W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/1007-9327office

wjg@wijgnet.com
doi:10.3748 /wjg.v16.i5.636

World ] Gastroenterol 2010 February 7; 16(5): 636-640
ISSN 1007-9327 (print)
© 2010 Baishideng. All rights reserved.

BRIEF ARTICLE

Inhibition of allogeneic T-cell response by Kupffer cells
expressing indoleamine 2,3-dioxygenase

Mao-Lin Yan, Yao-Dong Wang, Yi-Feng Tian, Zhi-De Lai, Lv-Nan Yan

Mao-Lin Yan, Yao-Dong Wang, Yi-Feng Tian, Zhi-De Lai,
Lv-Nan Yan, Department of Hepatobiliary Surgery, Fujian
Provincial Hospital, Fuzhou 350001, Fujian Province, China
Author contributions: Yan ML and Yan LN designed the
study; Yan ML, Yan LN, Tian YF and Lai ZD performed
the experiments and the data analysis; Yan ML wrote the
manuscript; Wang YD and Yan LN revised the manuscript.
Supported by Natural Science Foundation of Fujian Province,
No. 2007J0073; Young Talents Innovation Foundation of Fujian
Province, No. 2006F3033

Correspondence to: Mao-Lin Yan, MD, Department of
Hepatobiliary Surgery, Fujian Provincial Hospital, Fuzhou
350001, Fujian Province, China. yanmaolin74@163.com
Telephone: +86-591-87552554 Fax: +86-591-87552554
Received: October 18, 2009 Revised: December 4, 2009
Accepted: December 11, 2009

Published online: February 7,2010

Abstract

AIM: To explore the possibility and mechanism of
inhibiting allogeneic T-cell responses by Kupffer cells
(KC) pretreated with interferon-y (IFN-y) in vitro.

METHODS: The expressions of indoleamine 2,3-dioxy-
genase (IDO) mRNA and FasL mRNA in KC pretreated
with IFN-y were studied with real-time polymerase
chain reaction (PCR). The catabolism of tryptophan by
IDO from KC was analyzed by high performance liquid
chromatography. Allogeneic T-cell response was used
to confirm the inhibition of KC /n vitro. The proliferation
of lymphocytes was detected using [°H] thymidine
incorporation. Cell cycle and lymphocyte apoptosis were
evaluated by flow cytometric assay.

RESULTS: Real-time PCR revealed IDO mRNA and FasL
mRNA expressions in KC pretreated with IFN-y, and
IDO catabolic effect was confirmed by a decrease in
tryptophan and increase in kynurenine concentration.
KC expressing IDO and FasL in BABL/c mice acquired
the ability to suppress the proliferation of T-cells
from C57BL/6, which could be blocked by addition
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of 1-methyl-tryptophan and anti-FasL antibody. KC
expressing IDO could induce allogeneic T-cell apoptosis.

CONCLUSION: In addition to Fas/FasL pathway, IDO
may be another mechanism for KC to induce immune
tolerance.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The acceptance of the fetus during pregnancy by the
mother is a successful model of tolerance against allogeneic
tissues. The exact mechanism of immunosuppression in
pregnancy will help develop novel therapeutic strategies
in clinical transplantation. Indoleamine 2,3-dioxygenase
(IDO) plays an important role in maintenance of maternal
T-cell tolerance to fetal alloantigen, and IDO-specific
inhibitor, 1-methyl-tryptophan (1-MT), can selectively
reject allogeneic fetuses™”, which was observed in liver
allograftsm. The mechanism of IDO immunosuppression
may be the localized depletion of the essential amino acid
tryptophan and formation of its metabolites*”.

Kupffer cells (KC), act as effective antigen-presenting
cells (APC) in the liver, can directly interact with passenger
leukocytes and may play an important role in intrahepatic
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immunoregulation. KC can regulate allogeneic T-cell
response 7 vitro and in vivo by Fas/FasL pathway, but
blocking anti-FasL antibody could not thoroughly
suppress the effect of KC on T-cell proliferation[sl,
and some other mechanisms may contribute to KC-
dependent suppression. Many experiments”” showed
that APC, such as dendritic cells and monocyte-detived
macrophages, could induce IDO expression by certain
treatment and acquire the capacity to suppress T-cell
proliferation.

