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ABSTRACT

FcRn (neonatal Fc receptor) plays an important role in 1gG transportation, antigen presentation and signal
transmission. In this study, the complement fixation test and flow cytometry test were performed to verify whether
the heterologous antibody could be transmitted to the serum or leukocyte with FcyR (Fc gamma receptor) across the
intestinal mucosa. The results showed that rabbit anti-bovine 1gG could be detected in both the serum and the
leukocytes, which indicated that the heterologous antibody could transport across the intestinal mucosa to enter the
blood and be effectively delivered to the leukocytes with FcyR. In addition, the results also showed that the rabbit
anti-bovine 1gG still could be detected in the leukocyte group (P=0.044<0.05) after 21 days. It indicated that the
rabbit 1gG could exist in the body for a long term (up to 21 days) after being transported to the cells containing

FeyR.
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INTRODUCTION

The neonatal Fc receptor (FcRn) is an MHC
(major histocompatibility complex) Class I-like
molecule that can protect IgG and albumin from
catabolism and mediate the transportation of 1gG
across epithelial cells (Kuo et al. 2010). FcRn
transfers the acquired immunity by the mother
during her early years to the fetus via the placenta,
and the main mediator for the delivery to infants is
breast feeding. In addition to its crucial roles in
exerting 1gG transportation, FcRn has other
various functions. Professional APCs (monocytes,
macrophages and some dendritic cell (DCs)
subsets) express FCRn (Zhu et al. 2001) and are in
charge of carrying the antigen across the
gastrointestinal barrier (Yoshida et al. 2004),
controlling and prolonging the life of IgG (Ward
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et al. 2003) and combining with albumin,
controlling the transportation, circulation and life
of albumin (Chaudhury et al. 2003; Kim 2005;
Andersen et al. 2006).

The process of FcRn combining with IgG requires
strict pH dependency, i.e., when in pH 5.0-6.0,
FcRn and 1gG combine via nanomolar appetency.
Once the environment changes to be pH 7.0, the
combination will reduce by over 2 levels (Popov
and Hubbard 1996). In general, the pH near the
intestinal epithelium is lower (6.0~6.5); thus, the
IgG that reaches the surface of the intestinal
epithelial cells can combine well with the FcRn
that expresses on top of the epithelial cells, then
enter into the cells via the endocytosis of FcRn
mediation after the FcRn-IgG compound goes
through the epithelial cell and gets to the base
surface (pH over 7.0). Therefore, the IgG here will
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be released again and combine with multiple cells’
FcyR or enter into the blood for circulation.
Experiments also proved that the FcRn existing on
the surface of epithelium mucosal cells has the
role of transporting 1gG bi-directionally (Claypool
et al. 2004); consequently, FCRn exerts a pivotal
role during the process of immunological
recognition and response mediated by antibody.
FcRn plays an important role in IgG
transportation, life control, intestinal tract antigen
presentation and signal transmission (Roopenian
and Akilesh 2007). Therefore, it has extensive
development and application prospects in the
fields of prolonging the engineering of
monoclonal antibody life (Gurbaxani et al. 2013),
conducting therapy for all kinds of disease,
including cancer (Chee et al. 2014), synergism of
oral vaccines (Devriendt et al. 2012) and
autoimmune disease (Lépez-Exposito et al. 2011;
Rothe and Rubbert 2011), etc. According to the
binding site of FcRn and 1gG, taking the Fc fusion
protein of 1gG as the medicine (or vaccine) and
FcRn as the carrier, the oral medication of
biological products (Bitonti and Dumont 2006;
Datta-Mannan et al. 2007) can be carried out
across the epithelial cells via transcytosis. Some
studies have been reported to fuse the Fc segment
of 1gG1 with auxin. Such a recombination of Fc-
auxin fusion proteins’ transport efficiency is far
higher than the individual auxin (Jones and
Waldman 1972), and some people prove that the
Fc fusion protein taken orally may transport via
FcRn, thereby promoting cross mucosa (Walsh
and Jefferis 2006). It is believed that this will
provide a new approach for the therapy of disease
and cancer.

