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normal somatic cells do not express this activity, suggesting that

telomerase activation may be a critical step in cell immortalization
and oncogenesis. A highly sensitive PCR-based TRAP@ assay has
recently been established. Using this method, weak telomerase activ
ity has also been detected in some normal somatic cells such as
hematopoietic cells, epidermal keratinocytes, and cervical epithelial
cells (18â€”22).The functional significance of this activity in normal
somatic cells remains to be elucidated.

During the reproductive years, a pattern of cyclic changesin human
endometrial activity is established. Human endometrium undergoes a
complex pattern of proliferation, secretory activity, and breakdown
over an approximately 28-day period. Proliferative activity of endo
metrium increases as the proliferative phase proceeds and is maximal

in the late proliferative phase, which corresponds to the preovulatory
peak of estrogen. In contrast, endometrial proliferative activity de
creases in the secretory phase, with minimal activity in the late

secretory phase and during menstruation. Thus, the proliferative ac
tivity of endometrium changes during the menstrual cycle, and it is
possible that estrogen plays an essential role in the regulation of the

proliferative activity of endometrial cells. This drastic change in
proliferative activity in the endometriumduring the menstrualcycle
prompted us to examine telomerase activity in the endometrium. We
examined telomerase activity in 60 normal endometrial samples as
well as 17 endometrial cancers using the non-radioisotope TRAP
assay. Our findings indicated that normal human endometrium cx
presses telomerase activity, which seemed to be correlated with the

phase of the menstrual cycle and tightly connected with the prolifer
ative activity of endometrial cells. Interestingly, the highest level of
activity observed in proliferative-phase endometrium was comparable
to that observed in endometrial cancer cells. These findings suggest
that tebomerasemight be a regulated enzyme and that it may play a
significant role in the maintenance of the cyclic renewal of the
endometrium,and morewidely,in the regulationof cellularprolifer
ation.

Materials and Methods

Tissue Samples. Sixty normal human endometrial samples and 17 endo
metrial cancer tissue samples were obtained from hysterectomy specimens
from womenundergoingsurgeryperformedat the Schoolof Medicine,Ka
nazawaUniversity Hospital and National KanazawaHospital. The normal
endometrialsamplesincluded40 samplesfrom womenwith regularmenstrual
cycles,9 samplesfrom postmenopausalwomen,and 11samplesfrom women
undergoinghormonaltherapy.Thecollectedendometrialtissuesweresampled
for histopathologicaldiagnosis,andthe remainingportionsof sampleswere
frozenat â€”80Â°Cuntil usedfor the TRAP assay.The phaseof the menstrual
cyclewasdeterminedby histologicalexaminationof thetissuesandconfirmed
by theday of the menstrualcycle.

TRAP Assay. Frozensamplesweresuspendedin ice-coldwashbuffer [10
mM HEPES-KOH (pH 7.5), 1.5 mM MgCl2, 10 mM KC1, and 1 mM DTfl,

pelleted,andhomogenizedin 200 @.dof ice-coldlysisbuffer [10 mtviTris-HC1
(pH7.5), 1 mMMgCl2,1 m@iEGTA,0.1 mMphenylmethylsulfonylfluoride,
5 mM f3-mercaptoethanol, 0.5% 3-[(3-cholamidopropyl)dimethylamino]-l-pro

2 The abbreviations used are: TRAP, telomeric repeat amplification protocol; PCNA,

proliferatingcell nuclearantigen.

