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Besides their variable presence in fetal and adult germ cells, CT
antigens have occasionally been detected in placental tissue.
However, these data are scarce and solely based on mRNA analyses;
nothing is known about their presence at the protein level. Here, we
analyzed the expression of various CT antigens in placental tissues
from gestational age week 5 to week 42 using monoclonal antibodies
to various antigens of the MAGE-A and -C families, NY-ESO-1, as
well as GAGE. We show that CT antigen expression in placenta varies
widely for the various antigens, ranging from completely negative to
abundant. Since little is known about the function and biology of CT
antigens, interpretation of this highly variable expression pattern is
purely speculative. However, our data indicate that the various CT
antigens have different functions during placental development.
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Introduction

Cancer-testis (CT) antigens are named after their

characteristic pattern of expression, as they are typically
observed in various histological types of malignant tumors and,
in normal tissues, predominantly in germ cells of the testis (1).
Due to this tumor-associated expression pattern and their
limited presence in normal tissues, CT antigens appear to be
valuable targets for immunotherapy of cancer (2, 3) . However,
most expression analyses of CT antigens are based on RT-PCR
analyses and less is known regarding their expression at the
protein level. Consequently, we and others have generated
several monoclonal antibodies (mAbs) to various CT antigens
and characterized their reactivity in panels of normal adult and
tumor tissues (4-10). Although initial mRNA analyses of normal
tissues pointed to CT antigen expression solely in testicular
germ cells, further studies revealed the presence of some CT
antigens in placenta (11). However, individual attempts to
demonstrate their placental expression at the protein level
remained negative (4, 6) and a systematic analysis of CT antigen
expression at the protein level in placental tissue has not yet
been performed. Though little is known about the biological
function of CT antigens, knowledge about their presence in
placental tissue can have important implications for the
understanding of the biology of both placenta and CT antigens.

Consequently, the present study analyzes the protein
expression of several CT antigens in a panel of placental tissues
of various gestational ages. We demonstrate that CT antigens are
expressed in placental tissue at the protein level according to
particular patterns, which differ for each antigen. To the best of
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our knowledge, this is the first study showing the expression of
these tumor-associated antigens in placenta at the protein level.

Results

A panel of 50 placentas, consisting of placentas from
gestational age of week 5 to week 42, was analyzed. The result of
the immunohistochemical staining is shown in Table 1. Our
analysis did not include the chorion laeve.

Several specimens revealed strong background staining and
were repeated, some with a biotin-free detection system, until
satisfactory staining was obtained. Some of the blocks were re-
stained after a prolonged time (5 years) and there was a loss of
reactivity for some of the antigens. For the morphological
assessment of the immunopositive structures, the staining
pattern of mAb AE1/AE3 and mAb 4H84 proved helpful.
Antibody AE1/AE3 showed intense labeling of all epithelial
cells, including various trophoblastic cell types as well as
maternal endometrial glands, displaying intense straining of the
gland epithelium. For further characterization of the
trophoblast, mAb 4H84 to HLA-G was used. Antibody 4H84
stained predominantly the invasive cell type of the extravillous
trophoblast and hence was primarily useful to characterize the
CT antigen positive cell population in the vicinity of the basal
plate.

The immunohistochemical staining revealed a wide spectrum
of immunoreactivity for the various anti-CT antigen antibodies.
While some antibodies showed quite intense labeling of many
placental tissues, other antibodies did not stain at all (Figure 1,
Figure 2, and Figure 3).

