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Little is known about the pathologic significance of epidermal
growth factor receptor (EGFR) expression in malignant testicular
germ cell tumors (TGCTs) in adults. From the primary tumor sites
of a cohort of 110 TGCT cases, we obtained 209 histologically dis-
tinct components: 53 intratubular germ cell neoplasia unclassified
(IGCNU) lesions, 83 seminomas (66 pure-form seminomas and 17
seminoma components in the mixed-form with nonseminomatous
TGCTs), 27 embryonal carcinomas, eight choriocarcinomas, 18 yolk
sac tumors, and 20 immature teratomas. Samples were analyzed
for expression of EGFR protein and EGFR gene amplification by
immunohistochemistry and fluorescence in situ hybridization
(FISH), respectively. Overexpression of the EGFR protein was
detected in 28% of seminomas (27% in the pure-form and 29% in
the mixed-form), 11% of embryonal carcinomas, 88% of choriocar-
cinomas, 44% of yolk sac tumors, and none of the IGCNU lesions
or immature teratomas. A higher copy number (>4 copies per cell)
and amplification of the EGFR gene were detected in 20% and
10% of seminomas, 13% and 0% of embryonal carcinomas, 71%
and 60% of choriocarcinomas, 15% and 8% of yolk sac tumors,
and none of the IGCNU lesions or immature teratomas, respec-
tively. Both higher copy number and amplification of the EGFR
gene were positively correlated with immunohistochemical over-
expression of EGFR protein (each P < 0.0001). These results suggest
that overexpression of EGFR protein and increased copy number
or amplification of the EGFR gene occur relatively frequently in pri-
mary TGCTs, and may play roles in the formation of invasive cancer
and in the progression, especially morphological evolution, of
tumors. (Cancer Sci 2010; 101: 1970-1976)

alignant testicular germ cell tumors are the most com-

mon form of malignancy in men between the ages of 15
and 45 years." In this age group, these tumors account for 60%
of all malignancies and, des ite their overall curability, are a
major cause of cancer death.*> Poor prognosis of patients with
testicular germ cell tumors generally results from their ability to
metastasize, relapse of disease, or resistance to conventional
platinum-based chemotherapies.

From the clinicopathological viewpoint, testicular germ cell
tumors can be subdivided into seminoma and nonseminomatous
germ cell tumors (NSGCT).""> NSGCT are a heterogeneous
group showing various stages of embryonic differentiation
ranging from undifferentiated embryonic stem cells (embryonal
carcinoma) to maturing somatic tissues (teratomas). Moreover,
NSGCTs can also resemble extraembryonic tissues, that is yolk
sac tumors and choriocarcinomas. Testicular germ cell tumors
may present as a pure seminoma or as a mixture of seminoma
and NSGCT; in this latter situation, seminoma and NSGCT
components may be intimately admixed, adjacent to each other,
or separately located.
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Although the histogenesis of adult testicular germ cell tumors
has not been fully evaluated, it is generally accepted that intratu-
bular germ cell neoplasia unclassified (IGCNU) lesion is a sub-
stantial precursor lesion for both seminoma and embryonal
carcinoma.” Moreover, embryonal carcinoma has been consid-
ered as a precursor for other NSGCT components, that is chorio-
carcinoma and yolk sac tumor,”'® and the majority of
embryonal carcinomas are thought to be derived from pre-exist-
ing seminoma cells which may or may not be identified by histo-
logical examination.

Epidermal growth factor receptor (EGFR) is a member of the
human epidermal growth factor receptor (HER) or Erb-B family
of type I receptor tyrosine kinases, and its signaling causes
increased cell proliferation, decreased apopt051s and enhanced
tumor cell motility and neo- anglogenesm ) Aberrant EGFR
protein expression has been implicated in the malignant trans-
formation of non-small-cell lung cancers, astrocytomas and
renal cell carcinoma; in the poor prognosis of patients with
breast cancer, non-small-cell lung cancers and osteosarcoma;
and in the acquisition of chemo- resrstance by breast cancer, pan-
creatic cancer, and osteosarcoma.'*'?) However, little is known
about the status of EGFR expression in primary testicular germ
cell tumors in adults and its pathological significance.?*=¥