In recent years, the monoclonal antibody has been
applied to cure multiple diseases (especially
cancer) in clinic, and great progress has been
made in preparing and adapting the balb/c mouse
monoclonal antibody. However, there are several
puzzles that need to be overcome (Shuptrine et al.
2012): 1. It costs too much and is applied mainly
in cancer therapy, which is hard to promote the
application for general treatment of diseases; 2.
The monoclonal antibodies are needed to reach
the target site effectively. As the transportation
system, FcRn in particular is needed to help to
transport the antibodies cross the blood brain
barrier and multiple barrier systems. To a great
extent, all of the antibody’s life and concentration
depend on its affinity with FcRn (Buss et al. 2012;
Cooper et al. 2013). To conquer the life and

transportation issues of monoclonal antibodies,
extensive research shall be done for FcRs,
especially for FcRn (Albanesia and Daéron 2012;
Ng et al. 2014). Up to now, few investigations has
been done to indicate whether or not the
heterologous antibody can be absorbed via hFcRn
(human neonatal Fc receptor).

Pang et al. (Pang et al. 2014) proved that the
heterogeneous antibody can indeed transport
across the gastrointestinal mucosa barrier through
FcFn. Moreover, it can directly transport the
heterogeneous antibody to other leukocytes with
Fc receptors (FcR) from the intestinal epithelium,
which may not only protect the heterogeneous
antibody from degradation or exclusion, thus
prolonging its half-life, but also may exert the
protective role of antibody-dependent cell-
mediated cytotoxicity (ADCC). Interestingly, the
results indicated that the affinity between hFcRn
and rabbit 1gG is not only greater than other
animals’ (sheep, horse, cattle) antibodies, but also
even greater than that of humans. Obviously, if the
heterogeneous antibody can enter into body via
oral intake, it will combine with leukocytes with
multiple FcyRs under the epithelium, which can
protect it for exerting specific immunity functions
and prolong its half-life. If this condition generally
exists in mammals, especially human, it will
develop a new path to cure many diseases through
oral intake of heterogeneous antibodies, including
cancers. In this study, in order to evaluate whether
the rabbit antibody can transport to the human
body via hFcRn, the rabbit anti-bovine polyclonal
antibody was administered by the young healthy
volunteers. Then the complement fixation test was
used to detect the rabbit anti-bovine antibody in
the subjects’ peripheral blood leucocyte and
plasma.

MATERIAL AND METHODS

Material and reagents

The freeze-dried complement (C3), hemolysin,
sheep red blood cells and FITC-labeled bovine
IgG were provided by Shijiazhuang Huarui
Innovation Biotechnology Co., Ltd. The white
blood cell separating medium was provided by
Beijing Mr. Lai Treasure Technology Co. Ltd.
Freund’s complete and incomplete adjuvant was
provided by Tianjin HaoSi Biological Technology
Co., LTD. The Red Blood Cell Lysis Buffer,
whole blood and organization diluent and the
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HANKS scrubbing solution were purchased from
Tianjin Hao Ocean Biological Technology Co.,
Ltd. The standard rabbit serum was provided by
Tianjin Kori Biological Technology Development
Co., LTD. The New Zealand White Male Rabbits,
body weight: 2.5-3.0 kg, were purchased from
Tianjin President Francois Experiment Supplies
Co., Ltd.

Apparatus

Thermo Labsystem MK3 Microplate Reader was
made by Thermo Electron Corporation; high-
speed refrigerated centrifuge (3K15) was provided
by Sigma-Aldrich Co. LLC; Flow FC500 flow
cytometer (FCM) was made by Beckman Coulter,
Inc. TE2000 Fluorescence microscope was made
by NIKON Instruments CO. Ltd; 96-pore plate
(655209) was provided by CKRG Biological
Engineering Technology & Services Co. Ltd.

