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The expression, serological detection, and pos-
sible functional role of the CD30 antigen in
Hodgkin's disease and anaplastic large ceU
lymphoma is weU documented. In embryonal car-
cinoma (EC), the expression of this cytokine re-
ceptor has been demonstrated only by immuno-
histology. Because the CD30 monoclonal antibody
Ki-I wasfound to cross-react with an unrelated
molecule, we examined by in situ hybridization
testiculargerm ceUneoplasmsfor thepresence of
CD30-specific transcripts. CD30 mRNA was de-
tectable in the tumor cells of9 of9 cases ofEC or
mixedgerm cell tumors with anECcomponent but
in no other nonlymphoid tumors. Thus, the CD30
transcript expression pattern proved to be iden-
tical to the immunostainingpattern seen with the
CD30-specifc monoclonal antibody Ber-H2. By
Northern blot analysis, CD30 transcripts could be
demonstrated in theECcel line Tera-2. Employing
a highly sensitive second generation sandwich
enzyme-linked immunosorbent assay, we could
detect the soluble CD30 molecule in 8 of 8 sera
from patients with a diagnosis ofEC but not in 8
of 10 sera from patients with other testicular
germ ceU tumors. In fetal tissue, no CD30-ex-
pressing germ cells or epithelial ceUs could be
observed. Thus, the celularly expressed CD30
molecule appears to represent a real tumor
marker for testicular neoplasms of EC type.
Moreover, the serum levels of soluble CD30 anti-

gen seem to be a promising parameterfor moni-
toring patients with EC. (AmJPathol 1995, 146:
463-471)

The value of the CD30 antigen as a diagnostic marker
for Hodgkin's disease and anaplastic large cell lym-
phoma is well documented.1-3 In normal cells, this
transmembrane glycoprotein can be induced on B
and T lymphocytes by mitogen stimulation or viral
transformation.4 6 The cDNA cloning revealed that
the CD30 protein is a cytokine receptor of the tumor
necrosis factor receptor superfamily,7 8 the ligand of
which belongs to the tumor necrosis factor family.9'10
Recent in vitro data indicate that the CD30 receptor-
ligand complex can mediate signals for cell prolif-
eration, apoptosis, and cytotoxicity in lymphoid
cells.9-11 However, the function of this new cytokine
receptor in Hodgkin's disease and other CD30-
positive diseases is still not clear. Moreover, in anal-
ogy to other members of the tumor necrosis factor
receptor family,12-14 a soluble form of the CD30 mol-
ecule (sCD30) is released, probably due to enzymatic
cleavage. This soluble molecule can be detected in
extracellular fluids.15 Increased serum levels have
been reported to occur in patients with CD30-positive
lymphomas15-21 and during the active phase of in-
fectious mononucleosis.19

Initial evidence for a strong and frequent expres-
sion of the CD30 protein in embryonal carcinoma (EC)
came from Pallesen and Hamilton-Dutoit.22 They de-
scribed immunoreactivity of CD30 monoclonal anti-
bodies (MAbs) in 12 of 14 cases of primary or meta-
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static EC or mixed germ cell tumors with EC elements.
Preliminary data on the CD30 antigen expression in
normal embryonal cells gave negative results.22 More
recently, reactivity of testicular EC with the antibody
Ber-H2 has also been described.23 However, whether
the observed reactivity of CD30 MAbs with the cells
of ECs really represented the expression of the CD30
molecule or alternatively was due to a cross-reactivity
of the antibodies used was not clarified. From the in-
vestigations of Rohde et al,24 we know that the Ki-1
MAb, apart from recognizing the CD30 antigen, re-
acts with a biochemically different molecule, the
nucleic kinase named Ki-1/57. To help clarify the situ-
ation, we investigated by means of in situ hybridiza-
tion (ISH) germ cell tumors for the presence of CD30-
specific transcripts. We compared the ISH results
with those obtained by immunostaining with the CD30
Ber-H2 MAb. In addition, we immunostained embryo-
nal tissues of various gestation stages. Moreover, to
contribute to a potential diagnostic and to a thera-
peutic value of our findings, we determined the serum
concentration of sCD30 in normal individuals and in
patients suffering from testicular germ cell tumors.

