovary Ca (Endometrioid) + N=C
48 Ovary Ca (Endometrioid) —
49 Ovary Ca (mucinous) + N>C
50 Ovary Ca (mucinous) w+ N<C
51 Ovary Ca (clear cell) + N<C
52 Ovary Ca (undifferentiated) + N=C

W, Weak staining; Ca, cancer; Sar, sarcoma; N, nucleus; C, cytoplasm; Emoid, endometrioid; LPM, low potential malignancy; SSPC, serous surface

papillary carcinoma.
#1, Metastatic lesions in the lymph nodes are positive.

telomere) mechanism of telomere elongation without de-
tectable levels of telomerase activity, exhibited faint or
weak signals in nuclear extracts, and exhibited no signal
in cytoplasmic extracts. We considered the possibility
that some of our cytoplasmic extracts were contaminated
by nuclear fractions, and that this contamination was
responsible for the cytoplasmic signals that we detected.
To confirm that nuclear and cytoplasmic extracts were
properly separated from each other, Western blot analy-
sis was performed using the nuclear protein Sp1. Signif-

icant Sp1 expression was detected in nuclear extracts,
whereas no or only weak bands were detected in cyto-
plasmic extracts, indicating that our cytoplasmic extracts
were not significantly contaminated by nuclear fractions
(Figure 6). These findings suggest that both nuclear and
cytoplasmic extracts of cancer cells contain hTERT pro-
tein, supporting the results of immunohistochemistry.
An additional band with a molecular mass of ~100 kd
was observed in ALT, SaOs2, SUSUMU-1, HRCE, and
NHF cells, all of which are TRAP-negative. This band was
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Figure 6. Western blot analysis of hTERT expression in cell lines. Nuclear or
cytoplasmic extracts (100 pg) from each cell line were electrophoresed on a
sodium dodecyl sulfate-polyacrylamide gel electrophoresis, transferred to
membranes, and probed with specific antibodies against hTERT (KM2604) or
Spl. Immunoreactive bands were visualized by the ECL detection system.
Specific signals of the expected size (127 kd) were observed in both nucleic
and cytoplasmic extracts from cancer cell lines. In contrast, this signal was
faint or absent in telomerase-negative SaOs2, SUSUMU-1, HRCEs, and NHFs;
additional bands of lower molecular weight (~110 kd) were observed in
these cells. N, nuclear extract; C, cytoplasmic extract.

detected in both nuclear and cytoplasmic extracts of
these cells, except SaOs2, which only exhibited the band
in nuclear extracts. This band was also observed in some
cancer cells, including ME180.

Telomerase Activity in Nuclear and Cytoplasmic
Fractions

To examine the subcellular localization of telomerase
activity, we subjected nuclear and cytoplasmic extracts
to TRAP assays. Strong telomerase activity was observed
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Figure 7. A: Telomerase activity in nuclear and cytoplasmic extracts from
each cell line. B: Assay to examine whether composition of lysis buffers affect
levels of the TRAP activity. Buffer A and C mean lysis buffers with which
cytoplasmic and nuclear extracts were extracted, respectively. Nuclear ex-
tracts of C33A were diluted with an equal amounts of cytoplasmic lysis buffer
(buffer A), and cytoplasmic extracts of C33A were diluted with an equal
amounts of nuclear lysis buffer (buffer C). This manipulation equalizes the
composition of each extraction buffer. IC, internal control to verify amplifi-
cation efficiency of PCR.
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with nuclear extracts from C33A, ME180, and HelLa cell
lines (Figure 7). However, telomerase activity was also
observed in cytoplasmic extracts from these cells. Inter-
estingly, telomerase activity appeared to be stronger in
cytoplasmic extracts than in nuclear extracts. In contrast,
significant telomerase activity was not detected in nu-
clear or cytoplasmic extracts from normal cells (HRCEs
and NHFs) or the ALT cells (SUSUMU-1 and Sa0S2).
Unexpectedly, levels of telomerase activity in cytoplas-
mic extracts were higher than those in nuclear extracts.
Care should be taken when the levels of telomerase
activity are compared in extracts containing different de-
tergents, because the intensity of TRAP activity may be
dependent of the nature of the detergents. To examine
this possibility, composition of each buffer was equalized
by diluting nuclear extracts of C33A with an equal
amounts of cytoplasmic lysis buffer (buffer A) or diluting
cytoplasmic extracts of C33A with an equal amounts of
nuclear lysis buffer (buffer C). Then, diluted extracts were
examined by the TRAP assay. As shown in Figure 7B,
levels of the TRAP activity were not altered by this dilution
and lysis buffer A or C alone did not produce any telom-
erase activity, suggesting that detergents or other re-
agents contained in each extraction buffer did not signif-
icantly affect the levels of the TRAP activity in our system.