In the present study, we performed histological review of sur-
gically resected specimens from 110 primary testicular germ cell
tumors and selected a total of 209 histologically distinct compo-
nents, including IGCNU, seminomas, embryonal carcinomas,
choriocarcinomas, yolk sac tumors, and immature teratomas.
We used immunohistochemistry and fluorescence in situ hybrid-
ization (FISH) to investigate EGFR protein expression and
EGFR gene copy number alterations in these tumor components
with the aim of answering the following questions: (i) whether
overexpression of EGFR protein and increased copy number or
amplification of the EGFR gene are common occurrences in pri-
mary testicular germ cell tumors; (ii) whether such alterations
are already evident in the putative precursor lesion IGCNU; (iii)
whether these EGFR alterations are common to pure seminomas
and seminoma components in mixed tumors; and (iv) whether
these EGFR alterations are common to the histologically distinct
components in NSGCTs. Such information would allow us to
determine whether changes in EGFR expression and gene copy
number occur in association with tumorigenesis or as later
events in tumor progression.

Materials and Methods

Cases. A total of 110 cases of primary testicular germ cell
tumor were identified from files at the Department of Laboratory
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Medicine, National Defense Medical College Hospital,
Tokorozawa, Saitama, Japan. All cases were surgically resected
specimens obtained from 1986 to 2008, and the age of patients
ranged from 18 to 79 (mean, 33.2; median, 33) years. Only one
patient (1%) was over the age of 60 (79 years). The T factor
was T1 in 76 tumors, T2 in 29, T3 in five, and none of the cases
were staged T4. The N factor was N1 in 16 tumors, N2 in three
tumors, and N3 in four tumors, according to TNM classification
(2003). All pathology specimens were reviewed by two observ-
ers (K.M. and S.Y.) at our institution, and tumors were classified
according to the World Health Organization criteria."’ The
research protocol was approved by the Ethics Committee of the
National Defense Medical College, Tokorozawa, Japan.

Tissue microarray. To construct tissue microarray (TMA)
blocks, we selected formalin-fixed paraffin-embedded cancer
tissue blocks containing the areas in which histological diagnosis
for tumor components had been performed. Two core specimens
for each histological component, 2.0 mm in diameter, were taken
from these blocks and transferred to recipient blocks with a
Tissue Microarrayer (Beecher Instrument, Silver Spring, MD,
USA). These TMA blocks were then cut into 4.5-pum-thick sections
and subjected to both immunohistochemistry and FISH analysis.

Immunohistochemistry. Expression of EGFR protein was
analyzed by immunohistochemistry with a Dako EGFR phar-
mDx kit (Dako, Glostrup, Denmark), according to the manufac-
turer’s instructions. Briefly, deparaffinized sections were
subjected to antigen retrieval with Proteinase K (Dako) diges-
tion for 5 min at room temperature, and treated with 3% hydro-
gen peroxide for 5 min to inhibit endogenous peroxidase
activity. Then, sections were incubated with a mouse monoclo-
nal antibody against EGFR (clone 2-18C9, ready-to-use) for
30 min at room temperature. The slides were then reacted with a
dextran polymer reagent combined with secondary antibodies
and peroxidase (Dako) for 30 min at room temperature. Specific
antigen—antibody reactions were visualized with 0.2% diam-
inobenzidine tetrahydrochloride and hydrogen peroxide, and
counterstaining was performed with Mayer’s hematoxylin. Non-
neoplastic matured placental tissue (i.e. chorionic villi) was used
as a positive control. As negative controls, sections without the
primary antibody were used.

Cytoplasmic and/or cell membranous immunoreactivity was
taken into account for EGFR protein expression. According to
the scoring s?/stem for EGFR immunostaining described by
Adams er al., 29 intensities of EGFR immunoreactivity were
classified into the following four categories: non-staining (score
0), weak (score 1+), moderate (score 2+), and strong (score 3+).
Immunoreactivity in the tumor was defined as overexpression of
EGFR protein if 50% or more tumor cells evaluated in the TMA
cores showed moderate (2+) to strong (3+) immunoreactivity.

