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ABSTRACT

Seventy testicular germ cell tumors Â»ereanalyzed at the DNA and
RNA levels for the c-kit, hst-\, and Â¡nt-2oncogenes using Northern and
Southern blot analyses, respectively. There were significant differences
in oncogene expression between seminomas and nonseminomas with c-
kit being expressed in 24 of 30 (80%) seminomas but in only 3 of 40(7%) nonseminomatous tumors (/' = 0.0001, \ ' test) and hst-\ being

expressed in 24 of 38 (63%) nonseminomas but only 1 of 24 (4%) of
seminomas (P = 0.0001, x2 test), demonstrating an inverse relationship

in the expression pattern of these 2 oncogenes in human testicular germ
cell tumors. A significant association between tumor stage and //.vi-1
expression in the nonseminoma group was found l /' = 0.0002, x2 test).
No gross alterations in the c-kit, hst-l, and im-1 loci were found at the
DNA level and no Â¡nt-2mRNA expression was detected in any of the
germ cell tumors examined.

INTRODUCTION

Protooncogenes represent a group of cellular genes which are
homologues of the viral oncogenes found in acutely transform
ing retroviruses (1). There is evidence that some protooncogene
products are important in normal cellular growth and/or dif
ferentiation (2, 3) or play a role in the response to proliferative
signals (4, 5). Recent studies have shown that alterations in the
structure or expression of these genes may also play a role in
the initiation and/or progression of human malignant tumors
(for review see Refs. 6 and 7). Amplification and overexpression
of oncogenes have been detected in a number of human tumors
and tumor cell lines. Some of these alterations have proven to
be clinically relevant. Amplification of the N-wyc gene in
human neuroblastomas correlates with a significantly worse
prognosis for children whose tumors contain this alteration (8).
Likewise, amplification and overexpression of the HER-2/neu
oncogene in human breast and ovarian cancers have been cor
related with poor patient prognosis (9). More recent studies
have shown that approximately 70% of all colon cancers contain
significant molecular genetic changes in a number of protoon-
cogenes and/or tumor suppressor genes (10). Cytogenetic stud
ies in human testicular tumors indicate that these malignancies
frequently contain gross genetic alterations (11-19). A common
finding in cytogenetic analyses of testicular tumors is the detec
tion of isochromosome 12, i(12p) (11-17). Other cytogenetic

alterations include trisomies, duplications, or deletions, with
the most frequently affected chromosomes being 1,11, and 12
(13, 18. 19). Few studies concerning these malignancies have
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been conducted at the molecular level. One study has shown
overexpression of the c-myc protein detected Â¡mmunhistochem-
ically in some testicular tumors (20) and hst-l overexpression
has been found in a small number (5 of 9) of germ cell tumors
(21). To date, however, systematic analysis of a number of
different oncogenes in a large cohort of human testicular malig
nancies has not been performed. A possible reason for this may
be the infrequent occurrence of these tumors. Even though they
constitute only a small percentage of all human tumors, testic
ular malignancies represent the most frequent solid tumor in
males 20-40 years of age. In the United States the age-adjusted
annual incidence is 3-4/100,000 (22). Ninety % of testicular
tumors originate from germ cell tissue (germ cell tumors), while
10% are derived from interstitial tissue. Testicular germ cell
tumors are classified according to the criteria of the WHO1

(Table 1) (23). It is generally accepted that both seminomas and
nonseminomas originate from the same precursor cell, termed
CIS cell (24, 25). The CIS cell may have the capacity to regress
to a more primitive pluripotent embryonal cell which likely
represents the cell of origin for nonseminomatous tumors.
Conversely, proliferation and differentiation of the CIS cell
may lead to the development of seminomas. The origin of the
CIS cell remains uncertain. Some studies suggest that it may
represent either malignant gonocytes or transformed adult sper-
matogonia (24, 25).

