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Rapamycin Induces Autophagy in Islets: Relevance in Islet Transplantation

M. Tanemura, A. Saga, K. Kawamoto, T. Machida, T. Deguchi, T. Nishida, Y. Sawa, Y. Doki, M. Mori, and T. lto

ABSTRACT

Islet transplantation can provide insulin independence in patients with type 1 diabetes
mellitus. However, islet allograft recipients exhibit a gradual decline in insulin indepen-
dence, and only 10% do not require insulin at 5 years. This decline may reflect drug toxicity
to islet B cells. Rapamycin, a central immunosuppressant in islet transplantation, is a
mammalian target of rampamycin inhibitor that induces autophagy. The relative contri-
butions of autophagy in transplanted islets are poorly understood. Therefore, in the
present study we sought to evaluate the effects of rapamycin on islet 8 cells. Rapamycin
treatment of islets resulted in accumulation of membrane-bound light chain 3 (LC3-II)
protein, an early marker of autophagy. In addition, rapamycin treatment of isolated islets
elicited not only reduction of viability but also downregulation of in vitro potency. To
further examine the occurrence of autophagy in rapamycin-treated islets, we used GFP
(green fluorescent protein)-LC3 transgenic mice that express a fluorescent autophago-
some marker. The GFP-LC3 signals were markedly increased in rapamycin treated islets
compared with control islets. In addition, to show improvement by blockade of autophagic
signaling, islets were treated with rapamycin in the presence of 3-methyladenine, which
inhibits autophagy. Thereafter, both islet viability and islet potency were dramatically
improved. The number of GFP-LC3 dots clearly increased after 3-MA treatment. Thus,
rapamycin treatment of islets induces autophagy in vitro. This phenomenon may contrib-
ute to the progressive graft dysfunction of transplanted islets. Therapeutically targeting
this novel signaling may yield significant benefits for long-term islet survival.

LINICAL ISLET TRANSPLANTATION in patients
with type 1 diabetes mellitus has recently increased

because of the results of the Edmonton protocol, arapamycin-
based, glucocorticoid-free, immunosuppressive regimen that
led to insulin independence at 1 year in 90% of treated
patients.” However, long-term follow-up indicated marked
reduction in graft function; only 10% of islet recipients
maintained insulin independence at 5 years.> While the
causes of decline in insulin independence rates seen in
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EFFECTS OF RAMPAMYCIN ON ISLET B CELLS

clinical islet transplantation are currently not fully under-
stood, this decline may reflect chronic toxicity of immuno-
suppressive drugs on islet 8 cells.

Rapamycin is widely used both as an induction and
maintenance immunosuppressant in islet transplantation as
part of the original Edmonton protocol." Rapamycin may
have deleterious effects on islet 8 cells. The immunosup-
pressive mechanism of rapamycin is based on blockade of
mammalian target of rapamycin (mTOR), a molecule with
a pivotal role in cell cycle progression from late G1 into S
phase in response to T-cell growth factor stimulation.* The
mTOR, which is ubiquitously expressed in various cell
types, is a serine/threonine protein kinase that regulates
important cellular process including growth, proliferation,
motility, survival, protein synthesis, and transcription.*
Furthermore, mTOR activity inhibits autophagy in cells
ranging from yeast to human.” Accordingly, the ability of
rapamycin to inhibit mTOR activity may induce autophagy.

Autophagy, meaning to eat oneself, is one of the main
mechanisms for maintaining cellular homeostasis. Although
this pathway is not directly a death pathway, it is a self-
cannabalistic pathway. Mediated via lysosomal degradation,
autophagy is responsible for destroying cellular proteins
and degrading cellular organelles, recycling them to ensure
cell survival. Although altered autophagy has been observed
in various diseases, including neurodegenerative diseases,
cancers, and cardiac myopathies,®® its role is not known;
the crux of the problem is whether the response is cell
protective or a mechanism of death.

The relative contributions of autophagy are poorly un-
derstood in transplanted islets. The objective of the present
study was to evaluate the effects of rapamycin on islet
B-cells, including autophagy induction, viability, and insulin
secretion, factors that may strongly contribute to progres-
sive dysfunction of transplanted islets.

MATERIALS AND METHODS
|solation of Pancreatic Islets

Anesthetized male BL6 mice underwent bile duct cannulation with
pancreatic inflation using 3 mL of extracellular-type trehalose-
containing Kyoto (ET-Kyoto) solution containing 1 mg/mL of
collagenase. The inflated pancreas was excised; cleaned of lymph
nodes, fat, and bile duct; and digested with collagenase VIII,
followed by purification using a discontinuous Ficoll gradient.
Isolated islets were cultured in RPMI (Roswell Park Memorial
Institute) 1640 medium.

Western Blot Analysis

Western blot analysis was performed to detect the accumulation of
LC3-I1, an LC3-phosphorylated conjugate, which is an early marker of
autophagy. Fresh islets (30 per well) were incubated for 24 hours in
culture medium in the absence or presence of either 1 or 10 ng/mL
of rapamycin. Protein samples from lysed cells underwent electro-
phoresis with 15% sodium dodecylsulfate—polyacrylamide gel and
were transferred to polyvinylidene fluoride membranes. Lysate
LC3-II was recognized by immunoblotting with an anti-LC3 mono-
clonal antibody (MBL International Corp, Woburn, Massachu-
setts).” As the loading control for the samples, we also detected
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protein expression of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). Protein expression levels of both LC3-II and GAPDH,
expressed in arbitrary units, were quantified using an image
analyzer (Fluor-Chem; Bio-Rad Laboratories, Inc, Hercules, Cal-
ifornia). The relative protein expression of LC3-II in islets was
normalized to that of GAPDH and expressed as the ratio of LC3-I1
to GAPDH.

Islet Viability Assay

Thirty cells of fresh mice islets were cultured for 24 hours with
complete medium in the absence or presence of either 1 or 10
ng/mL of rapamycin. Subsequently, islet viability was determined
using the colorimetric methyl tetrazolium salt (MTS) Cell Titer 96
Aqueous One Solution cell proliferation assay (Promega Corp,
Madison, Wisconsin).'® The colorimetric reagent was added to
each well and incubated for 2 hours before absorbance values were
read at 490 nm.

Blocking Assay of Autophagic Signaling

To determine whether rapamycin-treated islets recovered their
viability, they were assessed using the MTS assay in the absence or
presence of 10 mmol/L of 3-methyladenine (3-MA), an inhibitor of
class 3 phosphatidylinositol 3-kinase, an inhibitor of autophagy.'!

Glucose-Stimulated Insulin Release and Stimulation Index

To further determine the in vitro potency of rapamycin-treated
islets, static glucose challenge was performed in the absence or
presence of 10 mmol/L of 3-MA.!? After overnight culture, islets
were incubated with either 2.8 or 20 mmol/L of glucose in culture
medium for 2 hours at 37°C. The collected supernate was stored
at —80°C for measurement of insulin with an enzyme-linked
immunosorbent assay. Glucose-stimulated insulin release was ex-
pressed as the stimulation index, that is, the ratio of insulin release
during exposure to high glucose (20 mmol/L) incubation compared
with low glucose (2.8 mmol/L) incubation.

