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ABSTRACT: The major histocompatibility complex
(MHC) class I related neonatal Fc receptor (FcRn) plays
multiple roles, being involved in transporting immunoglobulin G (IgG) and protecting this antibody class from
catabolism. The presence of this receptor was previously
demonstrated in the lactating murine mammary gland. In
the current study we have investigated FcRn expression in
various histologic types of human breast carcinoma and
lymph node metastases. We used immunohistochemical
methods to demonstrate the presence of FcRn in epithelial
cells, whereas this Fc receptor could not be detected in
ABBREVIATIONS
FcRn
neonatal Fc receptor
PBS
phosphate buffered saline
MHC-I
major histocompatibility complex class I
HRP
horse radish peroxidase

INTRODUCTION
The neonatal Fc receptor (FcRn) is the only known Fc
receptor with an major histocompatibility complex
(MHC) class I-like structure [1]. The receptor binds to
immunoglobulin G (IgG, reviewed in [2]) and it is
involved in the transport of IgGs within and across cells.
In addition, FcRn plays a role in salvaging IgG from
degradation and, therefore, regulates the serum levels of
IgG (reviewed in [3]). FcRn was initially identified in
the rat neonatal intestine as the molecule responsible for
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mammary gland endothelial cells. The presence of the
receptor was also found in the metastasizing epithelial
cells within the lymph nodes, and this provides a useful
marker for their identification. Human Immunology 64,
1152–1159 (2003). © American Society for Histocompatibility and Immunogenetics, 2003. Published by
Elsevier Inc.
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DAB
ECL
BSA

diaminobenzidine
enhanced chemoluminescence
bovine serum albumine

the transport of maternal IgG from mother’s milk
across the brush border epithelial cells of neonates [4].
Further studies demonstrated that the receptor is expressed both neonatally or at the maternal–fetal barrier
(brush border, yolk sac, some stromal placental cells,
and syncytiotrophoblast [5–7]), and in adult tissues.
Expression in mammalian adult endothelial cells
[8 –10], hepatocytes [11, 12], histiocytes [13], monocytes, intestinal macrophages, dendritic cells [14], intestinal epithelial cells [15, 16], bronchial epithelial
cells [17], kidney epithelial cells [18, 19], at the
blood– brain barrier (brain microvasculature and choroid plexus epithelium) [20], and adipose tissue [10]
has been reported, indicating that FcRn functions in a
wide array of tissues throughout the body. Heterogeneity in the distribution in endothelial cells of the
muscle capillaries was observed, and this was attributed
to the morphologic differences between the cells that
line various types of capillaries [10, 21]. However,
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FIGURE 1 Immunoprecipitation of human endothelial cell
(HME.C 1) lysates with anti-neonatal Fc receptor (anti-FcRn)
sera made by immunizing rabbits with denatured, recombinant human FcRn ␣-chain [8] or FcRn derived peptide [LNGEEFMKFNPRIG]. The sizes of the ␣ chain and ␤2-microglobulin (␤2-m) are estimated to be 50 kDa and 16 kDa,
respectively. The presence of ␤2-m was also confirmed using an
antihuman ␤2-m antibody (not shown).

FcRn expression could not be detected in endothelial
cells of human placenta nor rodent mammary gland,
indicating that there may be variations in expression in
distinct endothelial cell types [5, 13]. However, in
some studies [6, 7] placental endothelial expression was
reported, indicating that this issue is controversial.
FIGURE 2 Immunohistochemical staining of chorial villi
of human placenta, illustrating positive staining for neonatal
Fc receptor (FcRn) in the surface trophoblast (original magnification ⫻200).

FIGURE 3 (A) Immunohistochemical staining of a benign
tumor periphery. Normal acini and a dilated duct with no
secretion. Positive staining for neonatal Fc receptor (FcRn) of
the epithelial cells (original magnification ⫻200). (B) Cytoplasmic staining pattern of the epithelial cells for FcRn (original magnification ⫻1000).

