


Chapter 17

Brain inflammation and
psychogeriatric diseases

H Akiyama, H Uchikado

BRAIN INFLAMMATION AND NEURONS

The long-held concept of the immune privilege
of the brain has been revised significantly in the
past 15 years. The blood-brain barrier (BBB)
exists, but isolation from the periphery by the
BBB is not as complete as it was thought to be
and plays a limited role in the immune privilege.
Recent evidence suggests that the brain
has unique mechanisms for
regulating immune and inflammatory responses.
For example, expression of CD200,! inter-
cellular adhesion molecule (ICAM)-S/telen-
cephalin? and transforming growth factor
(TGF)-B® may contribute to the maintenance of
the anti-inflammatory environment of the brain.

parenchyma

Despite these mechanisms, low-grade inflamma-
tion occurs in association with brain lesions
such as Alzheimer’s disease, cerebrovascular
discases and head trauma, with the full
complexity of peripheral inflammatory
responses. Studies on these non-immunological
diseases have revealed that the brain has its own
inhate immune system and shares a variety of
cytokines and other bioactive molecules with the
peripheral immune system.

In the brain, mieroglia and astrocytes are
thought to be the major cell populations that are
engaged in the inflammatory responses. In a
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classic view, neurons are regarded as cells that
perform only passive roles in inflammation.
Neurons may become bystander victims that
fuel the inflammatory processes by providing
cell debris, which has to be removed by
phagocytic cells and triggers further activation
of these cells, However, there is a growing body
of evidence that neurons not only respond to a
number of inflammatory mediators but also
produce many pro- and anti-inflammatory
molecules.’ These include complement proteins
and inflammatory cytokines, as well as cyclo-
oxygenase (COX)-2, prostaglandin E, receptors
and inducible nitric oxide synthase, iNOS.
Figure 17.1 illustrates the expression of COX-2
by hippocampal pyramidal neurons in an
Alzheimer’s disease patient, complicated with
prolonged convulsion at the agonal stage.
Interestingly, the literature indicates that some
inflammatory molecules are involved in the
modulation of neuronal functions such as
neurotransmission.>”

The physiological relevance of inflammatory
molecules in neuronal activity leads to the
hypothesis that mild or moderate inflammation,
which does not visibly destroy brain tissue, can
interfere with brain functions. It has been known
that very strong systemic inflammation, as in



Recent Progress in Alzheimer’s and Parkinson’s Diseases

Figure 17.1 Cyclo-oxygenase-2 expression by hippocampal pyramidal neurons. An Alzheimer’s disease case
complicated with prolonged convulsion at the agonal stage. Scale bar, 100 um

sepsis and toxic shock syndrome, are associated

with central nervous system symptoms.®’
Clinical manifestations include delirium and
other consciousness abnormalities, which are
generally considered to be transient disorders, In

these conditions,

peripheral inflammation
appears to disturb neural transmission in the
absence of apparent encephalitic pathology. It
has to be emphasized that, in elderly patients
with such brain lesions as Alzheimer’s disease or
cerebrovascular diseases, even mild systemic
“diseases

inflammatory cause

6,10,11

frequently
delirium,
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ACTIVATION OF VASCULAR CELLS BY
SYSTEMIC INFLAMMATION

Vascular endothelial cells and perivascular cells
are located at the interface between the
peripheral blood and the brain parenchyma.
These cells could therefore be involved in the
transmission of inflammation from the
periphery to the brain. The BBB may be effective
in preventing large molecules such as
complement and other inflammatory proteins
from entering the brain, However, it may easily
pass inflammatory signals through activation of
these vascular cells.



We investigated activation of vascular
endothelial cells and perivascular cells in the
cerebral cortex of postmortem brain from
patients with or without brain lesions. Many
patie'nts suffer from a variable degree of
systemic inflammation at the agonal stage. In
some cases, we used serum concentrations of an
acute-phase reactant, C-reactive protein (CRP),
as an index of systemic inflammation. Since the
serum concentration of CRP at the agonal stage
was available only in a limited number of
patients, we estimated the degree of systemic
inflammation by the intensity of immuno-
histochemical staining of the residual blood in
brain tissue for CRP. In cases where we were able
to obtain from the clinical records the serum
CRP concentration on the day of or a day before
death, intensity of CRP immunoreactivity in
brain tissue showed a good correlation with
serum CRP concentration.

Brain inflammation and psychogeriatric diseases

Activation of vascular endothelial cells was
investigated with three markers: ICAM-1, CD40
and COX-2, [CAM-1is a cell adhesion molecule
that belongs to the immunoglobulin superfamily.
In the periphery, ICAM-1 expression plays a
principal role in leukocyte adhesion to'vascular
endothelial cells and subsequent infiltration into
tissues at the site of inflammation,’® In the
brain, reactive astrocytes and vascular
endothelial cells express ICAM-1." Figure 17.2a
illustrates low expression of ICAM-1 by
vascular endothelial cells in a control case
without systemic inflammation, In cases without
significant brain lesions, ICAM-] immuno-
reactivity increased in paralle] with the degree of
systemic inflammation (Figure 17.2b). In
neurological cases such as Alzheimer’s disease,
the correlation was less clear, A number of cases
with brain lesions were high in vascular ICAM-
1 expression even in the absence of systemic
inflammation (Figure 17.2¢).

Ui

Figure 17.2 Intercellular adhesion molecule-1 (ICAM-1) expression by vascular endothelial cells in the temporal
cortex, (a) A control case without systemic inflammation, Scale bar, 100 um. a~c are at the same magnification. (b) A
control case with strong systemic inflammation at the agonal stage. (c) A case with Alzheimer’s disease without
systemic inflammation. Patchy labeling of the brain parenchyma indicates ICAM-1 expression by reactive astrocytes
around senile plaques. Note that vascular ICAM-1 expression is comparable with that in (b) even in the absence of

systemic inflammation
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The other two markers, CD40 and COX-2,
showed similar changes. CD40 is a cell-surface
molecule that involved in immune and
inflammatory processes and is overexpressed
‘upon inflammation.'** .In the human brain,
CD40 is expressed by reactive microglia and
vascular endothelial cells.'®* COX is the rate-
limiting enzyme in the of
arachidonic acid to prostanoids. COX-2 is the
inducible isoform of COX and is expressed by
neurons and vascular endothelial cells in the

1s

conversion

brain, The intensity of vascular staining for
CD40 and COX-2 generally paralleled the
degree of systemic inflammation in cases
without brain lesions, although a number of
cases with brain lesions showed increased
expression of CD40 and COX-2 by vascular
endothelial cells in the absence of systemic
inflammation.

of perivascular cells was
investigated with immunostaining for HLA-DR
and CD68. Perivascular cells constitute, with

Activation

meningeal macrophages, a monocyte-derived
population.'”  Therefore, peri-
vascular cells share phenotypes with parenchy-
mal microglia. We distinguished perivascular
cells from microglia by their close association to
collagen IV positive vasculature and by the
absence of ramified processes, Since perivascular
cells are embedded within the basal lamina, they
look like a part of the vascular wall on light
microscopy. In postmortem brain tissue, staining
for HLA-DRrevealed a variable intensity of
perivascular cell labeling. The number of HLA-
DR-positive perivascular cells in a given visual
field varied from case to case. In many cases, the
occurrence of HLA-DR-positive perivascular
cells appeared to be increased in parallel with
the degree of systemic inflammation. In cases
with brain lesions, the relationship was less
clear. It seemed that expression of HLA-DR by
perivascular cells was increased by both systemic
inflammation and brain lesions. The occurrence

phagocytic
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of CDé8-positive . perivascular cells showed
similar changes; it was increased upon systemic
inflammation. A number of neurological caseg
exhibited high CD68 expression by perivasculay
cells in the of

even absence

systemic
inflammation,

INFLAMMATION AND DELIRIUM

Our results indicate that systemic inflammation
activates vascular endothelial cells and .peri-
vascular cells in the brain. Brain parenchymal
lesions also activate these vascular cells. In the
brains of patients with neurodegenerative
diseases, activated microglia and astrocytes are
capable of producing a great variety of pro-
inflammatory mediators,* which may raise the
inflammatory level of the brain parenchyma and
activate the vascular cells, It seems that
inflammatory stimuli in the peripheral blood
and the brain parenchyma adjunctly activate the
vascular cells, Activated vascular cells, in turn,
could be a potential source of diffusible
proinflammatory molecules such as prosta-
glandin E,'8 and nitric oxide.' Thus, even low-
grade inflammation associated with the pre-
existing degenerative brain lesions may not only
raise the basal inflammatory level of brain
parenchyma but also enhance inflammatory
signaling to brain parenchyma from the
periphery.

