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There have not been many studies on the human cellular response to bovine. In this study, we re-

port the first evidence that the human cellular response to bovine is weaker than to allogeneic hu-

mans. Human peripheral mononuclear cells were cultured with inactivated bovine peripheral mono-

nuclear cells. Allogeneic mixed lymphocyte reaction (MLR) and human anti-porcine MLR were com-

pared with human anti-bovine MLR. In addition, human cytokine production against bovine was as-

sessed by enzyme-linked immunoabsorbant assay (ELISA) of culture supernatant. The results of

ELISA showed that human peripheral mononuclear cells produced preferentially Th1 deviated cy-

tokines (INF-y and TNF-a;) upon stimulation by bovine peripheral mononuclear cells. But the magni-

tude of the cytokine production was lower than in the allogeneic combination. The examination of

MLR showed that human anti-bovine MLR was significantly weaker than allogeneic MLR, and on the

same level as the human anti-porcine MLR. These results suggest that the human cellular response

to bovine is weaker than to allogeneic humans.

Introduction

Since swine have been considered potential
xenogeneic donors, a large body of evidence on
the human immune response to swine has been
reported, including on the cellular immunity
level””. The cloning of a certain species of ani-
mals by nuclear transfer, however, has opened a
new door to xenotransplantation”. The technique
of cloning animals has been extensively investi-
gated in bovine rather than in swine, especially in
Japan, and generating gene-disrupted animals by
nuclear transfer is easier in bovine than in swine.
We previously reported the possibility of using
bovine as xenogeneic donors”.

Once hyperacute rejection (HAR) is overcome,
cellular rejection will be encountered, and we
therefore thought that it might be of value to elu-
cidate the human cellular response against bo-
vine. In this study, we report the results of mixed
lymphocyte reaction (MLR) examined between
humans and bovine.

Materials and Methods

The present study was performed with the
permission of Tokyo Women’ s Medical Univer-
sity, Institute of Laboratory Animals (99-142).

Isolation of peripheral blood mononuclear
cells

Heparinized human peripheral blood was ob-
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tained from healthy blood donors. Bovine periph-
eral blood was obtained from the same line of bo-
vine we were cloning. Porcine peripheral blood
was obtained from the local slaughterhouse. Pe-
ripheral blood mononuclear cells (PBMC) were
separated by Ficoll density centrifugation. After
harvesting the interface, residual red blood cells
were lysed with ammonium chloride solution.
Washing the PBMC three times with phosphate
buffer saline (PBS), they were resuspended with
AIM-V medium (Life Technologies, Rockville,
MD). Human PBMC were used as responder
cells. Allogeneic human PBMC (Group 1), porcine
PBMC (Group 2) and bovine PBMC (Group 3)
were used as stimulator cells.

Preparation of stimulator cells

For the preparation of stimulator cells, PBMC
were resuspended in 5 ml of RMPI 1640 (Life
Technologies) , and incubated with mitomycin
(250 pug/ml, MITOMYCIN Kyowa S, KYOWA
Co, Tokyo). After 30-min incubation at 37 C,
PBMC were washed 3 times with PBS and, fi-
nally, PBMC were resuspended in AIM-V me-
dium.

Cell staining and flow cytometry

Approximately, 1 X 10° of responder cells were
cultured with the equal number of stimulator
cells. Flow cytometry was performed at the day-0
and day-5 of the in vitro culture. Human PBMC
were stained as follows. Approximately, 5 % 10°
PBMC were stained in 100 pl of staining buffer
(Hank’ s balanced salt solution, 1% heat inacti-
vated normal human serum, 0.1% NaN;) contain-
ing saturating concentration of antibodies di-
rectly labeled with fluorescein isothiocyanate
(FITC), or phycoerythrin (PE). Anti-human CD
3-FITC, CD14-FITC, CD19-PE, CD56-PE CD25-
PE, HLA-class I antibodies were purchased from
Pharmingen (San Diego, CA). The cells were
stained for 30 min at 4 C, washed 3 times, and
analyzed by flow cytometry on a Becton-

Dickinson FACscan (Mountain View, CA) .
Propidium iodide was added to each samples (0.5
ug/sample) to exclude dead cells.

Cytokine analysis

Approximately, 5 X 10° of responder cells and
stimulator cells were dissolved with 2 ml of AIM-
V medium in 24-wells tissue culture plates. After
3 days of incubation at 37 Cunder a 5% CO. at-
mosphere, 150 pl of culture supernatant was col-
lected and transferred to 96-well tissue-culture
plates. Measurement of human IL-2, INF-y, TNF-
o,1L-4 and TGF-B were carried out by ELISA us-
ing antibodies from according to the manufac-
ture’ s recommendations. The results were com-
pared with the results for human PBMC cultured
with the same human PBMC (Auto).

°H incorporation assay

Responder cells and stimulator cells were re-
suspended in AIM-V medium at a concentration
of 1% 10° cells/ml. Responder cells were cultured
with an equal number of stimulator cells in a 96-
wells flat bottom plates. The plates were incu-
bated at 37 Cunder a 5% CO, atmosphere for 5
days before pulsed with *H-thymidine (1u Ci/well,
NEN Dupont, Boston, MA) . Proliferation was as-
sayed by *H-thymidine incorporation measured
by MATRIX™ 96 (PACKARD, Meriden, CT).
The results of Group 1, 2 and 3 were compared
with that of MLR of human PBMC which had
been cultured with self-PBMC (Group 4).

Statistical analysis

Statistical analysis was performed using Gra-
phpad Prism 2.01 software. ANOV A method was
used for the calculation of the statistical signifi-
cance. P-value less than 0.05 was accepted as a
significant difference.

