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Introduction

Mucins are large, heavily glycosylated proteins pro-
duced by secretory epithelia, lining the luminal surfaces
of gastrointestinal, respiratory and reproductive tracts [1].
One of the mucin glycoproteins, mucin 1 (MUC1), is
abundantly expressed by various organs, including acini
and ducts of salivary and mammary glands, and prostate
gland epithelium [2]. In the reproductive tract of women,
MUC1 is expressed at the apical surface of the uterine
epithelium, where it has been proposed to regulate
embryo attachment [3-5], and in the placenta throughout
pregnancy [6, 7]. Studies on human placenta showed that
MUC1 is mainly expressed at the fetomaternal interface,
by syncytiotrophoblast, fetal epithelium in contact with
maternal blood, and by extravillous trophoblast cells
invading the decidualized endometrium [6, 7]. 

Altered glycosylation is significant for the beginning,
development and outcome of different human diseases [8,
9]. Remarkable diversity in the carbohydrate composition
of MUC1 molecules between normal and tumor tissues
has been shown [10]. Glycan modifications of MUC1 in
normal and cancer cells are potentially relevant for phys-
iological as well as pathological processes and could be
significant for clinical practice.

MUC1 is a carrier of two differently glycosylated anti-
gens, CA 15-3 and CA 19-9, both known as effective
serum markers currently used in clinical practice for
breast (CA 15-3), colon, and pancreas (CA 19-9) carci-
noma [11, 12]. In contrast to the investigation of MUC1
molecules in human trophoblast, expression of different
MUC1 glycoforms throughout pregnancy remains poorly
understood so far. Previous investigation of CA 19-9

expression in placental tissue and amniotic fluid, revealed
presence of this glycoprotein in decidual and amnion
epithelial cells, but not in trophoblast subpopulations [13,
14]. Therefore, the aim of this work was to investigate
expression of CA 15-3 and CA 19-9 antigens in normal
placenta during gestation.   

Materials and Methods

Tissue samples and immunohistochemical analysis

For this study material from the first (11 cases) and second
trimester (5 cases) of pregnancy and at term (5 cases) was used.
Tissue samples were obtained from the Institute of Obstetrics
and Gynecology, Clinical Centre of Serbia, Belgrade, in accor-
dance with ethical standards.

Tissue sections were analyzed using monoclonal antibodies
to CA 15-3 (clone M411149) and CA 19-9 (clone M602207)
(Fitzgerald Industrial International - MA, USA). Trophoblast
and decidual cells were identified by immunostaining using
monoclonal antibody to cytokeratin-18 (CK-18, Dako
Cytomation, Denmark) and to vimentin (clone V6, Sigma,
MO, USA), respectively. Endothelial cells were identified by
monoclonal antibody to CD34 (Serotec, Oxford, UK; not
shown). Primary antibodies were used in the respective dilu-
tions: 1:100 for anti-CA 15-3, 1:40 for anti-CA 19-9, 1:6000
for anti-CK-18, 1:1000 for vimentin and 1:25 for anti-CD34.
Antigen unmasking (for CK-18 staining) was performed by
boiling the slides in 10 mM citrate buffer, pH 6.0 for 1 min.
Immunohistochemistry for all used antibodies was performed
as previously described [15], using DAB or Nova Red as chro-
mogen (Vector Laboratories, Burlingame, CA, USA). Omis-
sion of the primary antibody resulted in complete absence of
staining. Slides were counterstained with hematoxylin, exam-
ined and photographed using a Carl Zeiss Axio Imager 1.0
microscope (Jena, Germany), with a Canon A640 Digital
Camera System (Tokyo, Japan).    

Summary

Mucin 1 (MUC1) is abundantly expressed by various organs, including human placenta and endometrium. Since glycan modifica-
tions of MUC1 are potentially relevant for physiological as well as pathological processes, this study was aimed at establishing an
expression profile of two MUC1 glycoepitopes, CA 15-3 and CA 19-9, in trophoblast throughout pregnancy. Immunohistochemical
analysis of normal placenta demonstrated that trophoblast cells express both mucin antigens throughout gestation with a distinct stain-
ing pattern. The staining of villous trophoblast was non-uniform for both antigens, and stronger for CA 15-3. Only a proportion of
extravillous trophoblast of the cell column, in decidual stroma or lining blood vessels was also stained. Whether the studied MUC1 gly-
coforms can be linked to trophoblast cells invasion remains to be established.
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cytokeratin staining was used to identify trophoblast
(arrows in Figure 1A, D, G) and vimentin staining to
identify decidual cells (Figure 2E). Immunohistochemi-
cal analysis of normal placenta demonstrated that tro-
phoblast cells express both mucin/tumor antigens
throughout gestation with a distinct staining pattern. In