Generation of GFP-LC3 Transgenic Mice

For ex vivo studies to monitor autophagy in rapamycin-treated
islets, transgenic mice expressing GFP-LC3 under the control of
the constitutive CAG (chicken B-actin) promoter were purchased
from RIKEN BioResource Center, Wako, Japan.'* Fresh mouse
islets, isolated as described above, were incubated for 24 hours in
culture medium in the absence or presence of 1 ng/mL of rapamy-
cin. In addition, rapamycin-treated islets were incubated in the
presence of 10 mmol/L of 3-MA. Either untreated control islets,
rapamycin-treated islets, or rapamycin plus 3-MA-treated islets
were directly observed using a fluorescence microscope (Biozero;
Keyence Corp, Osaka, Japan) to detect GFP-LC3 dots.

RESULTS
Endogenous LC3-Il Markedly Accumulates in Islets Treated
With Rapamycin

Endogenous LC3-II protein was detected in control islets
(Table 1). From the results for islets treated with either 1 or
10 ng/mL of rapamycin, the expression level of endogenous
LC3-1Iin 1 ng/mL of rapamycin-treated islets was similar to
that in control islets. However, the amount of endogenous
LC3-11 was doubled in 10 ng/mL of rapamycin-treated islets
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Table 1. LC3-1l Accumulation in Rapamycin-Treated Islets

Rapamycin Treated Islets

Blocking Assay With 3-MA

Untreated

1 ng/mL of Rapamycin Plus 10 10 ng/mL of Rapamycin Plus 10

Assay Control Islets 1 ng/mL 10 ng/mlL mmol/L of 3-MA mmol/L of 3-MA
LC3-ll expression at Western blot 0.50 0.46 1.08 1.04 0.73
analysis (LC3-1I/GAPDH ratio)
Absorbance by MTS assay (islet 100 (control)  56.8 (14.1)  49.0(2.0) 68.5 (0.5) 75.8 (25.9)

viability, recovery of viability), %

Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; LC3-ll, light chain 3, membrane bound; 3-MA, 3-methyladenine; MTS, methyl tetrazolium

salt.

(Table 1). Under blocking conditions of autophagic signal-
ing by 3-MA, there was an approximately 32% reduction in
the amount of LC3-II observed in rapamycin-treated islets
in the presence of 10 mmol/L of 3-MA as judged by the
LC3-II/GAPDH ratio (Table 1).

Rapamycin Treatment of Islets Results in Reduced
Islet Viability

To assess the direct effects of rapamycin on islet viability,
we performed the MTS assay. On the basis of treatment
with rapamycin, there were approximately 43% and 51%
reductions in viability with treatment with 1 and 10 ng/mL
of rapamycin, respectively (Table 1). In contrast, the viabil-
ity of rapamycin-treated islets markedly recovered in the
presence of 3-MA. Approximately 69% and 76% islet
viability was noted after treatment with 1 ng/mL of rapa-
mycin plus 10 mmol/L of 3-MA and with 10 ng/mL of
rapamycin plus 10 mmol/L of 3-MA, respectively (Table 1).

Rapamycin Strongly Affects In Vitro Islet Function

Islet potency was assessed using a static glucose challenge in
vitro. The stimulation index (SI) of untreated control islets
was 1.38 + 0.16 (Fig 1). However, treatment of islets with

rapamycin dramatically reduced the SI. The SI was 1.11 *
0.01 with 1 ng/mL of rapamycin, and no insulin output
occurred with 10 ng/mL of rapamycin treatment (Fig 1). In
contrast, the SI dramatically improved with the addition of
3-MA. Islets treated with 1 ng/mL of rapamycin plus 10
mmol/L. of 3-MA, completely recovered compared with
untreated control islets (Fig 1). These results indicate that
rapamycin treatment of isolated islets elicited not only auto-
phagy induction but also reduced islet viability and potency.

GFP-LC3 Signal is Strong in Rapamycin-Treated Islets

Autophagy in response to rapamycin treatment was seen on
fluorescence photomicrographs of islet samples prepared
from GFP-LC3 transgenic mice (Fig 2). In untreated con-
trol islets, the GFP-LC3 signal was detected diffusely in
islets with few punctuate dots (Fig 2A). After 24 hours of
incubation with 1 ng/mL of rapamycin, the number of
GFP-LC3 dots markedly increased; most were detected as
cup- or ring-shaped structures (Fig 2B). In contrast, the
level of GFP-LC3 signals of rapamycin-treated islets in the
presence of 10 mmol/L of 3-MA was diffuse and returned to
the base level of control islets (Fig 2C).
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1.6

1.5

1.4

Fig 1. In vitro potency assess-
T ments of rapamycin-treated is-

1.3

Stimulation Index
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using static glucose challenge.
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islet potency, expressed as stim-
ulation index, was markedly re-
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: : —— .

duced by rapamycin treatment.
However, islet potency dramati-
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(A)
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Fig 2. Islet autophagy in response to rapamycin treatment. Islet samples were prepared from GFP-LC3 transgenic mice. A, Untreated
control islets. B, Islets treated with 1 ng/mL of rapamycin. C, Islets treated with rapamycin plus 3-MA. Bars indicate 100 um.

DISCUSSION

Rapamycin, which is a natural bacterial product that inhib-
its mTOR by association with an intracellular receptor
FKBP12,"* is widely used as the central immunosuppressant
in islet transplantation. As is well known, mTOR is a kinase
that regulates important cellular processes such as inhibi-
tion of autophagy. Our results demonstrate that rapamycin
treatment of isolated islets induced autophagy. This phe-
nomenon impaired both islet viability and potency. These
deleterious effects of rapamycin on islet B cells were
markedly improved by the addition of 3-MA, which is an
inhibitor of autophagy. Accordingly, therapeutically target-
ing this novel pathway may yield significant benefits, pre-
venting the progressive islet graft dysfunction observed in
transplant recipients.
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Intracellular and Extracellular Remodeling Effectively Prevents Human
CD8*Cytotoxic T Lymphocyte-Mediated Xenocytotoxicity by
Coexpression of Membrane-Bound Human FasL and

