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The role of donor T cells for target organ injuries in acute and chronic
graft-versus-host disease
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SUMMARY

Donor T cells are crucial for target organ injury in graft-versus-host disease (GVHD). We examined
the effects of donor T cells on the target organs using a parent-into-F; model of acute and chronic
GVHD. Donor T cells showed engraftment in the spleen, small intestine and liver of mice with acute
GVHD, causing typical GVHD pathology in these organs. Interferon-y and Fas ligand expression
were up-regulated, and host lymphocytes were depleted in the target organs of these mice. In
contrast, donor T cells did not show engraftment in the small intestine of mice with chronic GVHD,
and no GVHD pathology was observed in this organ. However, both donor T-cell engraftment and
GVHD pathology were observed in the spleen and liver of chronic GVHD mice, along with the
up-regulation of interleukin-4 (IL-4) and IL-10 expression plus the expansion of host lymphocytes
such as splenic B cells and hepatic natural killer (NK) 1.1" T cells. Donor anti-host cytotoxic
T-lymphocyte activity was observed in spleen cells from mice with acute GVHD, but not in spleen
cells from mice with chronic GVHD. Transplantation of Fas ligand-deficient (g/d) spleen cells did
not induce host lymphocyte depletion in target organs. These results indicate that donor T cells
augment type 1 T helper immune responses and deplete the host lymphocytes from target organs
mainly by Fas-mediated pathways in acute GVHD, while donor T cells augment type 2 T helper
immune responses and expand host splenic B cells and hepatic NK1.1" T cells in chronic GVHD.

INTRODUCTION

Donor T cells are crucial for the development of graft-versus-
host disease (GVHD), since depletion of T cells from the donor
inoculum effectively prevents GVHD in both clinical and
murine studies."? However, the precise role of donor T cells in
target organ damage related to GVHD has not been examined.
The parent-into-F; model of GVHD is useful for studying
the effect of donor T cells on host tissues and lymphocytes.®
In this model, both acute and chronic GVHD can be created.
Acute GVHD is characterized by a severe reduction of host
lymphohaematopoietic cells and profound immunodeficiency
due to activation of both donor CD4" and CD8" T cells in
response to host alloantigens.** In contrast, chronic GVHD

Received 2 November 2000; revised 30 January 2001; accepted 23
February 2001

Abbreviations: ConA, concanavalin A; CTL, cytotoxic T lympho-
cyte; GVHD, graft-versus-host disease; IEL, intraepithelial lympho-
cytes; Th, T helper.

Correspondence: Tsuyoshi Iwasaki, M.D., Second Department of
Internal Medicine, Hyogo College of Medicine, 1-1 Mukogawa-cho,
Nishinomiya, Hyogo 663-8501, Japan. E-mail: tsuyo-i@hyo-med.ac.jp

results from the selective activation of alloreactive donor
CD4* T cells that act as helpers of host B cells, leading to B-
cell activation and autoantibody production.® In both forms of
GVHD, alloreactive donor T cells undergo activation and
expansion, produce cytokines, and mature into effector cells.
However, previous studies have been carried out in the spleen,
and not in the other target organs of GVHD, such as the liver
or intestine, and a precise analysis of the effect of donor T cells
on the hepatic lymphocytes and intestinal intraepithelial
lymphocytes (IEL) of the host has not been performed. In
view of the similar effects of donor T cells in the target organs
of GVHD, we asked whether donor T cells were also
responsible for pathological changes and host lymphocyte
depletion and activation in the intestine and liver in mice with
acute and chronic GVHD. To address this question, we
examined the relationship between the composition of donor
T cells among host lymphocytes in the target organs such as the
spleen, small intestine and liver and the pathological changes
of GVHD using the parent-into-F; model of GVHD. We
also examined the effect of donor T cells on host lymphocyte
populations as well as on cytokine and Fas ligand (FasL)
expression in the target organs. GVHD pathology was
observed in organs showing engraftment of donor T cells,
such as the spleen, small intestine and liver in mice with acute
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GVHD. The expression of type 1 T helper (Thl) cytokines in
these organs was up-regulated and host lymphocytes were
depleted mainly by Fas-mediated pathways. GVHD pathology
was also observed in organs showing engraftment by donor
T cells, such as the spleen and liver, in mice with chronic
GVHD. However, type 2 T helper (Th2) cytokine expression
was up-regulated in these organs and there was expansion of
host splenic B cells and hepatic natural killer (NK) 1.1 T cells.
These results indicate a crucial role of donor T-cell-mediated
immune responses for target organ injuries in both acute and
chronic GVHD.