The function of FcRn appears to be to transport IgG
within and across (polarized) cells, and observations
with FcRn transfected epithelial (MDCK or IMCD)
cells provide support for this [22, 23]. In a previous
report, we were able to demonstrate the presence of
FcRn within the epithelial cells of the murine lactating
mammary gland, whereas the endothelial cells were
negative [13]. Furthermore, we were able to demonstrate that transport of IgG into mouse milk occurs in
inverse correlation with affinity of the IgG for FcRn,
suggesting that it acts at this site primarily as a recycling receptor [13]. This recycling most likely resembles the process by which IgG homeostasis has been
proposed to be maintained by endothelial cells [2].
However, our observations in mouse mammary glands
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FIGURE 4 (A) Ductal invasive carcinoma, revealing positive staining for neonatal Fc receptor (FcRn; original magnification
⫻400). (B) Medulary carcinoma, illustrating positive staining for FcRn (original magnification ⫻200). Residual tumor cells after
radiotherapy. (C) In situ lobular carcinoma developed on a proliferative fibrocystic mastopathy with an atypic ductal and lobular
hyperplasia, demonstrating positive staining for FcRn within the epithelial cells (original magnification ⫻400). (D) Ductal
invasive carcinoma labeled with rabbit IgG polyclonal antibodies as a negative control (original magnification ⫻200).

do not exclude the possibility that FcRn also acts to
transport IgG into mother’s milk by transcytosis, but
indicate that recycling predominates. In this context, a
mutated IgG that does not bind to FcRn is transported
into milk [13], suggesting that in addition to FcRnmediated transcytosis, other pathways are involved in
transport.
In humans, the transmission of maternal IgG to
mediate passive immunity occurs primarily in utero
rather than during the neonatal period [24]. Consistent
with this, the amount of IgG in human milk secretion
is 50 mg/l and 1 g/l in the colostrum [25]. The aim of
this study was to investigate if FcRn is present in the
human mammary gland. We were also interested to see
if the receptor is present in various types of breast
carcinomas and if the malignant transformation of the
mammary gland inhibits FcRn expression.

MATERIALS AND METHODS
Immunoprecipitation
Dermally derived human endothelial cells (HMEC.1;
available from the Centers for Disease Control [Atlanta,
GA, USA], and generously provided by Mr. Francisco
Candal) were treated with EZ-link-Sulpho-NHS-biotin
(Pierce, Radisson, IL, USA) for 30 minutes at room
temperature and lysed as previously described [10]. Lysates from ⬃6⫻106 cells were incubated with preimmune rabbit serum and protein G-Sepharose, and the
unbound fraction incubated with anti-FcRn peptide
serum (1:16 diluted; isolated from rabbit serum following immunization with the YCLNGEEFMKFNPRIG peptide coupled to BSA, obtained as previously
described [8]), and protein G-sepharose. This peptide
is derived from murine FcRn and the corresponding
region in human FcRn is highly homologous [26, 27].
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FIGURE 5 (A) In situ multifocal lobular carcinoma revealing positive staining for neonatal Fc receptor (FcRn; original
magnification ⫻200). (B) Positive staining for cytokeratin
(original magnification ⫻200).

