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Abstract: The neonatal IgG Fc receptor (FcRn) plays an important role in
IgG homeostasis and immunity passive transfer. Fine points regarding these
mechanisms, however, are still emerging. In order to obtain information
about these phenomena, it is essential to have in vitro models of
endothelium that express this receptor. In this study we chose two widely
used models of human endothelial cells: the semi-immortalized and stable
cell line HMEC-1 (CDC/USA) and the Human Umbilical Vein Endothelial
Cells (HUVECs) which maintain morphological, phenotypical and
functional characteristics of human micro and macro-vasculature
endothelia, respectively. We found that both cells express the FcRn mRNA
and protein using real-time RT-PCR, flow cytometry and confocal
microscopy, respectively. We detected differences in mRNA expression
levels in HUVECs among individuals. The protein was found on the cell
surface but also intracellularly within vesicles. This study supports the use
of two cell types as models of FcRn expression, allowing either to
understand or to manipulate the mechanisms in which the receptor is
involved in vivo.
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Introduction

Half a century ago Francis Brambell and
collaborators proposed that a saturable receptor for Fc of
IgG (FcRn) was responsible both for transcytosis across
the intestinal epithelium or the placenta and for
protection of IgG from catabolism, extending its half-life
in serum (Brambell et al., 1964).

This receptor, composed by an alpha chain
(FCGRT) in association with Beta-2-Microglobulin
(B2M), is expressed in different cell types of various
organs and systems, in a wide variety of animal
species, but endothelial cells are considered the main
mediators of FcRn-IgG processes (Johnson et al.,
1975; Rodewald, 1980; Ghetie et al., 1996; Borvak et al.,
1998; Cianga et al., 2011; Rath et al., 2013). It has
been demonstrated in endothelial cells of the lung,
term placenta villi and retino-choroids (Borvak et al.,
1998; Antohe et al., 2001; Ward et al., 2003;
Radulescu et al., 2004; Perez-Montoyo et al., 2009;
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Powner et al., 2014). The FcRn thus seems widely
distributed in the human body. It is constitutively
expressed, is up-regulated by TNF-a and LPS and
down-regulated by IFN-y (Liu et al., 2007; 2008).
Although, there are many recent articles related to
FcRn, most are focused in therapeutic uses. Several
advances in engineering antibodies had been made, for
half-life delay and pH-dependent binding, with
consequent improvements in efficacy (Ward et al.,
2015). Also, the inhibition of FcRn reduces IgG levels in
the organism and clears pathogenic and autoreactive
antibodies, ameliorating some diseases, like idiopathic
thrombocytopenic purpura, myasthenia gravis, arthritis
and multiple sclerosis in mouse models (Ellinger and
Fuchs, 2012; Ward et al., 2015). Nevertheless, these
studies have not been confirmed in humans and little is
known in relation to expression levels in many cell
subtypes, or whether it performs the same functions. The
FcRn is an unusual receptor, because it binds IgG at
acidic pH; however, specific mechanisms remain to be
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elucidated (Rath ef al., 2013). It is not clear whether IgG
uptake occurs via fluid phase pinocytosis or whether this
is a receptor-mediated phenomenon at the surface level;
neither is it certain whether this mechanism depends on
the cellular type. Knowledge about how FcRn carries out
its function in human cells is of relevance to understand
how IgG levels are regulated (Borvak et al., 1998).

FcRn not only binds to monomeric IgG but also to
antigen/antibody complexes. In some cases it facilitates
efficient immune responses towards opsonized antigens
or pathogens (Johnson et al., 1975; Qiao et al., 2008;
Baker et al., 2012; 2014). In other cases this route could
serve microorganisms to traverse epithelial barriers, e.g.,
Cytomegalovirus covered with human IgG, is suggested
to traverse the syncytiotrophoblast and the fetal
endothelium at the villi, reaching the fetus (Maidji ef al.,
2006). Likewise, HIV-1 transcytosis across epithelia is
enhanced by this receptor (Gupta et al., 2013).
Furthermore, IgG transfer offers opportunities for
delivery of therapeutic antibodies or coupled proteins, so
it is of great interest to examine and characterize the Fc-
FcRn interaction on IgG transport, due to its potential
effect on their in vivo pharmacokinetic dynamics
(Mathur et al., 2013).