Most immunostaining was seen with mAb M3H67 which
showed immunoreactivity in all placentas of our analysis
(Figure 1, Figure 2, Figure 3, and Figure 4). M3H67 reactivity
was seen in the villous and extravillous trophoblast, and only
rarely was the extent of immunostaining strongly discrepant. No
immunoreactivity was present outside the trophoblast cell
population, for example in the villous stroma. The
immunoreactivity of the cytotrophoblast, as well as the
syncytiotrophoblast, could be seen within the same villi or
separate from each other in different villi, and transitions of
immunopositive to immunonegative areas were present within
the same villus. Although it appeared that in some placentas of
the first trimester the staining was confined to focal areas
resembling a cotyledon, other areas showed a mixture of positive
and negative villi within the same area and hence no clear
association of immunopositive areas with particular structures
could be assigned. In the extravillous cytotrophoblast we did not
see any local predilection of staining, but we did not differentiate
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Table 1
Immunohistochemical analysis of CT antigen expression in placental tissue specimens gestational age week 5 to term placenta.
Ag MAGE-A1 MAGE-A3 MAGE-A4 CT7/MAGE-C1 NY-ESO-1 GAGE CT1i0/
MAGE-C2
mAb MA454 M3H67 57B CT7-33 ES121 #23 CT10#5
Gestational| Villous / |Villous| Extra- |Villous| Extra- |Villous| Extra- |Villous| Extra- |Villous| Extra-| Villous /
Sample | Age (wk) |Extravillous villous villous villous villous villous | Extravillous
01 5 - ++; ++; ++; ++; - - Foc; Foc; - - -
ST, CT |BP, CC |ST, CT [BP, CC cT CP, BP,
cc
02 6 - ++; +; ++; +; - - - - - - -
ST, CT |CC, BP, |ST,CT |CC, BP,
Cp, CI Cp, CI
03 6 - +; +; Foc; Foc; - - - - - - -
ST, CP |CI, BP, |ST,CT |BP, CP,
Ccp CI
04 6 - +; +; Foc; Foc; - - Foc; Foc; +; +; -
ST, CT |CP, CC |CT, ST [CI, CP CT (b) |CP, CC,|CT, ST |CI, CP,
(2) () (d) BP (e)
05 8 - - - - - - - +; +; - - -
CT, ST |BP
06 8 - +++;  [++; +++; [++; +; Foc; ++ ++; - - -
CT, ST |BP, CC, |CT,ST |BP, CC, |CT cC ST, CT |CP, CI,
CP, CI CP, CI _|(weak) CC, BP
07 9 - Foc; Foc; Foc; Foc; - - ++; +; - - -
CT, ST |BP CT, ST |CI cT CI, CC,
BP
08 9 - ++; +; Foc; Foc; - - - - - - -
CT, ST |BP CT, ST |BP
09 9 - ++; +; - - - - (f) |Foc; Foc; - - -
ST, CT |CP cT Cp, CC
10 9 - ++; +; Foc; Foc; - - - - - - -
CT, ST |CP CP, ST |CC
11 10 - +++; |+ +; Foc; - - Foc; - - - -
CT, ST |BP, CP_|CT, ST |BP, CC CcT
12 10 - - Foc; Foc; - - - - - - - -
BP BP
13 11 - +++; [+ Foc ; Foc ; - - - - - - -
CT, ST |CP, CI |CT CI
14 11 - ++; +; Foc; Foc; - - Foc; Foc; - - -
CT, ST |CP,BP |CT, ST |CC cT cp
15 11 - +++; [Foc; Foc; Foc; - - - - - - -
CT, ST |CP,BP |CT, ST |CC, BP
16 12 - +++; [+ - - - - - - - - -
CT, ST |CP, CC,
BP
17 12 - ++++; [+ - - - - - - - - -
CT, ST |CP, CC,
BP
18 12 - ++++; [+; Foc; - - - - - - - -
CT, ST |CC CT, sT
19 12 - ++++; [+ - - - - - - - - -
CT, ST |CP
20 14 - ++++; [+ +; +; - - Foc; Foc; - - -
CT, ST |BP,CP |CT, ST [BP cT cP
21 15 - +; - Foc; Foc; - - - - - - -
CT, sT cT BP
22 18 - ++++; [+ Foc; Foc; - - Foc; - - - -
CT, ST |CP, BP _|CP, ST |BP (9)
23 18 - +; Foc; - - - - - - - - -
CT, ST |BP, CP,
24 19 - ++; +; Foc; - - - - - +; Foc; -
CT, ST |CP CT, ST CT, ST |BP, CP
(h) @)
25 21 - ++++; [++++; |Foc; Foc; - - - - - - -
CT, ST |BP,CP [CT, ST |BP, CI,
cp
26 22 - +; Foc; - - - - Foc; - - - -
CT, ST |BP cT
27 23 ++; +; Foc; Foc; - - - - - - -
CT, ST |BP, CP_ |CT, ST [BP
28 24 - ++++; [+ Foc; Foc; - - - - - - -
CT, ST |BP,CP |CT (j) [BP
29 24 - +4+++; (+++; Foc; ++; - - - - - - -
CT, ST |CP, BP, |CT, ST |CP, BP
CI
30 27 - +4+++; [+++; Foc; - - - - - - - -
CT, ST |BP,CP_|CT, ST
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31 28 - +++;  [+++; Foc; Foc; - - - - - - -
CT, ST |BP,CP_|CT, ST [BP
32 32 - ++++; [++++; |++; ++; - - Foc; Foc; - - -
CT, ST |BP CT, ST [BP ST, CT |CP
33 32 - ++++; [++++; |Foc; Foc; - - - - - - -
CT, ST |BP CT, ST [BP
34 32 - +; +; - - - - - - - - -
CT, ST |BP, CP
35 34 - ++; +; +; Foc; - - - - - - -
CT, ST |BP CT, ST [BP
36 34 - ++++; [+++; +; Foc; - - - - - - -
CT, ST |BP CT, ST [BP,CP
37 34 - ++++; [+ Foc; Foc; - - - - - - -
CT, ST |CP,CI |CT cp
38 36 - ++++; [++++; |+ ++; - - - - - - -
CT, ST |CI, CP, |CT, ST |CP
BP
39 36 - ++++; [++++; |+ +; - - - - - - -
CT, ST |CP, BP, |[CT, ST |CP, BP
CI
40 37 - ++++; [Foc; Foc; Foc; - - - - - - -
CT, ST |BP, CP, |CT, ST |CP
CI
41 37 - ++++; [++; Foc; Foc; - - - - - - -
CT, ST |CP, BP [CT, ST |BP (k)
0))
42 37 - ++; ++; ++; +++; - - - - - - -
CT, ST |BP,CP_|ST, CT [BP
43 39 - ++; +; Foc; Foc; - - - - - - -
CT, ST |CP CT, ST |[CP
44 40 - ++++; [++; Foc; - - - - - - - -
CT, ST |BP,CP_|CT
45 40 - +++;  [+++; Foc; Foc; - - - - - - -
CT, ST |BP,CP_[CT, ST |CP, BP
46 41 - ++++; [+++; Foc; Foc; - - - - - - -
CT, ST |BP,CP [CT, ST |CP, BP
0] 0]
a7 41 - +++; |+ - - - - - - - - -
CT, ST |BP, CP
48 40 - ++++; [+ Foc; - - - - - - - -
CT, ST |BP,CP_|CT, ST
49 42 - +; +; Foc; Foc; - - - - - - -
CT, ST |BP,CP_|CT, ST [BP
50 42 - ++++; [+ +; +; - - - - - - -
CT, ST |BP, CP_ [CT, ST |CP, BP