tic lymphoma (vulva) and large cell carcinoma of the
lung. The normal embryonal tissues were collected at
the Institute of Pediatric Pathology, Universitatsklini-
kum Rudolf Virchow. For ISH, cryostat sections were
air dried on a hot plate at 55 C for a few minutes and
fixed in 4% paraformaldehyde/phosphate-buffered
saline for 20 minutes. Slides were rinsed with
phosphate-buffered saline and dehydrated in graded
ethanols.

Cell Cultures

Cells were maintained in RPMI 1640 containing 10%
(v/v) fetal calf serum supplemented with 4 mmol/L glu-
tamine, 500 U/mI penicillin, and 100 pg/mI strepto-
mycin. The cell line Tera-2, which is derived from me-
tastasis of the lung of a patient with EC, was obtained
from the American Type Culture Collection (Rockville,
MD), and L428 and L591 were kindly supplied by
Prof. Dr. Volker Diehl, Cologne, Germany.26'27

RNA Probes
Materials and Methods
Reagents

All media, supplements, and enzymes were pur-
chased from GIBCO BRL (Karlsruhe, Germany) and
Boehringer Mannheim (Mannheim, Germany) unless
otherwise indicated. Radiochemicals were from
DuPont-New England Nuclear (Bad Homburg, Ger-
many).

Tissue Sampling

Orchiectomy specimens of 27 patients with testicular
germ cell tumors (for diagnosis see Table 1) were rou-
tinely processed by formol fixation and paraffin em-
bedding in the Institute of Pathology, Klinikum Ben-
jamin Franklin. Small parts of tumor tissue were snap
frozen in liquid nitrogen. The age of the patients
ranged from 16 to 53 years (median, 27 years). Clas-
sification of germ cell tumors was done according to
the World Health Organization International Histologi-
cal Classification of Tumours.25 As positive control for
ISH served four cases of Hodgkin's disease (lymph
nodes, two cases each of mixed cellularity and nodu-
lar sclerosis subtype), as negative control one case
of each of the following: undifferentiated spindle cell
sarcoma of the uterus, serous adenocarcinoma of the
ovary, pre-B lymphoblastic lymphoma of the testis,
centroblastic lymphoma (lymph node), immunoblas-

For the preparation of single-stranded RNA probes, a
CD30 cDNA probe (nucleotides (nt) 1156 to 3385 of
the published sequence)7 was subcloned into the
vector pGEM1 (Promega Biotec, Madison, WI). After
linearization of the plasmid with appropriate restric-
tion enzymes, anti-sense and sense (control) RNA
probes were generated by run-off transcription by
using SP6 or T7 RNA polymerase with incorporation
of 35S-Iabeled nucleotides as described.28 For ISH,
probes with a specific activity of approximately 1.2 x
109 cpm/pg were used.

ISH and Autoradiography

ISH was performed as described.28 In brief, cryostat
sections or dewaxed and rehydrated paraffin sec-
tions were exposed to 0.2 N HCI and 125 pg/ml Pro-
nase (Boehringer), followed by acetylation with 0.1
mol/L triethanolamine (pH 8.0) and 0.25% (v/v) acetic
anhydride and dehydration through graded ethanols.
Slides were hybridized to 2 x 105 to 4 x 105 cpm of
labeled probes overnight at 50 C. Slides were sub-
sequently washed in high stringency conditions,
treated with RNAse A, coated with Ilford G5 radio-
graphic emulsion (Ilford, Mobberley, UK), exposed at
4 C for 2 to 5 weeks, developed in Kodak D19 de-
veloper (Kodak, Hemel Hampstead, UK), and coun-
terstained in hematoxylin and eosin. The incubation of
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sections with Micrococcus nuclease (Boehringer) be-
fore ISH resulted in the extinction of the specific au-
toradiographic signal, establishing that RNA se-
quences were the targets of the hybridization
procedure.29 The hybridization of the Ava-I/HindIll
fragment of the TNF-a probe (American Type Culture
Collection) to macrophages and lymphoid cells
served as positive control for the presence of RNA.
Additional control experiments consisted of hybrid-

izations with the sense probe that showed only weak
background staining (Figure 1).