Pig c-FLIP, in Pig Endothelial Cells

M. Tanemura, A. Saga, K. Kawamoto, T. Machida, T. Deguchi, T. Nishida, Y. Sawa, Y. Doki, M. Mori,
and T. lto

ABSTRACT

Human CD8" cytotoxic T lymphocyte (CTL)-mediated cytotoxicity, which participates in
xenograft rejection, is mediated mainly by the Fas/FasL apoptotic pathway. We previously
developed methods to inhibit human CTL xenocytotoxicity by extracellular remodeling
using overexpression of membrane-bound human FasL on pig xenograft cells, and by
intracellular blockade of death receptor-mediated apoptotic signals, such as the Fas/FasL
pathway using the pig c-FLIP; molecule. To investigate the cooperative effects of both
membrane-bound FasL and pig ¢-FLIP;, we cotransfected both genes into pig endothelial
cells (PEC). The double remodeling with these molecules effectively prevented CD8* CTL
killing. Although double transfectants and single high transfectants of either membrane-
bound FasL or c-FLIP; gene displayed similar inhibition of CTL cytotoxicity, the
expression levels of these 2 molecules in double transfectants were almost half the
expression levels of single transfectants. Furthermore, to show in vivo prolongation of
xenograft survival, we transplanted PEC transfectants under the rat kidney capsule.
Prolonged survival was displayed by PEC double transfectant xenografts whereas those
from either parental PEC or MOCK (vehicle control) were completely rejected by day 5
posttransplantation. These data suggested that intracellular and extracellular remodeling
by coexpression of membrane-bound FasL and pig ¢-FLIP, in xenograft cells may prevent
an innate cellular response to xenografts. The gene compatibility of these molecules to
generate transgenic pigs may be sufficient to create a window of opportunity to facilitate
long-term xenograft survival.

VERCOMING hyperacute rejection (HAR) by «al,
3-galactosyltransferase gene knockout animals
(GT-KO) that bear deletion of the major xenoantigen,
a-gal epitopes (Galal-3GalBl1-4GIcNAc-R), has been a
significant step toward successful pig-to-primate organ xe-
notransplantation.’* However, long-term xenograft survival
has yet to be achieved because a xenograft may be rejected
directly by cell-mediated immunity, including natural killer
(NK) cells, macrophages, and CD8" cytotoxic T lympho-
cytes (CTLs).> Therefore, overcoming cell-mediated im-
munity, especially mediated by human CD8" CTLs, is an
important strategy for long-term successful xenograft sur-
vival. Our previous studies have reported that the highly
detrimental cytotoxic activity of human CD8" CTLs against
pig endothelial cells (PEC) is mediated in major part by the

© 2009 by Elsevier Inc. All rights reserved.
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Fas/FasL apoptotic pathway.> To inhibit this strong CTL
killing, we have exploited the weapon of extracellular
overexpression of a membrane-bound human FasL that
carries a deletion at the metalloproteinase cleavage site.” In
addition, we have demonstrated that intercellular overex-
pression of pig ¢-FLIP,,,, (c-FLIP;), which is a potent
inhibitor of death receptor-mediated pro-apoptotic signals
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protects PEC from human CTL-mediated killing® by virtue
of blocking the signaling pathway more upstream (before
caspase-8 activation and release).

The present study addressed the question regarding
human CD8* CTL-mediated xenocytotoxicity—will double
overexpression of both membrane-bound human FasL and
pig ¢-FLIP; on pig xenograft cells display cooperative
effects to prevent CTL-mediated xenocytotoxicity? Further-
more, we examined the in vivo prolongation effects of
xenograft survival by double remodeling of these molecules,
using transplantation studies.

MATERIALS AND METHODS
Cell Culture

A PEC line, MYP-30,” was maintained in DMEM (Sigma-Aldrich,
St Louis, Mo United States) supplemented with 10% FBS (Sigma-
Aldrich), 100 U/mL penicillin, 100 ug/mL streptomycin, and 0.1
mmol/L nonessential amino acids (Invitrogen, Carlsbad, Calif,
United States).

Gene Construction

Complementary DNA (¢cDNA) encording the membrane-bound
human FasL, which cannot be cleaved with metalloproteinase, was
subcloned into the site of pEF-BOS expression vector, which
carried the promoter of the human elongation factor la chromo-
somal gene.> cDNA of pig ¢-FLIP, was subcloned into the EcoRI
site of pCR3.1 expression vector, which carried a cytomegalovirus
(CMV) promoter.® ’

Transfection of Plasmids

Each 20 pg of these plasmids was cotransfected into the PEC line
(MYP-30) using lipofectamine (Invitrogen), according to the man-
ufacture’s instructions. PEC that had been stably transfected with
pEF-BOS and pCR3.1 expression vectors, which lack the ¢cDNA
fragments of either membrane-bound FasL or pig c-FLIP;, was
also established (ie, MOCK) as a vehicle control. The expression of
membrane-bound human FasL on the PEC surface was assessed
using FACS analysis, as previously described.” The intracellular
protein expression of pig ¢-FLIP; was detected using Western biot
analysis, as previously described.® Protein expression levels of pig
¢-FLIP; in PEC transfectants were quantified using Fluor-chem
image analyzer (BioRad) as expressed by arbitary units. As the
loading control for each sample, protein expression of pig GAPDH
in either parental, MOCK, or PEC transfectants was detected using
a goat anti-pig GAPDH monoclonal antibody (mAb; Santa Cruz
Biotechnology, Santa Cruz, Calif, United States). The relative
protein expression of pig ¢-FLIP; in PEC transfectants was nor-
malized to that of pig GAPDH as expressed by the c-FLIP;/
GAPDH ratio.

Preparation of Human CD8* CTL

To generate human CD8* CTLs, 10 to 15 X 10° separated PBMCs
were cocultured for 14 days with irradiated PEC as stimulator cells
in the presence of recombinant human interleukin (IL)-2, as
previously described.>® Subsequently, human CD8” CTLs posi-
tively isolated by magnetic beads (Dynal, Oslo, Norway) coated
with anti-human CD8 mAb (RPA-T8, BD Biosciences Pharmin-
gen, San Jose, Calif, United States) were examined using an in vitro
cytotoxicity assay.

TANEMURA, SAGA, KAWAMOTO ET AL

In Vitro Cytotoxicity Assay

The cytotoxic activity of human CD8" CTLs incubated under
various conditions was assessed using a °!Cr release assay as
previously described.>® Parental PEC, MOCK, and PEC transfec-
tants with either membrane-bound FasL, pig c¢-FLIP;, or both
genes were plated at 5000 cells/well in 96 well plates as target cells.
After labeling with >'Cr for target cells, human CTLs isolated using
magnetic beads were added to the wells. >'Cr released from the
dead cells was measured in the supernates. The cooperative effects
of FasL and pig c-FLIP; double expression on human CTL-
mediated xenocytotoxicity were determined by comparisons with
PEC single transfectants and parental PEC.