MATERIALS AND METHODS

Mice

C57BL/6 (B6), C57BL/6/gld/gld (B6/gld), DBA/2, and
(C57BL/6 x DBA/2) (BDF;) mice were obtained from SLC
(Hamamatsu, Japan). Female mice between 6 and 10 weeks old
were used in all of the studies. Animal care was in accordance
with the guidelines of The Hyogo College of Medicine.

Induction of GVHD

Single-cell suspensions from the spleens of DBA/2 or B6
parental donors were prepared in Hanks’ balanced salt solution
(HBSS) without phenol. Cell suspensions were filtered through
sterile nylon mesh, washed, diluted to a concentration of 108
viable cells/ml, and injected intravenously into non-irradiated
BDF,; mice, as described previously.” Acute GVHD was
induced using 50 x 10° spleen cells from either B6 mice or B6/
gld mice, and chronic GVHD was induced with 90 x 10° DBA/2
spleen cells.

Preparation of hepatic lymphocytes

Lymphocytes were prepared from the liver as described
previously.” Briefly, livers harvested from mice were minced,
pressed through a mesh, and suspended in phosphate-buffered
saline (PBS). To remove hepatic parenchymal cells, the cells
were resuspended in 33% Percoll containing 100 U/ml heparin
and then were centrifuged at 800 g for 10 min at room
temperature. The pellet was resuspended in red blood cell
(RBCQ) lysis solution, and then washed three times in PBS.

Preparation of intestinal IEL

Intestinal IEL were prepared as described previously, with
some modifications.® Briefly, the small intestine was surgically
removed, flushed with 20 ml of PBS and inverted. Then the
intestine was washed again with PBS and cut into four
segments, which were stirred in PBS supplemented with 20%
fetal calf serum (FCS) for 30 min at room temperature. After
debris was removed, the remaining cell suspension was
centrifuged. The supernatant was aspirated, the pellet was
resuspended in 7 ml of 45% Percoll, and then was layered onto
66-7% Percoll solution, and centrifuged (600 g) at 20° for
20 min. Intestinal IEL were harvested from the interface and
were washed twice with PBS.

Flow cytometry

Cell suspensions were prepared in HBSS without phenol red
containing 1% FCS and 0-1% sodium azide. The cells were
incubated with an anti-Fc receptor monoclonal antibody
(mAD) (2.4G2) for 10 min at 4°, and then were incubated with
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fluorescein isothiocyanate (FITC)-conjugated mAbs and/or
phycoerythrin (PE)-conjugated mAbs for 30 min. The stained
cells were washed twice, resuspended and analysed using
a FACScan (Becton Dickinson, Mountain View, CA). FITC-
conjugated anti-mouse H-2K® mAb (clone AF6-88.5), anti-
mouse CD3 mAb (clone 145-2C11), anti-mouse T-cell receptor
mAb (TCR), B-chain mAb (clone H57-597) as well as PE-
conjugated anti-mouse H-2K¢ mAb (clone SFI-1.1), anti-
mouse CD3 mAb (clone 145-2C11), anti-mouse NK1.1 mAb
(clone PK136), anti-mouse TCR vy-chain mAb (clone GL3),
anti-mouse B220 mAb (clone RA3-6B2), were purchased from
Pharmingen (San Diego, CA). Multicolour flow cytometry was
performed as described previously® with some modifications.
Channel numbers for the analysis were chosen on the basis of
the staining pattern of normal spleen cells. Staining of normal
F, spleen cells with anti-major histocompatibility complex
(MHC) reagents resulted in a unimodal positive profile when
compared with the negative controls. When donor parental
cells were detected in the GVHD mice, these cells were seen as
subpopulations that were clearly negative (equivalent to non-
specific findings) for F;-specific MHC.

Histopathology

The tissues harvested from mice with GVHD were placed in
PBS with 10% formalin. The fixed tissues were embedded in
paraffin, sectioned, and stained with haematoxylin and eosin.