Advanced age and the presence of brain dis-
orders are considered to be the major risks for
delirium, an acute confusional state that is
triggered by a variety of systemic condi-
tions.!%1120 The different extracerebral diseases
that cause delirium include infection, trauma
and major surgery, many of which are
associated with systemic inflammation. We
consider that the adjunctive pro-inflammatory
effect of peripheral inflammation and
parenchymal lesions to brain vasculature are a



part of the mechanism that increases the risk of
delirium in patients with brain disorders, While
strong systemic inflammation can induce central
qervous system symptoms by itself,®? mild to
moderate systemic inflammation may also cause
similar symptoms if the patients have pre-
existing parenchymal lesions. Our results may

Brain inflammation and psychogeriatric diseases

therefore explain the vulnerability of néuro-
logical patients to delirium caused by
inflammatory systemic conditions. Appropriate
anti-inflammatory agents might, therefore, be a
potential treatment of delirium in elderly
neurological patients.
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ORIGINAL ARTICLE

Single Dose of OCH Improvés Mucosal T Helper Type 1/T
Helper Type 2 Cytokine Balance and Prevents Experimental
Colitis in the Presence of Va14 Natural Killer T Cells in Mice

Yoshitaka Ueno, MD,* Shinji Tandka, MD, PhD,* Masaharu Sumii, MD, PhD,}
Sachiko Miyake, MD, PhD,} Susumu Tazuma, MD, PhD, | Masaru Taniguchi, MD, PhD,§
Takashi Yamamura, MD, PhD,} and Kazuaki Chayama, MD, PhDY

Background and Aims: Val4 natural killer T (NKT) cells seem
to play important roles in the development of various autoimmune
diseases. However, the pathophysiologic role of NKT cells in inflam-
matory bowel disease remains unclear. To clasify the mechanism by
which the activation of NKT cells mediates protection against intes-
tinal inflammation, we investigated the antiinflammatory role of spe-
cifically activated V14 NKT cells by glycolipids in a mouse experi-
mental model of colitis induced by dextran sulfate sodium (DSS).

Methods: Colitis was induced in C57BL/6 mice by the oral admin-
istration of 1.5% DSS for 9 days. A single dose of OCH or a-galac-
tosylceramide, a ligand for NKT cells, was administered on day 3
after the induction of colitis, Body weights and colonic mucosal in-
jury were assessed in each glycolipid-treated group. Interferon-y and
interleukin-4 levels in the supernatants from colonic lamina propria
lymphocytes (LPLs) were measured by enzyme-linked immunosor-
bent assay.

Results; The administration of a single dose of OCH attenuated co-
lonic inflanumation, as defined by body weights and histologic injury.
The protective effects of OCH could not be observed in Val4 NKT
cell-deficient mice. In vivo treatment with OCH had improved the
interferon-y/interleukin-4 ratio from colonic LPLs on day 9 after DSS
treatment.

Conclusion: The present data indicated that the activation of V14
NIT cells by OCH plays a pivotal role in mediating intestinal inflam-
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mation via altered mucosal T-helper type 1/type 2 responses. Thera-
peutic strategies that are designed to activate specifically Val4 NKT
cells may prove to be beneficial in treating intestinal inflammation.

Key Words: colitis, natural killer T cells, OCH, T helper type 1/T
helper type 2

{(Inflamm Bowel Dis 2005;11:3541)

atural killer T (NKT) cells have been identified as a novel

lymphoid lineage distinct from conventional T cells and
natural killer (NK) cells. NKT cells express both invariant
Va 14 NKT-specific antigen receptor as well as an NK marker
(NK1.1).!® The specific features of this cell type include a
limited repertoire with an invariant Va chain consisting of the
Val4-Ja281 gene segment and the highly skewed V chains
VB8.2, VR7, and VB2 in mice, NKT cells are restricted by the
nonclassical major histocompatibility complex class I-like
molecule CD1d, which is expressed on eells of hematopoietic
origin as well as on intestinal epithelial cells,*™'® These cells
recognize glycolipid antigens such as a-galactosylceramide
(aGalCer), a glycolipid that is isolated from marine sponges
that specifically binds CD1d.'"™" NKT cells are abundant in
the thymus, liver, and bone marrow, and are also found in pe-
ripheral lymphoid organs. It has been reported that NKT cells
play an important role in various aspects of the immune re-
sponse, including the regulation of allergic and autoimmune
diseases'>™'® and the prevention of tumor metastasis.' >

One of the mechanisms by which NKT cells elicit the
effector function is through the production of large amounts of
interferon (IFN)-v, interleukin (IL)-4, and IL-10 in response to
various stimuli.! In vitro and in vivo studies have shown that
the cytokine profiles of these cells depend both on the nature of
the activating stimulus and on the nature of the cytokines, and
on other soluble factors in the local microenvironment, The
activation of NK1.17T cells by CD3 cross-linking or CD1 re-
sults in the production of both IFN-y and IL-4, whereas the
stimulation of NK1.1% results in the production of IFN-y
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only.'>**?* IL-12 stimulates NK1.17T cells to produce IFN-vy
and inhibits their production of IL-4,232%% whereas [L-4 pro-
duction by these-cells requires IL-7 and is promoted by gluco-
corticoids.?’ 2% Several costimulatory molecules play a role in
the regulation of these cytokines. In the presence of blocking
B7.2 (CD86) monoclonal antibody, aGalCer stimulation shifts
the cytokine profile of NKT cells toward T helper (Ty) type 2
cells, whereas the presentation of aGalCer by CD40-activated
antigen presenting cells causes a Ty;1 shift of NKT cells. Re-
cently, Miyamoto et al*! demonstrated that OCH, which has
shorter hydrophobic chains than aGalCer, induces the produc-
tion of, predominantly, IL-4 by NKT cells from murine spleen,
leading to Ty2 bias in a Vald4 NKT cell-dependent manner,
Therefore, the specific stimulation of NKT cells may have a
therapeutic effect on various diseases associated with the Ty 1-
type or Ty2-type immune response,

The role of NKT cells in intestinal inflammation has
been elucidated by several investigators. The ligand-specific
activation of Vald NKT cells by aGalCer has been shown to
protect mice against experimental colitis.*> This protection
was absent in CD1d™ mice, and the elimination of NK1.1"
cells reduced the effect of aGalCer, Other authors have re-
ported that oxazolone-induced colitis, a Tyy2-type colitis, is
mediated by IL-13-producing NKT cells.>® These results sug-
gest that a CD1d-NKT cell interaction may be involved in the
pathogenesis -of colonic inflamumation. However, the precise
mechanism by which activated NKT cells modulate the patho-
genesis of colitis isnot yet understood. In the present study, we
examined the role of NKT cells activated by OCH oy aGalCer
in protection against dextran sulfate sodium (DSS)-induced
colitis. Our results indicate that the activation of Val4 NKT
cells by OCH shifted toward Ty2-type immune balance in the
intestinal mucosa and that this is critical for protection against
DSS-induced colitis,

MATERIALS AND METHODS

Mice

Specific pathogen-free C57BL/6 (B6) mice were pur-
chased from Japan Clea (Tokyo, Japan). Ja281-deficient
(Val4 NKT cell-deficient [KOJ) mice on a B6 background
were generated, as described previously.?® All mice were
housed under specific pathogen-free conditions in microisola-
tor cages in the animal facility at Hiroshima University, and
only male mice (9 to 11 wk of age) were used,

DSS Colitis Model

DSS ([molecular weight, 5000] Wako Chemical Co,
Osala, Japan) was added to the water supply of the animals at
a concentration of 1.5% (wt/vol) for days 1-9. The progression
of colitis was monitored by a daily examination for rectal
bleeding, perianal soiling, lack of grooming, hunched posture,
weight loss, and mortality. Total body weight (in grams) was
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measured at the same time each day. All experiments were
repeated at least twice with 5 to 15 mice.