Transplantation Studies and Immunohistochemical Analysis

Lewis rats (8 to 10 weeks old) purchased from Oriental Yeast
(Tokyo, Japan) were distributed randomly between experimental
groups (n = 5 rats per group) to receive either parental PEC,
MOCK, or PEC transfectants. Rats immunized 3 times intraperi-
toneally with pig kidney membranes (250 mg) with a l-week
interval between injections were used as recipients. In each case,
2.5 X 10° cells of either parental PEC, MOCK, or PEC transfec-
tants were transplanted under the kidney capsule of rats in the
absence of immunosuppression. Transplanted rats were monitored
until the time of harvest at day 2, day 3, or day 5 posttransplanta-
tion. Each grafted kidney was analyzed using immunohistochemis-
try. Kidney specimens cut into small blocks and fixed in formalin
were embedded in a single paraffin block. After quenching endog-
enous peroxidase activity by exposure to 3% H,0O,/methanol,
paraffin sections were stained with a rabbit anti-human Von
Willebrand Factor (vWF) polyclonal antibody (DAKO) to specif-
ically detect endothelial cells. The rinsed sections were then
incubated with link antibody, followed by incubation of horseradish
peroxidase-conjugated streptavidin. Immunostaining was visual-
ized with 0.02% diaminobenzidine (DAB, Sigma-Aldrich) as the
chromogen. The specificity for the primary vWF antibody was
verified by control sections in which we omitted the primary
antibody.

RESULTS
Establishment of PEC Transfectants Overexpressed Either
Membrane-Bound Fasl., Pig c-FLIP_, or Both Genes

Two single positive clones were isolated: one had a high
expression of membrane-bound human FasL, and other
had a high expression of pig ¢-FLIP; . Additionally, we also
established three double-positive clones. Of the double
transfectants, double-1 had a high expression of membrane-
bound Fasl. and a low level of pig ¢-FLIP; protein;
whereas, double-2 had a low expression of Fasl. and a
moderate protein expression of pig ¢-FLIP,, and double-3
showed moderate expression levels of both molecules with
almost half of the levels compared with the single high
expression clones of each molecule, respectively (Table 1).

Double-Overexpression of FasL and c-FLIP_ Effectively
Prevents CD8™" CTL-Mediated Cytotoxicity Against PEC

Human CD8* CTLs generated by in vitro culture displayed
strong killing against parental PEC and MOCK, namely, a
lysis of >80% at an effector to target ratio of 50:1 (Fig 1A).
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Table 1. Changes in the Expression Levels of Either Membrane-Bound Fasl. or c-FLIP_ Molecules

Protein Expression in PEC Transfectants

Cells Membrane-Bound FasL (Mean Fluorescence intensity by FACS) ¢-FLIP /GAPDH Ratio {Arbitary Units)

Parental PEC
MOCK
PEC-FasL (single, high)

Not detected

0.4 (endogenous)
Not detected

0.38 (endogenous)

127 0.35 {(endogenous)
PEC-FLIP,_ (single, high) Not detected 1.8
Double 1: FasL (high) + FLIP_ (low) 80.6 0.8
Double 2: FasL (low) + FLIP, (middle) 33.1 1.2
Double 3: FasL (middle) + FLIP_ {middle) 62.0 1.1

Note: The expression ievel of membrane-bound FasL on the PEC surface was examined using FACS analysis. The intracellular expression of c-FLIP_ protein was
assessed using Western biotting. image analyzer profiles were used to quantify the expression level of ¢-FLIP_ protein in parental PEC, MOCK, and PEC
transfectants. The relative protein expression of c-FLIP_ in PEC transfectants was normalized to that of pig GAPDH and expressed as the c-FLIP /GAPDH ratio.

The single overexpression of either membrane-bound FasL clones of either FasL or c-FLIP; transfectants at effector-

or pig ¢-FLIP; in PEC resulted in marked cytoprotection
from CD8" CTLs (Fig 1A). Inhibition of cytotoxicity by
64% to 73% was observed among single high expression

to-target ratios of 50:1. The double-overexpression of these
molecules in PEC effectively reduced CD8" CTL-mediated
cytotoxicity (Fig 1A). From the result for the double-3

A B

Immunostaining with anti-vWF Ab

Day 5§

Parental PEC X Rejected

100
B E/T ratio=50:1
B E/T ratio=25:1 MOCK X Rejected
861 I E/T ratio=12.5:1
g PEC FasL
260

Single transfectant

OXICH

% cyrot
B
=

] Survived

PEC o-FLIE single
transfectant

3 Survived

20

Double-1 :] .
parental P ——— : : : FasL-high Survived
arenta asl.  ¢-FLIP, Double-l Doubie-2  Double-3 Pt
PEC single  single + FLIP-low

Single Double
Transfectants Transfectants Double-3
. FasL-middle 3 Survived

+ FLIP-middle

Fig 1. 5'Cr release assay of PEC transfectants and immunohistological findings of PEC xenografts transplanted under rat kidney
capsule. Amelioration of human CD8™ CTL-mediated cytotoxicity by the PEC transfectants, MOCK, and control parental PEC was
estimated at the effector:target ratio of either 12.5:1, 25:1, or 50:1. (A} The percentages of CTL-killing by PEC transfectants. Each value
is expressed as the mean = SD from 5 independent experiments. (B) Immunohistological findings of rat kidney tissue of PEC
transplanted rats. Immunostaining with anti-vWF Ab for transfected PEC of kidney specimens obtained at day 5 posttransplantation.

Pictures are representative of immunostaining of kidney sections obtained from 5§ animals per each transfectant group. The black bars
in each picture indicated 100 um.
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transfectant, the inhibition level of CTL killing by this clone
was similar to that of either the FasL or the ¢-FLIP; single
high expression clones at an effector-to-target ratio of
either 25:1 or 12.5:1. In contrast, the expression levels of
these 2 molecules were almost half that of the single high
transfectants, as judged by either ¢-FLIP; /GAPDH ratio of
western blot analysis or mean fluorescence intensity of
FACS analysis. These findings indicated that additional
effects to inhibit CD8™" CTL-mediated xenocytotoxicity can
be obtained by double-expression of both FasL and ¢-FLIP;
in PEC.

Double-Overexpression of FasL and c-FLIP, can Prolong
Xenograft Survival

To prove that the double-overexpression of both FasL and
¢-FLIP, molecules in PEC was effective to prolong xeno-
graft survival, we transplanted PEC transfectants under the
rat kidney capsule. The results of the immunohistochemical
analysis are summarized in Fig 1B. At day 3 posttransplan-
tation, large numbers of well-preserved both parental PEC,
MOCK, and PEC transfectants were observed under the
kidney capsules (data not shown). By day 5 posttransplan-
tation, parental PEC and MOCK had been completely
rejected (Fig 1B). In contrast, both single high and double
transfected PEC xenografts survived intact at day 5 post-
transplantation (Fig 1B). Accordingly, we observed benefi-
cial effects for in vivo prolongation of xenografts with
double PEC transfectants.