Therapy of testicular tumors, especially in advanced stages,
has improved significantly during the last 2 decades with the
advent of highly effective combination chemotherapy (26). The
mortality rate has been reduced from 50% prior to 1970 to
<10% today. Still, approximately 20% of patients with ad
vanced disease defined by extensive metastatic involvement of
the lungs and/or palpable abdominal masses with supradia-
phragmatic disease and/or mÃ©tastasesto the liver, bones, or the
central nervous system are incurable (27). At the other end of
the clinical spectrum are patients with early disease. Therapeu
tic approaches for these patients include orchiectomy alone in
clinical stage NO, MO disease, i.e., no mÃ©tastasesevident outside
the testis (28), or orchiectomy and retroperitoneal lymph node
dissection in stage N1-2, MO disease, i.e., infradiaphragmatic
nodal mÃ©tastases(29). The latter approach relies on the avail
ability of potent salvage chemotherapy in cases of disease
progression or recurrence. These types of "wait and see" strat

egies are still controversial since they strongly depend on a safe
definition of high risk patients within conventional tumor clas
sifications as well as on frequent clinical follow-up of these
patients.

The current study was undertaken for several reasons: (a) to
detect any gross alterations in oncogene structure or expression
which may provide insights into initiation and/or progression
of testicular tumors; (b) to evaluate any observed alterations

' The abbreviations used are: WHO, World Health Organization; CIS, carci-
noma-/'n-.c/'fu;N. node; M. metastasis.

1811

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/7/1811/2446699/cr0510071811.pdf by guest on 19 M

ay 2023



AÃf-1AND c-kit ONCOGENES IN HUMAN TEST1CULAR CANCER

Table I WHO classification ofteslicular germ cell tumors (23)

Tumors comprised of a single histological type
Seminoma
Spermatocytic seminoma
Embryonal carcinoma
Yolk sac tumor
Polyembryoma
Choriocarcinoma
Teratoma

Mature
Immature
With malignant transformation

Tumors comprised of more than one histological type
Embryonal carcinoma and teratoma (teratocarcinoma)
Choriocarcinoma and any other type
Other combinations

for possible correlations with clinical parameters of disease,
and (c) to generate a molecular genetic data base with respect
to protooncogene alterations in testicular tumors that may add
information to conventional tumor classifications and help to
define high risk patients with a potentially poor prognosis.
Preliminary studies in our laboratory have been performed
using the c-kit, HER-2/neu, epidermal growth factor receptor,
hst-l, int-2, transforming growth factor a, and epidermal
growth factor genes as probes on a number of testicular tumor
specimens. These pilot studies demonstrated changes in expres
sion levels of the c-kit and hst-l protooncogenes in testicular
malignancies4 (30). In addition, recent data indicate that the c-

kit gene may be important in germ cell development (31, 32).
Therefore a careful study of these two protooncogenes and of
int-2, which is located near the hst-l gene and frequently
coamplified with hst-l in some tumor types (33), was under
taken in a larger cohort of germ cell malignancies for which
there were substantial clinical data.

MATERIALS AND METHODS

Fresh testicular tumor tissue and, whenever possible, adjacent
normal tissue were obtained at the time of primary surgery and
stored in liquid nitrogen or at -70Â°C. All specimens, tumor

and normal, were examined histologically using hematoxylin/
eosin staining. DNA and RNA were extracted from these
specimens, purified, and quantitated by fluorometry prior to
gel electrophoresis as previously described (34). DNA was
digested with Hindlll or EcoRl (Boehringer, Mannheim, Ger
many) and the integrity of high molecular weight DNA and
RNA was determined by electrophoresis in all evaluated sam
ples. RNA and DNA were transferred to nylon filters (Biotrans
Membrane; ICN); baked in a vacuum oven for 3 h at 80Â°C;
prehybridized in 50% formamide, 5x SSPE, 5x Denhardt's