In Vivo Injection of Glycolipid

OCH and aGalCer were first dissolved in dimethylsulf-
oxide at 100 pg/mL and then were diluted in phosphate-
buffered saline (PBS) solution. To investigate the role of in-
variant NKT cells on the induction phase of DSS-induced co-
litis, each glycolipid (100 pg/kg in 200 pL of solition) was
injected intraperitoneally on day 3 after the induction of colitis,
Day 3 was selected because, in our preliminary studies, a
single dose of glycolipids before the administration of DSS did
not show any protective effect against D8S-induced colitis.
Control animals received 200 pL. of PBS solution containing
the same concentration of dimethylsulfoxide (10%).

Assessment of the Severity of Colitis

Mice were killed on day 9 after DSS administration, In-
testinal tissues were removed and opened longitudinally. The
length of the colon was measured after the exclusion of the
cecum and prior to division for histology, The tissues then
were rolled concentrically and embedded in paraffin, Sections
were stained with hematoxylin-eosin, The degree of inflam-
mation of the colon was graded for severity according to mu-
cosal damage (ID) and the extension of the lesion (E) based on
the method of Kitajima et al.* The histologic index was cal-
culated as D plus E and was expressed as the mean of the score
for each segment (i.e., for the cecum and the proximal, middle,
and distal colon). The total score was the sum of the scores
obtained in these sections. All slides were scored blindly,

Isolation of Colonic Lamina
Propria Lymphocytes

Colonic lamina propria lymphocytes (LPLs) were iso-
lated as described previously.®> Briefly, nonadherent mesen-
teric tissues were removed, and the entire length of the intes-
tine was opened longitudinally, washed with PBS solution, and
cut into small (~5-num) pieces, The dissected mucosa was in-
cubated with Ca**Mg**-free Hanks balanced salt solution
containing | mM ethylenediaminetetraacetic acid (Sigma, St.
Louis, MO) for 20 minutes. Specimens were washed with
Hanks balanced salt solution and then were incubated in 150
U/mL collagenase (Wako Chemical Co) in RPMI 1640 me-
dium for 1.5 hours at 37 °C with stirring, Cells were suspended
in 44% isotonic Percoll (Sigma) underlaid with 66% isotonic
Percoll and were centrifuged for 20 minutes at 2200 revolu-
tions per minute at room temperature, Cells at the interface
were collected and washed twice with cold PBS, Approxi-
mately 2 x 10 cells per colon were recovered with >95% vi-
ability, as determined by trypan blue exclusion, Cells not ex-
cluding trypan blue were not included in the final count,

© 2004 Lippincotr Williams & Wilkins
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NKT Cells Protect Murine Colitis

Cytokine Analysis in the Colonic Mucosa
Colonic LPLs were purified, transferred to 96-well
plates (5 x 10° cells per well), and cultured for 48 hours in’

medium containing 500 ng/mL phorbol myristate acetate
(PMA) (Sigma) and 50 ng/mL ionomycin (Sigma). After 48

houts, supematants were harvested and stored at ~20 °C until

further analysis. The colon organ culture analysis for cytokines
was performed as described previously.*® Briefly, the mice
were killed, the colon was removed, cut open longitudinally,
and washed in PBS solution. The colonic tissue was trans-
ferred to 24-well flat-bottom culture plates containing fresh
RPMI 1640 medium supplemented with penicillin and strep-
tomycin, and was incubated at 37 °C for24 hours, Culture su-
pernatants were harvested and assayed for cytokines. JFN-v,
IL-4, and 1L-10 were measured with OptEIA kits (BD, San
Jose, CA). All samples were analyzed in triplicate,

Statistical Analysis

Data were analyzed with the Japanese version of Stat-
View software (Hulinks, Tokyo, Japan) on a Macintosh Com-
puter (Apple Computer, Cupertino, CA). The data are ex-
pressed as the mean + SD. Differences between groups wetre
examined for statistical significance with the Student ¢ test af-
ter analysis of variance. Differences were considered to be sta-
tistically significant at P <0.03.

RESULTS

Efficacy of In Vivo Glycolipid Treatment in
DSS-Induced Colitis

As reported previously, OCH, a relatively new synthetic
analogue of aGalCer, induces the production of IL-4 by NKT
cells from murine spleen, leading to Ty2 bias in 8 Val4 NKT
cell-dependent manner.*! To investigate whether the specific
activation of Va.14 NKT cells by OCH protects against colitis,
a single dose of OCH was administered to C57BL/6 mice by
intraperitoneal injection on day 3 during the induction of coli-
tis, As shown in Figure 1A, OCH-treated mice lost signifi-
cantly less weight compared with PBS-treated mice. Gross
rectal bleeding was seen in 60% of PBS-treated mice (6/10
mice) and in 10% of OCH-treated mice (1/10 mice) on day 9.
OCH significantly prevented shortening of the colon (Fig. 1B).
Histologic analysis confirmed the presence of marked inflam-
matory cell infiltrations with a loss of the mucosal surface in
the colons of mice injected with PBS (Figs. 2A, D). Incontrast,
mononuclear cell infiltration was observed, but colonic crypts
were still conserved in the colons of OCH-treated mice (Figs.
2B, E). The histologic scores of the severity of colitis were
significantly reduced in the OCH-treated group (Figs. 3A, B).
PBS-treated and OCH-treated mice began to lose their initial
body weight on day 6 and day 8, respectively (Fig. 1A), and all
OCH-treated animals had histologic colitis on day 9. OCH
may therefore delay colitis by 2 days rather than provide com-
plete protection from colitis,

© 2004 Lippincott Williams & Wilkins
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FIGURE 1. The effect of OCH on the protective immunity
against DSS-induced colitis, A, C57BL/6 mice (n = 10 per
group) were exposed continuously to'17.5% DSS in drinking
water from day 0 to day 9, Mice were injected intraperitoneally
with 100 pg/kg OCH, aGalCer, or PBS-solution, on day 3. Body
weights of individual mice were recorded daily. The measure-
ment of body welght, as a percentage of starting weight, is
shown, * = P < 0.005 compared with mice treated with PBS;
** = P < 0,05 compared with mice treated with PBS, B, Com-
parison of colan lengths in DSS-treated mice on day 9. Each
box plot represents 10 mice. * = P < 0.0001 for a comparison
of OCH versus PBS; ** = P < 0.05 for a comparison of OCH
versus aGalCer,

A single dose of aGalCer also improved the histologic
score in the middle and proximal parts of the colon at the same
levels as OCH treatment (Figs. 2 and 3A). When the scores
were pooled with differences in the other sites, OCH was su-
perior to aGalCer in histology (Fig. 3B). Gross rectal bleeding
was observed in 50% of aGalCer-treated mice (5/10 mice) on
day 9. In total, ®GalCer treatment resulted in no differences in
body weight changes, colon length, or total histologic scores in
comparison with PBS treatment (Figs. 1-3). These data dem-
onstrated that OCH is more effective in preventing DSS-
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FIGURE 2, Histopathology of the colons from DSS-treated T 2
C57BL/6 mice. Representative photomicrographs (200 X) of ) O res
paraffin-embedded, hematoxylin-eosin-stained longitudinal S 15 B ocH
sections of the distal parts of the colon (A-C) and the middle o aGalCer
parts of the colon (D-F) from mice injected intraperitoneally % 10
with PBS solution (A and D), OCH (B and E), and aGalCer (C |§
and F). 57

induced colitis than aGalCer. To confirm whether this profec-
tive effect of OCH was Va 14 NKT cell-dependent, we admin-
istered OCH to Va14 NKT cell-deficient mice on day 3 during
the induction of colitis. As shown in Figure 3B, OCH treatment
had no effect on prevention of the development of DSS-
induced intestinal inflammation in Val4 NKT cell-deficient
mice, as determined by evaluation of the total histologic score.
These data indicated that the activation of Va14 NKT cells by
specific glycolipids influences protective immunity against in-
testinal inflammation.