DISCUSSION

Cellular immunity toward xenograft rejection, including
human NK cells, macrophages, and CD8" CTLs, seems to
be an important obstacle to prolonged graft survival in
pig-to-human xenotransplantation. We have previously de-
veloped methods to prevent immune attack of human
CD8" CTLs toward pig xenograft cells by means of both
extracellular remodeling of the death receptor using mem-
brane-bound human FasL and intracellular blocking of
death receptor-mediated apoptotic signals, such as Fas/
FasL. pathway by the use of pig ¢-FLIP; molecule. In the
present study, we assessed the amelioration of cytoprotec-
tive effects from human CTL-mediated killing by combined
overexpression of both membrane-bound human FasL and
pig c-FLIP; genes.

Both in vitro and in vivo analyses revealed the coopera-

TANEMURA, SAGA, KAWAMOTO ET AL

tive effects of intracellular and extracellular remodeling
with these molecules to inhibit CTL xenocytotoxicity. Our
final goal was to generate a double transgenic pig with both
membrane-bound FasL. and ¢-FLIP; genes. Consequently,
pig islets obtained from this double transgenic pig may
prove to be beneficial to prolong xenograft survival by a
high resistance to the immune attack of human CTLs.
However, from the embryological view, the birth of a
double transgenic pig, which highly expresses both FasL
and c-FLIP; molecules, respectively, may be difficuit. It
takes a long time to select the high expression clone of these
molecules. The cooperative effects and compatibility of
multi-transgenes must be understood to efficiently generate
transgenic pigs with multi-genes. Thus, our findings in the
present study demonstrated that double remodeling with
both membrane-bound human FasL and c-FLIP; may well
be compatible to generate transgenic pigs and can elicit
cooperative effects for the inhibition of human CTL xeno-
cytotoxicity.
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[Summary]

As of the end of 2007, 44 cases of pancreas transplantation from deceased and non-heartbeating donors have
been performed in 10 institutions in Japan since April 2000. The following donor-and recipient-related factors were
analyzed: age and sex of donor and recipient, cause of death, history of diabetes and dialysis, waiting period, cold
ischemic time, operative procedure, immunosuppression and survival rates of patient and graft. Fourteen cases of
pancreas transplantation from living donors also were done during the same period.

In spite of donor poor conditions, which are mostly marginal in Japan, the outcome of pancreas transplants is
considered comparable to that seen in the USA and Europe.

Keywords: simultaneous pancreas and kidney transplantation (SPK), pancreas after kidney transplantation {PAK),

pancreas transplantation alone (PTA), deceased donors, non-heartbeating donors, living-related donors,
marginal donor, bladder drainage, enteric drainage, tacrolimus, anti IL-2 receptor monoclonal anti-
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Effects of Cyclosporin A on the Activation of Natural
Killer T Cells Induced by a-Galactosylceramide

Takashi Kajiwara,' Yukihiro Tomita,"® Shinji Okano,” Toshiro Iwai," Youichi Yasunami,
Yasunobu Yoshikai,* Kikuo Nomoto,” Hisataka Yasui," and Ryuji Tominaga”®

Background. Natural killer T (NKT) cells play crucial roles in preventing autoimmune diseases and inducing trans-
plantation tolerance. We investigated whether cyclosporin A (CsA), which is generally used in clinical transplantation
and autoimmune disease therapy, could modulate the NKT cell activation induced by a-galactosylceramide (a-GalCer)
treatment.

Methods. C57BL/6 (B6) mice were given daily intraperitoneal injections of CsA (30 or 50 mg/kg) from day —1 and
injected intravenously with a-GalCer (2 pg/mouse) on day 0. The kinetics of NK1.1"CD3™ or NK1.1"Thy1.2” cellsin
the liver and spleen were analyzed by flow cytometry. Apoptosis of NK1.17CD3™ cells, cytokine levels (interleukin
[IL]-2, IL-4, IL-10 and interferon {IFN]-vy) in the recipient serum and changes in dendritic cell activation in the spleen
were analyzed.

Results. In B6 mice treated with a-GalCer, NK1.1"CD3™ cells rapidly decreased in both the liver and spleen, and
repoplated to their normal levels by day four, while NK1.1" Thy1.2™ cells rapidly decreased, expanded by day four and
reduced to their normal level by day 15. When B6 mice were treated with o-GalCer plus 30 or 50 mg/kg CsA,
NK1.17CD3™ or NK1.1" Thy1.2 " cells were similarly decreased and then expanded via extensive proliferation by day
seven or four, respectively. When B6 mice were treated with «-GalCer, substantial amounts of IL-2, IL-4 and IFN-y
were produced, and the surface markers of dendritic cells were upregulated. However, these cytokine productions and
maturation of dendritic cells were profoundly suppressed after treatment with «-GalCer and CsA. Apoptosis of
NK1.1"CD3" cells was not affected in mice treated with a-GalCer or a-GalCer and CsA.

Conclusions. CsA suppresses a-GalCer-induced cytokine productions and dendritic cell maturation of mouse NKT
cells but does not decrease NK1.17CD3™ cells on day one. The modulation of NKT-mediated immunoregulatory

functions by CsA requires careful consideration in clinical transplantation and autoimmune disease therapy.

Keywords: Natural killer T cells, Cyclosporin A, a-galactosylceramide.

(Transplantation 2007;83: 184-192)

Natural killer T (NKT) cells have been characterized as
cells that coexpress the natural killer (NK) cell marker
NK1.1 and the T-cell receptor (TCR) (I-4). Although their
natural ligands have not been well characterized, NKT cells
recognize and are strongly stimulated by a glycolipid antigen,
a-galactosylceramide (a-GalCer), presented by the major
histocompatibility complex (MHC) class I-like molecule
CD1d (5). By using flow cytometry (FCM) and RNA extrac-
tion assays, initial studies have revealed that a-GalCer quickly
activates NKT cells, which then become undetectable. This
finding is correlated with increased apoptosis and increased
expression of Fas and FasL by NKT cells (6—8). Another study
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reported a similar disappearance of NKT cells in vivo after
stimulation with an anti-CD3 mAb or IL-12 (9). This demise
Of NKT cells after treatment with an anti-CD3 mAb or inter-
leukin (IL)-12 was usually followed by repopulation within
two to three days after the stimulation due to homeostatic
proliferation in the bone marrow. On the other hand, more
recent studies have suggested that receptor down-regulation
is the primary cause of the NKT cell disappearance and reap-
pearance following a-GalCer treatment (10-12).

After recognition of a-GalCer, NKT cells activate and
rapidly secrete large amounts of both Th1 and Th2 cytokines,
such as IL-4 and interferon (IFN)-vy (5). The activation of
NKT cells has been considered to develop their immunoregu-
latory functions through Thl and/or Th2 cytokines. NKT
cells activated by a-GalCer have been shown to play impor-
tant roles in preventing autoimmune diseases and enhancing
anti-tumor cytotoxicity (I13-16). In transplant immunity,
NKT cells play vital roles in the induction of not only allograft
tolerance but also xenograft tolerance, although the precise
mechanisms for these effects have not yet been clarified (17, 18).