Discussion

The key to success in immunological detection is un-
doubtedly selection of the antibody. Specificity and suit-
ability of the antibody must be carefully examined using
purified recombinant proteins. We first characterized the
monoclonal antibody KM2604 using purified recombinant
hTERT and confirmed that this antibody recognized full-
length hTERT. Immunohistochemistry using this antibody
showed significant positive staining in most of the gyne-
cological cancers we examined. hTERT staining was also
observed in a subset of precursor lesions (severe dys-
plasia or carcinoma in situ) of uterine cervix. In several
studies, weak but consistent telomerase activity has been
detected in these lesions, and this is consistent with the
present results.?®~27 Strong hTERT staining was also ob-
served in normal proliferative endometrium in the present
study, and this is consistent with the significant telomer-
ase activity we detected in this tissue in previous stud-
ies.?® Also in the present study, we found significant
expression of hTERT in metastatic foci of pelvic lymph
nodes in patients with cervical cancer. Previous findings
suggest the presence of telomerase activity in progeni-
tors of hematopoietic cells.??*° However, in the present
immunohistochemical examinations, peripheral lympho-
cytes in lymph nodes were not significantly positive for
hTERT, whereas metastatic foci of cancer cells exhibited
significant staining. These findings suggest that hTERT
has diagnostic value as a potential marker for lymph
node metastasis.

Western blot analysis revealed several important find-
ings. Unexpectedly, there was no strong correlation be-
tween hTERT expression level and telomerase activity
level, as determined by conventional TRAP assay. C33A,
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Hela, Ishikawa, and A431 cells exhibited high levels of
hTERT expression, whereas ME180, HEC1, and MCF-7
cells showed rather weak expression, and JEG3 cells
showed no clear expression, despite the fact that all of
these cells exhibited considerable TRAP activity. These
discrepancies are consistent with the lack of hTERT stain-
ing in some cancers that exhibit telomerase activity, as
shown in the present immunohistochemical assays. In
contrast, normal human fibroblasts and ALT, Sa0S2, and
SUSUM-1 cells exhibited weak hTERT bands in their
nuclear extracts, despite the lack of detectable TRAP
activity. Thus, hTERT expression levels did not always
correlate with telomerase activity. Weak hTERT expression
in ME180, MCF-7, and JEG3 cells, despite significant te-
lomerase activity, suggests that telomerase activity levels
are determined by complex mechanisms, not simply by
hTERT expression levels. Qualitative modifications of
hTERT, such as protein phosphorylation, undoubtedly
have effects on telomerase activity levels. Detection of
hTERT expression without significant telomerase activity
in ALT, SaOs2, and SUSUMU-1 cells or normal human
fibroblasts may be because of hnTERT expression in these
cells not reaching threshold levels required for enzymatic
activity of telomerase. More sensitive assays may enable
detection of telomerase activity in these cells. Alterna-
tively, additional factors important for full enzymatic ac-
tivity may be deficient in these cells, or inhibitory factors
that block TERT functions may be present in these cells.

An additional band with a molecular mass of ~100 kd
was observed in Western blots of telomerase-negative
ALT, SaOs2, SUSUMU-1, HRCE, and NHF cells. Detec-
tion of this band correlates with negative TRAP assay
results. This band may represent splice variants of
hTERT, although there is no evidence to support this
hypothesis.®"*? Further biochemical analysis is needed
to characterize this band.

The most interesting finding of the present study is the
subcellular localization of hTERT. The immunohistochem-
istry clearly demonstrated that hTERT is expressed not
only in nuclei but also in cytoplasm of cancer cells. West-
ern blot analyses supported this finding, showing signif-
icant bands in both nuclear and cytoplasmic extracts.
These findings contradict the idea that hTERT is localized
to nuclei.’” 22 This raises the question of the biological
function of cytoplasmic hTERT. Perhaps it is only present
in cytoplasm before its translocation to the nucleus. Al-
ternatively, it may have some unknown function in cyto-
plasm. In a recent study, induction of telomerase expres-
sion in resting CD4™ T cells by anti-CD3 stimulation was
followed by phosphorylation of hTERT, which correlated
with translocation from the cytoplasm to the nucleus.®®
This suggests that cytoplasmic hTERT is unphosphory-
lated and inactive. However, the present findings showed
significant TRAP activity in cytoplasm. The TRAP assay
reflects the in vitro activity and does not necessarily prove
telomerase activity in vivo. Therefore, further assessment
of in vivo activity of cytoplasmic TERT will be needed to
clarify its biological significance. We are currently exam-
ining hTERT phosphorylation in cytoplasm and nuclei.

The present immunological assays for hTERT pro-
duced the following novel findings: 1) some cancer cells

express hTERT in both the nucleus and cytoplasm; 2)
weak hTERT expression detected by Western blotting
does not always correlate with detectable telomerase
activity and that hTERT expression is not always detect-
able in telomerase-positive samples; and 3) some ALT
cell lines and normal cells exhibit weak levels of TERT
expression, despite the lack of detectable telomerase
activity. Although, in previous immunohistochemical anal-
yses, cytoplasmic hTERT staining either has not been
detected or has been dismissed as nonspecific, the
present findings suggest that such signals should be
carefully evaluated. It would be interesting to know
whether hTERT-staining patterns are associated with clin-
icopathological characteristics or prognosis of tumors. A
greater understanding of such issues may lead to the use
of immunological detection of hTERT as a diagnostic and
prognostic marker of cancers.
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