Effect of Glycolipids on Mucosal
Cytokine Balance

To examine whether the specific activation of Val4
NKT cells by in vivo glycolipids could regulate the mucosal
Ty 1/Ty2 balance, we measured IFN-y and IL-4 levels in su-
pernatants from in vitro-stimulated colonic LPLs by enzyme-
linked immunosorbent assay (ELISA) after the intraperitoneal
injection of glycolipids. Colonic LPLs from DSS-treated
C57BL/6 mice on days 5 and 9 produced significantly higher
levels of both IFN-vy and IL-4 in comparison with those from
non-DSS-treated, control, day 0 animals (Fig. 4A). The IFN-
+/1L-4 ratio increased in a time-dependent manner, suggesting
that the progression of intestinal inflammation may be associ-
ated with Tyy1-predominant immune responses (Fig. 4B), We
next studied whether this ratio was affected by the administra-
tion of glycolipids. Treatment with both glycolipids induced
higher amounts of IFN-y and 1L-4 than did PBS treatment
(Fig. 4C, upper panels). When the IFN-y/IL-4 ratio was calcu-

lated in each supernatant, both glycolipids significantly im--
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CH7BLI6 Vald NKT cell-deflclent

FIGURE 3. Histologic scores. Scoring was performed as de-
scribed in “Materials and Methods.” A, Histologle scores of
each part of the colans, * = P < 0.05 for a comparison of PBS
versus OCH; ** = P < 0,05 for a comparison of PBS versus OCH
or aGalCer; and *** = P < 0,005 for a comparison of PBS versus
OCH. B, Total histalogic scores were expressed as the sum of
the scores obtained In these sections, Va14 NKT cell-deficlent
mice (n = 10 per graup) also were treated with 1.5% DSS in
drinking water from day 0 to day 9, The mice were injected
intraperitoneally with 100 pg/kg OCH or PBS solution on
day 3. * = P < 0,005 for a comparison of PBS versus OCH;
** = P < 0,05 for a comparison of OCH versus «GalCer in
C57BL/6 mice; N.S, = not significant,

proved the ratio, and the degree of improvement by OCH was
greater than that by aGalCer (Fig. 4C, lower panel), IL-10 had
an anti-inflammatory effect on DSS-induced colitis.>” We then
analyzed IL-10 levels in the supernatants of colon organ cul-
tures at an early phase afier the ijection of the glycolipids.
Interestingly, OCH injection induced significantly higher IL-
10 production than did a:GalCer in the local colonic mucosa at
6 and 12 hours after injection (Figs. 5A, B). This IL-10 pro-
duction was abrogated in Va14 NKT cell-deficient mice, sug-
gesting that the colonic mucosal IL-10 production is V14
NKT cell-dependent (data not shown), These data indicate that
OCH induces a sufficient production of IL-10 in the local co-
lonic mucosa and improves the subsequent mucosal Tyy1/Ty;2
cytokine balance at the time of development of colitis,

DISCUSSION
Here, we have shown that the specific activation of
Val4 NKT cells by OCH protects against DSS-induced colitis

© 2004 Lippincott Williams & Wilkins
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FIGURE 4. Comparison of the effects of glycolipids on mucosal
cytokine balance in in vitro-stimulated colonic LPLs. A,
C57B8L/6 mice (n = 5 per group) were killed on the indicated
days after 1.5% DSS administration, and colonic LPLs were
purified. LPLs were stimulated in vitro with 500 ng/mL PMA
and 50 ng/mL ionomycin, and were incubated at 37 °C for 48
hours. Supernatants were harvested, and cytokine levels were
assessed by enzyme-linked immunosorbent assay. * = P < 0.05
for a comparison of day 0 versus day 5; ** = P < 0.005 for a
comparison of day 0 versus day 9. B, Levels of IFN-vy and IL-4
were determined, and the IFN-y/iL-4 ratlo was calculated, * =
P < 0, 005 versus day 0, C, C57BL/6 mice treated with 1.5%
DSS were injected with 100 ug/kg OCH, aGalCer, or PBS so-
lution on day 3. The mlice were killed on day 9, and colonic
LPLs were purified. The LPLs were stimulated in vitro with 500
ng/mL PMA and 50 ng/mL lonomycin, and were incubated at
37 °C for 48 hours, Supernatants were harvested, and cytokine
levels were analyzed by enzyme-linked immunosorbent assay.
The amounts of IFN-y and |L-4 were determined, and the IFN-
~v/IL-4 ratio was calculated, DSS (—) and DSS (+) represent
non-DSS-treated and DSS-treated mice, respectively, * = P <
0.05 for a comparison of OCH versus PBS or aGalCer, or PBS
versus aGalCer. ** = P < 0,01 for a comparison of OCH versus
PBS. Bars indicate the mean = SD of 5 mice per group. The
data are representative of 3 independent experiments,

through the modulation of the mucosal Ty;1/Ty2 cytokine bal-
ance.

It was recently reported that an analog of aGalCer,
OCH, which has a truncated sphingosine chain, stimulates
NKT cells to produce 1L-4.>" Therefore, OCH has the potential
to elicit protective immunity against Ty;1-mediated inflamma-
tory disease. We have shown that a single dose of OCH attenu-
ates DSS-induced colitis, This protection was mediated by
Vald NKT cells because OCH did not elicit any protective
effect in Va4 NKT cell-deficient mice. In our preliminary
study, we compared Val4 NKT cell-deficient mice to wild-
type B6 mice by administering 1.5% DSS. Interestingly, the
knockout mice showed mote severe intestinal inflammation
when treated with DSS (our unpublished data). The loss of the
protective effect of OCH in Val4 NKT cell-deficient mice,

however, may not be due to the increased susceptibility to DSS

© 2004 Lippincott Williams & Willins
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FIGURE 5. Rapid IL-10 induction after in vivo glycolipid injec-
tion during DSS administration, C57BL/6 mice treated with
1.5% DSS were injected with 100 pg/kg OCH, aGalCer, or PBS
solution on day 3. The mice were killed 6 hours after injection
(A) and 12 hours after injection (B), the colons were harvested,
and organ culture was perfarmed for cytokine analysis. The
data are representative of 2 independent experiments. Bars
indicate the mean = SD of 5 mice per group. * = P <0.005 for
a comparison of OCH versus PBS or aGalCer; ** = P < 0.05 for
a comparison of OCH versus aGalCer,

PBS OCH

colitis because the effect of OCH was not observed when the
knockout mice were given a lower dose (1.0%) of DSS (data
not shown). These findings suggest that the specific activation
of Va14 NKT cells could reduce intestinal inflammation.

In contrast, a single dose of aGalCer, which was origi-
nally discovered as a ligand for NKT cells, had a smaller effect
on prevention against DSS-induced colitis than OCH. Why do
these glycolipids differ in the ability to protect against intesti-
nal inflammation?

To examine the effects of these glycolipids on local im-
munologic responses, the levels of cytokines produced by co-
lonic LPLs were analyzed. Colonic LPLs from DSS-treated
C57BL/6 mice produced a significantly higher IFN-v/I.-4 ra-
tio in comparison to that from non-DSS-treated control ani-
mals. This ratio increased in a time-dependent fashion. We
found in the present study that this ratio was significantly de-
creased by treatment with glycolipids, and OCH improved the
ratio more significantly than aGalCer, The severity of the dis-
ease inversely correlated with the IFN-y/IL-4 ratio. Therefore,
OCH may prevent colitis through improvement of the mucosal
Tyl/Ty2 cytokine balance.

The Ty1/Ty2 response in DSS-induced colitis remains
unclear. It has been reported that DSS-induced colitis in
C57BL/6 mice is characterized by a Tyy1-type response with a
strong induction of IFN-y messenger RNA expression.38 In
DSS-treated mice, anti-IFN-y and/or anti-tumor necrosis fac-
tor-o antibodies significantly reduce the severity of colitis,?
On the other hand, the role of IL-4 in DSS-induced colitis is not
fully understood. Stevceva et al*® showed that DSS-induced
colitis is ameliorated in IL-4~deficient mice, suggesting that
even IL-4 may play a pathologic role in the intestinal inflam-
mation induced by DSS, Therefore, the beneficial effects of the
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glycolipids in the DSS-induced colitis model may not be due
simply to an increase in IL-4 production.