Abstract

Human uterine endometriwn undergoesa complexpattern of changes
in proliferation and secretory activity during the menstrual cycle. In the
present study, telomerase activity in normal endometrium was examined
using a non-radioisotope PCR-based telomeric repeat amplification pro
tocol assay. Various levels of telomerase activity were detected in the 60
normal endometrial samplesexamined,depending on the phaseof the
menstrual cycle. Of 21 proliferative-phase endometrial samples, 20(95%)
expressedtelomeraseactivity, whereas8 of 19 (42%) secretory-phaseor
menstrual endometrial samples did (P 0.002). Five of nine (56%)
samples from atrophic endometrium from postmenopausal women also

expressed telomerase activity. Eleven of 21 (52%) endometrial samples in
theproliferativephaseexpressedhightelomeraseactivitydetectableafter
100-folddilution of extracts,whereasnoneof the 19endometrial samples
from the secretoryphaseor during menstruationand none of the 9
postmenopausal endometrial samples did (P < 0.001). The highest activity
was observed in the late proliferative phase, but activity dramatically
decreased with the progression of the secretary phase. Surprisingly, the
levels of telomerase activity detected in the late proliferative phase were

comparable to thosedetectedin the endometrial cancersexamined.Im
munohistochemical analysis of the expression of proliferating cell nuclear
antigen revealed that telomerase activity is closely correlated with endo..
metrial cell proliferative activity. These fmdings indicate that normal
endometrium expresses telomerase, the activity of which changes dramat
ically over the course of the menstrual cycle, suggestingin turn that
telomerase is a regulated enzyme linked to cellular proliferation and that

hormone functions may be involved in its regulation.

Introduction

Tebomeresare the distal ends of human chromosomes composed of
tandem repeats of the sequence TTAGGCI (1). Possible functions of

telomeres include stabilization of chromosome ends and prevention of
their degradation, end-to-end fusions, rearrangements, and chromo
some loss. Human telomeres undergo progressive shortening with cell
division through replication-dependent sequence loss at DNA termini

(2). A possible mechanism for this shortening of human telomeres is
the somatic repression of telomerase, a specialized ribonucleoprotein
polymerase containing an integral RNA with a short template element
that directs the synthesis of telomeric repeatsat chromosome ends (3,
4). Tebomerase is thought to compensate for the loss of telomeric
repeats with cell divisions. Normal somatic cells express low or
undetectable levels of telomerase activity, resulting in the progressive
loss of telomeric sequences with cell divisions (5, 6). It has been
proposed that the immortalization of cells involves a mechanism
halting telomere shortening and averting the deleterious consequences
of uncapped chromosome ends. The expression of tebomerase thus

seemsto be concomitant with the attainment of immortality by tumor
cells (7, 8). A variety of cell lines and malignanttumors have been
found to specifically express tebomerase activity (9â€”17), whereas
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Table I Telomeraseactivity inendometriumState

of endometriumTelomerase

activityNegativeLowaModeratebHighcProliferativephase(n=21)I2711Early(n3)I020Mid(n6)0132Late(n12)0129Secretoryphase(n=l6)8530Early(n4)1120Late(n=12)7410Menstruation(n3)2100Postmenopausal(n

=9)4410Drug
administration(n =11)Estrogen(n2)0020Tamoxifen(n2)0020Estrogen

+ progesterone(n =4)0220On-RHanalogue(n3)1110Endometrialcancer(n=l7)2177
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panesulfonate(Sigma),and 10%glycerol].After 30mm of incubationon ice,
thelysatewascentrifugedat 15,000X g for 30mmat4Â°C,andthesupematant
wasfrozenandstoredat â€”80Â°C.Theproteinconcentrationin theextractwas
measuredby Bradford assay.Five g of protein were used for each TRAP assay.
Forestimationof tebomeraseactivity,theextractswerediluted10-and100-
fold.ForRNasetreatment,5 gofproteinwerepreincubatedwith1gofRNase
A for30mmat37Â°C.Assaytubeswerepreparedbysequestering0.2g ofCX
primer (5'-CCCVFACCCVFACCCTFACCCTfAA-3') under a wax barrier
(Ampliwax; Perkin-Elmer Corp., Foster City, CA). Each extract was assayed
in 50 ,.&lof reactionmixture containing20 mMTris-HC1(pH 8.0), 1.5mM
MgCl2, 60 mi@iKC1, 0.005% Tween 20, 1 mM EGTA, 50 M deoxynucleotide
triphosphates,0.2g ofTS primer(5'-AATCCGTCGAGCAGAGTF-3'),1g of
T4g32protein(BoebringerMannheim),and2.5unitsof TaqDNA polymerase
(Wako, Osaka, Japan). Each reaction mixture contained an internal telomerase
assay standard for quantitative estimation of the levels of tebomeraseactivity
andthe identificationof false-negativetumorsamplescontainingTaqpolym
erase inhibitors (13). After a 30-mm incubation at 23Â°Cfor tebomerase
mediatedextensionof theTS primer,thereactionmixturewasheatedat 90Â°C
for3 mmandthensubjectedto31PCRcyclesat94Â°Cfor45 s,50Â°Cfor45 s,
and 72Â°Cfor 60 s. The PCR productswere electrophoresedon a 12%
polyacrylamidegel and visualizedby SYBR GreenI nucleicacid gel stain
(FMC Bioproducts, Rockland, ME).

