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Background: An inverse relationship
has been reported between the pres-
ence of telomerase enzymatic activity
and the induction of differentiation in
human tumor cell lines. Male germ cell
tumors represent an attractive clinical
model to assess this relationship fur-
ther because high telomerase activity is
present in normal germ cell progeni-
tors and in embryonal carcinomas that
can differentiate into mature terato-
mas. To investigate how telomerase ac-
tivity and the differentiation state of
germ cell tumors are related, telomer-
ase activities and telomere lengths were
measured in benign testicular tissues,
germ cell cancers, and mature or im-
mature teratomas.Methods:By use of a
modified telomeric repeat amplifica-
tion protocol (TRAP) assay, telomerase
activity was measured in four speci-
mens of benign testicular tissue, in 27
germ cell cancers, in seven mature tera-
tomas, and in one immature teratoma.
Telomere lengths were measured in all
specimens by restriction digestion of
genomic DNA and Southern blot hy-
bridization analysis. Associations be-
tween telomerase activity and tissue
histopathology were assessed with two-
sided Fisher's exact tests.Results:
Telomerase activity was detected in all
examined germ cell cancers and in the
benign testicular tissue specimens. In
marked contrast, telomerase activity
was not detected in any mature tera-
toma (P<.0001). Very long telomeres
were detected in some mature terato-
mas, consistent with telomerase repres-
sion as a late event in teratoma forma-
tion. The immature teratoma, with
malignant transformation, had high
telomerase activity.Conclusion: Telom-
erase is active in germ cell cancers and
repressed in mature teratomas. The ab-
sence of telomerase activity may con-
tribute to the limited proliferative ca-
pacity of mature teratomas. These
findings support the existence of an in-
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verse relationship between telomerase
activity and the differentiation state of
clinical germ cell tumors. [J Natl Can-
cer Inst 1999;91:1321-6]

Telomerase is an enzyme that prevents
critical telomere shortening during cell di-
vision, allowing cells to bypass replica-
tive senescenad—5).Escape from senes-
cence is required for tumorigenesis.
Telomerase activation is a frequent find-
ing in malignancy(6). An inverse rela-
tionship is reported between telomerase
activity and induced differentiation of tu-
mor cell lines, including germ cell tumor
lines (7-9).Following treatment with dif-
ferentiation-inducing agents, telomerase
activity is repressed in differentiation-
sensitive but not differentiation-resistant
human germ cell tumor cell ling8). Re-
pression of telomerase activity may play a
role in regulating the differentiation state
of clinical tumors.

Germ cell tumors are unique in their
capacity to undergo extensive differentia-
tion, known as teratoma formatiafi0).
Unlike undifferentiated embryonal carci-
nomas from which teratomas derive, ma-
ture teratomas have limited proliferative
capacity, although malignant transforma-
tion can occui(11). This biologic feature
provides an opportunity to investigate in
the clinical setting how telomerase activ-
ity and tumor cell differentiation state
relate. Studies investigating telomerase
activity in male germ cell tumors are also
relevant because these tumors derive
from germ cell progenitors that constitu-
tively express telomerase to regulate their
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telomere lengthg2,3,6,12). These find- Protein Extraction tion endonucleasedsp andRsd (Boehringer Mann-

i i - heim GmbH, Mannheim, Germany) and electropho-
ngs arte- Oft a}dded mte;el\fz beﬁau-se late Frozen tissue specimens (50-100 mg) were hQesis on a 0.5% agarose gel. Hybridizations with
generation telomerase Ul MICE EXmogenized in 100-20Q.L of ice-cold CHAPS (3- telomere-specific (TTAGGG)radiolabeled oligo-

hibit defective SpermatogeneSiS Wiﬂ"_{{?,-cholamidopropyl_}-dimethylammon_io]-l- nucleotide probe were performed. Mean TRF
increased apoptosis and decreased prolifropane-sulfonate) lysis buffer by use of disposablgangths were calculated, as previously repo(teg-
eration rates observed in the tes(és). pestles, incubated on ice for 30 minutes, and centri_tg).