Another Ty2-related cytokine, I1L-10, has been widely
characterized as an immunosuppressive cytokine and is impor-
tant for mucosal immunologic homeostasis.* ™ We also de-
tected that OCH rapidly induces the localized expression of
IL-10 in the colonic mucosa. How does OCH induce secretion
of IL-10? Although we could not determine which cells in the
colonic mucosa produce IL-10 in response to the activation of
NKT cells by OCH, dendritic cells are one of the main produc-
ers of IL-10,* and CD1d-restricted NKT cells are known to
contribute to immune function by regulating dendritic cell
maturation.*® A recent study showed that aGalCer stimulates
the production of IL-12 by dendritic cells.*® OCH has shorter
hydrophobic chains than does aGalCer but has the same hy-
drophilic cap.®' Therefore, OCH may bind to the CD1d groove
less stably and may induce a weaker T-cell receptor signal to
CD1d-restricted T cells than does aGalCer. Such T cells could
induce antiinflammatory mature dendritic cells that produce
more IL-10 than IL-12.*7 We hypothesized that the difference
in the affinities of the glycolipids for the CD1d groove may
influence the development of mature dendritic cells that pref-
erentially produce IL-12 or IL-10. Since the murine colonic
mucosa contains dendritic cells, which have a capacity to pro-
duce both 1L-10 and IL-12,® it would be important to know
whether these dendritic cell-derived cytokine balances are af-
fected by activating NKT cells with glycolipids. Further stud-
ies are needed to clarify the precise mechanism underlying the
protective immunity induced when NKT cells are activated.

It was recently shown that a course of multiple injections
of aGalCer provides some protection against DSS-induced co-
litis.*2 Our present findings indicated that a single injection of
aGalCer is not sufficient to elicit a preventive effect against
DSS-induced colitis. This difference may be explained by the
fact that single and multiple injections of aGalCer are known
to induee specifically Tyl-predominant®®3® and Ty2-
predominant®'** immune responses, respectively. Miyamoto
et al®! reported that a single injection of OCH, but not of aGal-
Cer, improves experimental allergic encephalomyelitis, a Tyy1-
associated disease, in mice. These previeus findings and the
results of the present study suggest that shifting toward a T, 2-
type mucosal immune response may be crucial for protecting
against DSS-induced colitis,

Heller et al®* showed that oxazolone-induced colitis, a
T2 colitis model, is mediated by [L-13-producing NKT cells.
Whether NKT cells act as effector cells or regulatory cells may
depend on the pathophysiology of the disease. Recently, Fuss
etal® demonstrated the presence of IL-1 3—producing nonclas-
sical NKT cells in the colonic mucosa of patients with ulcer-
ative colitis. It would be interesting to examine the interaction
between these pathogenic noninvariant mucosal NKT cells
and anti-inflammatory invariant NKT cells. According to our
present study, OCH may have potential as a treatment of hu-.
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man Ty;I-predominant intestinal inflammatory diseases, such
as Crohn’s disease.>

In summary, we showed that Val4 NKT cells are im-
portant for attenuating DSS-induced colitis, This protective
immunity may be modulated by the activation status of Va 14
NKT cells. Although additional experiments are needed, our
data indicate that an early and sufficient Ty;2-biased immune
response in the intestinal mucosa during the onset of colitis
may have an antlinflammatory effect. Future studies with
Va4 NKT cell-deficient mice and analyses of the effects of
glycolipids in other animal models of colitis will clarify our
understanding of the pathologic process underlying colitis and
will improve the chances of developing effective treatments
for human inflammatory bowe] disease,

REFERENCES

1. Taniguchi M, Harada M, Kojo S, et al. The regulatory role of Val4 NKT
cells in innate and acquired immune response. Anny Rev Immunol, 2003,
21:483-513.

2, Wilson 8B, Delovitch TL. Janus-like role of regulatory iNKT cells in
autoimmune disease and tumor immunity. Nat Rev Immunol. 2003;3:211-
222,

3. Chan WL, Pejnovic N, Liew TV, et al. NKT cel] subsets in infection and
inflammation, Immuno! Lett. 2003;85:159-163.

4. Wilson MT, Van Kaer L, Natural killer T cells as targets for therapeutic
intervention in autojmmune diseases. Curr Pharm Des. 2003;9:201-220.

5. Lisbonne M, Leite-de-Moraes MC. Invariant Va.14 NKT lymphocytes: a
double-edged immuno-regulatory T cell population. Eur Cytokine Netw.
2003;14:4~14,

6. Park SH, Roark JH, Bendelac A. Tissue-specifie recognition of mouse
CD1 moleculss. J Jmmunol. 1998;160:3128-3134.

7. Mandal M, Chen XR, Alegre ML, et al. Tissue distribution, regulation and
intracellular localization of murine CD1 molecules, Mol Immunol. 1998;
35:525-536.

8. Blumberg RS, van de Wal Y, Claypool S, et al. The multiple roles of major
histocompatibility complex class-I-like molecules in mucosal immune
function. Acta Odontol Scand. 2001;59:139-144,

9. Kaser A, Nieuwenhuis EE, Strober W, et al. CD1d-restricted T cell path-
ways al the epithelial-lymphocyte-luminal interface. J Pediatr Gastroen-
terol Nutr, 2004;39:8719-8722,

10. Kinebuchi M, Matsuura A, Rat T-cell receptor TRAV11 (Va14) genes:
further evidence of extensive multiplicity with homogeneous CDR! and
diversified CDR2 by genomic contig and cDNA analysis. Immunogenet-
ics. 2004;55:756-762.

1. Natori T, Koezuka Y, Higa T. Agelasphins, novel a-galactosylceramides
from marine sponge Agelas mayritianus. Tetrahedron Lett. 1993;34;
5591-5592,

12, Natori T, Morita M, Akimoto K, et al. Agelasphins, novel antitumor and
immunostimulatory cerebrosides from marine sponge dgelas mauri-
tianus. Tetrahedron, 1994;50:2771-2784,

13. Kawano T, Cui J, Koezuka Y, et al, CD1d-restricted and TCR-mediated
activation of V alpha 14 NKT cells by glycosylceramides. Science. 1997;
278:1626-1629,

14. Burdin N, Brossay L, Koezuka Y, et al. Selective ability of mouse CD1 to
present glycolipids: a-galactosylceramide specifically stimulates Ve l4*
NKT lymphocytes. J Immunol. 1998;161:3271-3281.

15, Gombert IM, Herbelin A, Tancrede-Bohin B, et al. Early quantitative and
functional deficiency of NK1*-like thymocytes in the NOD mouse. EvrJ
Immunol, 1996;26;2989-2998. '

16. Hammond KJ, Poulton LD, Palmisano LJ, et al. a/B-T cell receptor
(TCR)*CD4"CD8"(NKT) thymocytes prevent insulin-dependent diabe-
tes mellitus in nonobese diabetic (NOD)/Lt mice by the influence of in-
terleukin (IL)-4 andfor IL-10. J Exp Med, 1998;187:1047-1056.

17. Mieza MA, Itoh T, Cui JQ, et al. Selective reduction of Va14* NKT cells

© 2004 Lippincott Williams & Wilkins



Inflamm Bowel Dis ¢ Yolume 11, Number 1, January 2005

NKT Cells Protect Murine Colitis

20.

21.

22.

23

24,

25,

26.

27,

28,

29.

30.

3l.

32.

33.

34,

35.

36.

associated with disease development in autoimmune-prone mice, J Immu-
nol. 1996;156:4035-4040. i

. Wilson SB, Kent SC, Patton KT, et al. Extreme Th] bias of invariant-

Va24JaQ T cells in type-I diabetes. Nature, 1998;391:177-181,

, CuiJ, Shin T, Kawano T, et al. Requirement for Va14 NKT cells in IL-

12-mediated rejection of tumors. Science. 1997;278:1623~1626.
Kawano T, Cui J, Koezuka Y, et al. Natura} killer-like nonspecific tumor
cell lysis mediated by specific ligand-activated Va14 NKT cells. Proc
Natl Acad Sci USA. 1998;95:5690-5693,

Takeda K, Seki S, Ogasawara K, et-al. Liver NK1.1"CD4%af T cells ac-
tivated by IL-12 as a major effector in inhibition of experimental tumor
metastasis. J Immunol. 1996;156:3366-3373,

Toura I, Kawano T, Akutsu Y, et al. Inhibition of experimental tumer
metastasis by dendritic cells pulsed with a-galactosylceramide. J Jnuny-
nol, 1999;163:2387-2391.

Arase H, Arase N, Saito T. Interferon +y production by natural killer (NK)
cells and NK1.1*T cells upon NKR-P1 cross-linking. J Exp Med. 1996;
183:2391-2396.

Chen H, Paul WE. Cultured NK1.1*CD4*T cells produce large amounts
of IL-4 and IFN-y upon activation by anti-CD3 or CD1.J Immunol. 1997,
159:2240-2249.