(a) Weak immunoreactivity.

(b) Villous stromal cells, endothelial cells in villi.

(c) Also stromal cells of CP, endothelia.

(d) Villous stroma fibrocytes, blood cells in fetal vessels, endothelia.
(e) Stromal fibrocytes in BP, blood cells in fetal vessels, endothelia.
(f) Fibrin basal plate.

(g) Villous stroma, no CT or ST!

(h) Stromal cells in several villi, mostly Hofbauer cells; fewer fibrocytes.

(i) Stromal cells in CP.

(j) Stromal cells, endothelia.
(k) Single cells, weak staining.
(1) Weak nuclear staining.

Abbreviations: CT, cytotrophoblast; ST, syncytiotrophoblast; IT, ‘intermediate’ trophoblast; CI, cell islands; CC, cell columns; CP, chorionic

plate; BP, basal plate.

Staining intensity: -, negative; Foc, <5%; +, 5% to <25%; ++, 25% to <50%; +++, 50% to <75%; ++++, 275%.

the staining as to its particular components within the basal
plate. Parallel to the amount of cells, most M3H67
immunoreactivity was seen in the basal plate including the
septa and less so in the chorionic plate and in the area of cell
islands. In both villous and extravillous trophoblast,
immunoreactivity was cytoplasmic and/or nuclear.

The second most reactive reagent was mAb 57B (Figure 1,
Figure 2, Figure 3, and Figure 5). In the placenta of week 5, the
earliest placental specimen available in our series, 57B staining
was identical to that with M3H67, labeling identical areas
comprising part of the villi and the corresponding extravillous
trophoblast (Figure 1). In a placenta of week 8, 57B and M3H67
also showed quite homogeneous and almost identical staining
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patterns. 57B staining was present in most other placentas of our
series, albeit to a much lesser degree than with M3H67.
Immunostaining was mostly focal (Figure 5), comprising only
smaller areas of the villous and of the extravillous trophoblast
(Table 1). Interestingly, segmental staining was seen in one
placenta specimen, with a 57B-positive area separated by a
septum of the chorionic plate from a mostly immunonegative
area. The separation between immunopositive and negative
areas was not only present in the villous trophoblast but also
within the extravillous trophoblast of the septum (Figure 5).
Very occasionally, staining of cells of the villous stroma was
observed.
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Figure 1