reagent, 0.5% sodium dodecyl sulfate, 50 ^g/ml Herring sperm
DNA, and 10% dextran sulfate at 42Â°Cfor 3 h; and hybridized

in the same solution containing radioactive labeled probe for
24 h at 42Â°C.The filters were washed twice in 5x SSPE, and
0.5% sodium dodecyl sulfate at 65Â°Cfor 15 min and exposed
to X-OMAT AR2 films (Kodak) at -70Â°C. Autoradiograms

were scanned by densitometry.
The probes used in this study include: c-kit, 2-kilobase pair

fragment of c-kit, \HP-c-kit63 (35); hst-l, 557-base pair frag
ment Sad to the 3' end of the gene (33); int-2, 1.0-kilobase

pair BamHl/Kpnl fragment of pBB4 (36). All complementary
DNA probes were 32P labeled using oligonucleotide random

4S. Munemitsu. W. Kuang, C. Dony, E. Chen. T. Liberman, J. Schlessinger.
and A. Ullrich. Sequence analysis and expression of the proto-oncogene c-kit,
manuscript in preparation.

Table 2 Histologies and stages of the examined testicular germ cell
tumors (23, 38)

Tumor stages (TNM classification)

HistologySeminoma

Teratocarcinoma
Embryonal carcinoma
Multiple histologies"

ChoriocarcinomaNO,

MO23

7
5
5
0N

1-2,MO4

1
3
4
1N3,

MO3

2
1
0
0NO-3,

Ml0

4
3
3
1Total30

14
12
122

Total 40 13 70
" Other than teratocarcinoma.

priming (37). A specific activity of at least IO9 cpm/Vg DNA

was obtained for each probe prior to utilization in hybridization
experiments. Filters were subsequently stripped and rehybri-
dized to a fragment of a human 0-actin probe (603-base pair
Baml/EcoRl fragment) under identical hybridization and wash
ing conditions.

RESULTS

DNA and RNA Extraction. Table 2 shows the histology
(WHO) and stage (American Joint Committee on Cancer) data
of the testicular tumors in this cohort (23, 38). Adequate DNA
was obtained from 63 tumors and 46 adjacent normal testicular
tissues, respectively. Sufficient quantities of RNA could be
isolated from 70 tumors and 41 adjacent normal testicular
tissues. RNA and DNA from 4 testes removed for nonmalig-
nant conditions, i.e., 2 cryptorchid inguinal testes, 1 torsion
with partial necrosis, and 1 orchiectomy performed in the
course of treatment for prostate carcinoma, were also obtained.

Pattern of c-kit Expression. RNA from all 70 tumor samples
and the 41 adjacent normal testicular tissues which were paired
with a tumor sample was hybridized to the c-kit probe, c-kit
expression in the tumors was compared to the expression in
adjacent normal testicular tissues and scored as "higher,"
"equal," or "lower" with regard to levels found in the adjacent

normal tissue (Table 3). Of the 14 seminomatous tumor/normal
pairs, c-kit expression in the tumor was higher in 6 (Fig. 1,
pairs 42 and 49), equal in 6 (Fig. 2, pairs 11 and 14), and lower
in 2 (Fig. 1, pairs 40 and 47). The data were significantly
different in the 27 nonseminomatous tumor/normal pairs. In
this malignancy c-kit expression in the tumor tissue was higher
in 1, equal in 1 (Fig. 2, pair 18), but lower in 25; in 20 of these
25 c-kit was completely absent (Fig. 2, pairs 15 and 16).
Interestingly, both nonseminoma specimens containing c-kit
expression at higher or equivalent levels to adjacent normal
tissue were tumors of mixed histological type with large areas
of seminoma. In addition there was little or no c-kit expression
in the 4 nonmalignant testes (2 inguinal testes, 1 partial necro
sis, and 1 testis removed for treatment of prostatic cancer) (Fig.
1, samples 46, 90, and 91). Histological examination of these
specimens revealed either absent or abnormal spermatogenesis.
Furthermore, histological examination of the 41 "normal" tis-

Table 3 c-kit expression in human testicular germ cell tumors

Only cases for which tumor/normal pairs were available are listed in this table
(see text for details).