This suggests that regulation of telomerfuded at 12009for 30 minutes at 4 °C. The super- =~
natant was immediately collected, and the proteilStatistical Analyses

ase aCtI\{Ity and perhaps telpmere |ength(§)ncentration was measured by use of the BioRad
are required for the maturation of normabyotein assay kit (Bio-Rad Laboratories, Richmond, When several assays were performed on the same
or transformed germ cells. CA). Protein aliquots were stored at —-80 °C as Tissue specimen or several tissue specimens from the
Male germ cell tumors are broadlypg/uL stocks, as previously describe6,8). The ~same patient were analyzed,thg average results from
classified as seminomas and nonsemindsolated protein extracts were independently analhzse ass(;aysdvxzjere_u?ed fgs;aﬂslﬂca| éllinahﬁaeé- Me;m
S . +-lyzed for alkaline phosphatase activities, as previand standard deviation vaiues for an
mas. These tum0r$ exhibit d!Verse h'St.OgusW reportec(16).pThispanalysis was used to Eon- TRF length measurements were assessed for each
pathology, often with extensive somatiCg, ihar protein extracts used for TRAP assays werdistopathologic subtype. The association between
differentiation (14) This Study was un- of sufficient integrity to measure another enzymatide|0merase activity in mature teratoma compared
dertaken to contrast telomerase activitiesctivity susceptible to degradation in clinical tissueswith that of germ cell cancers was examined by
and telomere lengths in male germ Ce“f glkaline phosphatase activities were not detecteffisher’s exact test. Fisher’s exact test was calculated
cancers (seminomas, nonseminomas, aifisolated protein extracts, then those extracts wery use of BMDP version 1.1 for Windows. AR

. . . not used for subsequent TRAP analyses. values are two-sided. A two-sided Pearson’s corre-
mixed germ cell tumors) with those in lation test was used to analyze the correlation be-
mature or immature teratomas to underfRAP Assay tween telomerase activities and telomere lengths.

stand the relationship between the telom- Differences between mean telomerase activity and
The telomerase TRAP assay was performed by A .
elomere lengths by histopathologic subtype were

erase activity and the differentiation Stat%se of a modified polymerase chain reaction (PCR)-

of clinical germ cell tumors. A modified pased method, previously establishas,16). Two analyzed by the one-way ANOVA (analysis of vari-

telomeric repeat amplification protocolmicrograms of desired protein extracts was assayeacpce) test.

(TRAP) assay(6,15,16) was used to in reactions containing 5L of the TRAP reaction BESULTS

quantify telomerase activities. mixture. For each assay, a negative control and 0
amol of the quantitation standard oligonucleotide R8

were included. The results were quantitated as pre- This study examined telomerase activ-

MATERIALS AND METHODS viously reported(16). Briefly, this assay incorpo- Ity Présent in four ben?gn tFj‘StiCUIar tissues
rates an internal PCR control of a 36 base-pair (bpyvithout histopathologic evidence of germ
Tissue Bank product (designated TSNT), running 14 bp belowcell tumors, 27 germ cell cancers, seven

the smallest size-fractionated, TRAP-derived spemature teratomas, and one immature tera-

. ) cies. The amount of telomerase activity (total prodygma. The germ cell tumors were derived
Forty-one tumor specimens were obtained from, .y generated [TPG]) for each reaction was calcug 35 Qt] ts. The clinical ch t
35 patients having germ cell tumors, who underwengyq by use of the formula: rom pauents. e clinical character-

potentially curative or diagnostic surgical resections. istics, histopathologies, and pretreatment
Benign testicular tissues were obtained either from TPG= (T-B/Cn 100 markers are shown in Table 1. Telomere
patients who underwent orchiectomy for prostate ~(R8-B)/(CRY) : lengths were measured by TRF Southern