40f12

CT antigen expression in week 5 placenta. (A) Overview, (B) villi with placenta
bed, (C) villi, (D) placenta bed with invasive trophoblast. Hematoxylin-eosin
staining (A1, B1, C1, D1). (A1) Overview with centrally located amnion cavity (*)
and circumferential placental parenchyma. (B1) Magnified area of (A1) showing
full thickness of placental parenchyma from amnion cavity (*) to endometrium
(**) with invasive trophoblast. (C1) Placental villi with trophoblast cell column
(arrows). (D1) Endometrium with broad band of the invasive trophoblast (+) with
several extravillous syncytiotrophoblastic cells (thin arrows) close to the tips of
villi (thick arrows). Negative immunohistochemical staining with mAb MA454 to
MAGE-A1 (A2, B2, C2, D2), mAb CT7-33 to CT7/MAGE-C1 (A5, B5, C5, D5),
mAb #23 to GAGE (A7, B7, C7, D7), and CT10#5 to CT10/MAGE-C2 (A8, B8,
C8, D8). Homogeneous immunoreactivity of mAb M3H67 (A3, B3, C3, D3) and
mAb 57 (A4, B4, C4, D4) in two distinct areas (A3, A4) comprising villous and
extravillous trophoblast (B3, B4). Intense immunoreactivity of villous cytotropho-
blast (thick arrows) and syncytiotrophoblast (thin arrows), as well as extravillous
trophoblast of cell columns (*) (C3, C4), is observed. (D3, D4) Intensely stained
deeper areas of the invasive extravillous trophoblast. Focal immunoreactivity of
mAb ES121 to NY-ESO-1 (A6), involving primarily the villi (B6) with immunola-
beling of the villous cytotrophoblast (thin arrows) (C6) and smaller foci of a cell
column (thick arrow) with immunonegative invasive extravillous trophoblast
(*)(D6). Homogeneous circumferential staining with anti-HLA-G mAb 4H84
(A9) of the extravillous trophoblast (B9) comprising intensely immunopositive
cell columns (C9) and invasive trophoblast (D9).

Immunohistochemical staining with the anti-NY-ESO-1
reagent ES121 was only occasionally and solely focally present
(Figure 1, Figure2, Figure3, and Figure6). No ES121
immunostaining was seen in placentas after week 32. The
staining comprised almost exclusively villous trophoblast and
little extravillous trophoblast. In the villous trophoblast, staining
was predominantly seen in the cytotrophoblast and little
staining of the syncytiotrophoblast was observed. Strong
staining was seen in placentas up to week 8, with older placentas
revealing only weak immunostaining (Figure 6). Again, there
were exceptions to the trophoblast-restricted staining: in one
placenta of week 18, ES121 staining was present in the stroma of
single villi, displaying an almost homogenous staining of the
cellular components within the villous stroma (Figure 6).
However, in some areas, the staining appeared to be confined to
the stellate mesenchymal cells wedged between larger
immunonegative cells with vacuolate cytoplasm, representing
Hofbauer cells. No trophoblast reactivity was present in this
case. Another placenta (week 6) also showed focal stromal
staining of single villi. However, the immunopositive cells were
single cells within the villous stroma and occasional endothelial
cells (Figure 6).

Little immunoreactivity was seen with the remaining reagents.
MA454 and CT10#5 were negative in all cases (Figurel,
Figure 2, and Figure 3), CT7-33 showed only weak reactivity in
the trophoblast of a single placenta (Figure 1, Figure 2, Figure 3,
and Figure7). In two placentas (week 6 and 19),
immunoreactivity for mAb #23 was seen (Figure 1, Figure 2,
Figure 3, and Figure 8). Besides immunostaining of the
trophoblast, there was also focal staining in the stroma. In the
week 19 placenta, mostly large cells in the villous stroma,
resembling Hofbauer cells, were stained. In the week 6 placenta,
there was immunoreactivity in the mesenchymal cells of the
villous and chorionic plate stroma and of endothelial cells.
Surprisingly, there was also staining of the fetal blood cell in
various vessels (Figure 8).
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CT antigen expression in week 24 placenta. Hematoxylin-eosin staining (A1, B1,
C1, D1). Macroscopic view (A1-A9) of placental parenchyma (B1-B9) with sep-
tum (*), villi (C1-C9), and placenta bed with extravillous trophoblast cells (D1-
D9). Negative immunohistochemical staining with mAb MA454 to MAGE-A1
(A2, B2, C2, D2), mAb CT7-33 to CT7/MAGE-C1 (A5, B5, C5, D5), mAb ES121
to NY-ESO-1 (A6, B6, C6, D6), mAb #23 to GAGE (A7, B7, C7, D7), and mAb
CT10#5 to CT10/MAGE-C2 (A8, B8, C8, D8). Homogeneous mAb M3H67
immunostaining of placental parenchyma (A3), comprising villi and septum (*)
(B3), displaying negative villous stroma and intense immunolabeling of villous
cytotrophoblast and syncytiotrophoblast (C3) and extravillous trophoblast of the
basal plate (D3). Little immunostaining with mAb 57B to MAGE-A4 (A4) involv-
ing small villi foci and septal extravillous trophoblast (*) (B4). Staining of the vil-
lous trophoblast involving primarily the cytotrophoblast (C4) and focal
extravillous trophoblast (D4). Immunolabeling of the extravillous trophoblast
with anti-HLA-G mAb 4H84 (A9) in the vicinity of the septum (*) (B9) and basal
plate (D9). (C9) 4H84 immunonegative villi.