Immunohistocbemlstry. The expression of PCNA in endometrium was
determinedimmunohistochemicallyby the avidin-biotin-peroxidasemethod
using 10%formalin-fixedandparaffin-embeddedsections.Briefly, the tissue
sectionsweredeparaffinized,hydratedin gradedethanol,andimmersedfor 20
mm in 0.3% hydrogen peroxidase to block endogenous peroxidase activity.
After washing with PBS, they were treated with 10% normal horse serum for
20 mmto inhibit nonspecificbindingto antisera.Monocbonalantibodyagainst
PCNA (DAKO, Kyoto, Japan)at a 100-fold dilution was applied to the
sectionsat 4Â°C.After rinsing in PBS,thesectionswereincubatedfor 30 mm
with biotin-labeledanti-mouseIgG (Vector,Burlingame,CA). Theywerethen
treated with the avidin-biotin complex (PK-4000; Vector) at room temperature.
Negativecontrolsincludedsectionsincubatedwith normalhorseseruminstead
of theprimaryspecificantibody.Sitesof peroxidaseactivitywerevisualized
with 3,3'-diaminobenzidinesubstratekit (SK-4l00; Vector).Tenendometrial
glands were randomly selected for estimation of PCNA activity, which was
determinedasthe meanratio of PCNA-positivecells/gland.PCNA activities
weredivided into two groups,low (positivecells morethan5% but lessthan
30%) and high (more than 30% positive cells).

Statistical Analysis. Statistical analysis was performed using a@ test to
evaluate the significance of the differences. P < 0.05 was considered to be
statisticallysignificant.

Results

Telomerase Activity in Endometrium during a Menstrual Cy
cle. We used a non-RI TRAP assay for the detection of telomerase
activity. In the non-RI TRAP assay, the amplified PCR products of

telomeric repeats were visualized with a highly sensitive DNA stain
ing reagent, SYBR Green (FMC BioProducts). The sensitivity of the
assaywas examined in our recent study (17) and found to be as high
as that of the conventional RI-TRAP assay.

A total of 40 endometriabsamplesduring a menstrualcycle were
examined including 21 samples in the proliferative phase, 16 samples

in the secretory phase, and 3 samples obtained during menstruation.
1'RAP assay using 5-tag extracts revealed that 29 of 40 cases (73%)
exhibited positive signals for telomerase activity (Table 1). Twenty of
21 endometrial samples (95%) in the proliferative phase were telom
erase-positive, whereas 9 of 19 samples (47%) in the secretory phase
or obtained during menstruation were tebomerase-positive
(P = 0.002). Because the signal intensities varied among samples, we
next soughtto estimatetelomeraseactivity by dilution TRAP assay
using 10-fold (0.5 pg)- and 100-fold (0.05 @g)-dilutedextracts (Fig.
1). Tebomeraseactivity detected after 100-fold dilution was classified
as high, whereas that detected after 10-fold dilution but not after
100-fold dilution was classified asmoderate. Activity that disappeared
in diluted extracts was classified as low. Eleven of 21 (52%) endo

metrial samples in the proliferative phase expressed high levels of
telomerase activity, and 7 exhibited moderate activity. None of the 3
endometrial samples in the early proliferative phase,2 of 6 samples in
the mid-proliferative phase, and 9 of 12 samples in the late prolifer

ative phase expressed high activity. In contrast, none of 16 endome
trial samples in the secretory phase or obtained during menstruation

expressed high activity (P < 0.001, versus proliferative phase endo
metrium), and only 3 samples exhibited moderate activity. Two of 4

endometrial samples in the early secretory phase exhibited moderate
activity, whereas only 1 of 12 samples in the late secretory phase did.