Fluorescence in situ hybridization (FISH) analysis. Epidermal
growth factor receptor (EGFR) SpectrumOrange/chromosome
enumeration probe 7 (CEP7) SpectrumGreen DNA probes
(Abbott Molecular, Chicago, IL, USA) were used for FISH anal-
ysis by the same methods as those for the PathVysion DNA
probe kit (Abbott Molecular, Chicago, IL, USA), as described
previously.*> Hybridization was performed between the dena-
tured probes and denatured DNA in TMA sections at 37°C for
14—18 h. The sections were counterstained with 4,6-diamidino-
2-phenylindone (DAPI).

Analysis and counting of fluorescence signals on FISH analy-
sis were performed for tumor cells corresponding to those with
EGFR immunoreactivity, if the tumor cells showed partial
immunostaining for EGFR. The number of fluorescence signals
from both CEP7 and EGFR probes in 20 interphase tumor cell
nuclei were counted independently by two observers (K.M. and
S.Y.). The mean copy number of the EGFR gene per tumor cell
nucleus for each tumor component was calculated by dividing
the total counts of EGFR signals by the number of counted
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nuclear. The copy number of the EGFR gene was defined as
higher and lower when the mean EGFR copy number was >4.0
and <4.0, respectively. The EGFR/CEP7 ratio was calculated
by dividing the total counts of the EGFR signals by the total
counts of the CEP7 signals. Epidermal growth factor receptor
(EGFR) amplification was defined to be present if the EGFR/
CEP7 ratio was equal or higher than 2.0. As a control, non-
neoplastic testicular tissue (seminiferous tubules containing
non-neoplastic spermatocytes) was used. When the judgments
by two observers differed for a tumor, they counted further to a
total of 40 nuclei and reached consensus by discussion.

Statistical analysis. Statistical analyses were performed by
using Ekuseru-Toukei 2008 software (SSRI, Tokyo, Japan).
Comparisons between parameters were computed by the
chi-squared test. Differences at P < 0.05 were considered to be
statistically significant.

Results

Histology of malignant germ cell tumor components
identified. Of the 110 cases, 66, 33, and 11 cases were classi-
fied as pure seminomas, mixed tumors (cases with more than
two components of seminoma or NSGCT), and pure NSGCTs,
respectively. Moreover, a total of 209 histologically distinct
components were identified in the 110 cases: 53 IGCNU lesions
(30 in pure seminomas, 19 in mixed tumors, four as pure
NSGCTs), 83 seminomas (66 as pure seminomas and 17 in
mixed tumors), 27 embryonal carcinomas (22 in mixed tumors
and five as pure NSGCTs), eight choriocarcinomas (seven in
mixed tumors and one as pure NSGCT), 18 yolk sac tumors (14
in mixed tumors and four as pure NSGCTs), and 20 immature
teratomas (19 in mixed tumors and one as pure NSGCT). Cases
enrolled and histological components examined are summarized
in Table 1.

Overexpression of EGFR protein. Of 110 tumor cases
enrolled, 35 (32%) showed immunoreactivity for EGFR in at
least one histological component: 18 (27%) of 66 pure semino-
mas, 14 (42%) of 33 mixed tumors, and three (27%) of 11 pure
NSGCTs. Results of immunohistochemistry for all 209 histolog-
ical components are summarized in Table 2.

On a total component basis, overexpression of EGFR protein
was identified in 23 (28%) of 83 seminoma components, seven
(88%) of eight choriocarcinoma components, and eight (44%) of
18 yolk sac tumor components, but in only three (11%) of 27
embryonal carcinoma components and none of the immature
teratoma or IGCNU components (Fig. 1). Although immature
teratomas frequently showed immunoreactivity for EGFR, espe-
cially in the maturing epithelial foci, such as stratified
squamous/squamoid epithelial foci or cuboidal to columnar epi-
thelial foci, none of these cases were defined as overexpression
because immunonegative mesenchymal teratomatous cells rep-
resented over 50% of the tumor cells assessed in these cases.