Preparation of rabbit anti-bovine 1gG

Separate the serum after the fresh bovine blood
was coagulated, precipitate with different
saturated ammonium sulfates, then fractionate and
separate with desalting. The purity of the obtained
IgG was higher than 95%. Twelve healthy male
white rabbits from New Zealand were fed for 1
week to adapt to the environment. 5 mL of rabbit
blood was gathered via the vein before the date of
the primary immunization, and the serum was
separated and saved under cold condition. The
separated bovine 1gG (antigen) was mixed with
Freud’s complete adjuvant with balanced
amounts, sufficiently emulsified to be emulsion
for the primary immunization. Use the multipoint
injection on the back’s subcutaneous tissue, inject
1 mL emulsion for each rabbit; the second
immunization is conducted in the next two weeks.
Mix the bovine 1gG with an equal amount of
Freund's incomplete adjuvant to prepare as
emulsion. The immunization method and dosage
were the same as in the first one. Conduct the
third and fourth booster immunization in the 3"
and 4™ weeks. Take the venous blood in the edge
of the ear 5 days after the 4" immunization,
measure the antiserum’s titer with the double
immunodiffusion method. If the titer hasn’t
reached the required amount, continue the
intravenous injection to conduct the booster
immunization. When the antiserum titer reached
or exceeded 1:32, whole blood could be used, and
then the antiserum could be separated. By means
of the different saturability of ammonium sulfate

precipitation, separate the rabbit anti-bovine 1gG.
After dialyzing and desalting, then the purified
rabbit anti-bovine IgG was obtained. After low
temperature freezing and drying, the purity was
over 95%.

Separation of leukocyte from the blood

Take the fresh anti-coagulant blood 4 mL (V) to
add into the isometric tissue diluent (V). Mix
sufficiently and carefully add the leukocyte-
separating medium (2V) slowly on the liquid
level, centrifuge for 25 min at 500 g. At this time,
the centrifuge tube is separated into 4 layers from
top to bottom. The first layer is plasma; the second
layer is cyclic annular milky leukocyte; the third
layer is the separating medium with slightly
turbidity, and certain leukocytes are gathered in
this layer; and the fourth layer is made of
erythrocytes. Carefully suck up the first layer and
discard, collect the second, third and fourth layers,
put them into the test tube, and wash them with a
certain volume of Hanks solution. Even after
mixing, centrifuge for 30 min continually with
500 g centrifugal force, take the sediment after the
first wash, add erythrocyte lysate (generally add 3
times of the original blood volume) to split the
erythrocytes. After being washed again, the white
sediment (leukocytes) was obtained.

Intestinal mucosa transportation of 1gG

10 healthy, young university student volunteers
were recruited from Tianjin  University of
Commerce. Before the experiment, all of them
signed the consent, safety and responsibility
agreements. The testers may conduct the
experiment through a one-week diet adjustment.
Each tester abstains from food before the official
experiment. On the day of the experiment, the
venous blood was gathered at 9:00 AM as control.
The volunteers took rabbit anti-bovine 1gG 150
mg/kg immediately after lunch (12:00 noon)
(drink via a normal, disinfected saline solution),
and the venous blood was collect in 4 h. Separate
the serum with the centrifugation (1000 g, 10 min)
at 4°C.

This experiment used the anti-bovine 1gG antigen
to test the specific rabbit anti-bovine IgG
antibody. Primarily, after taking the rabbit anti-
bovine IgG orally (4 h), using the bovine 1gG as
the antigen, detect whether the rabbit anti-bovine
IgG exists in the blood and leukocytes, thus
judging whether this heterologous antibody IgG
can transport across the intestinal mucosa barrier.
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In the indicating system, one pair of the antigen-
antibody compound formed from sheep
erythrocyte and hemolysin is called a sensitized
erythrocyte. Bovine IgG and rabbit anti-bovine
IgG used for the pending test also consisted of one
pair of the antigen-antibody compound. While
conducting the CRT experiment, in the indicating
system, the sensitized erythrocyte and rabbit anti-
bovine 1gG used for the pending test can combine
with the complement. Thus, the limited
complement existed in the competitive
complement system (C3). Eventually, according
to the condition of hemolysis, we determine
whether or not the rabbit anti-bovine 1gG exists in
the blood (or leukocytes). If there is no hemolysis,
it expresses as CFT positive, which means that the
heterologous antibody 1gG may transport across
the gastrointestinal mucosa. Conversely, if there is
hemolysis, it expresses as CFT negative, which
means that the per-oral heterologous antibody 1gG
cannot transport to the blood across the
gastrointestinal mucosa. Because the hemoglobin
will release after the breakdown of the
erythrocytes in the hemolysis, after the normal
test, put it into a refrigerator at 4 °C for 12 h; the
erythrocyte that has not broken down will
precipitate as sediment. The hemachrome in
supernate of the sample was detected with ELISA
at 384 nm. Thus we may further measure the
hemolysis condition for sheep red blood cells via
guantification.