None of 3 endometrial samples obtained during menstruation exhib
ited high or moderate activity. These results are summarized in Fig. 2

and suggest that normal human endometrium expresses telomerase
activity, the level of which varies depending upon the phase of the
menstrual cycle. Activity increased with progression of the prolifer

ative phase, and the highest activity was observed in the late prolif
erative phase, whereas activity decreased with progression of the
secretory phase,and the lowest activity was observed in late secretory
phase and during menstruation.

Telomerase Activity in Postmenopausal or Hormone-treated
Endometria. Telomeraseactivity wasexaminedin atrophicendome
trial samples from postmenopausal women (Table 1). Five of nine
(56%)werefoundtobetelomerase-positive.Oneofthesefiveexhib
ited moderate activity, whereas the other four exhibited low activity.
None of the five had high activity. Eleven endometrial samples from

a Positive using 5@ of extract, but negative using 0.5 @.&gof extract.

b Positive using 5 g.tg or 0.5 @&gof extract, but negative using 0.05 @.&gof extract.

C Positive using 5 i.@g, 0.5 @&g, or 0.05 @.sgof extract.
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Correlation between Telomerase Activity and Proliferative Ac
tivity of Endometrium. The present results revealed phase-depen
dent telomerase expression in endometrium during the menstrual

cycle. We therefore examined the correlation between telomerase
activity and proliferative activity of endometrial cells. Proliferative
activity of endometrial cells was evaluated immunohistochemically
by testing for the expression of PCNA. A total of 42 endometrial

samples from throughout the menstrual cycle were examined. As
expected, endometrial samples in the mid- or late proliferative phase
were likely to exhibit high PCNA activity in the nuclei of glandular
cells, whereas those in the late secretory phase or obtained during
menstruation exhibited weak activity (Fig. 3). The correlation be
tween PCNA activity and tebomeraseactivity in each endometrial
sample was examined, and the results are shown in Table 2. Sixteen

of 19 (84%) PCNA-positive samples exhibited moderate or high
tebomeraseactivity, whereas 4 of 23 (17%) PCNA-negative samples
did (P < 0.001). High tebomeraseactivity was only observed in
PCNA-positive cases.Six of seven casesexpressing high tebomerase
activity also had high PCNA activity. Thus, a significant correlation
was found between tebomeraseactivity and PCNA activity in endo
metrial cells. However, four PCNA-negative casesexpressed moder
ate tebomeraseactivity. These four casesall exhibited PCNA expres
sion in stromal cells instead (Fig. 3D). Thus, it is possible that stromal
cells also contribute to changes in telomerase expression during the
menstrual cycle. Taken together, these findings suggest that tebomer

ase activity in endometrium is strongly correlated with the prolifera
tive activity of endometrial cells.

Discussion

In the present study, we found that normal endometrial cells cx
pressed tebomerase,the activity of which was regulated during the
menstrual cycle. Telomerase activity in endometrium seemed to in

crease with progression of the proliferative phase, and the highest
activity was observed in the late proliferative phase. The level of

12 4 12 3 9 17 (n)

Mense Meno E+P E cancer
-Pause

Fig. I . Telomerase activity in different statesof endometrium. Endometrium in various
phasesof the menstrual cycle and menopausalor hormone-treated endometrium as well as
endometrialcancertissuesweresubjectedto TRAP assayusingseriallydilutedextracts.
p, proliferativephase;S, secretoryphase;E, estrogen-treated,E + P. treatedwith estrogen
and progesterone.