Table 1. Cases enrolled
analyzed in this study

and distinct histological components

No. of histological components

Tumor type No. of cases studied

IGCNU SE EM CH YS IT
Pure seminoma 66 30 66 - - - -
Mixed tumor 33 19 17 22 7 14 19
Pure NSGCT 11 4 - 5 1 4 1
Total 110 53 83 27 8 18 20

CH, choriocarcinoma; EM, embryonal carcinoma; IT, immature
teratoma; IGCNU, intratubular germ cell neoplasia unclassified;
NSGCT, nonseminomatous germ cell tumor; SE, seminoma; YS, yolk sac
tumor.
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Table 2. Overexpression of EGFR protein in each distinct histological component of adult testicular germ cell tumors

No. of components with EGFR overexpression/no. of cases studied (%)

Component

. Mixed Pure

Total Pure seminoma tumor NSGCT
IGCNU 0/53 (0) ]* 0/30 (0) 0/19 (0) 0/4 (0)
Seminoma 23/83 (28) 18/66 (27) 5/17 (29) -
Embryonal carcinoma 3/27 (11) . - 3/23 (13) 0/4 (0)
Choriocarcinoma 7/8 (88) ] FHx - 6/7 (86) 1/1 (100)
Yolk sac tumor 8/18 (44) - 6/14 (43) 2/4 (50)
Immature teratoma 0/20 (0) - 0/19 (0) 0/1 (0)

*P < 0.0001; **P = 0.0002; ***P = 0.028. EGFR, epidermal growth factor receptor; IGCNU, intratubular germ cell neoplasia unclassified;

NSGCT, nonseminomatous germ cell tumor.

Consequently, EGFR overexpression was more frequent in
seminoma components than in IGCNU components
(P < 0.0001). Likewise, choriocarcinoma and yolk sac tumor

1972

Fig. 1. Representative immunohistochemistry for
epidermal growth factor receptor (EGFR) protein
expression in testicular germ cell tumors. (a) A case
of pure seminoma showing overexpression of EGFR
protein. (b) A component of intratubular germ cell
neoplasia unclassified showing no immunoreactivity
for EGFR. Note the surrounding invasive seminoma
cells showing strong EGFR immunoreactivity. Cases
of (c) choriocarcinoma, (d) yolk sac tumor, and (e)
embryonal carcinoma, showing overexpression of
EGFR protein. (f) A case of immature teratoma.
Epithelial components were weakly to moderately
immunoreactive for EGFR, but mesenchymal tumor
cells were immuno-negative. According to the
criteria for EGFR protein expression, this case
was not considered to show overexpression.
Immunoperoxidase stain, original magnification
x 200 for (a), (b), (c), and (d), and x400 for (e) and
(f).

components showed more frequent EGFR overexpression than

did embryonal
respectively). Although seminoma components

P =0.028,

carcinoma components (P = 0.0002 and
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showed relatively frequent overexpression of EGFR protein
compared with embryonal carcinoma components, the differ-
ence was not statistically significant (P = 0.077).

In the 66 pure seminomas and 17 seminoma components of
mixed tumors, overexpression of EGFR protein was identified in
18 (27%) and five (29%) of the seminoma components, respec-
tively. There were no statistically significant differences
between seminoma components in pure seminomas and those in
mixed tumors (P = 0.86).

Fluorescence in situ hybridization (FISH) analysis. The results

of FISH analysis are summarized in Table 3. Among 209 com-
ponents subjected to immunohistochemical analysis, measure-
ment of EGFR copy number was possible in 180 and
measurement of EGFR/CEP?7 ratio was possible in 176.
(a) Higher copy number of the EGFR gene in adult testicular
germ cell tumors. Among 100 informative tumor cases, 23
(23%) showed higher copy numbers of the EGFR gene: 14
(23%) of 60 pure seminomas, eight (26%) of 31 mixed
tumors, and one (13%) of nine pure NSGCTs. Among 180
informative tumor components, 15 (20%) of 74 seminomas,
three (13%) of 24 embryonal carcinomas, five (71%) of seven
choriocarcinomas, and two (15%) of 13 yolk sac tumors, but
none of 17 IGCNU components, showed higher copy numbers
of the EGFR gene (Fig. 1). In the 20 immature teratoma com-
ponents, a higher copy number of the EGFR gene was not
detected in mesenchymal or epithelial foci, even in the epi-
thelial cells showing EGFR immunoreactivity. Consequently,
the frequency of higher copy number of the EGFR gene
differed significantly between IGCNU and seminoma compo-
nents (0% vs 20%, respectively; P = 0.0011) and between
embryonal carcinoma and choriocarcinoma components (13%
vs T1%, respectively; P = 0.0082). There was no significant
difference in the incidence of higher EGFR copy number
between seminoma and embryonal carcinoma components
(P =0.58).