Discussion

After the identification of its prototype MAGE-1 (now
MAGE-A1) (12), more than 40 CT antigen genes and/or gene
families have been isolated (13, 14). As their acronymic name
implies, CT antigen expression in normal tissues was originally
thought to be restricted to germ cells in the adult testis, but
subsequent studies revealed the presence of several CT antigens
in placenta (11). Based on current gene identification
techniques, knowledge about antigen expression is readily
available at the mRNA level, while protein analysis depends on
the relatively time-consuming generation of serological reagents
and consequently lags behind molecular studies. Several mAbs
to various CT antigens have been generated recently and a
comprehensive picture of their expression pattern in tumors is
slowly emerging (4-9, 15-17). As a consequence, it could be
demonstrated that CT antigens are not restricted to testicular
germ cells but that they are also present in germ cells of the fetal
ovary (16, 18).

In the present study, we addressed the question of CT antigen
expression in placenta. RT-PCR expression data for several CT
antigens exists (11). However this analysis is of limited value as
the placental age was not specified, something which appears to
be of major importance concerning the presence of particular
CT antigens.

Our series consisted of placental tissue from various stages of
maturation and a panel of seven mAbs, which were all generated
by our group except for one commercial reagent. Consequently,
several hundred slides were analyzed by immunohistochemistry
to render an initial picture about the presence of CT antigens in
placenta. Considering nomenclatural problems, we used a
simplified classification to designate immunopositive placental
structures for ease of evaluation and understanding.

Our immunohistochemical analysis demonstrates that several
CT antigens are regularly expressed in placenta at the protein
level. Based on the reactivity of the serological reagents, three
different expression patterns can be distinguished. The first
pattern, represented by mAb M3H67 and 57B, showed staining
in most placentas albeit to a variable degree. Although the
immunoreactivity of M3H67 significantly exceeds that of 57B as
to the extent of immunopositive areas, 57B was positive in the
vast majority of placentas analyzed. Both mAbs are reactive with
antigens of the MAGE-A family. Due to the high homology of
the members of the MAGE family, some cross-reactivity of the
serological reagents cannot be completely ruled out. This is best
exemplified by mAb 57B, which was generated to MAGE-A3,
later assumed to be a poly-MAGE-A reagent, while a recent
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Figure 3
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CT antigen expression in week 42 placenta. Hematoxylin-eosin staining (A1, B1,
C1, D1) of villous parenchyma (A1-B9) and basal plate (C1-D9). Negative immu-
nohistochemical staining with mAb MA454 to MAGE-A1 (A2, B2, C2, D2), mAb
CT7-33 to CT7/MAGE-C1 (A5, B5, C5, D5), mAb ES121 to NY-ESO-1 (A6, B6,
C6, D6), mADb #23 to GAGE (A7, B7, C7, D7), and mAb CT1045 to CT10/MAGE-
C2 (A8, B8, C8, D8). Homogeneous mAb M3H67 immunostaining of placental
villous parenchyma (A3) comprising cytotrophoblast and syncytiotrophoblast
(B3) and circumscript intense labeling of basal plate (arrows) (C3) resembling
extravillous trophoblast cells (D3). Heterogeneous immunostaining with mAb
57B to MAGE-A4 (A4) involving small areas of villous cytotrophoblast and syncy-
tiotrophoblast (B4) and focal areas of extravillous trophoblast (D4) of the basal
plate (C4). Negative mAb 4H84 immunostaining of the villi (A9, B9) is seen next

to intense immunoreactivity of the extravillous trophoblast of basal plate (C9, D9).

analysis indicates it to be mainly reactive to MAGE-A4 (8, 19,
20). M3H67 was generated to MAGE-A3 and the
immunohistochemical staining pattern of both reagents
indicates that both mAbs are reactive with different antigens.
The expression data for MAGE-A3 and MAGE-A4 in our study
is corroborated at the mRNA level for both antigens by previous
RT-PCR analyses, even though no gestational age was given for
the placentas that were analyzed (11).