Relative c-kit expressiontumor/normalHistologySeminomas

NonseminomasLower225Equal6 1Higher6Total14 27

Total 27 41
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Fig. 1. i'-kil expression (Northern blol); 7".

germ cell tumor tissue; A7, macroscopically
normal tcsticular tissue. Examples of higher
(pairs 42 and 49). equal (pair 44). and lower
(pairs 40 and 47) c-kil expression in the tumor
tissues of seminomas. Absent or markedly de
creased c-kit expression in nonseminomas
(pair 41 and sample 51) and in testicular tis
sues with absent spermatogenesis (sample 46,
orchiectomy for prostate carcinoma: samples
90 and 91, cryptorchid testes; samples 41N
and 49N. adjacent normal testicular tissue with
altered spermatogenesis). Samples 48 and 50
(no adjacent normal tissue available for these
specimens), c-kil expression in 2 seminomas.

47 18. 5U. 49
Ã‘ TN T NT TTN T N T N

Â¿i
T N N

2J.
N

Actin-

Fig. 2. Inverse relationship of hst-l (3.0-
kilobase transcript) and c-kit (5.0-kilobase
transcript) expression. Equal c-kit expression
in tumor and normal tissue of seminoma/nor-
mal pairs (pairs 11. 14) and in one mixed-
tumor/normal pair comprised of vast areas of
seminoma (pair 18). Absent or decreased c-kit
expression in the tumor tissue of nonscmi-
noma/normal pairs (pairs 6. 12. 15. 16, 19).
AsM is expressed in nonseminomas only (sam
ples 6, 12. 15. 16. and 19) and, in tumor tissues
expressing hst-\, c-kil expression is absent or
decreased. (The faint hsl-\ signal seen in sam
ple 12N is likely do to minor microscopic
invasive tumor infiltration found at the border
of this specimen.) T, germ cell tumor tissue;
A/,macroscopically normal testicular tissue.

_L2_
N T

18
N T NTNTNTNTNTN

5.0-

3.0-
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sues adjacent to both seminomas and nonseminomas showed
that 12 had abnormal spermatogenesis and all of these also
showed markedly decreased c-kit expression when compared to
the 29 normal tissue samples with intact spermatogenesis (Fig.
1, samples 41N and 49N). In the 16 seminomas and 13 non
seminomas from which no normal adjacent testicular tissue
was available, the c-kit expression pattern was similar to that
found in the tumor tissues of the paired samples, i.e., 12 of 16
of the nonpaired seminomas showed c-kit expression, while
only 1 of 13 nonpaired nonseminomas had the transcript and
this specimen was again a tumor of mixed histology containing
large areas of seminoma. Taken together, these data indicate
that c-kit expression is present in 24 of 30 (80%) seminomas,
as well as in all normal testicular tissues in which spermatogen
esis is present. Conversely, c-kit expression is absent or de
creased in 37 of 40 (93%) nonseminomas, with the 3 nonsemi
nomas containing c-kit message being of the mixed histology
subtype with large areas of seminomas. The difference in the c-
kit expression pattern between these 2 major groups of testic
ular tumors was highly significant (P = 0.0001, \~ test). There

were, however, no significant correlations with the tumor stage.
Evaluation of the DNA from all of these samples showed no
amplification or gross rearrangements of c-kit as determined
by Southern blot analysis (Fig. 3).