women treated with sex steroids as hormonal therapy for menstrual
control or hormone replacement were also examined. All four treated
with estrogen + progesterone for at least 2 weeks before surgery
expressed tebomerase, with two having moderate activity and two

having low activity. This pattern of expression was similar to that in
the early secretory phase, which is reasonable because hormonal
levels achieved by the combined administration of estrogen and

progesterone mimic those in the secretory phase. Samples from two
postmenopausal women treated with estrogen alone as hormone re
placement therapy and two samples from women treated with tamox

ifen as postoperative chemotherapy for breast cancer expressedmod
crate activity. Three samples from women treated with Gn-RH
analogue exhibited various degrees of activity, but none exhibited

high activity.
Telomerase Activity in Endometrial Cancer. Tebomeraseactiv

ity was also examined in 17 endometrial cancers, including 14 stage
I and3 stageIII cancers.TRAP assayusing5-j.tgextractsfrom tumor
tissuesrevealed that 14ofthe 17endometrial cancers(82%) examined
were telomerase-positive, and 7 (41%) exhibited high activity. There

seemed to be no significant correlationbetween tebomeraseactivity
and clinical stage or pathological grade (Glâ€”G3)of tumors (data not
shown). These findings were consistent with those of previous studies,
demonstrating 85â€”90%telomerase positivity in a variety of malignant
tumors. Interestingly, the prevalence of tebomeraseexpression and
activity level in normal proliferative phaseendometrium seemedto be
comparable to those for endometrial cancers.
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Fig. 2. Prevalenceof telomeraseexpressionwith moderateand high activity in
different states of endometrium. P and S. proliferative- and secretory-phase endometria,
respectively.
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Table2 CorrelationbetweenPCNA activity and telomeraseactivity inendometriumPCNA

activityTelomerase

activityNegativeLowâ€•Moderateâ€•High@Negativeâ€•(n

23)91040Lowe

High(n5) (nl4)I II 02 71 6
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Fig. 3. Immunohistochemistryfor the detectionof
PCNA activity in endometrium. Representative results of
PCNA staining of endometrium in various states are
shown. A, proliferative-phase endometrium exhibiting
low PCNAactivity(X50).B, proliferative-phaseendo
metriumexhibitinghigh PCNA activity (X50). C, secre
tory-phaseendometriumexhibiting no PCNA activity
(X50). D, secretory-phase endometrium exhibiting
PCNA activity in stromalcells but not in glandularcells
(X50).
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activity in this phasewas comparable to that in endometrial cancer. In
contrast, telomerase activity dramatically decreasedduring the secre
tory phase, and no activity or faint activity was detected in the late
secretory phase and during menstruation. Atrophic emdometrium in
postmenopausalwomen also exhibited activity, but only at low levels.
This characteristic pattern of changesin telomerase expression during
the menstrual cycle was correlated with that in the proliferative
activity of endometrial cells.

Until recently, due to low sensitivity of the conventional telomerase
assay,telomerase had been thought to exist only in immortal cells and
germ-line cells, and not in normal somatic cells. However, recent
studies using a highly sensitive TRAP assay have demonstrated that

sometypesof normal somaticcells expresslow levels of telomerase
activity, indicating that human telomerase is not restricted to immortal
cells and that the somatic expression of this enzyme may be more
widespread than had previously been inferred from the shortening of
human telomeres.In particular,physiologicallyregeneratingnormal
somatic cells such as hematopoietic cells and basal cells of epidermal
or cervical keratinocytesare likely to expresstelomerase,suggesting
the possible involvement of telomerase activity in maintaining the
regenerative potential of the tissue (18â€”22).Our observations support
this concept and also demonstrate that normal somatic cells can
expresshigh levels of telomeraseactivity comparableto those of
cancer cells. Becausesignificant telomerase activation has previously
been considered specific for cancer cells, the detection of telomerase
activity has been thought to be useful for diagnosing cancers, includ
ing uterine endometrial cancer (I 7). The present results, however,

suggest that attention should be given to the possibility of false
positive signals from normal cells, particularly in the case of endo

metrial samples.
Initial studies have demonstrated that telomerase activation is a

critical step in cellular immortalization and oncogenesis (7, 9). Sub

sequent studies have also suggested the presence of a correlation
between telomerase activation and the malignant potential of tumors.