Ex vivo detection of anti-host cytotoxic T lymphocyte (CTL)
activity

Effector CTL activity was tested using freshly harvested spleen
cells without in vitro sensitization. CTL activity was tested by
the lysis of F; concanavalin A (ConA) blasts from BDF; mice
in a 4-h °!Cr release assay, as described elsewhere.” To show
anti-host specificity of CTL, ConA blasts from B6 mice were
also used as targets. Effector cells were tested in triplicate
at four effector:target ratios and the per cent lysis was
calculated from counts per minute (c.p.m.) data according to
the following formula: [(sample c.p.m.—spontaneous c.p.m.)/
(maximum c.p.m. —spontaneous c.p.m.)] x 100%. Results were
shown as the mean per cent lysis +SD at a given E: T cell ratio
for each treatment group.

Reverse transcription polymerase chain reaction (RT-PCR)

Total RNA was extracted from tissues using a standard
guanidine thiocyanate—phenol-chloroform protocol. Follow-
ing quantification of the isolated RNA by spectrophotometric
analysis, 1 ug of total RNA was reverse transcribed in the
presence of random hexanucleotide primers (Promega Corp.,
Madison, WI) and avian myeloblastosis virus reverse tran-
scriptase (Promega). The reaction mixture was incubated at 42°
for 1 hr and then at 72° for 5 min to terminate the reaction.
From this reaction mixture, one-tenth of the volume was
amplified by PCR to generate mouse FasL, interferon-y (IFN-
v), interleukin-4 (IL-4), IL-10 and B-actin cDNAs. The reaction
mixture contained 50 pmol of each primer, 25 mm dATP,
dGTP, dCTP and dTTP (Pharmacia, Uppsala, Sweden), 2 ml
of 10x reaction buffer, 1 U of Tag DNA polymerase
(Boehringer Mannheim, Indianapolis, IN) and sterile distilled
water. PCR amplification was performed at 94° for 1 min,
65° for 1 min and 72° for 1 min in a DNA thermal cycler
(Perkin Elmer Cetus Instruments, Norwalk, CT) for 26,
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29 and 32 cycles to confirm linearity. A 10-ul aliquot of the
reaction mixture was subjected to electrophoresis on 1-5%
agarose gel (NuSieve, FMC, Vallensbaek Strand, Denmark)
containing ethidium bromide, after which the gel was photo-
graphed under ultraviolet light. The 5" and 3" PCR primers
were obtained from Clontech (Palo Alto, CA) and Bex (Tokyo,
Japan), and had the following sequences, respectively: FasL,
CGTGAGTTCACCAACCAAAGC and CCCAGTTTCGT-
TGATCACAAG; IFN-y, TGGCTGTTTCTGGCTGTT-
ACTG and AATCAGCAGCGACTCCTTTTCC; IL-4,
CCAGCTAGTTGTCATCCTGCTCTTCTTTCTCG and
CAGTGATGAGGACTTGGACTCATTCATGGTGC; IL-
10, ATGCAGGACTTTAAGGGTTACTTGGGTT and
ATTTCGGAGAGAGGTACAAACGAGGTTT,; B-actin,
TGTGATGGTGGGAATGGGTCAG and TTTGATGT-
CACGCACGATTTCC. Semi-quantitative determination of
the PCR products was performed by the procedure described
previously.!® A standard curve was obtained from the
quantitative relationship between serial 1:2 dilutions of the
cDNA mixture from 250 ng of total RNA, and the amount
of the final PCR product was measured by densitometry. There
was a log-linear relation between the amount of cDNA added
to the mixture and the PCR products over the range of cDNA
dilutions used for the PCR. In addition, the FasL, IFN-y, IL-4
and IL-10 PCR products were normalized by the [-actin
internal control.

In vitro cytokine production by spleen cells, IEL and hepatic
lymphocytes

Cells (1 x 103/well/200 ul) were incubated for 72 hr on anti-
CD3-coated plates that had been preincubated with 20 pg/ml
of 145-2C11 in PBS overnight at 4°. The concentrations of
IFN-y and IL-4 in the culture supernatant were measured by
ELISA using anti-mouse IFN-y and IL-4 mAbs (Genzyme
Corp, Cambridge, MA). Each assay was performed according
to the manufacturer’s protocol.

Statistical analysis
Differences between group mean values were compared using
Student’s -test.

RESULTS
GVHD pathology in the target organs.