cancer or from patients who underwent orchiectom i i At ; ;
for germ cell cancer and had adjacent benign tesl = radioactive counts from telomerase bands fronP 1Ot hybr|Q|zat|on anaIyS|$1.6—18).T|s-
ticular tissue available for examination. Use of thesdh€ Protein extracts3 = radioactive counts from a SU€ SPECIMENS Were obtained from tes-

found tissue specimens was approved by the InstRegative control (background), R8 radioactive ticular primary tumors in 31 cases and
tutional Review Board. Within 10 minutes of surgi- counts from R8 (0.1 amol;T = radioactive counts from retroperitoneal or pelvic sites in

cal resection, the specimens obtained were snaffom the internal control TSNT (0.01 amol) of the foyr, The median age of the patients was
frozen in liquid nitrogen. Histopathologic analysesprOteln extract, and CR& radioactive counts from 27 years (range' 18-45 years)_ Twenty_six

confirmed that extensive lymphocytic infiltrates and TSNT (0.01 amol) of the R8 (0.1 amol). One unit of f the 35 patients had metastases at
germinal centers or contaminating normal tissued PG was defined as 0.001 amol or 600 molecules & b

were not present. telomerase substrate (TS) prin{&b) extended by at diagnosis. Seven seminoma cases were
Germ cell tumors often exhibit histopathologic'eaSt three telomeric repeats by the telomerase agnalyzed. The nonsemlnomatO_US germ

heterogeneity. To confirm the histopathologic diagiVity Present in the examined extract and correCell tumors were embryonal carcinoma (n

nosis of the specimens used for telomerase and tel§PONdS approximately to the activity present withina= 14), mature teratoma (& 7), mixed

mere measurements, a portion of each frozen tissg"9le immortal cell. Linearity of the assay was congerm cell tumors (n= 5), immature tera-

specimen was also sent for histopathologic analysefifmed over at least three logs of the target proteiry ., - (n = 1), or a yolk sac tumor

All tissue specimens were reviewed by a single reféoncentrations (L6); data not shown]. All of the (n = 1). ,

erence pathologist (V. E. Reuter) to confirm the his.Protein extracts were analyzed in at least two inde L .
topathology present and to exclude concurrenendent TRAP assays. The average telomerase ac- Telomerase activity was readily de-

pathologic processes. For those specimens used féYity (TPG) was calculated for every analyzedt?CtEd in _the examined benig_n testicmar
TRAP assays, terminal restriction fragment (TRF)specimen. Presence of a potential telomerase inhibiissues without histopathologic evidence
length and alkaline phosphatase measurements weRS In telomerase-negative specimens was assaygff germ cell tumors. In these tissues, the
immediately adjacent to those processed for histd?Y TRAP experiments by use of a protein extrachyerage telomerase activity was 489 TPG
pathologic diagnoses. This permitted statistical corl/omM & mature teratoma mixed with protein extract(range’ 248.5-846 TPG). In the examined

relations to be made between telomerase activitiefO™ & neuroblastoma cell line known to have telom- P
telomere lengths, and the histopathology of the exerase activity without a telomerase inhibitor. gg:?ctcee(::l ﬁ]aggiasbfslgn:r?ﬁrs]ﬁ:r?iﬂ\gt%\tléa?
amined germ cell tumors. A portion of the samer 9

RF Length Measurements i in ti -
specimen was available for protein extraction and 9 rity of the protein tissue extracts was con

for isolation of genomic DNA used to assess TRF TRF length measurements were performed by usérmed by results of alkaline phosphatase
lengths. of 10 ug of genomic DNA digested with the restric- assays (Fig. 1; data not shown). For the
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Table 1.Patient characteristics

Characteristic

No.