In order to examine these phenomena at sub-cellular
level and their regulation, in vitro cultures of endothelial
cells expressing FcRn would be useful. Two widely used
models of human endothelial cells are the semi-
immortalized and stable cell line HMEC-1 (CDC/USA)
obtained and transformed in 1992 by Ades et al. (1992)
and the Human Umbilical Vein Endothelial Cells
(HUVECsS), originally isolated by Jaffe et al. (1973). The
first shares similar morphological, phenotypical and
functional characteristics with human microvascular
endothelial cells (Ades et al., 1992; Xu et al., 1994;
Unger et al., 2002). Even though they have been used to
assess the intracellular route of the FcRn protein by
means of transfection experiments with the gene
recombined to green fluorescent protein, it has not been
reported that these cells are able to express the
endogenous gene (Ober ef al., 2004a).

The second cell type is probably the most frequently
used model of normal human endothelia, since it is more
readily available than those obtained from other vessels,
is commonly free of pathological processes and is
physiologically relevant (Marin et al., 2001; Lang et al.,
2003). The presence of FcRn has been shown in
endothelial cells of the arteries and the vein of cord
samples by immunohistochemistry (Zhao et al., 2011).
Yet, the location and function of the FcRn in these cells
are unknown; this is relevant because they form the wall
of large vessels, where these aspects are intriguing.

Thus, we performed assays to determine the
expression (both messenger and protein) and location of
this receptor in HMEC-1 and HUVECs and present our
findings in the following pages.

Materials and Methods
Human Cords and Ethical Aspects

This project was sanctioned by the Research and
Ethics Committees of the National Institute of
Pediatrics, of the Ministry of Health of Mexico
(N0.060/2011), which abides by national and
international research regulations.

HUVECs were isolated from seven term human cords
(38-40 gestation weeks) from indicated caesarean delivery,
with neither active labor nor clinical or microbiological
evidence of infection. Patients were recruited at the Hospital
Materno Infantil Inguaran of the Ministry of Health of
Mexico City, Mexico and gave their informed consent.
Samples were immediately transferred to suitable media
composed by MI199 medium (Invitrogen, Life
Technologies, Grand Island, USA), an antibiotic-
antimycotic mixture [100 U mL™" penicillin, 100 pg mL™
streptomycin sulfate and 0.25 pg mL™" amphotericin B]
(Gibco/BRL, Life Technologies, Grand Island, USA) and
10% heat-inactivated fetal calf serum (FCS, Hyclone
Logan, Utah, USA); and transported in sterile conditions to
the laboratory within one hour after collection.

Cell Culture

Isolation of HUVECs was carried out according to
the procedure described by Paez et al. (2005). Briefly,
cells were collected by 0.2% collagenase type II
digestion (Roche, Hertfordshire, UK) for 30 min at
37°C, then, cells were plated on 25 cm? cell culture
flasks (Beckton Dickinson, NJ, USA) and cultured until
confluence, at 37°C in a 7% CO, atmosphere, in M199
medium (Invitrogen, Life Technologies, Grand Island,
USA) supplemented with antibiotic-antimycotic mixture
(Gibco/BRL, Life Technologies, Grand Island, USA);
10% heat-inactivated FCS (Hyclone Logan, Utah, USA);
40 pg mL™' bovine endothelial cell growth factor
(bECGF; Roche, IN, USA); 5 IU MI™ porcine heparin,
10 mM HEPES and 2 mM L-glutamine (Sigma, St.
Louis, MO, USA). Confluent HUVECs were
subcultured twice after 0.05% Trypsin-EDTA treatment
(Gibco, Life Technologies, Gran Island, USA);
therefore, the cells used in all experiments were of the
third pass (if > 95% viable). HMEC-1 cells were
cultured according to Ades et al. (1992) in MCDB131
medium (Invitrogen, Life Technologies, Grand Island,
USA), supplemented with 1.0 pg mL™" hydrocortisone,
penicillin G (100 IU mL™), streptomycin (100 pg mL™")
and amphotericin B (0.025 pg mL™") (Gibco/BRL, Life
Technologies, Grand Island, USA), 10% FCS (Hyclone
Logan, Utah, USA), 10 mM L-glutamine and 20 pg
mL™" bovine endothelial cell growth factor (bECGF;
Roche, IN, USA) at 37°C, with 7% CO,, until
confluence. They were detached using 0.25% Trypsin-
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EDTA (Gibco, Life Technologies, Grand Island, USA)
for 2-3 min at 37°C. Only cells with a maximum of four
passages were used in this study. Four samples of
HMEC-1 were taken from different cultures and tested to
detect FcRn mRNA in triplicate. The action of Trypsin
was stopped in both cases by adding media
complemented with 5% FCS and then by centrifugation
(1200 rpm for seven min).