Pattern of hst-l and int-2 Expression. RNA from 62 of the
samples was hybridized to the hst-\ probe. hst-\ mRNA expres
sion was classified as low (1-fold), moderate (2- to 3-fold), or
high (>3-fold) based on densitometry. hst-\ expression was not
detected in any normal testicular tissue and in only 1 of 24
(4%) seminomas. Conversely, expression of this gene was pres
ent in 24 of 38 (63%) nonseminomas (Fig. 2, Table 4). These

differences were highly statistically significant (P = 0.0001, x2
test). Moreover, hst-l transcripts were not detected in any of
the samples of macroscopically normal tissue adjacent to non
seminomas, indicating that hst-l expression was specific for the
malignant tissue in these cases. No significant differences in
the expression of hst-l were observed between the various
histological subtypes of nonseminoma.

A significant association was found between hst-l expression
and tumor stage in nonseminomas: 8 of 15 (53%) local tumors
(NO, MO); 7 of 12 (58%) tumors with nodal mÃ©tastases(N1-3,
MO), and 9 of 11 (82%) tumors from patients with distant
metastatic disease (NO-3, Ml) expressed detectable AsM tran
scripts, respectively (P = 0.0002, x2 test). While this was a

statistically significant difference, it should be noted that it was
determined in a relatively small number of tumors (n = 38).
This, however, represents the largest cohort of specimens stud
ied to date. Evaluation of the DNA of these tumors showed no
amplification of the hst-l gene, indicating that the differences
in hst-l mRNA expression occur at either the transcriptional
or posttranscriptional level (Fig. 4). Finally, there was an in
verse relationship between hst-l and c-kit expression in this
cohort. In all of the nonseminomas expressing hst-l, expression
of c-kit was absent or decreased and only 1 of 24 seminomas
expressing c-kit expressed hst-l (Fig. 2). No mRNA expression
and no gross alterations on the DNA level were detected for
the int-2 gene (data not shown).

DISCUSSION

In recent years molecular genetic analyses have given some
iciohtc min ihp nathnopnpcic r\f a varifÂ»tv r\f hnni-ii

5- In recent years molecular genetic analyses have given some
Â¡e insights into the pathogenesis of a variety of human malignan-
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Fig. 3. Southern blot analysis of germ cell tumor DNA hybridized with c-kit

after restriction cutting with Hindl\\. No evidence is found for amplification or
other gross gene alterations. T, germ cell tumor tissue; N, macroscopically normal
testicular tissue.

cies. In some instances these observations have been shown to
be of clinical importance in the diagnosis and/or treatment of
certain human tumors (8, 9). To date, little information exists
concerning the molecular biology of human testicular tumors.
A few studies containing small numbers of specimens have been
conducted. Thus far, the protooncogenes most extensively ex
amined have been from the myc family. Low level amplification
of the N-myc gene was found in 3 of 10 testicular tumor samples
in one small study (39). The presence of c-myc protein, p62,
was demonstrated in 32 testicular tumor samples examined
immunohistochemically in a second study (20). DNA amplifi
cation and/or mRNA overexpression of c-Ki-ras was found in
2 testicular tumor cell lines and in 7 of 10 mÃ©tastasesfrom
human testicular embryonal cell carcinomas (40); however, in
a study performed on 2 primary testicular tumors, the p21
oncoprotein could not be detected (41). In another study,
expression of the hst-l protooncogene was found in 5 of 9
testicular tumors examined including 2 seminomas (21). In

Table 4 hst-l expression in human testicular germ cell tumors

Expression of Ajf-1 mRNA

HistologySeminoma

Teratocarcinoma
Embryonal carcinoma
Multiple histologies'

ChoriocarcinomaAbsent23

62

5
1Low0

1
1
0
0Moderate1

4
1
30High0

3
8
2Total24

14
12
10
2

Total 37 14 62
Â°Other than teratocarcinoma.

earlier studies we demonstrated high levels of expression of c-
Ac/f-mRNA in 6 seminomas4 (30). The current study extends

this earlier study to include a large number of testicular tumors
and identifies a distinct pattern of c-kit and hst-l mRNA
expression in human testicular germ cell malignancies.