Cyclosporin A (CsA) is a popular immunosuppressive
drug that is widely used in organ transplantation and auto-
immune disease therapy. In mice, a middle dose (30 mg/kg)
of CsA suppresses 1L-2 production by CD4™ helper T cells,
whereas a high dose (75 mg/kg) suppresses that by both
CD4" and CD8™ helper T cells (19). Paradoxically, however,
CsA can cause autoimmune diseases (20, 21) and a graft-
versus-host (GVH)-like syndrome in syngeneic bone marrow
transplantation (22, 23), and interfered with the induction of
allograft tolerance in rodents (24). Because NKT cells play

Transplantation + Volume 83, Number 2, January 27, 2007
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essential roles in the maintenance of tolerance and prevention
of autoimmune diseases, breakdown of the transplantation
tolerance or autoimmune disease prevention induced by CsA
may be caused via the suppression of NKT cell functions.

Therefore, in the present study, we investigated whether
middle and high doses of CsA (30 and 50 mg/kg, respectively)
could modulate the activation of NKT cells following treat-
ment with a-GalCer on day 0. After treatment with a-GalCer
and CsA, a similar rapid disappearance of NK1.17CD3 ™ cells
was observed on day one, but these cells subsequently increased
to a higher level than that after treatment with «-GalCer alone.
Cytokine productions were completely suppressed and
CD11c¢”* dendritic cells did not become mature after treat-
ment with a-GalCer and CsA. These results indicate that CsA
could completely suppress the cytokine productions by NKT
cells, but did not down-regulate their surface markers. There-
fore, the results of the present study suggest that suppression
of the immunoregulatory functions of NKT cells by CsA may
be one of the causes of autoimmune disease development and
interfere with tolerance induction.

MATERIALS AND METHODS

BAnimals

Inbred female mice of the C57BL/6 SnSlc (B6; H-2%)
strain were obtained from Japan SLC Inc. (Hamamatsu, Shi-
zuoka, Japan), and used at 816 weeks of age. All animals
received humane care in compliance with both the Guidelines
for Animal Experiments of Kyushu University and the Law (No.
105) and Notification {No. 6) of the Japanese government.

Reagents

a-GalCer (KRN7000) was kindly provided by Kirin
Brewery (Takasaki, Japan), dissolved in 0.5% polysorbate 20
at a concentration of 200 ug/mland then further diluted with
0.9% NaCl. CsA (Novartis Pharmaceuticals, Basel, Switzer-
land) was dissolved in 0.9% NaCl at a concentration of 2
mg/ml.

In Vivo Treatments

Mice were injected intravenously (i.v.) with 2 ug of
a-GalCer. As a control, mice were injected with an equivalent
amount of vehicle, namely 0.5% polysorbate 20 and 0.9%
NaCl. From one day before the a-GalCer treatment, mice
received daily intraperitoneal (i.p.) injections of CsA (30 or
50 mg/kg). The day of the a-GalCer injection is referred to as
day 0 throughout this report.

Cell Preparation

Mice were sacrificed by decapitation, and cell suspen-
sions were prepared from the liver and spleen. The liver was
disrupted in Roswell Park Memorial Institute (RPMI) 1640
medium (Gibco, Grand Island, NY) supplemented with 10%
fetal calf serum (FCS) by pressing the liver fragments between
two glass slides, then washed, resuspended in 40% isotonic
Percoll solution (Amersham Biosciences, Piscataway, NJ) and
overlaid on 67.5% isotonic Percoll solution. Following cen-
trifugation at 3000 rpm for 30 min at room temperature, liver
mononuclear cells (LMNC) were isolated from the interface,
washed twice with Hanks balanced salt solution (HBSS) con-
taining 2% FCS and then resuspended in the same solution.
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The spleen was disrupted in RPMI 1640 medium in the same
manner as the liver, and then washed with HBSS containing
2% FCS. The spleen cell (SC) suspensions obtained were fil-
tered through cotton gauze and washed twice with HBSS con-
taining 2% FCS. Viable nucleated cells were counted and usu-
ally adjusted to 1X107 cells/mL.

Thymectomy

Recipients were anesthetized by an i.p. administration
of 50 mg/kg phenobarbital (Nembutal; Shionogi, Osaka, Ja-
pan). After a partial sternotomy, a thymectomy was per-
formed via an en bloc excision using two forceps (25). The
absence of thymic tissue was always confirmed when the
thymectomized animals were sacrificed, and animals show-
ing the presence of residual thymic tissue were excluded from
the analysis.

Flow Cytometry

The surface phenotypes of the LMNC and SC were
identified by two-color FCM. Cells were incubated with phy-
coerythrin (PE)-conjugated anti-NK1.1 or anti-CD5 (BD
PharMingen, San Diego, CA), biotin-conjugated anti-CD3e
or anti-NK1.1 (BD PharMingen) monoclonal antibodies
(mAbs) and fluorescein isothiocyanate (FITC)-conjugated anti-
Thyl.2 (BD PharMingen) for 60 min at 4°C and then washed
twice with HBSS containing 2% FCS. Biotin-conjugated re-
agents were developed with FITC- or allophycocyanin (APC)-
conjugated streptavidin (SA; BD PharMingen).

To detect the NKT cells undergoing apoptosis, three-color
FCM was used. LMNC were isolated at three hr after the
a-GalCer injection. The cells were stained with PE-conjugated
anti-NK1.1 (BD PharMingen) and biotin-conjugated anti-
CD3e (BD PharMingen) mAbs. Biotin-conjugated reagents
were developed with APC-SA (BD PharMingen). Cells were
washed twice in annexin V binding buffer (BD PharMingen)
before labeling with FITC-conjugated annexin V (BD PharMingen)
for 30 min at room temperature in the dark.

To analyze the maturation of dendritic cells (DC), SC
were isolated at 24 hr after the «-GalCer injection. The cells
were stained with FITC-conjugated anti-CD11¢ (BD PharM-
ingen) and PE-conjugated anti-I-A® (BD PharMingen), anti-
CD40 (BD PharMingen), anti-CD80 (BD PharMingen) or
anti-CD86 (BD PharMingen) mAbs for 30 min at 4°C. To
block nonspecific FcyR receptor binding of the labeled anti-
bodies, 10 wL of an undiluted culture supernatant containing
2.4G2 (a rat antimouse FcyR mAb) was added to the first
incubation, and then washed. All data were analyzed with a
FACSCalibur (Becton Dickinson, Sunnyvale, CA). Dead cells
were excluded by gating out low forward scatter and high
propidium iodide-retaining cells.

Cytokine Secretion Following In Vivo a-GalCer
Treatment

Mice were injected with either a-GalCer or vehicle
alone and then bled after 2 or 18 hr. The cytokine levels (IL-2,
IL-4, IL10 and IFN-v) in the serum were determined using a
standard sandwich enzyme-linked immunosorbent assay
(ELISA) (BioSource International Inc., Camarillo, CA).
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Statistics

The statistical significance of the data was determined
using Students ¢ test. A P value of less than 0.05 was consid-
ered to be statistically significant.