Results

Expression of mucin-related glycoepitopes was studied
on sections from the first and second trimesters of preg-
nancy, and at term pregnancy using monoclonal anti-CA
15-3 and anti-CA 19-9 antibodies. In parallel sections,
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Figure 1. — Immunohistochemical localization of mucin-like epitopes in the first (B, C) and second trimester (E, F, H, I) trophoblast
and the decidua. Arrows point to cytokeratin-positive trophoblast cells identified in first (A) and second trimester placentas (D, G),
also stained with CA 15-3 in the first (B) and second trimester (E, H), and with CA 19-9 in the first (C) and second trimester (F,
I).  Decidual cells (DEC) also stained for CA 15-3 (B, E, H) and CA 19-9 (C, F, I). Scale bar represents 20 µm.
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the first trimester of pregnancy, in all analyzed samples,
non-uniform staining with anti-CA 15-3 was detected in
trophoblast villous (Figure 1B), ranging from negative to
moderate positive staining. Strong staining with CA 15-3
was observed in some, but not all, cytokeratin-positive
cells of the cell column, and invasive trophoblast (Figure
1B), while surrounding decidual stromal staining was rel-
atively weak. Regarding CA 19-9 in the first trimester of
pregnancy, moderate and non-uniform staining was present
in trophoblast villous and in the cell column (Figure 1C).
In second trimester placentas staining with CA 15-3 and
CA19-9 was detected in the same trophoblast cell types
as in the first trimester, as can be observed in panels E
and H for CA 15-3, and in F and I for CA 19-9. In addi-
tion, trophoblast lining blood vessels were also found to
express CA 15-3 (Figure 1H) and CA 19-9 (Figure 1I).
At term, there was strong CA 15-3 staining of syncy-
tiotrophoblast (Figure 2A), chorion, and trophoblast of
placental septae (Figure 2D). Immunohistochemical
analysis demonstrated weak or absent staining for CA19-
9 in syncytiotrophoblast (Figure 2B), and weak to mod-
erate staining of chorion and placental septae (placental
septae, Figure 2D). Our results also showed that decidual
stromal cells express both mucin antigens throughout
pregnancy (Figure 1 B, C, E, F, H, I). 

Discussion

Mucin MUC1 expressed by human uterine epithelium
has been proposed to act as one of the glycoproteins
involved in blastocyst attachment [16]. In recent years,
studies detected MUC1 in human villous and extravillous
trophoblast [6, 7]. Jeschke et al. [6] reported using
immunohistochemistry strong expression of MUC1 in
both first and second trimester placentas, and to a lesser
degree in the third trimester, while Shuy et al. [7] found
weak expression in the first trimester, which increased
with gestational age, at mRNA and protein levels.
Reported findings of MUC1 expression are somewhat
controversial, which might result from the techniques or
antibodies used. It is interesting to note that the same
finding was obtained for both peptide core and glycoepi-
tope specific antibody [7]. In the present study, localiza-
tion of two differently glycosylated human MUC1 forms,
CA 15-3 and CA 19-9 tumor antigens, in normal placen-
tas during gestation was investigated. We observed that
both antigens were present in human trophoblast, but the
staining for CA 15-3 was more pronounced than for CA
19-9. On the other hand, decidual stroma was consider-
ably more stained for CA 19-9, and negative to moder-
ately stained for CA 15-3. Invasive trophoblast in the first

Figure 2. — Immunolocalization of tumor related antigens CA 15-3 (A, C), and CA 19-9 (B, D) at term. Arrows point to syncy-
tiotrophoblast stained with CA 15-3 (A), and trophoblast of placental septae negative to vimentin and positive to CA 15-3 (C). Note
absent or weak staining for CA 19-9 (B, D). Decidual cells in placental septae were identified by staining for vimentin (E). Scale
bar represents 20 µm.
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and the second trimester of pregnancy were found to con-
sistently express CA 15-3, which is in keeping with the
report of Shuy et al. [7] with respect to percent of tro-
phoblast stained and relatively weak staining. On the
other hand, in our study endovascular trophoblast were
also found to express this MUC1 glycoform (CA 15-3),
which differs from a previous report by Jeschke et al. [6].
Our finding regarding CA 19-9 expression by trophoblast
cells is novel, and differs from the previous reports that
did not find CA 19-9 antigen in trophoblast cells [13, 14].
There are several glycotopes comprised of short sugar
chains which can be found on MUC1, and they include
Thomsen-Friedenreich antigen (TF or T antigen), Tn (N-
acetylgalactosamine) and sialyl-Tn antigen [2]. The
results of immunohistochemical studies in general criti-
cally depend on the reactivity of antibodies used. The
specific anti-CA 15-3 and CA 19-9 antibodies used here
have not been previously used. Data presented in the lit-
erature do not relate to the same antibodies, and there is
a possibility that the other reported antibodies detected
different stages in MUC1 processing. 

Overexpression of MUC1 contributes to the malignant
phenotype [1]. However, in contrast to the breast and
intestinal mucins [17], glycans of placental MUC1 are
incompletely known [18]. It has been shown that MUC1
extracted from term placental tissue contains a short
glycan structure, T and Tn antigens, similar to tumor car-
bohydrate antigens [18]. Furthermore, the T antigen asso-
ciated with MUC1 may play a critical role in cancer cell
adhesion to endothelium, through interaction with
galectin-3 [19]. Our previous study has shown that gesta-
tional trophoblast diseases are associated with increase in
galectin-1 and galectin-3 expression compared to the
normal trophoblast [20]. There is a possibility that
oligosaccharides linked to MUC1 are potential ligands
for trophoblast galectins and could thus mediate cell
interactions of trophoblast. At present, there is no evi-
dence to show that altered expressions of CA 15-3 or CA
19-9 antigens characteristic for neoplastic tissue are in
any way responsible for the development of transformed
trophoblast phenotype. However, the presence of MUC1
[7] and CA 15-3 antigen shown here in some, but not all
cytokeratin-positive cells of the cell column, invasive and
endovascular trophoblast, raises a possibility that this
mucin could have an active role in trophoblast cell inva-
sion. It is interesting to note that overexpression of
MUC1 was found to decrease invasion of choriocarci-
noma cell line JAr [7]. Whether the studied MUC1 gly-
coforms can be linked to trophoblast cells invasion or not
remains to be established. 
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