Patients
Male/female

Median age in y (range): 27 (18-45)

Primary site
Testis
Retroperitoneal/pelvis

Histopathology
Seminoma
Embryonal carcinoma
Yolk sac tumor
Mixed tumors
Mature teratoma
Immature teratoma

No. of metastatic sites
0
1
2
3

Elevated pretreatment markers*
AFP only
B-HCG only
AFP andB-HCG
Neither

35
35/0

31

S

=
= o © © i
._‘\‘U'H—‘h\]

B ~NN o

*AFP = alpha-fetoprotein an@-HCG = B-hu-

man chorionic gonadotropin.

malignancies may have high basal telomlymphoid infiltrate that may include ger-
erase levels. The distribution of telomerminal centers the reference pathologist
ase activities as related to germ cell tumofV. E. Reuter) reviewed the histopathol-
histopathology is shown in Fig. 1. Table 2ogy of these cases. These dissected tu-
compares telomerase activity and telomors were not found to have extensive
mere length as a function of histopatholdymphoid infiltrates or germinal centers
ogy for the examined germ cell tumors.(data not shown).
There is no statistically significant differ-  Telomere lengths as assessed by TRF
ence observed among germ cell tumoanalyses were examined in benign testicu-
types in mean telomerase activitied & lar tissues and germ cell tumors. The av-
.13) by one-way ANOVA statistical erage mean TRF was 15 + 5.92 kilobases
analysis. (kb), SD (range, 6.17-34.5 kb), as shown
Analysis of telomerase activity in ma-in Fig. 2 and Table 2. Telomere length did
ture teratomas indicated that all exnot correlate with telomerase activity
amined mature teratomas had no detecftwo-sided Pearson’s correlatio®, =
able telomerase activity. An inhibitory .96). The distribution of TRF lengths
factor was not detected in these examinebly histopathology is displayed in Fig. 2
protein extracts (data not shown). Thisand Table 2. Mean TRF lengths were
lack of telomerase activity was statisti-longer in mature teratomas (TRF 19.09 +
cally significantly associated with mature9.41 kb, SD; range, 6.17-34.5 kb). The
teratomas versus the examined germ caethean TRF lengths for seminomas
cancers (Fisher's exact te§t<.0001). were shorter than those for the mature
The absence of telomerase activity irteratomas (TRF 10.71 = 1.6 kb, SD;
teratomas was in marked contrast to theange, 8.73-13.3 kb), but these telomere
high levels detected in the examined gerrfengths were not statistically significantly
cell cancers. Notably, a single immaturalifferent as assessed by germ cell tumor
teratoma having malignant transformatiotype (P = .069; one-way ANOVA test).

examined germ cell tumors, the averagbad high telomerase activity (data noHowever, long telomeres (mean TRF,
telomerase activity was 222.08 + 287.0&hown). This provides independent con>20 kb) were detected in seven germ cell
SD and the TPG range was 0—1007. Thedemation of a link between telomerase actumors, four of which were mature tera-

telomerase activities exceeded those prévity present in teratomas and the maligtomas, two of which were embryonal

viously found by use of this TRAP assaynant potential of these tumors. Very longcarcinomas, and one of which was a
in other examined human malignancieselomeres were detected in some matumaixed germ cell tumor containing imma-

(16-18).These high telomerase activitieseratomas gee Fig. 2), indicating that ture teratoma. Telomerase activities were
may reflect the finding that nontrans-telomerase repression can represent a latet detected in these four mature terato-
formed human fetal, newborn, and adulevent in teratoma formation. To confirmmas. The mean telomerase activity was
testes constitutively express high telomerthat the telomerase activity measured ihigh (523.1 TPG) in the other three ex-
ase activitieg6,12)and the corresponding seminomas was not due to an extensivemined germ cell tumors. Telomerase

Fig. 1. Measurement of telomerase activ-
ity in germ cell tumor specimensA)
Representative polymerase chain reac
tion (PCR)-based telomeric repeat ampli-|
fication protocol (TRAP) assays. Two
micrograms of protein extracts was used
in the assays displayed lanes 1-9,a
negative control (buffer without protein
extract,lane 10 and a quantitation stan-
dard (R8,lane 11) were used for each of
these TRAP assays. High telomerase ag
tivities were frequent in the germ cell
cancer specimens, as indicatedlames