In addition, sera isolated from rabbits immunized with
gel purified, denatured recombinant human FcRn ␣
chain [28] were also used at a 1:16 dilution. Sepharose
beads were extensively washed and run on 15% polyacrylamide gels. Following transfer of electrophoresed
proteins to PVDF membranes, membranes were incubated with extravidin-horse radish peroxidase conjugate. Bound conjugate was detected with the enhanced
chemoluminescence (ECL) detection kit (Amersham,
Braunschweig, Germany).
Source of Tissue
The samples were harvested in the third Surgical Clinic
of the “Sf. Spiridon” Hospital (Iasi, Romania) either
during diagnostic biopsies or tumor removal. The placental tissue was provided by the “Cuza-Voda” Clinic of
Obstetrics and Gynecology (Iasi, Romania).
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Immunohistochemistry
FcRn expression was investigated by immunohistochemistry, using a three step approach. All sections were
formalin-fixed, paraffin-embedded, and sectioned at 5
m. The samples were both primary tumors and the
corresponding axillary lymph node metastases. Sections
were deparaffinized in xylene and rehydrated in a series of
graded ethanol solutions. Antigen retrieval was performed by heating the sections for 20 minutes in antigen
retrieval solution (Dako, Glostrup, Denmark), pH 6.1, at
98° C, in a water bath. Nonspecific binding was blocked
by incubation with 1.5% normal human AB serum/PBS
for 15 minutes, at room temperature (RT) followed by
3% hydrogen peroxide/distilled H2O for 5 minutes to
quench endogenous peroxidase.
We have used a polyclonal IgG preparation as the
primary antibody, isolated from rabbit serum immunized with an FcRn-derived peptide and obtained as
previously described [8]. Sections were incubated with
the antibody at a final concentration of 7.5 g/ml, at
room temperature, for 3 hours. For detection, a commercially available biotinylated anti-mouse/anti-rabbit antibody (LSAB; Dako) was used, for 10 minutes, followed
by a 10-minute incubation at room temperature with
streptavidin-HRP (LSAB; Dako), according to the vendor’s indications. HRP activity was detected by adding
DAB/H2O2 (LSAB; Dako), for 10 minutes at room temperature. Sections were counterstained with hematoxylin
(Harris; Sigma, Taufkirchen, Germany), rinsed in water,
dehydrated through ethanols, and coverslipped with Permount.
As negative controls, the primary antibody was replaced by a monoclonal mouse IgG1 antibody (clone
DAK-GO1; Dako) or rabbit IgG (a gift from Dr. Victor
Ghetie), followed by detection as above. All the staining
experiments (labelings and washings) were performed at
pH 7.2. Endothelial cells were detected by staining with
anti-human CD34 II, clone QBEnd 10, mouse IgG1
(Dako), at a 1:50 dilution of the 50 g/ml stock concentration [29].
Epithelial cells were detected by staining with a
monoclonal mouse IgG1 anti-human cytokeratin antibody, clone MNF116 (Dako), at a 1:100 dilution of the
200 g/ml stock concentration. This antibody reacts
with an epitope that is present in a wide range of
cytokeratins: 5, 6, 8, 17, and probably 19 [30]. The
labeling protocol for the commercially available antibodies was the same as for the anti-FcRn antibody.
RESULTS
FcRn expression was assessed using immunohistochemistry of tissue sections and a polyclonal antibody made by
immunizing rabbits with a peptide derived from murine
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FIGURE 6 (A) Ductal invasive carcinoma with an insular and alveolar pattern, revealing positive staining for FcRn within the
epithelial cells (original magnification ⫻400); section 2 is illustrated. (B) Positive staining of the endothelial cells with an
anti-CD34 II antibody (original magnification ⫻400); section 7 is illustrated.

FcRn. This antibody immunoprecipitates endogenous
FcRn from human endothelial cells (Figure 1), and has
been demonstrated in a previous study to stain human
endothelial cells by immunohistochemistry [8]. Initially
we analyzed FcRn expression in syncytiotrophoblast, a
human tissue for which the FcRn expression has been
well documented [5]. Sections that have chorial villi are
illustrated in Figure 2. The selective labeling of the
trophoblast demonstrated that the anti-FcRn antibody is
specific for human FcRn. High expression of FcRn in
placenta can be seen, consistent with the data of others
[5].
We next analyzed the expression of FcRn in the
human mammary gland. For this, a number of breast
carcinomas and normal tissue harvested from the periphery of benign tumors were analyzed. Staining of the
normal mammary gland sections with the anti-FcRn
antibody demonstrated that the expression of the molecule is restricted to the epithelial cells (Figure 3A).
FcRn expression was investigated in several histologic
types of breast carcinomas. The most frequent malignancy available for our study was the ductal carcinoma,
but we were able to investigate other variants such as
lobular and medullary carcinomas. Sections from mammary gland of each tumor type were positive for FcRn
expression. Furthermore, examination at a high magnification (⫻ 1000) demonstrated that the labeling is
primarily intracellular (Figure 3B). The receptor is consistently present within the epithelial cells of the gland
and its expression does not appear to be inhibited by
malignant transformation (Figures 4A– 4C). When replacing the primary antibody with a monoclonal mouse
IgG1 antibody or rabbit IgG, no staining could be
noticed (Figure 4D). The immunohistochemical method
we have used does not allow precise quantitation of the