In this study, we hypothesized that IDO expressed by
KC was another mechanism of KC immunoregulation.
To confirm this, we analyzed whether KC pretreated
with interferon-y (IFN-y) can be induced to express
IDO and FasL,, and the impact of KC expressing IDO

and FasL on allogeneic T-cell response iz vitro.

MATERIALS AND METHODS

Animals

Male BABL/c and C57BL/6 mice were putchased from
the West China Animal Center and those aged 10-12 wk
were used for the experiment.

Lymphocyte and KC isolation

Spleens were harvested from male C57BL/6 mice and the
lymphocyte (LC) was isolated as described previously[S].
KCs were isolated as described by Yan ez a/'). This
technique of cell isolation yielded 10-20 million KCs per
liver on average, with a 92%-95% viability, as determined
by trypan blue exclusion. KCs were determined by
phagocytosed carbon bead and stained positively for
nonspecific esterase.

Relative quantitation for FasL mRNA and IDO mRNA
expression

Total RNA of KC was extracted using TRIzol (Life
Technologies, Rockville, USA) and subjected to reverse
transcription polymerase reaction (RT-PCR) using the fol-
lowing primers: FasL. 5'-GCACAGAAGGGAAGGAG-
TA-3" and 5'-CCAGGAGAATCGCAGTAGA-3"; IDO
5"TATTGCTGTTCCCTACTG-3" and 5'-GGTCTT-
GACGCTCTACT-3"; GAPDH 5'-CCTCAAGATTGT-
CAGCAAT-3"and 5-CCATCCACAGTCTTCTGAGT-3".
And they yielded a fragment size of 163, 255 and 141 bp,
respectively. Amplification was performed on an iCycler
(Bio-Rad, Hercules, USA). For quantitative PCR, ampli-
fication was performed using SYBR Green PCR Master
Mix (Applied Biosystems, Foster City, USA). Fluores-
cence was detected at 490 nm using the iCycler 1Q real-
time PCR (Bio-Rad, Hercules, USA). The Ct of negative
samples was defined as 45. A comparative Ct method was
used to quantitate IDO and FasL cDNA levels?. Melting
curve analysis consisted of a denaturation step at 95°C for
1 min, lowered to 55°C for 30 s, and followed by 40 cycles
of incubation, in which the temperature was raised to
95°C at a rate of 1°C/30 s per cycle with continuous read-
ing of fluorescence. The size of amplification products
was verified by agarose gel electrophoresis.
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Mixed leukocyte reaction

KC (2.0 x 10" from BABL/c was co-incubated with
allogeneic spleen lymphocytes (4.0 X 10°) from C57BL/6
in 0.2 ml. RPMI1640 medium containing 10% fetal calf
serum (FCS), 100 U/mL penicillin, and 100 mg/mL
streptomycin. Positive controls consisted of KC pret-
reated with IFN-y (Cytolab Ltd., USA) for 24 h and
allogeneic lymphocytes with anti-FasL antibody (MFL4;
BD PharMingen, San Diego, CA) or 1-MT (Aldrich
Chemical, Milwaukee, WI), or KC pretreated with IFN-y
(200 U/mL) or without allogeneic lymphocytes,whereas
negative controls included KC or lymphocytes only. These
cells were cultured in a 37°C, 5% CO2 incubator in 96-well
flat bottom plates (COSTAR, Corning, NY, USA). After
5 d, [H] thymidine (H-TdR) (Inotech Biosystems, USA)
was added and kept for 12 h and the number of counts
per minute (cpm) was determined in a 3-counter.

High performance liquid chromatography for functional
IDO expression

To verify functional IDO expression, tryptophan and
kynurenine levels were measured in culture media. IDO
activity was expressed as the concentration of kynurenine
in the sample. KC was treated with IFN-y (200 U/mL) for
6 and 24 h in 200 uL. RPMI1640 containing 24.5 pmol/L
tryptophan. The supernatant was harvested and the
quantity of kynurenine and tryptophan was determined
by high performance liquid chromatography (HPLC)
and UV detection (UV265 nm, Shimadzu, Japan). HPLC
was performed according to Carlin ez al”" with minor
modifications.