Of the 59 informative pure seminomas and 15 informative
seminoma components of mixed tumors, 14 (23%) and one
(6%) showed a higher copy number of the EGFR gene, respec-
tively. There were no significant differences between pure semi-
nomas and seminoma components in mixed tumors (P = 0.27).

Table 3.

(b) Amplification of the EGFR gene in adult testicular germ
cell tumors. Among 98 informative tumor cases, 11 (11%)
showed amplification of EGFR gene: seven (12%) of 60 pure
seminomas, three (10%) of 29 mixed tumors, and one (13%) of
nine pure NSGCTs. Among 176 informative tumor components,
seven (10%) of 73 seminomas, three (60%) of five choriocarci-
nomas, and one (8%) of 13 yolk sac tumors showed amplifica-
tion of the EGFR gene (Fig. 2). EGFR gene amplification was
not detected in 45 IGCNU lesions, 24 embryonal carcinomas,
and 16 immature teratoma components even in the epithelial
cells showing EGFR immunoreactivity. Although the difference
was not statistically significant, seminoma components tended
to show amplification of the EGFR gene more frequently than
did IGCNU and embryonal carcinoma components (P = 0.082
and P = 0.26, respectively). Consequently, there was a signi-
ficant difference in the frequency of EGFR gene amplification
between embryonal carcinoma and choriocarcinoma compo-
nents (0% vs 60%, respectively; P = 0.0012).

Of the 59 informative pure seminomas and 14 seminoma
components in mixed tumors, seven (12%) and none (0%)
showed amplification of the EGFR gene, respectively. There
were no significant differences between pure seminomas and
seminoma components in mixed tumors (P = 0.38).

Correlation between EGFR gene alterations and EGFR protein
expression. Among the 180 tumor components in which infor-
mation on EGFR gene copy number was available by FISH
analysis, EGFR gene copy number was compared with immuno-
histochemical expression of EGFR protein (Table 4). There was
a highly positive correlation between EGFR gene copy number
and immunohistochemical expression of the EGFR protein: 15
(60%) of 25 tumor components with a higher EGFR copy
number, but only 23 (15%) of 155 tumor components with a
lower EGFR copy number, showed overexpression of EGFR
protein (P < 0.0001). Of the 10 tumor components showing
a higher EGFR copy number but no overexpression of
EGFR protein, eight (80%) were seminoma components and
two (20%) were embryonal carcinoma components. Of the 23
components showing a lower EGFR copy number and over-
expression of EGFR protein, 16 (70%) were seminoma compo-
nents, two (9%) were embryonal carcinomas, one (4%) was a

Higher copy number and amplification of the EGFR gene in each distinct histological component of adult testicular germ cell tumors

(a) Higher copy number of the EGFR gene

No. of components with a higher copy number/no. of informative components studied (%)

Component

Total Pure seminoma Mixed tumor Pure NSGCT
IGCNU 0/45 (0) 0/26 (0) 0/15 (0) 0/4 (0)
Seminoma 15/74 (20) 14/59 (23) 1/15 (6) -
Embryonal carcinoma 3/24 (13) | 4x - 3/20 (15) 0/4 (0)
Choriocarcinoma 5/7 (71) - 4/6 (67) 1/1 (100)
Yolk sac tumor 2/13 (15) - 2/11 (18) 0/2 (0)
Immature teratoma 0/17 (0) - 0/16 (0) 0/1 (0)
(b) Amplification of the EGFR gene

No. of components with amplification/no. of informative components studied (%)