FcRn a-Chain (FCGRT) mRNA Detection by Real-
Time RT-PCR

RNA was isolated using TRIzol® (Ambion, Life
Technologies, Grand Island, USA) according to
manufacturer instructions, under RNase-free conditions,
added directly to the culture flasks at 0.5 mL/1x10°
HMEC-1 or HUVEC cells and 1.0 mL/100 mg human
microvilli, used as positive controls (Simister et al.,
1996). The concentration and quality of extracted RNA
were verified wusing the NanoDrop ND-1000
spectrophotometer (NanoDrop Technologies, DE, USA)
and 1% agarose gel electrophoresis. cDNA was obtained
by Reverse Transcription (RT) from 0.4 pg total RNA,
in a volume of 20 pL, using the TagMan Reverse
Transcription Reagents (Applied Biosystems, Life
Technologies, Grand Island, USA) and according to
manufacturer instructions. Validated Real time PCR
primers and TaqMan probes designed by Applied
Biosystems were: FCGRT (assay ID: Hs01108967 ml,
FAM-MGB) and B2M (TagMan endogenous control,
RefSeq: NM 004048.2, VIC-MGB). PCR was
performed in a final volume of 10 pL, using 5 pL of 2x
TagMan Gene Expression Master Mix (Applied
Biosystems, Foster City, CA, USA), 2.5 and 1.25 pL of
FCGRT and B2M TagMan set probes, respectively and
250 ng of cDNA per sample, in an Applied Biosystems
StepOne Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA). Reaction conditions were: 50°C
for 2 min, 95°C for 10 min, followed by 40 cycles of
95°C for 30 s and 60°C for 1 min. In some cases it was
possible to obtain paired samples of placental villi and
umbilical cord, which were analyzed simultaneously.
The fluorescence intensity values of FCGRT and B2M
were plotted; the medians were compared and the
differences were calculated by Mann-Whitney U-test,
considering p<0.05 statistically significant. Relative
expression changes of the FCGRT gene were calculated
using the FCGRT/B2M index.

FcRn  a-Chain  Protein Detection by
Cytometry and Confocal Microscopy

Flow

Human endothelial cells were evidenced with APC-
labeled anti-human CDI105 (endoglin) antibody,
produced in mouse (BioLegend, San Diego, CA, USA)
at 1:50 dilution (25 pg mL™).

Detection of FcRn a-chain was carried out with the anti-
human FCGRT antibody, produced in rabbit (Sigma St.

Louis, MO, USA) at a 1:100 dilution and as a secondary
antibody a FITC goat anti-rabbit IgG (Invitrogen, Carlsbad,
USA) at 2.4 ug mL™". As a negative control a non-related
rabbit serum, at equivalent dilution, was used.

For surface immunodetection, cells were incubated
with 100 pL of combined primary antibodies, at 4°C,
for 30 min and washed with PBS. Afterwards, 100 uL
of FcRn secondary antibody was aggregated and cells
were newly incubated at 4°C, for 30 min and washed.
To assess the intracellular location, both endothelial
cell types were permeabilized, using the FOXP3
fix/perm buffer set solution (BioLegend, CA, USA),
according to manufacturer instructions. Briefly, CD-
105 surface staining was done first. Afterwards, cells
were incubated for 20 min with FOXP3 Fix/Perm
solution and washed once with PBS and once again
with FOXP3 Perm buffer. The pellets were re-
suspended in the latter, incubated for 15 min and
centrifuged. Next, they were incubated for 30 min with
the anti-FcRn antibody diluted in FOXP3 Perm buffer,
washed twice and resuspended in PBS. All incubations
were performed in the dark and at room temperature.