While conducting the experiment, we respectively
set the tested serum control (before rabbit anti-
bovine 1gG taken orally), complement control,
antigen control, negative serum control and
positive serum control. The tested serum was
taken as the sample testing object. The criteria of
the experimental result are: the tested serum
control, complement control, antigen control,
negative serum control all show complete
hemolysis, while the positive serum control and
erythrocyte control do not show complete
hemolysis.

Flow cytometry tests

Take two flow tubes (1 and 2), mix the fresh
anticoagulant blood around 8 to 10 times, put 100
pL of anticoagulant blood into both flow tubes,
and then add 20 pL of bovine IgG marked with
FITC into Tube No. 2, leaving Tube No. 1 to be
the control tube. After adding the antigen, rotate it
and blend it together, let it sit for 20 min at room
temperature in the dark. After the antigen and the

blood react sufficiently, add 2 mL of
10xhemolysin into each tube, mix evenly and
leave them for 8 to 10 min under room
temperature without sunlight. Pay attention; the
hemolysis time should not be too long in order to
prevent damaging the leukocyte. Take out the
tube. The solution will be clarified at this time.
Centrifuge for 5 min at 300 g, take out the tube
and vertically pour in 2 ml of phosphate buffer
solution (PBS). Rotate to mix evenly, centrifuge
for 5 min at 300 g under room temperature, take
out the tube, discard the clear liquid, mix evenly,
then add 0.5 mL PBS and rotate evenly. Place it in
a 4°C refrigerator and store in the dark. Conduct
the flow cytometry test within 4 h. While testing,
use the Acquisition Template Files software to
obtain the pattern file, use the Cell Quest Pro
software to set and adjust the instrument and
obtain the data via the preset pattern files.

Fluorescence microscopy detection

The blood pretreatment method was the same as
with the flow cytometry test: Take one drop of the
sample to drip to the glass slide (the thickness of
about 0.17 mm), add the cover glass, let this
sample distribute evenly, then observe under the
fluorescence microscope and take pictures.

Data analysis

All of the data were analyzed using the statistical
software package Statistical Product and Service
Solutions (Version 16). Independent-sample t-
tests were used for the analysis.

RESULTS AND DISCUSSION

After the volunteers take the rabbit anti-bovine
IgG, the rabbit anti-bovine 1gG in the serum
sample was processed via the complement fixation
test (CFT). The hemolysin generated in the
hemolysis was detected at 384nm. The results are
shown in Table 1. Take the serum collected before
the testers take the rabbit anti-bovine 1gG as the
control group, and the serum collected after 4h of
the administration as the experimental group. The
pairing T testing results showed that the control
group and experimental group had obvious
differences (P=0.015<0.05), which meant that
rabbit anti-bovine 1gG can be transported to the
blood across the intestinal mucosa per os. After 21
days, the content of rabbit anti-bovine IgG in the
serum has no obvious differences compared with
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the control (P=0.073>0.05). That is to say, there is
no rabbit anti-bovine 1gG in the serum after 21
days. Four hours after the volunteers take the
rabbit anti-bovine 1gG, the heterologous antibody
actually can enter the blood across the hFcRn
intestinal mucosa barrier via the epithelial cells,
but the rabbit anti-bovine 19G will metabolize or
be eliminated after a period of time due to the free
state.