In some types of cancers such as gastric, breast, and bladder cancers,
telomerase activity has been shown to be correlated with clinicopath

ological features of tumors such as clinical stage and pathological
grade, which are both parametersof critical importance in determining
the prognosis (1 1, 13, 15). In the case of neuroblastoma, telomerase
activity levels have also been found to mirror disease outcome,
whether regression or progression (16). These correlations might be
explained by a selective growth advantage of cells expressing telom
erase due to the improved stability of chromosomes with restored
telomeres. The present study provided evidence that telomerase ac
tivity is associated with cellular proliferation. The previous study by
Albanell et a!. (23) obtained similar findings (that telomerase activity
is down-regulated during tumor cell differentiation, and an inverse

relationship exists between the degree of cellular differentiation and
telomerase activity). These findings might also more directly explain
the correlation between telomerase activity and the malignant poten
tial of tumors.

The mechanisms by which telomerase activation is linked to ccl
lular proliferation are unclear. Using an in vitro mouse skin carcino
genesis model, Bednarek et a!. (24) demonstrated that a progressive

a Positive using 5 i@g of extract, but negative using 0.5 @.tg of extract.

b Positive using 5 ,.eg or 0.5 ,.@g of extract, but negative using 0.05 @sgof extract.

C Positive using 5 i@g, 0.5@ or 0.05 @gof extract.

d tess than 5% positive cells.

e More than 5% but less than 30% positive cells.
1More than30%positivecells.
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increase in telomerase activity is associated with increased
genomic instability. Hiyama et a!. (16) have also reported that
telomerase expression in neuroblastoma is often associated with
genetic changes such as N-myc amplification and L-myc loss of

heterozygosity. It therefore seems that telomerase activation is
often associated with genetic alterations, which might lead to
cellular proliferation. However, this is not the case with normal
endometrium, because it contains no genetic alterations. Alterna
tively, because telomerase activity seems to be linked to cell

differentiation, and the phenotypic changes concomitant with cell
differentiation are linked to changes in the expression of important

growth-regulation genes including transcription factors, oncogenes
and tumor suppressor genes, and growth factors or their receptors
(25â€”27),telomeraseactivitymayinvolvethesegrowth-regulating
mechanisms. At present, we cannot exclude the possibility that cell
proliferation secondarily activates telomerase expression. In this
case, it is possible that factors regulating cell proliferation affect
gene expression or the function of telomerase.

The present study also suggests the possibility that telomerase activity

is regulated by sex steroid hormones. High telomerase activity was
observedin the proliferativephase,whereasa marked reductionin
activity was found in the secretoryphase.The atrophic endometrmm of
postmenopausalwomen exhibited no or low telomerase activity, but
atrophic endometrium treatedwith estrogenor tamoxifen exhibited mod
crate telomerase activity. These findings suggest that estrogen may acti

valetelomeraseexpression,whereasprogesteronemayrepressit. We do
not know at present whether this hormone-dependentregulation of te
lomeraseactivity is confined to the endometrium.

The significance of the regulation of telomerase during the men
strual cycle is unclear. Normal endometrium in women of reproduc
tive agerepeatsregenerationandwithdrawalprocessesevery 28 days.
This rapid cycle of endometrial growth must be maintained by effi
cient growth-regulating machinery. Telomerase activity, which is
correlated with the proliferative activity of endometrmalcells, seemsto
involve this machinery and to contribute to the growth and withdrawal
processesin normal endometrium during the menstrual cycle. Under
standing the functional significance of telomerase expression in en
dometrial cells might provide important insight into the mechanisms

of cell proliferation and cancer development.