Results

Flow cytometry (Fig. 1)

As shown in Fig. 1, the frequency of CD3 posi-
tive cells of Group 3 increased from 40.3 +45% at
day-0 to 61.6 + 6.8% at day-5. The frequency of
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Fig.1 Phenotypic change of human PBMC
Phenotypic changes of human PBMC Dbefore
(white) and after co-culture with allogeneic human
PBMC (black), porcine PBMC (dotted) and bovine
PBMC (hutched) were analyzed with flow cytometry.
Human CD3* T cells tended to express a higher level
of CD25 after they were cultured with allogeneic hu-
man PBMC, than with xenogeneic bovine PBMC.

Numbers were presented with mean = SD.

CD19 positive cells did not change significantly.
The frequency of CD56 positive cells rose from
159 =72 to 252 £ 89% . The increase in fre-
quency of NK cells was also observed in Group 1
and Group 2. Although HLA class I of human
blood donors was typed in all experiments, no
correlation between class 1 disparities and the
change in the frequency of NK cells was ob-
served (data not shown). CD14 positive cells
were not detected after in vitro stimulation.
There were no significant differences in the phe-
notypic changes between Group 1, 2 and 3. In
Group 3, the expression of CD25 was detected on
the surface of 15.9 =7.2% of the CD3 positive T
cells at day-5. Although the number of activated
CD3 positive T cells was not statistically lower
than that of Group 1, human CD3 positive T cells
tended to express higher levels of CD25 in Group
1 than in Group 3.

Cytokine analyses (Fig.2)

Fig. 2 shows the results of the cytokine produc-
tion of human PBMC, which had been stimulated
with allogeneic and xenogeneic stimulator cells.

Although there were no significant differences in
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the production of IL-2, IL-4, TGF-8 between
Group 1, 2 and 3, the production of INF-y and
TNFo was significantly higher in Group 1 (109.0
+239 IU/ml) than in Group 2 or Group 3 (56.1
+4.7 and 1.6 =0.3 IU/ml respectively, p<0.05).

Human anti-bovine MLR (Fig. 3)

As shown in Fig. 3, anti-bovine MLR (Group 3)
was significantly weaker than the allogeneic
MLR (Group 1). There was no significant differ-
ence between anti-bovine and anti-porcine MLR
(Group 2). The experiments were repeated 5
times, using different human, porcine and bovine
blood donors, and the human anti-bovine MLR
was weaker than the allogeneic MLR in all ex-
periments.

Discussion

Since our ultimate goal is to overcome HAR by
producing o1-3 galactosyl transferase knockout
bovine, we thought that it was clinically impor-
tant to obtain some information on the human cel-
lular response to bovine. Previous studies were
mainly concerned about xenogeneic human cellu-
lar responses to examine whether swine could
serve as a donor. The present study, however, is
the first on examination of the MLR between hu-
man and bovine cells.

The xenogeneic cellular response can be gener-
ally divided into two phases: an induction phase
and an effector phase. The effector phase of the
human cellular response to xenogeneic donors is
largely dependent on NK cell mediated killing

%9 Previous studies on the induction

function
phase of human cellular response against xenoge-
neic donors, on the other hand, have yielded con-
flicting results. Some studies reported that hu-
man xenogeneic MLR was weaker than alloge-
neic MLR?”, and other experiments reported the
opposite”®. In the present study, in order to ex-
amine the immunogeneicity of bovine PBMC
against human PBMC, human anti-bovine MLR

was examined, and the results revealed that hu-
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Fig.2 Cytokine production of human PBMC
Cytokine production of human PBMC against allogeneic human PBMC (black), por-
cine PBMC (dotted), bovine PBMC (hutched) and self-human PBMC (horizontal) was
measured by ELISA. The white bar represents cytokine production of human PBMC

without stimulator cells.

man anti-bovine MLR was weaker than human
allogeneic MLR.

The most important player in the induction
phase may be CD4" T cells. Upon activation, CD
4" T cells requires the engagement of T cell re-
ceptor (TCR) by xenogeneic peptides with self

MHC class II antigen (indirect pathway). CD4"
T cells may also recognize xenogeneic peptides
with xenogeneic MHC (direct pathway). In both
the indirect and the direct pathway, CD4" T cells
require signals through co-stimulatory molecules
in addition to signals through TCR. The complex-
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Fig.3 Results of human anti-bovine MLR
Human anti-bovine MLR (hutched) was compared
with allogeneic MLR (black) and anti-porcine MLR
(dotted) . Human anti-bovine MLR was weaker than
allogeneic MLR. (*) ; p<<0.05.

ity of the human xenogeneic cellular response
partially arise from questions of whether human
CD4" T cells can recognize xenogeneic MHC

molecules”"”

, and whether human co-stimulatory
molecules can interact with xenogeneic co-
stimulatory molecules®'”. Results of the MLR in
the present study revealed that human anti-
bovine and anti-porcine MLR were weaker than
the allogeneic MLR. For the further evaluation,
elucidating the effector phase is essential to un-
derstand xeno-recognition between human and
bovine.

Human PBMC are known to produce a group
of cytokines, ie, Th1/Th2, against certain types of
targets and there have not been many studies on
human cytokine production in response to xeno-
geneic targets, especially against bovine cells.
Previous studies have reported the defective cy-
tokine interactions across the species”™ . The
results of cytokine analysis in our study revealed
that human lymphocytes preferentially produced
TNFo and INF-y, but the magnitude of the cy-
tokine production was weaker than that of alloge-
neic combination. The findings may not be the
cause of the defective T cell recognition, but the

consequence of the defect in T-cell recognition.
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The above findings together with the results of
flow cytometry, cytokine production and MLR,
indicate that the human cellular response against
bovine might be weaker than against allogeneic
MLR in the induction phase.
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