For flow cytometry, cells were detached from the
culture dish by incubation for 3-5 min at 37°C with
Trypsin-EDTA (Gibco, Life Technologies, Grand Island,
USA) at 0.05 and 0.25%, for HUVECs and HMEC-1,
respectively. Later, 10° cells per tube were subjected to
intracellular or surface immunodetection. Finally, cells were
resuspended in 0.5% buffered paraformaldehyde and
analyzed on a Becton Dickinson FACSAria flow cytometer
and using the FlowJo 8.3 software (San Jose CA, USA).

For confocal microscopy, cells were grown directly in
24 wells plates (Corning, NY, USA) with round coverslips
(Nunc, Thermanox, NY, USA) and after confluence they
were  subjected to  surface or intracellular
immunodetection. DAPI was utilized to counterstain cell
nuclei (DNA). Confocal images were captured using an
Olympus FluoView™ FV1000 Confocal Laser Scanning
Microscope (Olympus America Inc., NY, USA), equipped
with lasers providing excitations at 405, 473, 559 and 635
nm. The images were captured using a 60 NA oil
immersion objective and processed using FV10-ASW 1.7
Viewer. All system settings were kept identical for all
experiments and signal saturation was avoided. Images to
be compared were always contrast-enhanced identically.

Results
FcRn a-Chain mRNA Levels

The human FCGRT mRNA relative levels and the
FCGRT/B2M index were homogeneous among HMEC-
1 cells of different cultures and significantly higher when
compared to HUVECs and villi (Fig. 1A and 1B). These
differences were not due to amounts or quality of
mRNA, since the B2M endogenous control was
homogeneous (Fig. 1C).
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Fig. 1. FCGRT and B2M mRNA expression measured by semi-quantitative RT-PCR. Absolute levels (A and C) and FCGRT/B2M
index (B) were determined for HMEC-1 cultures (n = 4) or HUVECsS and villi samples (n = 7 each). Statistical significance
was calculated by Mann-Whitney U-test. *This difference was calculated excluding the upper extreme value; the value
including it was p = 0.074
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Fig. 2. Expression of the FcRn by HMEC-1 and HUVECs assessed by immunostaining and flow cytometry. Antibodies against
CD105 (specific endothelial surface marker in orange) and the alpha chain of the FcRn (green) were simultaneously used to
determine expression at the protein level. The black curves correspond to negative controls
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Permeabilized

Fig. 3. Expression of the FcRn by HMEC-1 assessed by immunostaining and confocal microscopy. Antibodies against CD105
(specific endothelial surface marker in orange) and the alpha chain of the FcRn (green) were simultaneously used to
determine co-localization (yellow). Nuclei are marked with DAPI (blue). Arrows point FcRn located in intracellular vesicles

=
@
e
=]
[
@
=
™
S
o

Fig. 4. Expression of the FcRn by HUVECs assessed by immunostaining and confocal microscopy. Antibodies against CD105
(specific endothelial surface marker in orange) and the alpha chain of the FcRn (green) were simultaneously used to
determine co-localization (yellow). Nuclei are marked with DAPI (blue). Arrows point FcRn located in intracellular vesicles
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An aspect worth remarking is the heterogeneity of
FCGRT expression among individuals who donated
HUVECs or villi both determined in absolute levels or
index.

FcRn o-Chain Protein Detection

Representative cytometry graphs of human FcRn a-
chain protein expression by HMEC-1 and HUVECs are
shown in Fig. 2. As it can be observed, both cell types
are positive for this protein, although HMEC-1
apparently expressed lower levels in comparison to
HUVECs. However, they loom similarly stained in the
confocal microscopy images; the location is also similar,
co-localizing with the orange stain of CD-105 in the
majority of cells (Fig. 3 and 4). The FcRn a-chain
fluorescence was throughout the cell surface; however,
when the cells were permeabilized the fluorescence was
also detected in the cytoplasm, including vesicles. The
FcRn fluorescence intensity detected by cytometry and
confocal microscopy was similar among HUVECs of
different individuals (data not shown).

Discussion

Human FcRn is a receptor involved in two
important mechanisms of IgG-mediated passive
protection and homeostasis, described long ago:
Transcytosis and internalization (Ward and Ober,
2009), which are performed by epithelial and
endothelial cells (Borvak er al., 1998). It is probably
also related to amelioration of pathogenic events, but this
has not been confirmed in humans. Furthermore, due to
controversy about sub-cellular mechanisms underlying
these phenomena, it is important to have human cell
models that express FcRn.