RESULTS

Kinetics of the Pexcentages of NK1.17CD3" Cells
in the Liver and Spleen of Recipient Mice
Treated with «-GalCer and CsA

When a-GalCer is administered to B6 mice, a rapid
reduction followed by restoration has been shown for
NK1.17CD3™ cells among the LMNC and SC (6, 26). Here,
we examined the effects of CsA on the kinetics of NKI.
17CD3™ cells induced by a-GalCer. A middle or high dose of
CsA (30 or 50 mg/kg, respectively) was injected i.p. daily from
one day before the a-GalCer treatment. As shown in Figure 14,
the percentage of NK1.17CD3™ cells in the LMNC rapidly de-
creased to less than 2% on day one, was restored to around 8%
by day four and then remained constant until day 15 in mice
treated with a-GalCer. In the LMNC of mice treated with
a-GalCer plus 30 mg/kg CsA, the NK1.17CD3™ cells were
reduced to less than 2% on day one, restored to the normal
level by day seven and then reduced to about 13% by day 15.
In the LMNC of mice treated with a-GalCer plus 50 mg/kg
CsA, the NK1.17CD3" cells were similarly reduced to less
than 2% on day one, restored to above the normal level by day
seven and then reduced to the normal level by day 15. Similar
results were observed for the SC of mice treated with «-GalCer
plus 30 or 50 mg/kg CsA, and representative data are shown in
Figure 1A. We analyzed the early response of NKT cells after
treatment with a-GalCer or a-GalCer and CsA by using other
T-cell markers such as CD5 or Thyl.2. The kinetics of the
NK1.17CD5™ cells after treatment with a-GalCer or c-GalCer
and CsA were same as those observed for the NK1.1"CD3™
cells (data not shown). The kinetics of the NK1.1¥Thy1.2™"
cells in the liver and spleen of recipient mice treated with
a-GalCer and CsA are shown in Figure 1B. In the liver of mice
treated with a-GalCer alone, NK1.1"Thy1.2™" cells rapidly
decreased on day one and repopulated by day four. In the liver
of mice treated with a-GalCer plus 30 or 50 mg/kg CsA,
NK1.17Thy1.2" cells also decreased on day one and then
gradually increased by days 7 to 15. In the spleen of mice
treated with a-GalCer alone or a-GalCer plus 30 or 50 mg/kg
CsA, NK1.1¥Thy1.2" cells rapidly decreased on day one, in-
creased to above the normal level by days four and seven and
then returned to the normal level on day 15.

Kinetics of the Numbers of NK1.1"CD3* Cells
among the LIMNC and SC of Mice Injected with
a-GalCer and CsAA

We further examined the numbers of total cells and
NK1.1YCD3" cells in the liver after treatment with a-GalCer
and CsA. The LMNC counts did not change significantly on
day one, increased by day four and then decreased to the
normal level by day 15 in mice treated with a-GalCer alone or
a-GalCer plus 30 or 50 mg/kg CsA (Fig. 2a). The LMNC
dramatically increased in mice treated with a-GalCer alone
{(~fourfold) and a-GalCer plus 30 or 50 mg/kg CsA (~six- to
eight-fold) on day four. These expansions of the LMNC num-
ber on day four showed significant differences between mice
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treated with a-GalCer alone and those treated with a-GalCer
plus 30 or 50 mg/kg CsA. Similar results were observed for the
changes in the SC counts, although the LMNC were more
extensively increased than the SC.

In the liver of mice treated with a-GalCer alone, the
NK1.17CD3™ cell counts rapidly decreased on day one, were
restored to the normal level by day four and then gradually
decreased by day 15 (Fig. 2b). On the other hand, the
NK1.17CD3™ cell counts in the liver of mice treated with
a-GalCer plus 30 or 50 mg/kg CsA showed similar decreases
on day one, then increased to above the normal level by day
four, further increased on day seven (~fourfold) and gradu-
ally decreased by day 15. There were significant differences in
the NK1.1"CD3™ cell numbers between mice treated with
a-GalCer alone and those treated with a-GalCer plus 30 or 50
mg/kg CsA on day seven. Similar results were observed for the
changes in the spleen NKT cell counts. As shown in Figure 1A,
NKI1.17CD3™ cells in mice treated with a-GalCer plus 30 or
50 mg/kg CsA were still decreased on day four and repopu-
lated by day seven. Therefore, the number of NK1.1"CD3™
cells showed the largest increase on day seven, while the total
number of LMNC showed the largest increase on day four.
NK1.1*Thy1.2"* cells in the liver and spleen of mice treated
with a-GalCer alone or a-GalCer plus 30 or 50 mg/kg CsA
showed rapid decreases on day one and expansion on day
four (Fig. 2¢).

Effects of Thymectomy on the Kinetics of the
NK1.1*CD3" Cell Counts After Treatment with
a-GalCer and CsA

Many studies have suggested that the thymus is in-
volved in the normal development of NKT cells. Therefore,
we investigated whether the thymus was involved in the
repopulation of NK1.17CD3™ cells after treatment with a-
GalCer and CsA by using thymectomized B6 mice. In thymec-
tomized mice treated with «-GalCer alone or a-GalCer plus 30
or 50 mg/kg CsA, the percentage of NK1.1"CD3 ™ cells in the
LMNC rapidly decreased on day one, remained the same on
day four and was then restored to above the normal level by
day seven. Therefore, the NK1.17CD3™ cells in thymecto-
mized mice showed the same kinetics as those in nonthymec-
tomized mice (Fig. 3).

In Vivo Cytokine Responses at 2 or 18 Hours
After Injection of «-GalCer and CsA

To further examine the effects of CsA on the a-GalCer-
induced activation of NKT cells, the productions of Th1 (IL-2
and y-IFN) and Th2 (IL-4 and IL-10) cytokines were mea-
sured. At 2 and 18 hr after the administration of a-GalCer,
serum was collected from the mice and the level of each cyto-
kine was determined using a standard sandwich ELISA. Con-
sistent with previous studies (7, 13, 14), a-GalCer treatment
induced the productions of IL-2, IL-4 and y-IFN (Fig. 4).
However, these cytokine productions were almost abrogated
in the serum of mice treated with «a-GalCer plus 30 or 50
mglkg CsA.