Acknowledgments

We thank Dr. S. Okabe (Department of Obstetrics and Gynecology, Ka
nazawaNationalHospital)for collectingsamples.WealsothankDr. H. Hirano
(Nippon Gene Co., Ltd.) for useful technical advice and discussions.

References

I . Rhyu, M. S. Telomeres, telomerase, and immortality. J. Nati. Cancer Inst., 87:
884â€”894,1995.

2. Olovnikov, A. M. A theory of marginotomy.The incompletecopyingof template
margin in enzymicsynthesisof polynucleotidesand biological significanceof the
phenomenon.J. Theor.Biol., 41: 181â€”190,1973.

3. Greider, C. W., and Blackburn, E. H. A telomeric sequencein the RNA of Tetrahy
,,iena telomerase required for telomere repeat synthesis. Natare (Lond.), 337: 331â€”
337,1989.

4. Yu, 0. L., Bradley, J. D., Attardi, L. D., and Blackburn, E. H. In vivo alteration of

telomerase sequences and senescencecaused by mutated Tetrahymena telomerase
RNAs.Nature(Lond.),344: 126â€”132,1990.

5. Allsopp, R. C., Vaziri, H., Patterson, C., Goldstein, S., Younglai, E. V., Bruce
Futcher,A., Greider,C. W., andHarley,C. B. Telomerelengthpredictsreplicative
capacityof humanfibmblasts.Proc.Nail. Acad.Sci. USA, 89: 10114â€”10118,1992.

6. Vaziri, H., Dragowska, W., Allsopp, R. C., Thomas, 1. E., Harley, C. B., and
Lansdrop,P.M. Evidencefor a mitotic clock in humanhematopoieticstemcells:loss
of telomericDNA with age.Proc.Nat!. Acad.Sci. USA, 91: 9857â€”9860,1994.

7. Counter, C. M., Avilion, A. A., LeFeuvre, C. E., Stewart, N. G., Greider, C. W., and
Harley,C. B. Telomereshorteningassociatedwith chromosomeinstability is arrested
in immortal cells which expresstelomerase activity. EMBO. J., 11: 1921â€”1929,1992.

8. Counter,C.M.,Hirte,H.W.,Bacchetti,S.,andHarley,C.B.Telomeraseactivityin
human ovarian carcinoma. Proc. Natl. Aced. Sci. USA, 91: 2900â€”2904,1994.

9. Kim, N. W., Piatyszek, M. A., Prowse, K. R., Harley, C. B., West, M. D., Ho, P. L.
C., Coviello, G. M., Wright, W. E., Weinrich, S. L., and Shay,J. W. Specific
associationof humantelomeraseactivity with immortal cells and cancer.Science
(WashingtonDC), 266: 2011â€”2015,1994.

10. Chadeneau, C., Hay, K., Hirte, H. W., Gallinger, S., and Bacchetti, S. Telomerase
activity associatedwith acquisition ofmalignancy in human colorectal cancer. Cancer
Res., 55: 2533â€”2536,1995.

11. Hiyama, E., Yokoyama, T., Tatsumoto, N., Hiyansa, K., Imamura, Y., Murakami, Y.,
Komada,T., Piatyszek,M. A., Shay,J. W., andMatsuura,Y. Telomeraseactivity in
gastriccancer.CancerRes.,55: 3258â€”3262,1995.

12. Hiyama, K., Hiyama, E., Ishioka, S., Yamakido, M., Inai, K., Gazdar, A. F.,
Piatyszek,M. A., andShay,J.W. Telomeraseactivity in smallcell andnon-smallcell
lungcancers.J.Nail.CancerInst.,87:895â€”901,1995.

13. Hiyama, E., Gollahon, L, Kataoka, T., Kuroi, K., Yokoyama, T., Gazdar, A. F.,

Hiyama, K., Piaiyszek, M. A., and Shay, J. W. Telomerase activity in human breast
tumors.J. Nail. CancerInst.,88: 116-122, 1996.