The second staining pattern consisted of very restricted
immunostaining in a limited number of tissues. It is best
exemplified by mAb ES121, which showed focal
immunoreactivity in some of the placentas. No
immunoreactivity was detectable in placentas older than 32
weeks. The heterogeneous protein expression pattern and the
lack of expression in third trimester placentas most likely
explain the negative RT-PCR results for NY-ESO-1 in placenta
(21). Significantly less immunoreactivity was seen with mAbs
CT7-33 and #23 to GAGE. While CT7-33 showed focal staining
in a single placenta of the first trimester, mAb #23 stained one
placenta of the first trimester and one of the second trimester,
showing very limited expression of GAGE. The various
members of the GAGE gene family are highly homologous and
the present mAb to GAGE was generated to a consensus region
(22). CT7 and all members of the GAGE family were negative by
RT-PCR previously, which is complementary to the rare
presence of these antigens at the protein level (22-24).

The third group of antigens is exemplified by the
immunoreactivity of mAb MA454 to MAGE-Al and mAb
CT10#5 to CT10 (MAGE-C2). Both reagents were completely
negative in all tissues tested. This is in concordance with
previous RT-PCR studies for both antigens (25, 26).

In the present analysis, immunopositive areas were almost
exclusively  limited to the trophoblast epithelium.
Cytotrophoblast and/or the syncytiotrophoblast were stained to
a variable degree and the staining could be present for both in
the same area or completely separate. In our study, we
distinguished villous from extravillous trophoblast and specified
the latter according to its location within the placenta. However,
we did not sub-specify the various types of trophoblast types
that are present in the basal plate, but rather regarded the
trophoblastic cell population in this location as one entity. This
simplification facilitated the grading but disregards potential
differences in the expression patterns of the various trophoblast
subtypes. For the delineation of the trophoblast populations, the
use of a pan-cytokeratin marker and a reagent to HLA-G proved
very helpful. Anti-HLA-G mAb 4H84 is primarily reactive to the
so-called intermediate/invasive type of extravillous trophoblast
and aided in the evaluation of the CT antigen positive cell
populations in the basal plate, cell columns, cell islands, and
chorionic plate (27-30).
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Figure 4
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Spectrum of immunohistochemical staining of mAb M3H67 (to MAGE-A3) in placenta of week 6 (A-J) and week 36 (K-O). (A) Villi displaying both immunoposi-
tive and immunonegative trophoblast. (B) Villus with negative trophoblast. (C) Villus with immunopositivity of cytotrophoblast (thick arrows) as well as syncytiotropho-

blast (thin arrows); note the negative villous stroma (*). (D) Villus with M3H67-positive cytotrophoblast (thick arrows) and M3H67-negative (thin arrows)

syncytiotrophoblast. (E) Villus with immunonegative cytotrophoblast (thick arrows) and immunopositive (thin arrows) syncytiotrophoblast. (F) Villus with transition

(arrows) from area with immunopositive cytotrophoblast/immunopositive syncytiotrophoblast to area with immunonegative cytotrophoblast/immunopositive syncy-

tiotrophoblast. (G) Anchoring villi with immunopositive villous trophoblast and mostly immunopositive cell column with single immunonegative extravillous tropho-

blast cells. (H) Anchoring villi with immunonegative villous trophoblast and focal immunostaining of extravillous trophoblast of cell column. Immunonegative (I) and

homogenous immunopositive area of proliferating trophoblast of cell column (J). Villous placental tissue of week 36 (K-O), with immunopositive (K, L) and immunone-

gative (M, N) villous trophoblast, as well as heterogeneous M3H67 immunoreactivity of the extravillous trophoblast of the basal plate (O).

Staining of non-trophoblastic tissue components was observed
in very few tissues. This was solely observed with mAbs ES121,
#23, and 57B. The positive cell population was further
characterized by additional immunostaining for vimentin,
desmin, actin, and LCA. The CT antigen positive cells were
endothelia and fixed stromal cells, except for #23 which showed
immunoreactivity of the Hofbauer cells and of fetal blood cells.
We have no explanation for the immunopositivity of these non-
trophoblastic components in these few placenta samples.

The fact that the trophoblast is the main cell type expressing
CT antigen is perhaps not so surprising. Trophoblastic cells
share several properties with other CT antigen expressing cells.
Like CT antigen expressing germ cells, the trophoblast lacks
polymorphic MHC class I and II molecules, rendering them
‘immune privileged', but expresses certain types of non-
polymorphic MHC molecules such as HLA-G (31-33). There
are abundant similarities between tumors and placenta, and
trophoblastic cells are often referred to as 'pseudo-tumorigenic'
[reviewed in (34), (35)] . Interestingly, CT antigen expression is
almost exclusively present in trophoblastic cells, of which the
invasive extravillous subtype shows the most prevalent tumor-
like features. However, in our analysis, we did not find any
dominance of CT antigen expression in the invasive extravillous
trophoblast. In fact we did not find a general pattern of CT
antigen expression within the placenta at all. In one placenta of
week 5, M3H67 and 57B immunostaining (Figure 1) was intense
and comprised two distinct segmental areas involving the
villous and extravillous, especially the invasive, trophoblast in a
similar fashion. Another placenta of week 32 showed 'segmental’
57B immunostaining, with the stained area separated by a septa
from the neighboring (mostly) immunonegative area.
Interestingly, the border line between stained and unstained
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cells was in the middle of the septum displaying stained cells in
one half and immunonegative cells in the opposite half
(Figure 5B). But these regionally confined staining patterns were
the exceptions and the vast majority of placentas appeared to
display immunostaining that was not prevalent in a particular
location.