Emoto M, Emoto Y, Kaufmann SH. Bacille Calmette Guerin and inter-
leukin-12 down-modulate interlenkin-4 producing CD4*NK1*T lympho-
cytes. Eurr J Immunol. 1997;27:183~188,

Leite-De-Moraes MC, Moreau G, Arnould A, et al, IL-4 producing NK T
cells are biased towards IFN-vy production by IL-12, Influence of the mi-
croenvironment on the functional capacities of NKT cells. Eur J Jmmunol.
1998;28:1507~1515.

Vicari AP, Herbelin A, Leite-De-Moraes MC, et al, NK1 AT cells from
interleukin-7 deficient mice have a normal distribution and selection but
exhibit impaired cytokine productioin. Int Jmmunol. 1996;8:1759-1766.
Leite-De-Moraes MC, Herbelin A, Gombert JM, et al, Requirement
of IL-7 for IL-4-producing potential of MHC class 1-selected
CD4~CD8 TCRap thymocytes. Int Immunol. 1997,9:73-79,

Tamada K, Harada M, Abe K, et al, IL-4-producing NK1.1"T cells are
resistant to glucocorticoid-induced apoptosis: implications for the
Th1/Th2 balance. J Immunol. 1998;161:1239-1247.

Pal E, Tabira T, Kawano T, et al. Costimulation-dependent modulation of
experimental autoimmune encephalomyelitis by ligand stimulation of
Val4 NKT cells. J hnmunol, 2001;166:662-668.

Miyamoto K, Miyake 8, Yamamura T. A Synthetic glicolipid prevents
autoimmmune encephalomyelitis by inducing T2 bias of natural killer T
cells, Nature. 2001;413:531-534.

Saubermann LJ, Beck P, De Jong YP, et al. Activation of natural killer T
cells by a-galactosylceramide in the presence of CD1d provides protec-
tion against colitis in mice. Gastroenterology. 2000;119:119-128,
Heller F, Fuss 1], Nieuwenhuis EE, et al. Oxazolone colitis, a Th2 colitis
model resembling ulcerative colitis, is mediated by IL-13-producing
NK-T cells, Tmmuniry. 2002;17:629-638.

Kitajima S, Takuma S, Morimoto M. Histological analysis of murine co-
litis induced by dextran sulfate sodium of different molecular weights.
Exp Anim. 2000;49:9-15,

Okamoto S, Watanabe M, Yamazaki M, et al, A synthetic mimetic CD4 is
able to suppress disease in a-rodent model of immune colitis, Eur J Jn-
munol, 1999;29:355-366.

Siegmund B, Lehr HA, Fantuzzi G, ef al. 2001. IL-1 B-converting enzyme
(caspase-1) in iritestinal inflammation. Proc Natl Acad Sci USA. 2001,98:
13249-13254.

© 2004 Lippincont Williams & Wilkins

37

38.

39.

40,

41.

42,

43.

44,

45,

46.

47,

48,

49.

50.

51.

52,

53

54,

55,

De Winter H, Elewaut D, Turovskaya O, et al. Regulation of mucosal
immune responses by recombinant interleukin 10 produced by intestinal
epithelial cells in mice. Gastroenterology. 2002;122:1829-1841.

Andres PG, Beck PL, Mizoguchi E, et al. Mice with a selective deletion of
the CC chemokine receptors 5 or 2 are protected from dextran sodjum
sulfate-mediated colitis:lack of CC chemokine receptor S expression re-
sults in 8 NK1.1* lymphocyte-associated Th2-type immune response in
the intestine, J Jmmunol. 2000;164:6303-6312,

OCbermeier F, Kojouharoff G, Hans W, et al. Interferon-y and tumor ne-
crosis factor-induced nitric oxide as toxic effector molecule in chronie
dextran sulfate sodium-induced colitis in mice. Clin Exp Immunol. 1999;
116:238-245.

Stevceva L, Pavli P, Husband A, et al. Dextran sulphate sodium-induced
colitis is ameliorated in interleukin 4 deficient mice. Genes Immun. 2001;
2:309-316,

Steidler L, Hans W, Schotte L, et al. Treatment of murine colitis by Lac-
tococcus lactis secreting interleukin-10. Science. 2000;289:1352-1355.
Mizoguchi A, Mizoguchi E, Takedatsu H, et al. Chronic intestinal inflam-
matory condition generates 1L-10-producing regulatory B cell subset
characterized by CD14 upregulation. mmunity, 2002;16:219-230.
Colgan SP, Hershberg RM, Furuta GT, et al. Ligation of intestinal epithe-
lial CD1d induces bioactive IL-10: critical role of the cytoplasmic tail in
autocrine signaling. Proc Natl Acad Sci USA. 1999;96:13938-13943.
Lutz MB, Schuler G. Immature, semi-mature and fully mature dendritic
cells: which signals induce tolerance or immmnity? Trends Immunol.
2002;23:445-449. :

Vincent MS, Leslie DS, Gumperz JE, et al. CD1-dependent dendritic cell
instruction. Nat Immunol. 2002;3:1163-1168.

Kitamura H, Iwakabe K, Yahata T, et al, The natural killer T (NKT) cell
ligand a-galactosylceramide demonstrates its immunopotentiating effect
by inducing interleukin (IL)-12 production by dendritic cells and 1L.-12
receptor expression on NKT cells. J Exp Med. 1999;189:1121-1128,
Vincent MS, Gumperz JE, Brenner MB. Understanding the function of
CD1-restricted T cells. Nat mmunol, 2003;4:517-523,

Krajina T, Leithauser F, Moller P, et al. Colonic lamina propria dendritic
cells in mice with CD4" T cell-induced colitis. Eur J Immunol. 2003;33:
1073-1083.

Kawakami I, Kinjo Y, Yara S, et al, Activation of V14" natural killer T
cells by a-galactosylceramide results in development of Thi response and
local host resistance in mice infected with Cryptococcus neoformans. In-
Sfect Immun. 2001,69:213-220,

Gonzalez-Aseguinolaza G, de Oliveira C, Tomaska M, et al. o-Galacto-
sylceramide-activated Val4 natural killer T cells mediate protection
against murine malaria. Proc Natl Acad Sci USA. 2000;97:8461-8466.
Burdin N, Brossay L, Kronenberg M. Immunization with a-galactosylce-
ramide polarizes CD1-reactive NK T cells towards Th2 cytokine synthe-
sis. Eur J Immunol, 1999;29:2014-2025,

Hong 8, Wilson MT, Serizawa 1, et al. The natural killer T-cell ligand
a-galactosylceramide prevents autoimmune diabetes in non-obese dia-
betic mice. Nat Med. 2001,7:1052-1056.

Sharif S, Arreaza GA, Zucker P, et al. Activation of natural killer T cells
by a-galactosylceramide treatment prevents the onset and recurrence of
autoimmune type I diabetes. Nat Med. 2001;7:1057-1062.

Fuss 1], Heller F, Boirivant M, et al. Nonclassical CD1d-restricted NKT
cells that produce IL-13 characterize an atypical Th2 response in ulcer-
ative colitis. J Clin Invest. 2004;113:1490-1497.