Protein-free supernatant of 100 pl. was injected onto
the column. Kynurenine and tryptophan concentrations
in the supernatants were determined based on their peak
heights relative to standard solutions obtained in the
chromatograms. The standard solutions of kynurenine
and tryptophan, purchased from Sigma, were prepared
and kept fresh each day at concentrations ranging from
0 to 30 umol/L and submitted to precipitation with 30%
trichloroacetic acid and incubation at 50°C for 30 min.
Chromatography of the standards and the samples was
performed under the same conditions.

Flow cytometric analysis

KCs (1 X 106) were seeded and after an overnight incuba-
tion, they were pretreated with IFN-y (200 U/mL) for
24 h. T-cell alone was used as controls. KCs were cocul-
tured with allogeneic T-cells (E/'T = 1:1) for 24 h. T-cells
were harvested and washed twice with 0.01 mol/L PBS
and fixed with 70% ethanol for 2 h at 25°C. Finally, the
cells were washed twice with PBS and stained with prop-
idium iodide. The apoptosis of T-cells was analyzed by a
flow cytometer (Beckman-Coulter, USA).

Statistical analysis

The Chinese law on the Protection of Animals was fol-
lowed. The data were presented as mean * SD. Paramet-
ric data was analyzed by Student’s # test. P < 0.05 was
considered statistically significant.
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Group FasL Ct IDO Ct GAPDH Ct FasLACt IDOACt
Oh 45 45 19.23 +0.51 5.77 £0.51 25.77 £0.51
6h 21.10+0.52 25.67 +1.00 16.5+0.61 4.60 +0.10° 8.83 +0.95
24 h 21.07 £0.29 25.37 +0.23 16.57 +2.03 5.70 + 0.10° 9.47 +0.58"
48 h 27.03+0.21 17.1+0.20 9.93 +0.15
P < 0.05 vs KC group. IDO: Indoleamine 2,3-dioxygenase; KC: Kupffer cells; IFN-y: Interferon-y.
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Figure 1 Reverse transcription polymerase chain reaction (RT-PCR) é 6L
shows indoleamine 2,3-dioxygenase (IDO) and FasL expression in Kupffer 2
cells (KC) before and after activation with recombinant interferon-y (IFN-y). s 4l
RT-PCR showing FasL expression in KC before (lanes 1 and 2) and after §
activation for 6 h (lanes 3 and 4) or 24 h (lane 5) with IFN-y. RT-PCR showing § 2L
IDO expression in KC before (lanes 6-8) and after activation for 6 h (lane 9) or S
24 h (lane 10) with IFN-y. “ _
KC IFN-y

RESULTS

IFN-y induces the expression of IDO mRNA and FasL
mRNA in KC

We measured KC FasL. mRNA and IDO mRNA using
real-time RT-PCR. Treatment of mouse KC with IFN-y
resulted in the time-dependent induction of IDO and
FasL. The results were expressed in terms of change
in Ct values (ACt), ACt = average Ctspecific gene - average
CtcappH. Because GAPDH is an abundant message, lower
ACt values corresponded to a higher level of expression.
Expression of FasL and IDO in KC pretreated with
IFN-y was significantly decreased in comparison with KC
without IFN-y pretreatment (Table 1). IDO and FasL
expression was determined by RT-PCR in KCs before and
after activation for 6 and 24 h with recombinant IFN-y

(Figure 1).

Tryptophan depletion of culture medium

To verify whether IDO induced by KC exerted its catabolic
effect, tryptophan as well as kynurenine were measured
by HPLC in KCs pretreated with or without IFN-y for
24 h. Tryptophan and kynurenine concentrations were deter-
mined using 1 mL of culture medium that was harvested
from a 3.5 cm” culture dish. As expected, the kynurenine
concentration significantly increased while tryptophan
decreased. Tryptophan concentration in KC group and
IFN-y group was 23.6 £ 0.9 ymol/L and 7.8 £ 0.6 pmol/L
while kynurenine concentration was 0.3 + 0.08 pmol/L and
7.1 £ 1.4 umol/L, respectively (Figure 2).
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Figure 2 Tryptophan (A) and kynurenine (B) concentration in cultures
of KC. The kynurenine concentration significantly increased while tryptophan
decreased in KC pretreated with IFN-y for 24 h. °P < 0.05 vs KC group.
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Figure 3 Reduction of allogeneic T-cell stimulation by IDO and FasL-
expressing KC. Naive lymphocyte (LC), naive KC, KC pretreated with IFN-y
were coincubated with allogeneic spleen T-cell for 5 d and cell proliferation
measured by °*H-TdR incorporation. °P < 0.05 vs KC group.