Acute and chronic GVHD were, respectively, induced by
injection of 5 x 107 parental B6 spleen cells or 9 x 107 parental
DBA/2 spleen cells into non-irradiated BDF; mice. At 2 weeks
after the induction of GVHD, the spleens of mice with acute
GVHD showed marked lymphoid atrophy, structural disorga-
nization and focal necrosis. In contrast, the spleens from mice
with chronic GVHD showed lymphoid hypertrophy. The small
intestines from mice with acute GVHD, but not mice with
chronic GVHD, exhibited dilatation, flattening of the villi and
elevation of the crypts, which are characteristic features of
intestinal GVHD. The livers from mice with both acute and
chronic GVHD showed massive periportal infiltration of
mononuclear cells (Fig. 1).

Donor T-cell engraftment in the target organs

We prepared spleen cells, intestinal IEL and hepatic lympho-
cytes from mice at 2 weeks after the induction of GVHD. The
number of spleen cells and intestinal IEL was decreased, while
the number of hepatic lymphocytes was increased in the mice
with acute GVHD. In mice with chronic GVHD, both spleen
cells and hepatic lymphocytes were increased (Fig. 2a). To
investigate donor T-cell engraftment in the target organ of
GVHD, we examined the proportion of engrafted donor T cells
among spleen cells, intestinal IEL and hepatic lymphocytes by
multiplying the total number of mononuclear cells by the
fraction of H-2K%negative and CD3-positive cells in acute
GVHD, or by the fraction of H-2K -negative and CD3-posi-
tive cells in chronic GVHD. Donor T-cell engraftment was
observed among the spleen cells, intestinal IEL and hepatic
lymphocytes of mice with acute GVHD. In contrast to acute
GVHD, donor T-cell engraftment was observed among the
spleen cells and hepatic lymphocytes, but not the intestinal
IEL, in mice with chronic GVHD (Fig. 2b). Since neither
donor T-cell engraftment nor GVHD pathology were observed
in the small intestine of mice with chronic GVHD (Fig. 1), this
suggests that donor T-cell engraftment is essential for GVHD
to occur in target organs.

Effect of donor T cells on host lymphocytes in the target
organs

We examined the effect of donor T cells on host lymphocytes in
the target organs. yoT cells were depleted from the intestinal
IEL in mice with acute GVHD, but not in mice with chronic
GVHD (Fig. 3b). Splenic B cells and hepatic NK cells and
NKI1.1* T cells were depleted in acute GVHD, whereas splenic
B cells and hepatic NK1.1" T cells were expanded in chronic
GVHD (Fig. 3a,c). We next examined whether the expanded
splenic B cells and hepatic NK1.1" T cells in chronic GVHD
were derived from host cells or engrafted donor cells.
B220-positive spleen cells and NK1.1-positive hepatic lympho-
cytes were exclusively H-2K®-positive, indicating that these
cells were of host origin (Fig. 4). These results suggest that host
lymphocytes in target organs such as splenic B cells, intestinal
v8 1EL, hepatic NK cells and hepatic NK1.1* T cells are
depleted in acute GVHD, while host splenic B cells and hepatic
NKI1.1" T cells are expanded in chronic GVHD.

FasL mRNA expression and anti-host CTL activity of
lymphocytes in the target organs

To explore the mechanisms underlying host lymphocyte
depression in acute GVHD, we examined Fas ligand (FasL)
mRNA expression in GVHD target organs. Total RNA was
extracted from the spleen, small intestine and liver, and RT-
PCR was performed using specific primers for FasL. We found
that FasL mRNA expression was increased in the spleen, small
intestine and liver in acute GVHD, but not in chronic GVHD
(Fig. 5a). Next, we tested the in vitro anti-host CTL activity of
spleen cells from mice with acute and chronic GVHD. Spleen
cells obtained from mice with acute GVHD demonstrated
strong anti-host CTL activity, while cells from mice with
chronic GVHD did not show anti-host CTL activity (Fig. 5b).
Since FasL contributes to anti-host CTL activity,!! these
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Figure 1. Histopathological features of GVHD. Acute and chronic GVHD were induced as described in the Materials and Methods.
Three mice from each group were killed on day 14. Paraffin sections of the spleen, small intestine and liver were stained with
hamatoxylin and eosin. Control sections were obtained from age-matched normal BDF; mice. The livers from mice with acute and
chronic GVHD showed cellular infiltration in the periportal area (arrow). Original magnification x 40, small intestine; x 100, spleen

and liver.

findings indicate that host lymphocytes were depleted from
target organs mainly by Fas-mediated pathways in the mice
with acute GVHD, although perforin/granzyme pathways also
appear to play a role.