labeling intensity, yet, given the fact that all the slides
were labeled under standard conditions, we can speculate
that the expression levels appear to be similar in tissues
of distinct histologic type. Also, as previously noted for
murine mammary gland [13], the histiocytes scattered
within the interstitium reveal an intense positive staining (data not shown). To further analyze whether FcRn
expression is confined to the epithelial cells, sequential
sections were labeled with anti-FcRn antibody and anticytokeratin antibody. The staining pattern demonstrates
the labeling of the epithelial cells (Figure 5).
A previous study [13] demonstrated that the presence
of FcRn is not ubiquitous in the endothelial cells because
expression cannot be detected in the endothelial cells of
murine mammary gland or the lamina propria of the
neonatal intestine. Also, whether FcRn is expressed in
human placental endothelial cells appears to be controversial, with some studies reporting its presence [6 – 8],
and others not [5]. Therefore, we labeled sequential
sections of human breast carcinomas with anti-FcRn and
anti-human CD34 II (specific for capillary endothelial
cells). The labeling pattern illustrates that the CD34 II
positive cells express FcRn at undetectable levels. This
feature is consistent for all of the sections, regardless of
the histologic type of the tumor (Figure 6).
The consistent expression of the receptor within the
glandular epithelial cells prompted us to investigate if
metastatic epithelial cells retain FcRn expression (Figure
7). Cytokeratin expression (a routine marker used for
detecting breast cancer micrometastases [31]) in some
cells present in the regional lymph nodes was coincident
with the expression of FcRn (data not shown). Therefore,
FcRn expression appears to be stably maintained during
metastasis to the lymph nodes, and the receptor might
serve as a metastatic marker for mammary carcinomas.

Human Mammary Gland FcRn

FIGURE 7 (A) Ductal invasive carcinoma metastasized ipsilatheral lymph node, revealing positive staining for FcRn
(original magnification ⫻400). (B) Positive staining for CD34
II (original magnification ⫻400).

DISCUSSION
The mammary gland is one of the key organs in the
transmission of passive immunity from mother to fetus.
The presence of FcRn was initially identified in the
mouse lactating mammary gland [13], but subsequent
studies demonstrated the presence of FcRn orthologs in
the mammary glands of other species [32–35]. In this
context, the expression of FcRn in the human mammary
gland is not surprising, despite the knowledge that the
majority, if not all, of the transfer of maternal IgG occurs
prenatally [24]. The molecule is present both in normal
glandular epithelial cells and in malignant cells; the
neoplastic change does not appear to inhibit the expression of this receptor. FcRn could be identified in all of
the examined breast carcinomas regardless of the histologic type of the tumor. Unlike the neonatal intestinal
brush border, where this receptor could be detected on
the surface of the cells [36], the pattern of FcRn expression in the mammary epithelial cells appears to be pri-
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marily intracellular. Intracellular expression of FcRn has
been reported to be the dominant site of expression for
other cell types [6, 8, 10, 14, 17, 19, 34], in addition to
transfectants expressing FcRn [37, 38]. When examining
the regional nodes, we were able to clearly identify the
presence of micrometastases due to the exclusive staining
of the epithelial cells for FcRn. This suggests that FcRn
could be used as a marker for the detection of micrometastases.
The placental transfer of human immunoglobulin G
subclasses has been reported to fall in the order
IgG4⬎IgG1⬎IgG3⬎IgG2, consistent with differences
in their half-lives [39]. However, the amount of IgG
found in the human milk is very low (50 mg/l in the
milk secretion, and 1 g/l in the colostrum) in comparison
with IgA, which represents approximately 90% of the
total milk immunoglobulins (32 g/l) [25]. In mice, we
have suggested that FcRn functions in a manner that
results in a balance of IgG isotypes in mother’s milk,
which is in inverse correlation with affinity of the isotypes for FcRn [13]. Ultimately this could result in a
balance of IgG isotypes in the neonatal circulation resembling that of the mother, as IgGs are transported
across the neonatal gut in direct correlation with their
affinity for FcRn [40 – 42]. Thus, the function of FcRn in
the human mammary gland might be to act primarily as
a recycling receptor. Ethical limitations preclude the
direct testing of our hypothesis in vivo, but it could be
tested in vitro with appropriately transfected cells.
The absence of detectable levels of the receptor in
endothelial cells of the mammary gland raises another
intriguing question: how can IgGs be transported to and
from the blood into the tissues in which endothelial
expression of FcRn cannot be detected? It is therefore
possible that FcRn-independent mechanisms operate to
transport IgGs into these tissues, and understanding this
will form the basis of future studies.
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