Component

Total Pure seminoma Mixed tumor Pure NSGCT
IGCNU 0/45 (0) 0/26 (0) 0/15 (0) 0/4 (0)
Seminoma 7/73 (10) 7/59 (12) 0/14 (0) -
Embryonal carcinoma 0/24 (0) ]*** - 0/20 (10) 0/4 (0)
Choriocarcinoma 3/5 (60) - 2/4 (50) 1/1 (100)
Yolk sac tumor 1/13 (8) - 1/11 (9) 0/2 (0)
Immature teratoma 0/16 (0) - 0/15 (0) 0/1 (0)

*P =0.0011; **P = 0.0082; ***P = 0.0012. EGFR, epidermal growth factor receptor; IGCNU, intratubular germ cell neoplasia unclassified;

NSGCT, nonseminomatous germ cell tumor.
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Fig. 2. Status of copy number of the epidermal growth factor
receptor (EGFR) gene determined by fluorescence in situ hybridization
(FISH) in non-neoplastic spermatocytes and testicular germ cell
tumors. Red and green signals indicate the EGFR and CEP7 signals,
respectively. (@) Non-neoplastic spermatocytes, used as a control tissue
for FISH analysis. One red signal and one green signal are noted. (b) A
case of intratubular germ cell neoplasia unclassified showing two red
signals and two green signals, suggesting disomy of chromosome 7.
(c) A case of pure seminoma showing four to six signals for red and
green, respectively, showing a higher copy number of the EGFR gene.
(d) A case of choriocarcinoma showing 10 or more red signals and
one or two green signals, showing amplification of the EGFR gene as
well as higher copy number. 4,6-Diamidino-2-phenylindone (DAPI)-
counterstained interphase nuclei are shown for each specimen
(original magnification, x 1000).

Table 4. Correlation between the status of the EGFR gene and levels
of EGFR protein expression in 209 distinct histological components of
adult testicular germ cell tumors

Number of components (%)

FISH Total EGFR overexpression detected by Pvalue*
IHC
Copy number of the EGFR gene per cell
>4.0 25 15 (60) ]
<4.0 155 23 (15) <0.0001
Not detectable 29 3 (10)
EGFR/CEP7 ratio (amplification of the EGFR gene)
>2.0 (positive) 11 8 (72)
<2.0 (negative) 165 28 (17) ] <0.0001

Not detectable 33 5 (15)

*Calculated by chi-squared test. EGFR, epidermal growth factor
receptor; FISH, fluorescence in situ hybridization;
IHC, immunohistochemistry.

choriocarcinoma component, and four (17%) were yolk sac
tumor components.

Among the 176 tumor components in which information on
the EGFR gene amplification was available, the status of the

1974

EGFR gene was compared with immunohistochemical expres-
sion of EGFR protein (Table 4). Again, there was a highly posi-
tive correlation between EGFR gene amplification and
immunohistochemical expression of EGFR protein: eight (73%)
of 11 tumor components with EGFR gene amplification but only
28 (17%) of 165 tumor components without gene amplification
showed overexpression of EGFR protein (P < 0.0001). All of
the three tumor components showing amplification of the EGFR
gene but no overexpression of EGFR protein were seminomas.
Of the 28 tumor components showing no amplification of the
EGFR gene but overexpression of EGFR protein, 19 (66%) were
seminomas, three (10%) were embryonal carcinomas, one (3%)
was a choriocarcinoma, and five (17%) were yolk sac tumor
components.

Correlation between clinical tumor stages and EGFR
aberrations. Overexpression of the EGFR protein was detected
in 27 (36%) T1 tumors, five (17%) T2 tumors, and four (80%)
T3 tumors. A higher copy number and amplification of the
EGFR gene were detected in 17 (25%) and seven (11%) T1
tumors, seven (27%) and two (8%) T2 tumors, and one (20%)
and one (20%) T3 tumors, respectively. No significant differ-
ence was observed between EGFR aberrations and T factor.

Overexpression of the EGFR protein was detected in six
(38%) N1 tumors, two (67%) N2 tumors, and three (75%) N3
tumors. A higher copy number and amplification of the EGFR
gene were detected in three (23%) and two (13%) N1 tumors,
one (50%) and one (50%) N2 tumors, and one (33%) and none
(0%) of the N3 tumors, respectively. There was no significant
difference between EGFR aberrations and N factor.