c-kit is the homologue of the viral oncogene (v-kit) which
was initially identified as the transforming gene of the feline
sarcoma retrovirus HZ4-FeSV (35, 42). The p 145 c-kit onco-
protein is a cell surface protein which serves as a tyrosine kinase
growth factor receptor for a ligand that was recently identified
by several groups and termed stem cell factor, mast cell growth
factor, or kit ligand (43-45). Recently, the c-kit gene has been
determined to be allelic with the dominant-white spotting locus
of the mouse (46, 47). Mutations at the white locus affect
various aspects of murine hematopoiesis and, relevant to the
current findings, inhibit the proliferation and migration of
primordial germ cells during mouse development (31, 32). In
this study we demonstrate that c-kit is expressed in normal
testicular tissue containing intact spermatogenesis but is de
creased or absent in testes with altered spermatogenesis asso
ciated with cryptorchid or atrophie testes as well as with chronic
orchitis. Additionally, c-kit transcript was absent or decreased
in 12 of 41 macroscopically normal adjacent tissues from
tumor/normal pairs and all of these had similar reductions of
spermatogenesis. The phenomenon of altered spermatogenesis
associated with testicular neoplasms is well known and fre
quently results in infertility in a number of these patients (48).
Evaluation of c-kit expression in germ cell tumors demonstrated
transcript levels higher or equal to those found in adjacent
normal testicular tissues with intact spermatogenesis in 24 of
30 (80%) seminomas but in only 3 of 40 (7%) nonseminomas,
demonstrating a difference in the expression pattern of this
gene in the 2 main subgroups of human testicular malignancies.

hst-l was originally isolated from the DNA of a gastric
carcinoma and belongs to the family of human fibroblast growth
factors. Its product has significant homology to the mouse int-
2 protein. Both hst-\ and int-2 are coamplified in many tumor
types (21, 33) and are located at the band ql3 of chromosome
11, which is frequently altered in testicular tumors. In this study
hst-\ was expressed in 63% (24 of 38) of all nonseminomas but
in only 4% (1 of 24) of seminomas (P = 0.0001, x2 test), hst-l

was not detected in normal nonmalignant testicular tissue. A

M. 67 68
T T N T N

69 6_Â¿7Â¿ 74 12 75
T N T T TNTTN

77 Ã¼ 7_0
T N N N

Fig. 4. Southern blot analysis of germ cell
tumor DNA hybridized with hst-\ after restric
tion cutting with ///Â»(/III.No evidence is found
for amplification or other gross gene altera
tions. T, germ cell tumor tissue; N, macroscop
ically normal testicular tissue. M. marker
DNA (X Hindlli).
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statistically significant association was found between hst-\
expression and tumor stage (P = 0.0002, x2 test). The majority

of nonseminomas from patients with widespread mÃ©tastases
had moderate to high hst-l expression levels (82%), while only
one-half of the localized tumors (53%) had similar levels. All
of the nonseminomas which express hst-l had absent or de
creased levels of c-kit transcripts, again demonstrating the
inverse relationship between expression of the hst-\ and c-kit
oncogenes in these tumors. No amplification of hst-\ was

detected in any tumors.
Most current data support the concept that seminomas and

nonseminomas arise from a common precursor cell (25, 49).
Our data suggest that c-kit expression may be decreased or lost
during differentiation to nonseminomas, while most seminomas
would continue to express the gene at high levels. Conversely,
differentiation to nonseminomas may be associated with hst-l
expression which is not found in other testicular tissues. Im-
munohistochemical studies are currently underway to deter
mine the actual cells which produce the p 145 c-kit and the p21
hst-l oncoproteins in these tumors and further clarification
awaits these data. Evaluation of possible correlations between
oncogene expression and the clinical course of these patients
have not been performed as yet due to the relatively short
observation period for most of the patients in this cohort.
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