14. Tahara, H., Nakanishi, T., Kitamoto, M., Nakashio, R., Shay, J. W., Tahara, E.,
Kajiyama,G., and Ide, T. Telomeraseactivity in humanliver tissues:comparison
betweenchronicliver diseaseandhepatocellularcarcinoma.CancerRes.,55: 2734â€”
2736, 1995.

15. Lin, Y., Miyamoto, H., Fujinami, K., Uemura, H., Hosaka, M., lwasaki, Y., and
Kubota, Y. Telomeraseactivity in humanbladder cancer.Clin. CancerRes.,2:
929â€”932,1996.

16. Hiyama, E., Hiyama, K., Yokoyama, T., Matsuura, Y., Piatyszek, M. A., and Shay,
J. W. Correlating telomerase activity levels with human neuroblastoma outcomes.
Nat.Med.,1:249â€”255,1995.

17. Kyo, S., Ueno, H., Kanaya, T., and Inoue, M. Telomerase activity in gynecological
tumors.Clin. CancerRes.,2: 2023-2028,1996.

18. Broccoli, D., Young, J. W., and de Lange, T. Telomerase activity in normal and
malignant hepatopoietic cells. Proc. Natl. Aced. Sci. USA, 92: 9082â€”9086,1995.

19. Hiyama, K., Hirai, Y., Kyoizumi, S., Akiyama, M., Hiyama, E., Piatyszek, M. A.,
Shay,J. W., Ishioka,S.,andYamakido,M. Activationof telomerasein human
lymphocytes and hematopoietic progenitorcells. J. Immunol., 155: 3711â€”3715.1995.

20. Counter, C. M., Gupta, J., Harley, C. B., Leber, B., and Baccheui, S. Telomerase
activity in normal leukocytesand in hematologicmalignancies.Blood, 85: 2315-
2320, 1995.

21.Harle-Bachor,C.,andBoukamp,P.Telomeraseactivityin theregenerativebasal
layer of the epidermisin humanskin and in immortal andcarcinoma-derivedskin
keratinocytes.Proc.Nat!. Aced.Sci. USA, 93: 6476â€”6481,1996.

22. Yasumoto, S., Kunimura, C., Kikuchi, K., Tahara, H., Ohji, H., Yamamoto, H., Ide,
1., andUtakoji, T. Telomeraseactivity in nonnalhumanepithelialcells.Oncogene,
13: 433â€”439,1996.

23. Albanell, J., Han, W., Mellado, B., Gunawardane, R., Scher, H. I., Dmitrovsky. E.,
andMoore,M. A. S. Telomeraseactivityis repressedduringdifferentiationof
maturation-sensitivebut not resistanthuman tumor cell lines. CancerRes., 56:
1503â€”1508,1996.

24. Bednarek, A., Budunova, L, Slaga, T. J., and Aldaz, C. M. Increased telomerase
activity in mouse skin premalignant progression. Cancer Rca., 55: 4566â€”4569,1996.

25. Lanouc, M., Martin-Thouvenin, V., Najiman, S., Balerini, P., Valensi, F., and Berger,
R. N84, a maturation-inducible cell line with t(l5; 17) marker isolated from a human
acutepromyelocyticleukemia(M3).Blood,77:1808â€”1086,1991.

26. Dmitrovsky, E., Moy, D., Miller, W. H., Jr., Li, A., and Masui, H. Retinoic acid
causesa decline in TGF-a expression,cloning efficiency, and tumorigenicityin a
human embiyonal cancer cell line. Oncogene Res., 5: 233-239, 1990.

27. Miller, W. H., Jr., Macn, W. J., Kurie, J., Moy, D., Baselga, J., Lucas, D. A., Grippe,
J. F., Masui, H., and Dmitrovsky, E. All-trans-retinoic acid and hexamethylene
bisacetamide(HMBA) regulateTGF-a and HST-l/kFGF expressionin differentia
tion-sensitive but not in resistant human teratocarcinomas. Differentiation, 55: 145â€”
152, 1994.

614

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/4/610/2861206/cr0570040610.pdf by guest on 19 M

ay 2023