Placental CT antigen expression is not fully paralleled by its
presence in the fetal germ cells (18, 36, 37). The
immunoreactivity of mAbs 57B, ES121, and M3H67 in fetal
ovary concurs with its placental presence for the most part,
although the high placental immunoreactivity of M3H67 in the
last trimester is paralleled by only focal staining in the fetal
ovary of similar gestational age (18). A striking discrepancy is
the intense and consistent presence of CT7 in fetal ovary
between week 13 and 31 and its almost complete absence in
placenta (18). Presence of MAGE-A1 was detected by consistent
(albeit low) immunoreactivity for MA454 in fetal ovary and
testis. However, no MA454 reactivity was present in our
placenta series (16). The consistent expression of GAGE during
fetal development was not congruent with its only occasional
presence in placenta (16).

Though knowledge about biology and function is still scarce,
recent studies implicate direct or indirect interactions of CT
antigens with proteins involved in transcription (38), the cell
cycle (39), apoptosis (40), proliferation (41) and susceptibility to
cytokine effects in tumor cells (42). Since placenta is an organ
that is required to support the growth and maturation of the
fetus in a very limited time, it needs to rapidly adapt to changing
demands employing the very same functional processes CT
antigens appear to participate in. However, the exact interaction
of CT antigens with these various biological processes in the
placenta needs further extensive analysis.
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Figure 5

Immunohistochemical staining of placenta with mAb 57B to MAGE-A4. Segmental reactivity in week 32 placenta with immunopositive and immunonegative (*)
areas separated by septum (arrows). Abbreviations: BP, basal plate; CP, chorionic plate. (A) Higher magnification of placental septum of placenta with intense immuno-
positivity of septal extravillous trophoblast facing immunopositive villous area and mostly negative extravillous trophoblast cells of septum (arrows) facing immuno-
negative (*) area (B). (C) Homogeneously stained area in a week 8 placenta. Focal staining of villous (D) and extravillous (E) trophoblast of the basal plate; villi in a week
37 placenta with focal immunopositive structures in villous stroma consisting mostly of endothelial cells (arrows) revealing nuclear staining (F).

Figure 6

U |-;
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Immunohistochemical staining of placenta with mAb ES121 to NY-ESO-1. Immunoreactivity in a week 6 placenta with predominant staining of cytotrophoblast,
weaker immunoreactivity in syncytiotrophoblast and strong staining in several cell columns (A). (B) More commonly seen, very weak reactivity of villous cytotropho-

blast in a week 10 placenta. (C) Focal immunopositive cells in villous stroma of week 6 placenta consisting of endothelia (arrow) and fibroblasts. (D) Homogeneous
immunopositivity in villous stroma of week 18 placenta; note negative vacuolated Hofbauer cells (arrows).
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Figure 7

Immunohistochemical staining of placenta with mAb CT7-33 to CT7/MAGE-C1. (A, B) Weak immunoreactivity of the cytotrophoblast of a week 8 placenta.

Figure 8

Immunohistochemical staining of placenta week 19 (A-C) and week 6 (D-F) with mAb #23 to GAGE. (A) Predominant cytotrophoblast staining (syncytiotrophoblast
staining in other areas). (B) Intense immunostaining of Hofbauer cells in villus stroma. (C) Focal immunopositive extravillous trophoblast of basal plate. (D) Immuno-

reactivity of villous cytotrophoblast and extravillous cytotrophoblast of a cell column. (E) Stromal staining with labeling of endothelial cells (arrow) and focal fibroblasts.

(F) Positive fetal hematopoetic cells (arrow) in villous vessel.

In conclusion, our immunohistochemical study in placenta
demonstrates consistent, albeit variable, expression of several
CT antigens almost exclusively in the trophoblast.