Northern Blot Hybridization Analysis

Poly(A)+ RNA isolation, size fractioning, and transfer
was performed as described earlier.7 Hybridizations
were carried out with [32P]dCTP-labeled CD30 cDNA
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Figure 1. ISH with -35s-labeled CD30 sense (A) and anti-sense (B, C, D, and F ) RNA probe on L428 cells (A and B); Hodgkin's disease, frozen
tissue (C); Reed-Sternberg cell, formalin-fixed tissue (C, insert); EC, frozen tissue (D); and EC, formalin-fixed tissue (F) andAPAAP immunostain-
ing with Ber-H2 MAb on adjacent section ofEC, frozen tissue (E) and on fetal thymus, week 14 ofgestation, formalin-fixed tissue (G, arrow marks
single CD30-positive lymphoid blast in the medulla). Magnifications, X300 (A and C), x 420 (B), x 240 (D), X 160 (E and F), x 120 (G).
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inserts (nt 1 to 1913, and nt 1156 to 3385 of the pub-
lished sequence).7

Immunostaining

CD30 MAbs used for this investigation were Ber-H2,3
Ki-1,1 HRS-430 (a generous gift of Prof. M. Pfreund-
schuh, Homburg, Germany), and S9.13-131 (kindly
donated by Dr. H. Lemke, Kiel, Germany). The MAbs
Ber-H2 and Ki-1 and the AP3 antibody of the alkaline
phosphatase anti-alkaline phosphatase (APAAP)
complex were produced in the Institute of Pathology,
Klinikum Benjamin Franklin. Staining of formalin-fixed
tissue was performed by applying the APAAP tech-
nique.32 Frozen sections from germ cell tumors and
cytospins of cell line Tera-2 were stained with immu-
noperoxidase (DAKO, Glostrup Denmark),4 because
endogenous alkaline phosphatase could not suffi-
ciently be blocked by levamisole. Paraffin-embedded
tissue sections required microwave treatment for 15
minutes in 0.1 mol/L citrate buffer, pH 6, for MAb Ber-
H2.

Soluble CD30 Assay

Sera from patients with malignant germ cell neo-
plasms of the testis obtained before surgery were col-
lected at the Department of Urology at the Klinikum
Benjamin Franklin. Soluble antigen levels were de-
termined by means of a new highly sensitive second
generation sandwich enzyme-linked immunosorbent
assay (DAKO) that is based on two MAbs directed
against different epitopes of the sCD30. Normal sera,
obtained from eight healthy male donors, served as
a negative control (values between 0 and 20 U/ml).

Results

In Situ Detection of the CD30 mRNA

Demonstration of the CD30 mRNA in the tumor cells
of four patients with Hodgkin's disease, as well as the
Hodgkin's disease-derived cell line L428 (Figure 1),
served as a positive control for the establishment of
the CD30 in situ detection. Furthermore, normal ton-
sils and lymph nodes were examined. CD30-specific
signals were detectable only in the few CD30-positive
lymphoid blasts at the rim of germinal centers.

Applying ISH to sections of nine patients with tes-
ticular germ cell tumors, CD30-specific transcripts
were detected in all EC cells, whereas stromal cells
remained unlabeled (Table 1A, Figure 1). In mixed

germ cell tumors, only the EC component was posi-
tive. On other tumor components, such as teratoma,
seminoma, choriocarcinoma, carcinoma in situ (TIN),
and yolk sac tumor, only background signals were
observed. No specific signal was demonstrated in
any CD30-negative tumor entity tested, as judged by
immunohistological staining on serial sections. All
data were in agreement with parallel immunostaining
results on serial sections.