Table 1 - Rabbit anti-bovine 1gG in the serum (O.D
384 value).

Control Group Experimental Experimental

(before eating) Group Group
(4h after eating)  (21d after eating)
1.161 1.002 1.159
1.153 0.924 1.147
1.252 1.033 1.247
1.372 0.997 1.365
1.031 0.986 1.033
1.245 1.085 1.241
0.972 0.959 1.247
1.616 0.921 1.558
1.762 1.109 1.689
1.158 1.064 1.145

Table 2 - Rabbit anti-bovine
combination (OD384 value).

IgG of leukocyte

Control Experimental Experimental
Group Group (4h) Group (21d)
0.890 0.667 0.882
0.845 0.701 0.827
0.879 0.689 0.868
1.000 0.828 1.002
0.854 0.692 0.846
0.872 0.676 0.863
0.889 0.871 0.869
0.952 0.845 0.925
0.946 0.696 0.934
0.813 0.787 0.808

Many leukocytes can express FcR, including
myeloid cells of all types and some lymphoid cells
such as B cells, NK cells and NKT cells
(Albanesia and Daéron 2012). Therefore, we
investigate whether or not the rabbit anti-bovine
IgG is exiting in the leukocyte. The results are
shown in Table 2. The pairing T testing results
indicated that experimental group and the control
group showed obvious differences
(P=0.027<0.05). The FcyR of the leukocyte in the
blood does indeed combine the heterogeneous
rabbit anti-bovine IgG, and the heterogeneous
antibody can enter into the intestinal epithelium
across the intestinal mucosa barrier after being
taken orally and absorbed through the hFcRn cells

of the intestinal mucosa system. The rabbit anti-
bovine IgG was delivered to the cells with FcyR,
and then enters into the blood for circulation
(Pang et al. 2014). After 21 days, the content of
rabbit anti-bovine 1gG in the leukocyte had
obvious difference compared with the control
(P=0.044<0.05), which meant that the rabbit anti-
bovine IgG still existed in the leukocyte.

In this study, it was indicated that the epithelial
cells, microfold cells, dendritic cells and several
kinds of APC cells (antigen resenting cells) with
FcRn expressed in the intestinal mucosa system
actually may transport rabbit anti-bovine 1gG to
the lamina propria of the intestinal epithelium,
gut-associated lymphoid tissue (GALT) or Peyer’s
patches (PP), while at pH 7.0, the heterogeneous
rabbit anti-bovine IgG will be transported to
multiple immune cells with FcyR and exert the
role of ADCC. To trace the persistence time of
rabbit anti-bovine IgG in the body, we detected it
in the serum and leukocytes after 21 days. The
results showed that the leukocytes still contained a
certain amount of rabbit anti-bovine 1gG. The
reasons for this may be: after the Fc end of the
heterologous antibody and the Fc on the leukocyte
combine, the species variation of the antibody Fc
segment is “buried.” However, the part to identify
the foreign heterologous antibody is just the Fc
segment, thus the rabbit anti-bovine IgG that
combined with Fc may avoid the identification of
the engine body and the role of degradation and
elimination, so the life can be prolonged
effectively. We can see that the rabbit anti-bovine
IgG taken orally can be absorbed by the cells of
FcRn. Herein at least some parts are transported
directly to other cells that express FcyR, which
then exert the specific immunity response and the
protection for rabbit anti-bovine 1gG and the role
of life extension.

To further confirm whether or not the rabbit anti-
bovine 1gG taken orally really is combined with
the FcyR positive cytomembrane, and whether or
not it effectively prolongs the life, we may mark
the bovine IgG (FITC labeled bovine 19gG) with
fluorescein isothiocyanate and test the leukocyte
after 21 days via Flow Cytometer (FCM). The
results are shown in Figure 1 A-G.