Podolsky DK. Inflammatory bowel disease. N Engl J Med. 2002;347:
417-429,

41



The Journal of Immunology

Stimulation of Host NKT Cells by Synthetic Glycolipid
Regulates Acute Graft-versus-Host Disease by Inducing Th2
Polarization of Donor T Cells*

Daigo Hashimoto,* Shoji Asakura,* Sachiko Miyake,” Takashi Yamamura,” Luc Van Kaer,*
Chen Liu,® Mitsune Tanimoto,* and Takanori Teshima?*

NKT cells are a unique immunoregulatory T cell population that produces large amounts of cytokines. We have investigated
whether stimulation of host NKT cells could modulate acute graft-vs-host disease (GVHD) in mice. Injection of the synthetic NKT
cell ligand a-galactosylceramide (a-GalCer) to recipient mice on day 0 following allogeneic bone marrow fransplantation pro-
moted Th2 polarization of donor T cells and a dramatic reduction of serum TNF-a, a critical mediator of GVHD. A single injection
of a-GalCer to recipient mice significantly reduced morbidity and mortality of GVHD. However, the same treatment was unable
to confer protection against GVHD in NKT cell-deficient CD1d knockout (CD1d™"") or IL-4™'" recipient mice or when STAT6 ™/~
mice were used as donors, indicating the critical role of host NKT cells, host production of IL-4, and Th2 cytokine responses
mediated by donor T cells on the protective effects of a-GalCer against GVHD. Thus, stimulation of host NKT cells through
administration of NKT ligand can regulate acute GVHD by inducing Th2 polarization of donor T cells via STATG-dependent
mechanisims and might represent a novel strategy for prevention of acute GVHD. The Journal of Immunology, 2005, 174:

551-556.

llogeneic  hemopoietic  stem  cell  trangplantation
(HSCT)* cures various hematologic malignant tumors,
bone marrow (BM) failures. and congenital metabolic
disorders. Emerging evidence suggests that allogeneic HSCT is
also useful for treatment of other diseases, including solid tumors
and autoimumune diseases (1, 2). However, graft-vs-host disease
(GVHD) is a major obstacle that precludes wider application of
allogeneic HSCT. The pathophysiology of acute GVHD is com-
plex. involving 1) donor T cell responses to the host alloantigens
expressed by host APCs activated by conditioning regimens (i.e..
irradiation and/or chemotherapy), and 2) dysregulation of inflam-
matory eytokine cascades. leading to further T cell expansion and
induction of cytotoxic T cell responses (3).
CD4™ helper T cells can be divided into two distinct subpopu-
lations: Thl and Th2 cells (4). Thi cells produce IFN-y and 1L-2.
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whereas Th2 cells produce IL-4, IL-5, and IL-13. Although the
role of Thl and Th2 cytokines in the pathophysiology of acute
GVHD is complex and controversial (5-8). Th1 polarization of
donor T cells predominantly plays a role in inducing the “eytokine
storm” that is seen in several models of acute GVHD (3. 9).
whereas Th2 polarization mostly suppresses inflammatory cas-
cades and reduces acute GVHD (10-12). Many properties of den-
dritic cells (DCs). including the type of signal. the duration of
activation, the ratio of DCs to T cells, and the DC subset that
presents the Ag. influence the differentiation of naive CD4™ T cells
into Th1 or Th2 cells (13). The cytokines that are present during
the initiation of the imumune responses at the time when the TCR
engages with MHC/peptide Ags are critically important for Th cell
differentiation (14).

NKT cells are a distinct subset of lymphocytes characterized by
expression of surface markers of NK cells together with a TCR.
Although the NKT cell population exhibits considerable heteroge-
neity with regard to phenotypic characteristics and functions {15).
the major subset of murine NKT cells expresses a semi-invariant
TCR, Val4-la18, in combination with a highly skewed set of
Vs, mainly VB8 (16). NKT cells can be activated via their TCR
by plycolipid Ags presented by the nonpolymorphic MHC class
I-like molecule CD1d expressed by APCs (17). Stimulation of
NKT cells rapidly induces secretion of large amounts of IFN-y and
IL-4, thereby influencing the Th1/Th2 balance of conventional
CD4™ T cell responses (18). In particular, NKT cells are consid-
ered an important carly source of IL-4 for the initiation of Th?2
responses (19, 20). although these cells are not absolutely required
for the induction of Th2 responses (21-23), NKT cells are absent
in CD1d knockout (CDId™ ") mice because of defects in their
thymic positive selection, which requires CD1d expression on he-
mopoietic cells. probably double-positive thymocytes (24, 25).

Considering the critical role of cytokines in the development of
acute GVHD, we investigated the role of host NKT cells in an
experimental model of GVHD. using synthetic NKT cell ligands,
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a~galactosylceramide (a-GalCer) (26). a glycolipid originally pu-
rified from a marine sponge. and its analog, OCH (27). Our find-
ings indicate that stroulation of host NKT cells with NKT ligands
can modulate acute GVHD..

Mziterials and Methods
Mice

Female C57BL/6 (B6, H-2% and BALB/c (H-2) mice were purchased
from Charles River Japan. IL-4~/~ B6 and STAT6 ™'~ BALB/c mice were
purchased from The Jackson Laboratory. CD1d™'" B6 mice were estab-
lished by specific deletion of the CD1d1 gene segment (22). Mice, between
8 and 16 wk of age, were maintained in a specific pathogen-free environ-
ment and received normal chow and hyperchlorinated drinking water for
the first 3 wk posl-bone marrow transplantation (BMT). All experiments
involving animals were performed under the auspices of the Institutional
Animal Care and Research Advisory Conunittee al the Department of An-
imal Resources, Okayama University Advanced Science Research Center.

Bone marrow rransplantation

Mice were transplanted according to a standard protocol described previ-
ously (28). Briefly, B6 mice received lethal total body irradiation (TBL;
x-ray), split into two doses separated by 6.5 h to minimize gastrointestinal
toxicity. Recipient mice were injected with § X 109 BM cells plus 5 X 10¢
spleen cells from either syngeneic (B6) or allogeneic (BALB/c) donors. T
cell depletion (TCD) of donor BM cells was petformed using anti-CD90
MicroBeads and the AutoMACS system (Millenyi Biotec) according to the
manufacturer’s instructions. Donor cells were resuspended in 0.25 ml of
HBSS (Invitrogen Life Technologies) and injected i.v. into recipients on
day 0. Survival was monitored daily. The degree of systemic acute GVHD
was assessed weekly by a scoring system incorporating five clinical pa-
rameters: weight loss, posture (hunching), activity, fur texture, and skin
integrity, as described (29).

Glveolipids

-GalCer, (2838 AR)-1-O-(v-D-gal actopyranosyl)-2-(N-hexacosanoylamino)-
1 3d-octadecanetriol (KRN7000). was synthesized and provided by Kirin
Brewery Company (30). A homologue of «-GalCer, OCH. was selected from
a panel of synthesized a-GalCer analogues by replacing the sugar moiety
and/or truncating the aliphatic chains, because of ils ability to stinulate en-
hanced IL-4 and reduced JFN-y production by NKT cells, as previously de-
scribed (27. 31). BMT recipient mice were injected i.p. with «-GalCer or OCH
(100 pgfig) immediately after BMT on day 0. Mice from the control groups
received the diluent only.

Flow cvtometric analysis

mAbs used were FITC- or PE-conjugated anti-mouse CD4, H-2K", and
H-2K¢ (BD Pharmingen?. Cells were preincubated with 2.4G2 mAb (rat
anti-mouse FcyR) for 10 min at 4°C to block nonspecific binding of labeled
Abs. and then were incubated with the relevant mAbs for 15 min on ice.
Finally, cells were washed twice with 0.2% BSA in PBS and fixed. After
lysis of RBCs with FACS lysing solution (BD Pharmingen). cells were
analyzed using a FACSCalibur flow cytometer (BD Biosciences). 7-Ami-
no-actinomycin D (BD Pharmingen)-positive cells (ie., dead cells) were
excluded from the analysis. Florochrome-conjugated irrelevant InG were
used as negative controls. At Jeast 5000 live events were acquired for
analysis.

Cell cultures

Mesenteric lymph nodes (LNs) and spleens were removed from animals 6
days after BMT and four to six mesenteric LNs or spleens from each
experimental group were combined. Numbers of cells were normalized for
T cells and were cultured in complete DMEM (Invitrogen Life Technol-
ogies) supplemented with 10% FCS, 50 U/mi penicillin, 50 pg/ml strep-
tomycin, 2 mM L-glutamine, 1 mM sodium pyravate. 0.1 mM nonessential
amino acids. 0.02 mM 2-ME, and 10 mM HEPES in wells of a 96-well
flat-bottom plate, al a concentration of § X 10° T cells/well with 1 % 10
itradiated (20 Gy) peritoneal cells harvested from naive B6 (allogeneic)
animals, or with 5 pa/ml plate-hound anti-CD3e mAbs (BD Pharmingen)
and 2 pe/ml ant-CD28 mAbs (BD Pharmingen). Forty-eight hours after
the initiation of culture. supernatants were collected for the measurement of
evtaline levels.

HOST NKT CELLS REGULATE ACUTE GVHD

ELISA

ELISA was performed according to the manufacturer’s protocols (R&D
Systems) for measurement of IFN-y, IL-4, and TNF-q Jevels, as described
previously (32). Samiples were obtained from culture supematant and blood
from retro-orbital plexus, diluted appropriately, and run in duplicate. Plates
were read at 450 nm using a microplate reader (Bjo-Rad). The sensitivity
of the assays was 31.25 pg/ml for IFN-v, 7.6 pg/ml for IL4, and 23.4
pe/ml for TNF-cv.