Abbreviations
CT, cancer-testis
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Materials and methods

Tissue samples

Formalin-fixed paraffin embedded (FFPE) placental tissue
was retrieved from the archives of the Department of Pediatric
Pathology and Placentology of the Virchow Campus, Charité
Hospital (Berlin, Germany) in accordance with local legal
regulations. Hematoxylin-eosin stained slides were re-examined
and representative blocks were chosen for
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immunohistochemical analysis. The tissue panel consisted of
placentas with normal maturation status and placentas with
pathomorphological changes such as hydatiform moles. For
normal tissues, placentas with known clinical gestational age
and matching morphology were chosen for further analysis.

Immunohistochemistry

For the analysis of CT antigens, the following mAbs were used:
MA454 (to MAGE-A1), M3H67 (to MAGE-A3/6), 57B (to
MAGE-A4), CT7-33 (to CT7/MAGE-C1), E978 (to NY-ESO-1),
CT10#5 (to CT10/MAGE-C2), and mAD clone #23 (to GAGE).
Except for the mAb to GAGE which is a commercially available
reagent (Transduction Labs, Lexington, KY), the remaining
anti-CT reagents were previously generated by our group. For
the delineation of particular placental cellular and tissue
components, additional mAbs to the following antigens were
employed: pancytokeratin (AE1/AE3, DAKO-Cytomation,
Carpinteria, CA), HLA-G (4H84, Santa Cruz, Santa Cruz, CA),
vimentin (V9, DAKO), desmin (D33, DAKO), alpha-smooth-
muscle actin (1A4, DAKO-Cytomation), and CD45RA/LCA
(2B11, DAKO-Cytomation). As a positive control for the anti-
CT reagents, testis tissue with preserved spermatogenesis was
used.

Immunohistochemical staining was performed as described
previously (4, 5, 7). Briefly, paraffin cuts (5 pm) were applied to
slides for immunohistochemistry (Superfrost Plus, Menzel,
Braunschweig, Germany) and heated overnight at 60°C. Slides
were de-paraffinized and rehydrated in a series of graded
alcohols. Antigen retrieval was performed by placing the slides
in buffer solution and heating for 30 minutes in a steamer
(Sunbeam-Oster, Fort Lauderdale, FL). EDTA buffer (1 mM, pH
8.0) was used as antigen retrieval solution for all mAbs except
for CT7-33, which was heated in citrate buffer (10 mM, pH 6),
and ES121, for which a DAKO hipH retrieval solution was
employed (DAKO-Cytomation). All primary antibodies were
incubated overnight at 4°C. ES121 was detected using the
Envision-plus secondary reagent (DAKO-Cytomation) while for
all other primary antibodies a biotinylated horse anti-mouse
secondary antibody (1:200, Vector, Burlingame, CA) was used,
followed by an avidin-biotin complex system (ABC-Elite,
Vector). In tissues with strong background staining, the assay
was repeated using the Envision-plus reagent. For all assays, 3,3'-
diaminobenzidine tetrahydrochloride (DAB, Biogenex, San
Ramon, CA) served as a chromogen and Gill's hematoxylin as
counterstain.

The extent of staining was estimated and graded as follows: -,
negative; focal, <5%; +, 5% to <25%; ++ 25% to <50%, +++, 50%
to <75%; ++++, 75% or more. For the morphological evaluation
of the placenta specimens, we adhered to the description and the
nomenclature described previously (43, 44). Since most
immunostaining was seen in the trophoblastic epithelium, a
simplified classification of the trophoblast was employed: We
distinguish villous from extravillous trophoblast (Table 1) and
graded both groups separately. The cellular components of each
group were graded as one entity to avoid extended sub-
grouping. Nevertheless, the immunopositive structures were
specified in Table 1. For the villi, cytotrophoblast (CT) was
distinguished from syncytiotrophoblast (ST). All trophoblastic
structures outside the villi proper were regarded as extravillous
trophoblast, and were also graded as one entity. However, based
on the localization, staining of the extravillous trophoblast was
further specified as to its location in the chorionic plate (CP),
basal plate (BP), cell islands (CI) and/or cell columns (CC). For
ease of classification, we did not further distinguish the
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trophoblast cell types of the basal plate (e.g. endovascular
trophoblast, small spindle shaped intermediate trophoblast, etc.)
but rather regarded the basal plate and its trophoblastic
population as one cell population. We also regarded the septa as
part of the basal plate and did not separate the immunoreactivity
of its trophoblast population from the remainder of basal plate.
Similar structures without connection to the basal plate were
regarded as cell islands. At the chorionic plate, the extravillous
trophoblast consisted primarily of cells located on the maternal
side between the villi. The extravillous trophoblast proliferations
on the tips of the villi connecting with the basal plate and giving
rise to the invasive trophoblast population were referred to as
cell columns. Chorion laeve was not included in this analysis.
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