Detection of the CD30 mRNA by Northern
Blot Analysis

In Northern blot analysis of poly(A)+ RNA from human
Hodgkin's disease and EC-derived cell lines, two
mRNA species of approximately 3800 and 2600 nt
could be detected in the cell line L591. Only the major
3800-nt transcript could be visualized in the cell lines
L428 and Tera-2 after long exposure times (4 weeks,
Figure 2).

Immunodetection of the CD30 Molecule

Immunoperoxidase/APAAP-staining with the MAb
Ber-H2 was carried out on 27 cases of testicular germ
cell tumors as well as cytospins of the cell line Tera-2
(Table 1). Only the tumor cells of EC (3 cases), the EC
component of mixed germ cell tumors (14 cases),
and the EC cell line were CD30 positive, whereas the
tumor cells of other neoplasias of the testis were
negative (10 cases). Occasionally, a few reactive
CD30-positive lymphoid blasts were detectable in
seminomas. Additionally, the MAbs Ki-1, HRS-4, and
S9.13-1 were applied to adjacent sections of 4 cases.
Here, the immunostaining with different CD30 MAbs
gave similar results.
APAAP immunostaining with the MAb Ber-H2 was

carried out on microwave-treated sections of paraffin-
embedded tissue of fetal liver, lung, kidney, gastro-
intestinal tract, adrenal gland, lymph nodes, thymus,
spleen, gonads, and brain from week 6 of gestation
onwards. Only large lymphoid blasts in lymph nodes
and the medulla of the thymus from week 14 of ges-
tation onwards were immunostained, whereas all
other cells remained negative (Figure 1).

Detection of sCD30 Antigen by ELISA

As shown in Table 11B, increased serum levels of
sCD30 (mean +/- SD) were found in 8 of 8 patients
with the diagnosis of EC or mixed germ cell tumor with
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Table 1. Detection ofCD30
A: Immuno- and in situ labeling of CD30

Immunostaining In situ labeling
Diagnosis of tumor cells of tumor cells

Hodgkin's disease (n = 4) + +
Embryonal carcinoma
Case 1: EC, CC, YS (F) +

Case 2: EC, CS (F) +

Case 3: EC, TE (F) +* +

Case 4: EC, CS (F) +

Case 5: EC, SE (F) + +

Case 6: EC (F) + +
Case 7: EC, TE, YS, SE (P) *+

Case 8: EC (P) + +
Case 9: EC, CC (P) nd +

Other neoplasia
Teratoma (n = 1) (F) - -

Uterine sarcoma (n = 1) (F)
Large cell lung carcinoma (n = 1) (F) - _
Ovarian adenocarcinoma (n = 1) (F)
Pre-B NHL (n = 1) (F)
CB (n = 1) (F)

B: Immunodetection of cellular and soluble CD30 antigen

Immunostaining Serum levels of
Diagnosis of tumor cells sCD30 (U/ml)

Healthy donor (n = 8) nd 0-20
Embryonal carcinoma
Case 10: EC, CC (P) +* 36
Case 11: EC, TE, SE (P) 36
Case 12: EC, TE, YS, SE (P) 39
Case 13: EC, SE, YS (P) 50
Case 14: EC (P) + 55
Case 15: EC, SE, YS (P) 96
Case 16: EC, TE (P) +*160
Case 17: EC, TE (P) +*270

Other germ cell tumors
Case 18: SE (P) - 0
Case 19: SE (P) 0
Case 20: SE (P) 0
Case 21:SE (P) 4
Case 22: SE, TE (P) 7
Case 23: TE (P) 10
Case 24: SE, CS (P) - 13
Case 25: SE (P) 14
Case 26: TE (P) 25
Case 27: TE (P) - 46

P, paraffin sections; F, frozen sections; CC, choriocarcinoma; YS, yolk sac tumor; TE, teratoma; CS, carcinoma in situ (TIN); SE, seminoma;
CB, centroblastic lymphoma; NHL, non-Hodgkin's lymphoma; *, only labeling of EC component; nd, not determined.

an EC component (93 +/- 83 U/ml; range, 36 to 270
U/mI), whereas it was absent from 8 of 10 cases with
other malignant tumors of the testis (6 +/- 6 U/ml;
range, 0 to 14 U/ml). However, serum concentrations
from 2 patients with teratoma without an EC compo-
nent (cases 26 and 27 from Table 1 B) were also
slightly increased (25 U/ml and 46 U/ml).