The data of both the scatter diagram and the
histogram meant that there is a fluorescence signal
in the blood pending testing, that is, the bovine
IgG marked with FITC is identified via rabbit
anti-bovine 1gG, then absorbed and transported to
the leukocyte with FcyR.

Braz. Arch. Biol. Technol. v.58 n.3: pp. 387-394, May/Jun 2015



392 Pang, G. et al.

b Sl ® A DATAQ408.001 Cvo DATA0408.002
g_ m‘.?'; o]
;g; ] s
- I(\I - i
48 =7 Z 2]
=8 o1
c-'l.llllllll'Illll'l'l'lllll . o :
0 200 400 600 800 1000 0 200 400 600 800 1000 2 e
FSC-H FSCH
D : DATA0408.001 DATA0408.002
Oarssasts . & - &
FiDATAD408 004 LogDaa Ui Lnear Va3 3]
Gae 62 Gaed Evens 50 . " " M2
Tota Events: 10000 XPaaneler FSCH(Lea) Q3 & I
0~ J -7
YPuamelrFLIH(log  Owadlocaion 056 S S 1w
88. M1 08'
Ouad Evenls %Gaed %Toid : :
T Y o Q.
- -
W 0 00 00 ]
L %3 %% 92 o © e
0 1 4 10 10 10 10 10
R0 000 00 100 10 F:fﬁ 10° 10 o
G Histogram Statistics

File: DATA0408.002
Gate: No Gate
Total Events: 10000

Marker Left, Right Events

Log Data Units: Linear Values
Gated Events: 10000
X Parameter: FL1-H (Log)

% Gated <% Total

All 1, 9910 10000
M1 1, 25 9377

100.00 100.00
93.77 93.77

Figure 1 - The detection maps of FCM (c) and (f) are FSC-SSC two-dimensional scatter diagrams and
FLI histograms, respectively, after the leukocyte in the fresh blood combines the bovine
1gG marked with FITC. In Fig (a), the region R1 means the leukocyte, (b) and (e) represent
region R1 cells’ fluorescence signal in channel FL1, (b) is the scatter diagram, and (e) is
the histogram. Analyzed via Cellquest software, the scatter diagram shown in (d) means, in
the cells in region R1, 6.24% is detected with remarkable reinforced fluorescence signal;
the analysis result of histogram (g) indicates that the cells with remarkable reinforced
fluorescence signal cover 6.29% of cells in region R1.

We incubated the processed fresh anticoagulant
blood with bovine IgG marked with FITC, and
observed the cells marked with fluorescence by
fluorescence microscopy (Fig. 2). After incubating
the reaction between the antigen marked with

FITC and the fresh blood that was collected and
processed via rabbit anti-bovine 1gG in 21 days,
the cells with fluorescence signal were detected,
which indicated that the heterologous antibody —
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rabbit anti-bovine 1gG actually existed in the
tested blood.

Figure 2 - The antigen labeled with FITC under the
fluorescent microscope.

CONCLUSIONS

In this study, it was indicated that the heterologous
antibody — rabbit anti-bovine 1gG actually may be
transported into the blood across the intestinal tract
hFcRn and the intestinal mucosa barrier. After 21
days, the rabbit anti-bovine IgG didn’t exist in the
serum, which meant that the free-state antibody
that enters into the blood was quickly metabolized
and eliminated. However, the rabbit anti-bovine
IgG that combined in the leukocyte still existed. It
indicated that, after transporting the rabbit anti-
bovine IgG to the lamina propria of the intestinal
epithelium, gut-associated lymphoid tissue or
Peyer's patches, hFcRn could transfer it to the near
various leukocytes with FcyR. Because the Fc end
and the receptor combined, the heterogeneous
rabbit anti-bovine IgG’s Fc structural domain was
sheltered. The IgG’s Fc structural domain was the
key position through which the body identify its
own and the foreign IgG. The engine body cannot
identify and eliminate the combined rabbit anti-
bovine IgG as “foreign matter”, thus effectively
prolonged its life. Consequently, it can exert
ADCC and a series of immune responses and
protective effects while the specific antigen enters
(or invades).
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