B6/gld transfer into BDF; mice

To directly examine whether Fas-mediated pathways have a
major role in the depletion of host cells in acute GVHD, BDF,
mice were injected with 5 x 107 spleen cells from either normal
B6 mice or FasL-deficient B6/gld mice. At 2 weeks after the
induction of GVHD, spleen cells, intestinal IEL and hepatic
lymphocytes were prepared. Despite injecting equivalent
numbers of B6 or B6/gld donor T cells, host splenic B cells,
v8T cells from TEL and hepatic NK cells and NK1.1*T cells
were not depleted in BDF; mice injected with B6/gld mice
(Fig. 6). These results indicate that Fas-mediated pathways
are important for the depletion of host lymphocytes in acute
GVHD.
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Th1 and Th2 cytokine expression in the target organs

It is generally accepted that Thl cytokine production is
augmented in acute GVHD,’ while chronic GVHD is related
to the increased Th2 cytokine production by donor CD4™"
T cells,'? resulting in B-cell hyperactivity, formation of
autoantibodies and lupus-like disease.® However, previous
studies were carried out in the spleen and not in other target
organs of GVHD such as the small intestine and liver.
Accordingly, we examined IFN-y, IL-4 and IL-10 mRNA
expression in the spleen, small intestine and liver in the present
study. IFN-y mRNA expression was increased in the spleen,
small intestine and liver of mice with acute GVHD, but not in
mice with chronic GVHD. In contrast to acute GVHD, 1L-4
and IL-10 mRNA expression was increased in the spleen and
liver of mice with chronic GVHD (Fig. 7a). Next, we examined
the ability of lymphocytes in the target organs to produce Thl
and Th2 cytokines. Spleen cells, intestinal IEL and hepatic
lymphocytes were cultured in anti-CD3 mAb-coated plates,
and IFN-y and IL-4 in the culture supernatant were assayed by
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ELISA. We found that IL-4 production by spleen cells and cells showed a decrease of IFN-y production in acute GVHD
hepatic lymphocytes was decreased in acute GVHD, but was (Fig. 7b). These results indicated that Thl cytokine expression
increased in chronic GVHD. IFN-y productions by IEL and was augmented in the target organs of mice with acute GVHD,
hepatic lymphocytes was increased in acute GVHD, while spleen while Th2 cytokines were increased in chronic GVHD.
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Figure 2. (a) Effect of GVHD on the number of spleen cells, intestinal IEL and hepatic lymphocytes. On day 14 after induction of
GVHD, spleen cells, intestinal IEL and hepatic lymphocytes were prepared as described in the Materials and Methods. The mean 4+ SD
for four mice is shown. *P <0-05, **P <0-01. (b) Engraftment of donor T cells in the target organs. The number of engrafted donor
T cells was determined by multiplying the total number of the cells by the fraction of H-2K%negative and CD3-positive cells (acute
GVHD) or by the fraction of H-2K-negative and CD3-positive cells (chronic GVHD). The mean +SD for four mice is shown.
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Figure 3. Effect of GVHD on host lymphocytes in target organs. Spleen cells (a), intestinal IEL (b) and hepatic lymphocytes (c) were
prepared from normal BDF| mice, acute GVHD mice and chronic GVHD mice as described in the Materials and Methods, and two-
colour staining was done for CD3 and B220, TCR-of3 and TCR-y3, and TCR-af and NK1.1, respectively. The numbers in the figure
represent the percentage of fluorescence-positive cells in the corresponding areas.
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Figure 4. Expansion of host splenic B cells and NK1.1* T cells in mice
with chronic GVHD. Spleen cells and hepatic lymphocytes were
prepared from normal BDF; mice and chronic GVHD mice as
described in the Materials and Methods, and two-colour staining was
performed for B220 and H-2K®, or NK1.1 and H-2K", respectively.
The numbers in the figure represent the percentage of fluorescence-
positive cells in the corresponding areas.