Discussion
Testicular germ cell tumors with EC differentiation
have been described to react with the CD30 antibod-
ies Ki-122 and Ber-H2.22,23 As the antibody Ki-1 reacts
with a biochemically different molecule, Ki-1/57,24 it is

not clear whether this staining represents a true ex-
pression of the CD30 molecule. In the current study,
we could demonstrate specific CD30 transcripts in all
germ cell tumors that consisted exclusively of EC
cells or in mixed germ cell tumors with an EC com-
ponent. The results were confirmed by Northern blot
analysis of the EC cell line Tera-2. Here, we could
detect the larger transcript of the differentially spliced
CD30 mRNA,7 although there was only a small
amount of this RNA. The smaller minor CD30 tran-
scription product might have been beneath the de-
tection limit of the Northern blot. Thus, the data on the
immunoreactivity of CD30 MAbs with EC, presented
in this paper and those previously described,22'23 are
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Figure 2. Northern blot analysis from poly(A)+ RNA (
and Tera-2 cell lines with 32P-labeled CD30 inserts. Au,
exposure time was 4 weeks.

definitely not due to cross-reactivity but dL
mRNA transcription and translation.

Reactivity with some CD30 antibodies
described to occur in other nonlymphoid
cies3,33,34 and in nonlymphoid cells.35,36
the RNA level similar to the one presente
help clarify whether these reactivities rep

CD30 expression or cross-reactivities wit
antigens. We would, however, like to poi
most of these results were either nonreprc

inconsistent, with the possible exception ol
detection of CD30 in decidua.36 Thus,
and co-workers (1989)3 reported a weak
activity on paraffin sections of pancreati
mas, salivary gland carcinomas, maligna
mas, and breast carcinomas. In the same
mentioned that no confirmation of these r
produced when the staining was repeate
Ber-H2 and Ki-1 MAbs on frozen material.
sheimer and Moller33 described the exprec
CD30 antigen in several mesenchymal tum

results were obtained with the MAb Ki-1 on frozen
sections. It was not possible for the mentioned au-
thors to reproduce these staining results on the same
tissues in our laboratory (G. Mechtersheimer and H.
Stein, unpublished results). Finally, Andreesen and

nt colleagues35 reported Ki-1 reactivity on human blood
monocytes that had been cultured on hydrophobic
Teflon foils for more than 8 days. In our hands, the
same staining was obtained with an unrelated,
subgroup-matched, murine IgG3 antibody (F Eitel-
bach, unpublished data). No reactivity of these stimu-
lated monocytes was revealed when stained with an-
other murine CD30 MAb (Ber-H2) belonging to the
IgGl subclass (F. Eitelbach, unpublished data).
Moreover, monocytes and macrophages are consis-
tently CD30 negative in frozen and paraffin-
embedded tissue sections.

3,800 After confirming that the MAb Ber-H2 detects only
the CD30 molecule and no other unrelated antigen in
EC, we extended our immunohistological analysis to

2,600 the expression of CD30 during normal embryogen-
esis. For this purpose, normal fetal tissues from the
6th week of gestation onwards were systematically
immunohistologically stained with the Ber-H2 MAb.
We found a population of CD30-positive large lym-
phoid blasts in lymphoid tissue from the 14th week
onwards with a morphology, frequency, and distribu-
tion similar to that observed in normal adult tissue.
The difference of our results to earlier preliminary in-

of L428, L591, vestigations by Pallesen and Hamilton-Dutoit22 might
toradiographic be due to our very sensitive immunostaining proce-

dure based on an improved antigen retrieval by mi-
crowave treatment of paraffin-embedded tissue.