Inhibition of allogeneic T-cell response by KCs
expressing IDO and FasL

Whether KCs expressing IDO and FasL can inhibit
the proliferation of allogeneic T-cells was confirmed
in the experiment. KC pretreated with IFN-y for 24 h
and naive KC were coincubated with allogeneic T-cells,
respectively, the proliferation was determined by "H-TdR
incorporation. KCs expressing IDO and FasL. were
significantly more effective than naive KC (Figure 3) in
inhibiting the allogeneic T-cell proliferation (P < 0.05).
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Figure 4 Anti-FasL antibody (A) or 1-methyl-tryptophan (1-MT) (B)
enhances the proliferation of allogeneic T-cell stimulated with KC
pretreated with IFN-y. °P < 0.05 vs control group.

1-MT and anti-FasL antibody blocks the inhibitory effect
of KC pretreated with IFN-y

To confirm whether the inhibition of T-cell proliferation
was due to the enzymatic activity of IDO, inhibitory
tests were performed in the presence of 1-MTanti-FasL.
antibody or IgG. The addition of 1-MT or anti-FasL
antibody showed an augmented proliferative response in
a dose-dependent manner as compared with the control
group (Figure 4). These results indicate that the inhibitory
effect of KC pretreated with IFN-y was induced by the
IDO activity and Fas/FasL interaction.

KCs induce allogeneic T-cell apoptosis

In order to clarify the undetlying mechanism by which
KC inhibits the proliferation of allogeneic T-cells, we
confirmed that KC has the ability to induce apoptosis
of allogeneic T-cells. The apoptosis rate of allogeneic T
cells was 11.7% % 1.2% in KC group, 25.53% + 1.31%
in IFN-y group, 10.9% * 0.25% in 1-MT group and
4.53% £ 0.65% in LC group. Figure 5 shows that KC
pretreated with IFN-y was more effective to induce
T-cell apoptosis than naive KC, but the effect was
abrogated by addition of 1-MT (1 mmol/L).

DISCUSSION

KC pretreated with IFN-y can be induced to express
IDO mRNA and FasL. mRNA as shown in this study. KC
expressing FasL and IDO can inhibit the proliferation of
allogeneic T-cells and induce their apoptosis by increasing
kynurenine and reducing tryptophan 7 vitre, which could
be blocked by addition of 1-MT and anti-FasL antibody.
These results are consistent with our hypothesis that IDO
is another mechanism of KC immunoregulation.

The interaction between T-cell and KC has an im-
portant impact on antigen-specific immune response in
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Figure 5 KC induces apoptosis of allogeneic T-cell. The KC pretreated with
IFN-y exhibit a significant allogeneic T-cell apoptosis. *P < 0.05 vs KC group.

the liver. The expansion of specifically activating T-cell
requires the presence of KC, which holds a key position
in regulation of hepatic immune response!™*'”. Apoptosis
induced by Fas/FasL interactions have been proposed
as a mechanism of immune privilege and peripheral
tolerance''”. Sun ¢ a/* identified that KC induced T-cell
apoptosis and may be involved in the development of
hepatic immune tolerance through Fas/FasL pathway.
But the addition of anti-FasL antibody could not thor-
oughly block the inhibitory effect of KC on allogeneic
T-cell proliferation. We propose that KC-induced T-cell
apoptosis is dependent on the Fas/FasL pathway and
IDO. IDO as well as FasLare known to be expressed in
immune-privileged sites and believed to induce peripheral
tolerance*"”. Our data showed that KC pretreated with
IFN-y induced the expression of both FasL and IDO.
The blockade of IDO activity by 1-MT would negate the
induction of apoptosis # vitro by IFN-y-treated KC. This
suggests that IDO induction is another mechanism by
which IFN-y acts on KC to mediate apoptosis of T-cells.