In this study we demonstrate that two varieties of
human endothelial cells, HMEC-1 and HUVECs, of
microvasculature and of macrovasculature, respectively,
express the receptor and its location. We chose these two
cell subtypes because they are easy to obtain and grow in
vitro and they have specific characteristics of endothelia
(Ades et al., 1992; Xu et al., 1994; Unger et al., 2002;
Lang et al., 2003). Using RT-PCR, cytometry and
confocal microscopy we found that both cell types
express FCGRT mRNA and protein and can therefore be
used as models to study processes mediated by this
receptor. Zhao et al. (2011) detected the FcRn in the
cytoplasm of both arterial and venous endothelial cells
by immunohistochemistry in sections of umbilical
cords from full-term healthy pregnant women; so our
results are consistent with theirs. However, we could
semi-quantify mRNA of the alpha chain of the receptor
and we found expression heterogeneity among
individuals. Also, we located the molecule both
superficially and intracellularly.

Regarding HMEC-1, Ober et al. (2004a; 2004b) used
FcRn-Green Fluorescent Protein (GFP)-transfected
HMEC-1 cells to analyze the trafficking of the receptor
and its IgG ligand. They demonstrated the capacity of
these cells to express both B2M and FcRn alpha chain
genes if transfected, but they did not show expression of
the endogenous gene. In this study we confirmed that
HMEC-1 cells are expressing this molecule on the
surface, where it co-localized with CD105, but also
within vesicle-like structures in the cytoplasm.

It was interesting to find that HMEC-1 cells
homogeneously express higher mRNA levels than
HUVECs and villi. In the later two, mRNA expression
differed among individuals. This could be due to gender,
gestational age or the part of the cord taken to isolate the
cells. This was reinforced by the fact that different levels
were found with the samples of the same individual (not
shown). Another explanation is differential gene
regulation. In this regard, Liu et al. (2007) found that
stimulation of intestinal epithelial cell lines,
macrophage-like THP-1 and freshly isolated human
monocytes with TNF-a up-regulated FcRn gene
expression. In addition, the TLR ligands LPS and CpG
oligodeoxynucleotide enhanced FcRn expression,
specifically in THP-1 and monocytes. Addition of NF-
kB in TNF-stimulated THP-1 resulted in down-regulation
of the FcRn gene. Likewise, the same group showed that
IFN-y down-regulated FcRn expression at both mRNA and
protein level, which was STAT-1 signaling pathway-
dependent in the same cells but detected a relative inability
of IFN-y to down-regulate FcRn production in Caco-2 cells
(Liu et al., 2008). These findings indicate that control
mechanisms of FcRn transcription regulation differ
among cell types (Liu ef al, 2008).

In our study, the protein amount seemed not to vary
as assessed by confocal microscopy, but we found
differences between HMEC-1 and HUVECs by flow
cytometry, in this case being HMEC-1 cells less positive.
Nevertheless, this could be due to the fact that they were
detached with higher concentrations of trypsin; the
receptor may be sensitive to the action of the protease,
which is reinforced by a similarly lower label of the
endothelial marker CD105 (Fig. 2).

In permeabilized cells of both types, some vesicle-
like structures filled with FcRn, but not CD105 were
seen, which supports that the location of the receptor is
superficial and intracellular (probably in endosomes).

The results suggest that the HMEC-1 line could serve
as a good model to study FCGRT related processes.
However, it is important to consider that it is a
transformed line and some of the regulatory mechanisms
could be altered. In fact, mRNA levels of FCGRT are
much higher in these cells than in HUVECs or villi,
although for B2M they were similar (Fig. 1).
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One question that remains unclear is the biological
function of the FCGRT in HUVECs in vivo, for these
cells are not likely to be involved in transcytosis. Since
they belong to macro-vasculature endothelium, it is also
unlikely that they have an important role in IgG level
regulation, like microvasculature cells do, but this cannot
be ruled out. Of interest is that the absolute and relative
mRNA expression of both FCGRT and B2M genes were
similar between HUVECs and chorionic villi, but
important differences among individuals were found.

Conclusion

HMEC-1 and HUVEC endothelial cells express the
neonatal Fc gamma receptor on the surface as well as
intracellularly, enabling them as models for FcRn
expression. This grants the possibility of
understanding and manipulating the mechanisms in
which the receptor is involved. Of importance is that
expression of the alpha chain varies of among
HUVECS from different individuals.
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