Discussion

The EGFR family consists of four growth factor receptors with
tyrosine kinase activity, including EGFR (HERI1/erbB-1),
HER2 (erbB-2/neu), HER3 (erbB-3), and HER4 (erbB-4). The
EGFR gene, a proto-oncogene located on chromosome 7pl12—
p22, can be activated in cancers by three principal mechanisms:
increased gene copy number, amplification, or activating muta-
tions.?® Activation of the EGFR induces a complex series of
intracellular signals through the mitogen-activated protein
kinase (MAPK) and phosphatidylinositol 3-kinase (PI3K) path-
ways, with effects on cell prohferatlon activity and angiogene-
sis, and decreased apoptosis. ngh expression of the EGFR
protein has been reported to occur in a variety of human malig-
nancies, and it is likely that EGFR overexpression plays mgmﬁ-
cant roles in tumorigenesis and/or tumor progression.
However, information on EGFR exgressmn in adult testicular
germ cell tumors is very limited.®°

In the present study, which analyzed a total of 209 histolog-
ically distinct tumor components from a cohort of 110 testicu-
lar germ cell tumors, we demonstrated overexpression of the
EGFR protein in 28% of seminoma components (27% of pure
form and 29% of combined form), 11% of embryonal carci-
noma components, 88% of choriocarcinoma components, and
44% of yolk sac tumor components. Moreover, higher copy
number and amplification of the EGFR gene were detected in
20% and 10% of seminoma components, 13% and 0% of
embryonal carcinoma components, 71% and 60% of chorio-
carcinoma components, and 15% and 8% of yolk sac tumor
components, respectively. Both higher copy number and
amplification of the EGFR gene were positively and highly
significantly (P < 0.0001) correlated with immunohistochemi-
cal overexpression of the EGFR protein. These results demon-
strate that overexpression of the EGFR protein is relatively
common in primary malignant germ cell tumors of adults, and
suggest that amplification or increased copy number of the
EGFR gene are major mechanisms for its protein overexpres-
sion.
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In some multistage developmental models of human malig-
nancy, such as brain astrocytic tumors®” (from local astroc;-
toma to glioblastoma multiforme) and lung adenocarcinomas®®
(from atypical adenomatous hyperplasia to invasive adenocarci-
noma), EGFR overexpression or EGFR gene amplification has
been reported to be a later event and was associated with malig-
nant transformation or progression. Although the etiology of
adult testicular germ cell tumors has not been fully evaluated, it
is generally accepted that IGCNU is the precursor lesion for
seminoma, and embryonal carcinoma can progress from IGCNU
or seminoma by reprogramming of these tumor cells, and that
embryonal carcinoma is the precursor lesion for other NSGCT
components, that is choriocarcinoma and yolk sac tumor.~'?

All IGCNU components examined in this study were negative
for EGFR overexpression or gene alterations, and the frequen-
cies of EGFR overexpression and increased EGFR copy number
were significantly higher in the invasive seminoma component
than in the IGCNU component. Therefore, it is likely that EGFR
alterations are later events during progression from IGCNU to
invasive seminoma. However, there is a ‘‘missing link’> which
cannot be overcome by the present data. Recently, the entity of
““‘intratubular seminoma’’ has been identified as the intermediate
stage between IGCNU and invasive seminoma."'" To confirm
the presented hypothesis, it is necessary to examine EGFR alter-
ations in intratubular seminoma. However, morphological dis-
tinction was difficult between IGCNU and intratubular
seminoma, or between the true ‘‘pre-invasive’’ seminoma and
the invasive seminoma involving adjacent seminiferous tubules.
Therefore, the histological term ‘‘intratubular seminoma’ was
not set in this series.