1, 2, 5, 7,and8, while telomerase activ-
ity was not detected in the examined ma-
ture teratomas, as shownlames 3, 4, 6,
and9. B) The telomerase activities (total
product generated) from all of the exam-
ined germ cell tumors are shown in rela-
tion to the histopathologic subsets. The
term “other tumors” refers to one imma-
ture teratoma and one yolk sac tumor,
This study reveals that high telomerasg

activity present in germ cell cancers is
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not detected in mature teratomas. The standard deviations for each germ cell tumor subset are shown in Table 2.
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Table 2. Telomerase activity and telomere length measurements in germ cell tumors in relation provides additional evidence for a tight
to histopathology* association between the differentiation
state of germ cell tumors and telomerase

No. of Mean telomerase Mean telomere

Tumor type samples activity,t range length,trange  activity. The high telomerase activity
measured in the examined seminomas
Overall 35 222.08 (0-1007) 15 (6.17-34.5) . Lo
[SD + 287.08] [SD + 5.92] was not likely due to contaminating lym-
Seminoma 7 239.18 (70.6-437) 10.71 (8.73-13.3) Phoid cells with telomerase activity be-
[SD + 174.66] [SD + 1.60] cause these tumors did not have extensive
Embryonal carcinoma 14 322.35 (6.2-1007) 15.33 (8.47-28.63)ymphoid infiltrates or germinal centers.
[SD + 365.93] [SD + 4.96] A study of human colon cance(&8) that
Mixed tumors 5 227.53 (2.18-703) 15.1 (11.65-20.15¢xamined inflammatory bowel lesions
[SD +299.28] [SD +3.09] with extensive lymphoid infiltrates is re-
Yolk sac tumor 1 77 9 ported. A minority of colitis cases had
Mature teratoma 7 0 19.09 (6.17-34.5) telomerase activity measured but at much
[SD 0] [SD £9.41] lower levels than in colon cancers. This
Immature teratoma 1 371 17 finding argues against contaminating
lymphoid cells being responsible for the
*SD = standard deviation. telomerase activity found in seminomas.

tTelomerase activity was assayed by the described telomeric repeat amplification protocol assay. Res@ﬁme human tumors have no detect-

were quantitated as the total product generated. L
iTe?omere lengths were mer;sured gy terminal restriction fragment DNA analyses (kilobase) by Souﬂu%lrg telpmerase aCtIVI,tYZO)' Se\(ergl
blot hybridization by use of a telomeric-specific probe. _meChamsmS may ConFr'blj'te to this find-
ing. Telomerase reactivation may not be
required when tumor precursor cells have
activity is regulated during spermatogencell lines represses telomerase activitjong telomere lengths and transformation
esis and is undetectable in maturd7,8). This study extends thisn vitro results from few mutations. This is sug-
spermatozogl2,19).These observed dif- work by demonstrating that a similar re-gested by the absence of telomerase ac-
ferences in telomere lengths within gerniationship exists for clinical germ cell tu- tivity found in some retinoblastomg21).
cell tumors may reflect distinct stages ofmors. While telomerase activity was uni-The absence of telomerase activity in
spermatogenesis from which these tumorf®rmly detected in germ cell cancers,some advanced stage neuroblasto(223

derive. telomerase activation was undetectable imay reflect tumor cell maturation. It is
the examined mature teratomas. Thighis mechanism for telomerase repression
DiscussioN finding indicates that repression of telom-that is proposed as active in mature tera-

erase activity accompanies maturation afomas. It is notable that long telomeres
Prior work revealed that induced dif-these clinical tumors. A single immaturewere detected in some mature teratomas,
ferentiation of maturation-sensitive butteratoma with malignant transformationindicating that telomerase repression is
not of maturation-resistant human tumohad telomerase activity. This observatiomot an early step in teratoma formation.