Munn ¢ al” confirmed that macrophages expressing
IDO caused the lack of tryptophan in a cell-culture sys-
tem. In the current series of experiments, the amount of
tryptophan reduced by KC expressing IDO was not so
dramatic as by macrophages. The phenomena were due
to different activities of the IDO gene. In the presence
of tryptophan, IDO-expressing KCs also suppressed the
proliferation of allogeneic T-cells. So the concentration
of tryptophan in culture may not be the only reason con-
tributing to the effect. Some reports™™*'™” have shown
that tryptophan-derived catabolites, such as kynurenine,
3-hydroxykynurenine, 3-hydroxyanthranilic acid and pico-
linic acid, also suppress the allogeneic T-cell responses
in vitro and in vivo. The concentration of kynurenine in
our study also increased after KCs were pretreated with
IFN-y. Tryptophan metabolites may be another reason
that IDO-expressing KCs inhibit the proliferation of al-
logeneic T-cells.

KCs expressing IDO and FasLL may drive the differ-
entiation of Th2/Th3. Th2 cells expressed higher levels
of FAP-1 that inhibited Fas/FasL pathway and were
not sensitive to FasL-induced apoptosis, but Fas/FasL
pathway promoted the rapid death of Th1 cells and
selective survival of Th2 cells™. It may be a mechanism
for differential regulation of Th cells by KC. Furthermore,
tryptophan metabolites, such as 3-hydroxykynurenine
and quinolinic acid, can selectively induce apoptosis of
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Th1 cells, but not Th2 cells"”. Tt was associated with the
activation of caspase 28 and cytochrome C released by
mitochondrion without the patticipation of Fas/FasL
interaction. KC pretreated with IFN-y may control the
differentiation of Th cells by the two mechanisms.

In conclusion, our results showed that IDO expressed
by KC is another mechanism associated with induction
of allogeneic T-cell apoptosis in addition to Fas/FasL
interaction.

COMMENTS

Background

The acceptance of the fetus during pregnancy by the mother is a successful
model of tolerance against allogeneic tissue. Indoleamine 2,3-dioxygenase
(IDO) plays an important role in maintenance of maternal T-cell tolerance to
fetal alloantigens. The mechanism of IDO immunosuppression may be the
localized depletion of tryptophan and formation of its metabolites. Kupffer cells
(KC) plays an important role in intrahepatic immunoregulation and induction of
tolerance by Fas/FasL pathway. But blocking the anti-FasL antibody could not
thoroughly suppress the effect of KC on T-cell proliferation. IDO expressed by
KC may be another mechanism of KC immunoregulation.

Research frontiers

How to induce specific inmune tolerance is a hot topic of research. Killing the
transplantation antigen-activated T cells is an important way to induce specific
immune tolerance. IDO plays an important role in inducing the apoptosis of
antigen-activated T cells. The activation and apoptosis of T cell is the central
link in the formation of immune tolerance, but the apoptosis requires the
activation of antigen presenting cells in the liver mainly by KC. KC can regulate
allogeneic T-cell response in vitro and in vivo by Fas/FasL pathway.

Innovations and breakthroughs

The study found that KC pretreated with interferon-y (IFN-y) could express IDO
and FasL. KCs expressing IDO and FasL from BABL/c mice acquire the ability
to suppress the proliferation of T-cells from C57BL/6, which could be blocked by
1-methyl-tryptophan and anti-FasL antibody. In addition to Fas/FasL pathway, IDO
may be another mechanism in KC to induce immune tolerance.

Applications

IDO may be another mechanism in KC to induce immune tolerance, indicating
that KC may be the potential target for immune tolerance in liver transplantation.
Terminology

IDO is a monomeric protein heme iron, which was found in rabbit intestinal
tissues in 1967. IDO has been found widely expressed in the immune system,
including the thymus, placenta, gastrointestinal mucosa, anterior chamber,
epididymis and other immune tolerance or immunologically privileged sites,
particularly in a number of inhibitory antigen-presenting cells. IDO is involved in
the regulation of T-cell proliferation and apoptosis.

Peer review

This is an interesting paper devoted to the role of IDO in KC in inhibiting allogenic
T-cell responses.In this study, the authors investigated whether KC pretreated with
IFN-y can be induced to express IDO and FasL, and analyzed the impact of KC
expressing IDO and FasL on allogeneic T-cell response in vitro. The study shows
IDO is another mechanism of KC immune regulation. Overall, the study is interesting
and significant, and the data are presented in a clear and logical manner.
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