ue to CD30 However, we did not find any expression of the CD30
molecule in the gonads or in any epithelial organ. It

has been should be noted that we cannot rule out CD30 ex-
malignan- pression in earlier stages of the embryonal develop-
Studies at ment as no specimens covering the period before the

I here may 6th week were available. With this limitation in mind,
tresent true the expression of the CD30 molecule in EC cells ap-
unrelated pears not to reflect an embryonic differentiation

int out that stage. Instead, it is more likely that CD30 expression
Dducible or is related to malignant transformation, especially in
f the recent view of the fact that the telomeric part of the short arm
Schwarting of chromosome 1, where the CD30 gene is located,37
Ber-H2 re- is often altered in malignancies.38 In support of this
ic carcino- possibility is the finding that the Tera-2 cell line ex-
.nt melano- hibits a deletion of 1 p among other chromosomal ab-
paper it is normalities.39 For the substantiation of this possibility,
esults was cytogenetic investigations on freshly obtained EC
)d with the material are necessary.
I3 Mechter- Based on the fact that the CD30 molecule is a new
ssion of the cytokine receptor that can mediate signals for cell
iors. These proliferation or apoptosis,10 it is intriguing to further
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speculate on the role of this protein in the pathogen-
esis of EC. In conjunction with other events, the ex-
pression of the CD30 molecule might eventually lead
to the neoplastic process. Reports on the expression
of other growth factors and their receptors, eg, fibro-
blast growth factor, transforming growth factor, and
platelet-derived growth factor in EC cell lines40 make
it conceivable that autocrine or paracrine growth fac-
tor regulation plays a role in the pathogenesis of EC.
In this respect, it will be interesting to analyze the ex-
pression of the CD30 ligand9'10 in testicular germ cell
tumors.

Next, we investigated the occurrence of the soluble
form of the CD30 antigen15 in sera from patients suf-
fering from germ cell tumors of the testis. From in-
vestigations of other CD30-positive neoplasms, in-
cluding Hodgkin's disease, 19-21 anaplastic large cell
lymphoma,19 angioimmunoblastic lymphoma,17 and
adult T cell lymphoma/leukemia,16,19 it is known that
increased serum levels of sCD30 correlate with the
tumor burden. Thus, sCD30 serum analysis can be
used for the monitoring of the therapeutic effects.41 In
our study, we found low (20 to 50 U/ml) and moderate
(50 to 100 U/mI) serum levels in three cases each and
high values (100 to 270 U/ml) in sera from two patients
with the diagnosis of EC. No sCD30 could be de-
tected in sera from healthy controls and the majority
of patients with pure seminomas and other germ cell
neoplasms of the testis. However, two cases of tera-
toma displayed slightly elevated levels of sCD30, al-
though the tumor cells were negative for CD30 as
judged by immunohistochemical staining. The reason
for this elevation is not clear. We assume that the in-
creased serum concentrations are due to an obscure
EC component in the tumor that was not met in the
tissue sections analyzed. Another reason for the el-
evated sCD30 serum level could be an increase of
CD30-positive lymphoid blasts caused by a viral in-
fection, such as Epstein-Barr virus19 or a hepatitis

42virus.
Analysis of sCD30 levels in patients with Hodgkin's

disease has recently yielded interesting results.21 In
contrast to earlier investigations,18,20 the authors of
this study observed elevated serum levels at the time
of presentation in 87% of the patients studied by using
a new more sensitive enzyme-linked immunosorbent
assay test kit. Moreover, the risk of treatment failure
was significantly higher in patients with serum con-
centrations greater than 100 U/ml. A similarly de-
signed follow-up study for patients suffering from EC
has been planned that should clarify whether the de-
terminations of serum sCD30 levels can help, as in the
case of Hodgkin's disease, towards a clinically rel-

evant characterization and monitoring of malignant
testicular diseases.
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