B 25
Fig. 2. Telomere length measurements of human germ cqll -;5 20 4
tumors. A) Representative telomeric restriction fragmen -
(TRF) length analyses of genomic DNA of human germ ce E 15
tumors are shown ilanes 1-9Mean TRF lengths for germ b= 7
cell tumors were longer (average TRF, 15 kilobases [kb En
than those previously reported for other adult human tumofs ﬁ 10
(16,17).Telomere lengths did not correlate with telomeras¢ 3
activity (P = .96; Pearson’s correlation test). In the dis- E
played mature teratomas, TRF lengths were quite long |n £ 5+
two (>20 kb) but not in the other examined teratormands
6 and9). B) Mean TRF lengths for all of the examined germ| 0

cell tumors are displayed in relation to histopathologic sulj-
sets. The term “other tumors” refers to one immature terg-
toma and one yolk sac tumor. The mean telomere lengths
were somewhat longer in mature teratomas than in othgr
germ cell tumors, but the mean telomere lengths assessed|by
germ cell tumor type were not significantly differeft &
.069). Standard deviations for each germ cell tumor subskt
are shown in Table 2.

Seminoma =
Seminoma o
Mature teratoma ¢

Seminomas

Mixed tumors

Mature teratomas

Other tumors

Embryonal carcinoma s
Embryonal carcinomas

Mature teratoma <

Mature teratoma &
Embryonal carcinoma -

Mature teratoma
Embryonal carcinoma wn
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TRF lengths greater than or equal to 20 kieliminate the need for telomerase activaREFERENCES
were reported in sperm and.feta.l tissueson in tumors. An.alternanve mechanism (1) Harley CB, Futcher AB, Greider CW. Telo-
(2,3).Three germ cell tumors in this studyfor the lengthening of telomeres was " eres shorten during ageing of human fibro-
were found to have long telomeres andound in immortalized cell lines and in blasts. Nature 1990;345:458—60.
high telomerase activity. In other exam-subsets of tumor-derived lin€29). Some  (2) Hastie ND, Dempster M, Dunlop MG, Thomp-
ined germ cell tumors, short TRF lengthanature teratomas in this study had long son AM, Green DK, Alishire RC. Telomere
(defined as TRF <10 kb) were measuredelomeres. This is reminiscent of the long ~ "eduction in human colorectal carcinoma and
. . . with ageing. Nature 1990;346:866-8.
with de.tectable telomerase activity, astelomer.es detected when alternanve 3) Allsopp RC, Vaziri H, Patterson C, Goldstein
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demonstrate a statistically significant dif-14.3 kb; range, 12.52-14.4 kb) were ob-(*) Greider CW. Blackburn EH. Identification of a
. specific telomere terminal transferase activity
ference P = .069). served in other teratomas. Therefore, an tetrahymena extracts. Cell 1985:43:
Telomerase repression might resulalternative mechanism is not likely to pro-  405-13.
from tumor cells exiting the cell cycle. An vide a consistent explanation for telomere(s) Bodnar AG, Ouellette M, Frolkis M, Holt SE,
association is previously reported belengthening in these mature teratomas. Chiu CP, Morin GB, et al. Extension of life-
tween telomerase activity and prolifera-Other reasons for the absence of telomer- ~ SPan by introduction of telomerase into normal
tion. Telomerase is repressed when tumase activity in teratomas may exist. Al- . human cells. Science 1998,279:349-52.