DISCUSSION

In mice with acute GVHD, we found donor T-cell engraftment
in the spleen, small intestine and liver (Fig. 2b), and GVHD
pathology was also observed in these organs (Fig. 1). In
contrast to acute GVHD, the mice with chronic GVHD did not
show donor T-cell engraftment (Fig. 2b) or GVHD pathology
(Fig. 1) in the small intestine. We also observed donor T-cell
engraftment and GVHD pathology in the bone marrow and
thymus of mice with acute GVHD but not in mice with chronic
GVHD (data not shown), suggesting that GVHD pathology
was caused by donor T-cell engraftment in the target organs.
The mechanisms that prevent donor T-cell engraftment in
organs such as the small intestine, bone marrow and thymus of
mice with chronic GVHD are unclear at present. One possible
explanation is that the frequency of anti-BDF; precursor CTL
in DBA/2 mice is ninefold lower than in B6 mice.'® Thus, it is
more difficult for DBA/2 CD8™" T cells to expand following
engraftment in F; hosts, and these cells may be rejected by host
immunocompetent lymphocytes in various organs.

Mice with acute GVHD showed severe lymphocyte
hypoplasia in the spleen and small intestine (Fig. 2a), and
the number of host splenic B cells and host ydT cells among
intestinal IEL was decreased significantly. Although the
number of hepatic lymphocytes was increased in acute GVHD,
host NK cells and NK1.1* T cells were depleted from hepatic
lymphocytes (Fig. 3). The pathogenesis of acute GVHD
involves three elements: a donor Thl-mediated immune
response to host alloantigens, activation of pro-inflammatory
macrophages and NK cells, and triggering of inflammatory
cytokine release by environmental pathogens or their pro-
ducts.'* Host-reactive Thl cells are crucial for the induction of
the anti-host CTL response during acute GVHD, since the
Thl-mediated immune response enhances cell-mediated immu-
nity by stimulating CTL differentiation'® and increases the
immunogenicity of cells by up-regulation of MHC antigen
expression.'® Previous studies have demonstrated that host
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Figure 5. (a) FasL mRNA expression in the target organs. Total RNA
was isolated from tissue samples and RT-PCR ¢cDNA products were
generated and amplified using specific primers for FasL and B-actin.
The amount of FasL. RT-PCR ¢cDNA product was normalized by the
B-actin control. Data represent the mean + SD of the relative expression
RT-PCR ¢DNA products in four mice. *P <0-05. (b) Anti-host CTL
activity of spleen cells in mice with acute and chronic GVHD. Acute
and chronic GVHD were induced as described in the Materials and
Methods, and anti-host CTL activity was assessed by the lysis of F,
ConA blasts from BDF1 mice on day 10 after parental cell transfer. To
show anti-host specificity, ConA blasts from B6 mice were also used for
the assessment of CTL activity of spleen cells in mice with acute
GVHD. Results are expressed as the mean+SD for three mice per
group at four E: T cell ratios.