Maturation of DC After Intravenous Injection of
«-GalCer and CsA

A recent report (27) demonstrated that a-GalCer treat-
ment induces the maturation of splenic CD11¢™ DC, as indi-
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FIGURE 1. Phenotypic characterization of NK1.1"CD3" cells by two-color immunofluorescence. B6 mice were injected
with a-GalCer on day 0 and CsA (30 or 50 mg/kg) daily from one day before the a-GalCer treatment. The cells were labeled
with PE-conjugated anti-NK1.1 and FITC-conjugated anti-CD3 mAbs (A) or PE-conjugated anti-NK1.1 and FITC-conjugated
anti-Thy 1.2 mAbs (B). Liver mononuclear cells (a) and spleen cells (b) were isolated after the indicated times and analyzed
by flow cytometry. The numbers indicate the percentage of cells in the quadrant relative to the total cell population. The
experiment shown is representative of four independent experiments.
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FIGURE 2. Influence of CsA on the induction of cell proliferation after a-GalCer treatment. Cells were labeled with

PE-conjugated anti-NK1.1 and FITC-conjugated anti-CD3 mAbs or PE-conjugated anti-NK1.1 and FITC-conjugated anti-
Thyl.2 mAbs. The kinetics of the total cell numbers (a), NK1.17CD3" cells (b) and NK1.1"Thyl.2™ cells (c) in the liver
mononuclear cells and spleen cells of B6 mice treated with «-GalCer and CsA are shown. B6 mice were injected with
a-GalCer on day 0 and CsA (30 or 50 mg/kg) daily from one day before the a-GalCer treatment. Liver and spleen cells were
obtained from B6 mice treated with a-GalCer alone (® n=4), «-GalCer plus 30 mg/kg CsA (A n=4), a-GalCer plus 50 mg/kg
CsA (B n=4), 30 mg/kg CsA alone (A n=4) or 50 mg/kg CsA alone ([l n=4). Vertical bars represent the SD. *P<0.05,
17P<0.01 vs. mice treated with «-GalCer alone.
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FIGURE 3. Kinetics of NK1.1*CD3™ cellsin thymectomized mice treated with «-GalCer and CsA. The kinetics ofthe mean
percentages of NK1.17CD3 * cells in the liver mononuclear cells (a) and spleen cells (b) of thymectomized B6 mice treated
with a-GalCer and CsA are shown. Cells were labeled with PE-conjugated anti-NK1.1 and FITC-conjugated anti-CD3 mAbs.
B6 mice were thymectomized at four weeks before the a-GalCer treatment. The thymectomized mice were i.v. injected with
a-GalCer (2 ug) on day 0 and i.p. injected with CsA (30 or 50 mg/kg) daily from one day before the a-GalCer treatment.
Liver and spleen cells were obtained from non-thymectomized B6 mice treated with «-GalCer alone (O n=4), a-GalCer plus
30 mg/kg Csa (A; n=4) or a-GalCer plus 50 mg/kg CsA ([ n=4), and from thymectomized B6 mice treated with a-GalCer
alone (@ n=4), a-GalCer plus 30 mg/kg CsA (A n=4) or a-GalCer plus 50 mg/kg CsA (B n=4). Vertical bars represent the
SD *P<<0.08, TP<0.01 vs. mice treated with «-GalCer alone.

cated by the up-regulation of I-A®, CD40, CD80 and CD86.
At 24 hours after a-GalCer treatment, SC were stained with
FITC-conjugated anti-CD11c and PE-conjugated anti-1-A,
CD40, CD80 or CD86 mAbs, and the CD11c™ cells were an-
alyzed. As shown in Table 1, the expressions of 1-AP, CD40,
CD80, and CD86 were clearly augmented in the CD11c* SC
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of mice treated with a-GalCer alone compared with those of
untreated mice. The increases in the CD40, CD80, and CD86
expressions were lower in the CD11c* SC of mice treated
with @-GalCer plus 30 or 50 mg/kg CsA than in those of mice
treated with @-GalCer alone. On the other hand, the expres-
sion of I-A® was not augmented in the CD11c* SC of mice
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TABLE 1. Maturation of surface markers on splenic dendritic cells at 24 hours after treatment with a-GalCer and CsA

Treatment” Median fluorescence intensity (mean values+S$D)
Group «-GalCer (2 ug) CsA (mg/kg) No. of mice 1-A? CD40 CD80 CD86
1 - _— 4 1174.6+74.2 46.8+6.2 51.5+2.5 40.2*+5.5
2 - 30 4 848.1+82.2 37.9+47 49.0+5.1 38.4+3.2
3 - 50 4 633.8+83.7 36.7*+3.6 40.7+5.4 37.7+4.6
4 + — 4 2714.4+51.8% 151.2+9.8" 186.8+17.57  413.6%32.6°
5 + 30 4 865.4+310.9° 66.5+16.6%° 59.0%6.5° 72.2%16.7¢
6 + 50 4 681.8%91.6° 67.1+6.6%° 53.1+4.1%¢ 71.7+18.5%¢

“ Mice received CsA on days —1 and 0 and were injected with «-GalCer on day 0.
b p<0.01 vs. Group 1.
€ P<0.05 vs. Group 2.
4 P<<0.05 vs. Group 3.
¢ P<<0.01 vs. Group 4.

treated with a-GalCer plus 30 or 50 mg/kg CsA compared (11). Therefore, we tested whether liver NKT cells exhibited
with those of mice treated with CsA alone. However, the aug- an increase in annexin V binding at three hours after the
mentations of all these molecules were suppressed in the injection of a-GalCer and CsA (Table 2). The median fluores-
CD11c" SC of mice treated with «-GalCer plus 30 or 50 cence intensity (MFI) and percentage of annexin V-positive
mg/kg CsA compared with those of mice treated with a-  NKL.17CD3™" cellsin the LMNC of mice treated with CsA alone

GalCer alone. did not differ significantly from those in untreated mice. More-

over, the MFI and percentage of annexin V-positive
a-GalCer-Induced Apoptosis of NK1.1*CD3* NK1.1YCD3" cells in the LMNC of mice treated with c-GalCer
Cells After Treatment with a-GalCer and CsA alone did not increase significantly compared with those in

Depletion of NK1.1YCD3 ™" cellsamong the LMNCand ~ untreated mice. Similarly, there were no significant changes
SCis already observed at three hours after the administration  in the MFI values and percentages of annexin V-positive
of a-GalCer, and most of the NK1.17CD3™ cells become un- NK1.17CD3™ cells of mice treated with a-GalCer plus 30 or
detectable at 24 hours after the «-GalCer injection. Previous 50 mglkg CsA.
reports have shown that liver NK1.17CD3™ cells from a-
GalCer-treated mice exhibit a significant increase in annexin
V binding at three hours after the injection compared to those DISCUSSION
from control mice (6, 7). This observation indicates that the NKT cells have been characterized as cells that express
rapid depletion of NK1.1*CD3" cells after a-GalCer treat-  an invariant Val4 TCR together with the NK cell marker
ment is primarily due to apoptotic cell death. However, a NK1.1. To date, a number of studies have reported on the
recent study showed no s1gmﬁcant increase in annexin V unique characteristics and physiological functions of NKT
binding in liver NK1.17CD3™ cells in a-GalCer-treated mice cells (28). NKT cells recognize a glycolipid antigen, a-GalCer,
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