. . A .. (6) Kim NW, Piatyszek MA, Prowse KR, Harley
cells achieve quiescencg3-26).In though an inhibitor of telomerase activity ** cg west MD, Ho PL, et al. Specific associa-
quiescent hematopoietic progenitorswas not found, telomerase activation may tion of human telomerase activity with immor-
basal telomerase activity is low but isprecede repression after telomere length- tal cells and cancer. Science 1994;266:2011-5.
rapidly induced when cells enter the celening in teratomas. Telomerase activity in (7) Sharma HW, Sokoloski JA, Perez JR, Maltese
cycle after exposure to hematopoietideratomas may occur at levels below de- Y Sartorelii AC, Stein CA, et al. Differentia-

y L . . . tion of immortal cells inhibits telomerase ac-
_gro_vvth factor_s(ZS). Telomerase activity tection by th_|s TRAP assay. While thgse tivity. Proc Natl Acad Sci US A 1995:92:
is inducible in some cultured somaticor alternative telomere lengthening  15343-6
cells (26). A relationship between mechanisms are not formally excluded, (8) Albanell J, Han W, Mellado B, Gunawardane
telomerase activity and proliferation isthe absence of telomerase activity in ma- R, Scher HI, Dmitrovsky E, et al. Telomerase
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tion in lymph node-positive cance(7). tion. tl‘;%“;_rsce” lines. Cancer Res 1996;56:
In primary Iur]g cancers, expression In summary, _this study reports that (9) Kruk PA, Balajee AS, Rao KS, Bohr VA.
of the proliferation marker Ki-67 was as-telomerase activity was detected in all of "~ Tejomere reduction and telomerase inactiva-
sociated with telomerase activifg6). In  the examined germ cell cancer specimens. tion during neuronal cell differentiation. Bio-
germ cell tumors, expression of Ki-67 andn marked contrast, telomerase activity = chem Biophys Res Commun 1996;224:
proliferating cell nuclear antigen were de-was not detected in the examined mature 487-92. _ o
tected in almost all of the examined gernteratomas. No telomerase inhibitory activ{1® VHV%?I?T]\(’)\’rE'VV&"F“eéoFIfE'yH;Jg“ TShTe g\‘/’gﬁl‘mi 'if
cell tumors, including mature teratomasty was dgtecteq in any of thesg teratomas, . atoma from malignant testicular tu-
(28). and the integrity of the protein extracts  ors. cancer 1977:40:2987-92.

Telomerase activity is regulatedused in this study was confirmed. Thes@i1) Ahmed T, Bosl GJ, Hajdu SI. Teratoma with
in spermatogenesis and in early emfindings indicate that an inverse relation-  malignant transformation in germ cell tumors
bryogenesiq12,19). Telomerase activity ship exists between telomerase activity in man. Cancer 1985;56:860-3.
is not detected in mature spermatozoand the differentiation state of germ cell(12) Wright WE, Piatyszek MA, Rainey WE, Byrd
and unfertilized eggs but is present irtumors. Notably, an immature teratoma - Shay JW. Telomerase activity in human
. . e . . germline and embryonic tissues and cells. Dev
blastocysts and many _fetal tissues. Thisxhibiting mah_gr_lant transformation had 5 . 1096:18:173-9.
developmental regulation of telomerase¢elomerase activity detected. Thus, telome3) | ee HW, Blasco MA, Gottlieb GJ, Horner JW
may account for detection of differenterase activation is commonly found in 2nd, Greider CW, DePinho RA. Essential role
telomerase activities or TRF lengths inmalignant germ cell tumors without ex-  of mouse telomerase in highly proliferative or-
the subsets of germ cell tumors presertensive evidence of maturation. Absence 9ans. Nature 1998;392:569-74.
in Table 2. Male germ cell tumors of telomerase activity is a consistent fea(l4) Bos! GJ, Sheinfeld J, Bajorin DF, Motzer RJ.
are among the most sensitive to chemaure of mature teratomas. Since long telo- gancer of the testis. In: DeVita VT Jr, Hellman
. , Rosenberg SA, editors. Cancer: principles
therapy, and advanced stage germ _ceﬂheres were detected in some mature tera-  ,n4 practice of oncology. 5th ed. Phila-
tumors are often cured with cisplatin-tomas, telomerase repression can be a late geiphia (PA): Lippincott-Raven; 1997. p.
based chemotherapfld). Perhaps che- event in teratoma formation. Taken to-  1397-425.
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