In addition, in mixed tumors and pure NSGCTs, choriocarci-
nomas showed EGFR overexpression, gene copy number
increase, and/or amplification especially frequently in compari-
son with embryonal carcinomas. These findings suggest that
these EGFR alterations may be involved in the progression or
acquisition of clonal diversity by mixed tumors or pure
NSGCTs, especially from embryonal carcinoma to choriocarci-
noma. Histological heterogeneity in these tumors appeared to be
associated with EGFR alterations, not only at the protein expres-
sion level but also at the genetic level.

Three previous studies have suggested the possible onco%enic
potential of EGFR in adult testicular germ cell tumors.%*!">%
Moroni e al.*” immunohistochemically studied 18 NSGCTs,
finding EGFR expression in 16 (89%) that also strongly corre-
lated with B-human chorionic gonadotropin (B-HCG) expression
in the NSGCT components. They also showed that 11 (69%) of
the 16 EGFR-positive NSGCTs were immunoreactive for tyro-
sine-phosphorylated EGFR. Taken together with the present
study, these observations suggest that, in adult testicular germ
cell tumors, overexpression of EGFR might be involved in
trophoblastic differentiation of the tumor cells and progression
to choriocarcinoma component.

Wang et al.?" investigated EGFR expression in 21 patients
with metastatic and chemorefractory testicular embryonal carci-
nomas and detected immunoreactivity of EGFR protein, EGFR
gene amplification, and copy number gain of the EGFR gene in
43%, 5%, and 71% of cases, respectively. In the present series,
embryonal carcinoma at the primary sites showed relatively
lower frequencies of EGFR protein overexpression (11%, 3 of
27 tumors) or higher copy number of the EGFR gene 313%, 3 of
24 informative tumors) than reported by Wang et al."”"’ Because
the probes and protocols used in FISH analysis were very simi-
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lar in these studies, the discrepancy suggests that overexpression
of EGFR protein and increased copy number of the EGFR gene
in embryonal carcinoma components appeared to have been
associated with the process of metastasis and the acquisition of
chemo-resistance.

When the altered expression of EGFR protein or of the EGFR
gene were associated with tumor progression of adult testicular
germ cell tumor, a correlation between these EGFR statuses and
clinical tumor stages, that is T and N factors, is of interest. How-
ever, there was no relationship between EGFR aberrations and
clinical tumor stages in the cases enrolled in the present study.
Therefore, EGFR overexpression/amplification might be
involved in histological tumor evolution rather than in loco-
regional tumor spreading.

The frequencies of overexpression of EGFR protein and
increased copy number or amplification of the EGFR gene did
not differ between pure seminomas and seminoma components
in mixed tumors. From these data, it may be possible that inva-
sive pure seminomas and invasive seminoma components in
mixed tumors are similar in view of molecular aberrations.

In summary, the present data demonstrate that: (i) overexpres-
sion of EGFR protein is relatively common in primary malig-
nant germ cell tumors in adults, and that increased copy number
or amplification of the EGFR gene frequently underlie EGFR
protein overexpression; (ii) these EGFR aberrations appear to be
later events, not only during progression from IGCNU to inva-
sive seminoma, but also during progression of NSGCTs, espe-
cially morphological evolution to choriocarcinoma; and (iii) the
frequencies of these EGFR alterations are similar in pure semi-
nomas and seminoma components in mixed tumors.

To our knowledge, this is the first report of EGFR gene ampli-
fication in adult primary testicular germ cell tumors. It is also
the largest case series reporting immunohistochemical analysis
of EGFR protein expression. In this report, although we have
mainly analyzed and discussed the data on the basis of tumor
components, the frequencies of overexpression of EGFR protein
and higher copy number/amplification of the EGFR gene were
not low on a case basis. The incidences of EGFR aberrations
were not correlated with three tumor types, that is pure semino-
ma, mixed tumor, and pure NSGCT, but these incidences tended
to be correlated with histologically distinct components regard-
less of these tumor types. From these results, EGFR aberrations
as a late event appeared to occur in association with morpholo-
gical evolution or differentiation in individual tumors, and did
not appear to occur in an all-or-nothing manner throughout an
individual tumor. Molecular approaches targeted to histologi-
cally distinct components in individual tumors may also provide
an insight into novel targeted therapeutic strategies for patients
with(zgléror)lors that are refractory to conventional chemother-

apy.
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