B cells are eliminated by donor anti-host cytotoxic T
lymphocytes (CTL)'7 and that Fas—FasL interactions are
crucial for the development of donor anti-host CTL!! in the
parent-into-F; model of acute GVHD. Recently, we demon-
strated that host haematopoietic progenitor cells in the spleen
and bone marrow were eliminated by Fas—FasL interactions in
the parent-into-F; model of acute GVHD.'® The present study
demonstrated an anti-host CTL response of spleen cells
(Fig. 5b) along with increased IFN-y and FasL mRNA
expression in the small intestine and liver of mice with acute
GVHD (Figs 5a and 7a), Furthermore, transplantation of Fas
ligand-deficient (gl/d) spleen cells did not induce host lympho-
cyte depletion (Fig. 6). These results suggest that Fas—FasL
interactions may also be involved in the depletion of host
lymphocyte from the small intestine and liver in acute GVHD.
We observed an increase of IFN-y production by intestinal IEL
and hepatic lymphocytes from mice with acute GVHD after
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stimulation of these cells with anti-CD3 mAb, while IFN-y anti-CD3 mAb is not completely clear, but it may be related to
production by spleen cells from acute GVHD mice was actually splenic T-cell dysfunction during acute GVHD.'® An increase
decreased (Fig. 7b). The mechanism underlying the discre- of IFN-y mRNA expression in the spleen may reflect an
pancy between the elevated IFN-y mRNA level and reduced increase of Thl cells, the function of which is abolished by
in vitro production of IFN-y by spleen cells stimulated with acute GVHD.
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Figure 6. B6/gld transfer results in a failure of host lymphocyte depletion. BDF; mice were injected intravenously with 50 x 10® spleen
cells from either B6 mice or B6/glid mice. On day 14 after induction of GVHD, spleen cells (a), intestinal IEL (b) and hepatic
lymphocytes (c) were prepared from normal BDF; mice, B6GVHD mice and B6/gldGVHD mice as described in the Materials and
Methods, and two-colour staining was carried out for CD3 and B220, TCR-of and TCR-y9, and TCR-af3 and NK1.1, respectively.
The numbers in the figure represent the percentage of fluorescence-positive cells in the corresponding areas.
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Figure 7. Thl and Th2 cytokine expression in the target organs. (a) Total RNA was isolated from tissue samples and RT-PCR cDNA
products were generated and amplified using specific primers for IFN-y, IL-4, IL-10 and B-actin. The amounts of the IFN-y, IL-4 and
IL-10 RT-PCR cDNA products were normalized by the B-actin control. Data represent the SD of the relative expression of RT-PCR
c¢DNA products in four mice; *P <0-05. (b) Spleen cells, intestinal IEL and hepatic lymphocytes were prepared as described in the
Materials and Methods. The cells (1 x 10°/well/200 ul) were incubated for 72 hr on anti-CD3 mAb-coated plates that had been made
by preincubation of each plate with 20 pg/ml of 145-C11 in PBS overnight at 4°. The concentrations of IFN-y and IL-4 in the culture
supernatants were measured by ELISA using anti-mouse-IFN-y and IL-4 mAbs, respectively. Data represent the mean +SD for four
mice. *P<0-05.
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In contrast to acute GVHD, mice with chronic GVHD did
not develop lymphocyte hypoplasia in their target organs
(Fig. 2a), but the number of host splenic B cells and hepatic
NKI1.1*" T cells was increased (Figs 3 and 4). In chronic
GVHD, there is selective activation of CD4" T cells in the
spleen as well as augmentation of Th2 immune responses and
humoral immune responses.™'> We observed an increase of
Th2 cytokine mRNA expression as well as increased produc-
tion of IL-4 and IL-10 in the spleen (Fig. 7), suggesting that
Th2 cytokines may stimulate B cells to expand in the spleen,
resulting in lupus-like disease in mice with chronic GVHD. We
also observed an increase of Th2 cytokine mRNA expression as
well as increased Th2 cytokine production in the liver,
suggesting the possible involvement of Th2 cytokines in
hepatic injury related to chronic GVHD. NK1.1" T cells are
a specialized lymphoid population that co-express a restricted
repertoire of TCRof and NK lineage receptors.’® It has
been reported that NKI.1T T cells specifically recognize
a-galactosylceramide or parasite glycosylphosphatidylinositols,
both of which are presented by a monomorphic class Ib
molecule, CD1d.?! This population of cells has been shown to
mediate the rejection of allografted bone marrow,>* to control
the development of autoimmune diseases,”’ and to initiate anti-
tumour responses.24 However, if these cells are incorrectly
activated, self-reactive clones develop that mediate cytotoxi-
city, resulting in tissue injury and autoimmune disease.”’
ConA-induced hepatitis is considered to be an experimental
murine model of human autoimmune hepatitis.>® Recently, it
was reported that NK1.1" T cells are involved in ConA-
induced hepatitis,”’ and that NKI1.1T T cells showed
significant expression of IL-4 receptors as well as augmented
cytotoxicity in the presence of IL-4.%® Thus, the finding of an
increased number of NKI1.1* T cells and increased Th2
cytokine expression in the livers of mice with chronic GVHD
suggests that IL-4-stimulated NKI1.1* T cells undergo
expansion in the liver and then play a role in immune-mediated
hepatic damage.

In conclusion, we demonstrated that donor T cells
augmented the Thl-mediated immune response and depleted
host lymphocytes from target organs mainly by Fas-FasL
interactions in mice with acute GVHD, while donor T cells
augmented the Th2-mediated immune response as well as
expanding host splenic B cells and hepatic NK1.1% T cells in
mice with chronic GVHD. Our results suggest that donor
T-cell-mediated immune responses in the target organs are
important for both acute and chronic GVHD.
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