Histology

Formalin-preserved livers and small and large bowels were embedded in
paraffin, cut into 5-pum-thick sections, and stained with H&E for histolog-
ical examination. Slides were coded without reference to prior treatiment
and examined in a blinded fashion by a pathologist (C. Liu). A semiquan-
litative scoring system was used o assess the following abnormalities
known to be associated with GVHD, as previously described (33): 0, nor-
mal: 0.5, focal and rare; 1.0, focal and mild; 2.0, diffuse and mild; 3.0.
diffuse and moderate; and 4.0, diffuse and severe. Scores were added to
provide a total score for each specimen. After scoring. the codes were
broken and data were compiled. Pathological GVHD scores of intesline are
the sum of scores for small bowel and colon.

Staristical analysis

Mamn-Whitney U test was applied for the analysis of cytokine data and
clinical scores. We used the Kaplan-Mejer product limit method to oblain
survival probability, and the Jog-rank test was applied for comparing sur-
vival curves. Differences in pathological scores between the a-GalCer-
weated group and the diluent-treated group were examined by two-way
ANOVA. We defined p < 0.05 as statistically significant.

Results

Administration of «-GalCer stimulates lethally irradiared mice
to produce IFN-y and IL-4

We first determined whether administration of gynthetic NKT k-
gands such as a-GalCer and OCH can stimulate heavily irradiated
mice 1o produce cytokines. B6 mice were given 13 Gy TBI and
were injected i.p. with a-GalCer. OCH. or diluent 2 h after TBL
Six hours later, blood samples were obtained, and serum samples
were prepared for measurement of 1FN-y and IL-4. TBI alone or
BMT itself did not stimulate diluent-treated mice to produce IFN-y
or IL-4 (Fig. 1). Administration of w-GalCer increased serum lev-
els of IFN-y and IL-4, even in nice recejving TBIL. However.
serum levels of IIFN-y were much less in irvadiated mice than in
unirradiated mice. By contrast, the ability of irradiated mice to
produce 11-4 10 a-GalCer was maintained for 48 h after imadia-
tion. Serum levels of IFN-y and IL-4 in response to «-GalCer were
not altered when irradiated wild-type (WT) mice were injected
with 5§ X 10° BM cells and 5 X 10° spleen cells isolated from
allogencic (BALB/c) donors. Furthermore, these cytokine re-
sponses were not observed when o-GalCer was injected into irra-
diated NKT cell-deficient CD1d™/~ mice with or without BMT.
These resulls suggest that host NKT cells that survive for at least
48 h after irradiation. rather than from infused donor cells. are
critically involved in the production of these cylokines in response
to glycolipids. lrradiation appears to jmpair the ability of mice to
produce [FN-y while preserving TL-4 production in response (o
a-GalCer. Similar cytokine profiles were abserved when OCH was
administered (data not shown).

Administration of a-GalCer to recipients polarizes donor T cells
toward Th2 cyvtokine production after allogeneic BMT

Induction of GVHD fundamentally depends upon donor T cell
responses 1o host alloantigens. We next evaluated the effect of
alycolipid administration on donor T cell responses after alloge-
neic BMT in a well-characterized murine model of acute GVHD
(BALB/c— B6) directed against both MHC and muhiple minor
histocompatibility Ags. Lethally bradiated B6 mice were trans-
planted with § X 10° BM cells and 5 X 10 spleen cells {rom
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FIGURE 1. Cytokine responses to «-GalCer in lethally irradiated mice
with or without BMT. WT and CD1d™’~ B6 mice received 13 Gy TBI.
Two, 24, or 48 I Jater. mice were injected i.p. with «-GalCer (100 pg/kg)
or diluent. A cohort of animals were transplanted-with allogeneic BM cells
(5 % 10% and spleen cells (5 X 10% fram WT BALB/c donors immedi-
ately afier TBI, followed by injection of ¢-GalCer 2 h after TBI. Six hours
after the administration of «-GalCer, serum samples were collected. and
levels of IFN- v (4) and IL-4 (B) were measured. c-GalCer-treated control
mice without TBI(O), recipients of TBI plus w-GalCer (LD, and recipients
of TBI, allogeneic BMT. and w-GalCer () are shown (1 = 3 per group).
Results represent one of three similar experiments and are shown as
mean = 8D. #, » < 0.05 vs nonirradiated controls. ND. Not detected.

either syngeneic (B6) or allogeneic (BALB/c) donors. Immedjately
after BMT. B6 recipients were injected i.p. with either a-GalCer or
diluent. Six days afler BMT. T cells isolated from mesenteric LN
of recipient mice were cultured with irradiated B6 peritoneal cells
or with anti-CD3€ mAbs and anti-CD28 mAbs for 48 h. and cy-
tokine levels in the supernatant were determined. Flow cytometric
analysis showed that >97% of LN T cells from both control re-
cipients and «-GalCer-treated recipients were donor derived, as
assessed by H-29 vs H-2® expression. T cells from a-GalCer-
treated mice secreted significantly less IFN-vy. but more IL-4, in
response to host alloantigens (Fig. 2. A and B) or 10 CD3 stimu-
lation (Fig. 2. C and D) compared with those {rom controls. Sim-
ilar results were obtained when T cells isolated from spleens were
stimulated by anti-CD3e and anti-CD28 mAbs. T cells from
a-GalCer-treated mice secreted significantly less IFN-y (18 = 2 vs
164 = 6 ng/ml). but more 11.-4 (1022 % 114 vs 356 = 243 pg/iml).
compared with controls. These results demonstrate that a single
injection of a-GalCer to BMT recipients polarizes donor T cells
toward Th2 responses after allogeneic BMT.

In a-GalCer-treated mice. serum levels of 1FN-y were dramat-
ically reduced on day 6 compared with connals (Fig. 34). and
1L-4. which is usually hardly detectable in serum in this model.
failed to be detected in the serum of mice of either proup (data not
shown). This impaired Th1 response of donor T cells was associ-
ated with a marked reduction of TNIF-« levels in a-GalCer-treated
mice (Fip. 3B).
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FIGURE 2. Adninistration of w-GalCer to recipients of allogeneic
BMT polarizes donor T cells toward Th2 cytokine secretion. Lethally ir-
radiated (13 Gy) B6 mice were transplanted with BM cells (5 X 10%) and
spleen cells (5 X 10%) isolated from BALB/c mice. followed by injection
of either «-GalCer or control diluent. Mesenteric LN cells obtained from
diluent-treated recipients () and «-GalCer-lreated recipients (B) 6 days
after BMT were standardized for numbers of CD4* T cells as 5 X 10%well
and were stimulated with 1 X 10°/well of allogeneic or syngeneic perito-
neal cells (4 and B) or with CD3 (C and D). After 48 h, cytokine levels in
the supernatan( were measured by ELISA. Results shown are mean = SD.
#, p < 0.05 vs diluent-treated group. ND. Not detected: Syn. syngeneic;
Allo, allogeneic.

Administration of «-GalCer or OCH 10 BMT recipients
modulates acute GYHD

We next examined whether immune deviation mediated by admin-
istration of glycolipids can modulate acute GVHD. BMT was per-
formed as above and «-GalCer was injected immediately after
BMT on day 0. GVHD was severe in allogeneic controls, with
27% survival at day 50. A single injection of «-GalCer signifi-
cantly improved survival to 86% (p < 0.05) (Fig. 44). Allogeneic
control mice developed significantly more severe clinical GVHD
compared with syngeneic controls. as assessed by clinical GVHD
scores (Fig. 48). Clinical GVHD scores were significantly reduced
in a-GalCer-treated recipients compared with allogeneic controls.
hut were greater than in syngeneic conuols. Histological analysis
showed thal administration of a-GalCer significantly suppressed
GVHD pathological scores in the intestine (p < 0.05). Analysis of
donor cell engraftment at day 60 after BMT in spleens showed
complete donor engrafument in  «-GalCer-treated recipients
(>99% H-2K“*/H-2K"~ donor chimerism). ruling out rejection or
mixed chimerism as a potential cause of GYHD suppression.

Similar protective effects against GYHD were observed in mice
treated with OCH. further confirming the protective effects of NKT
ligands (Fig. 4C). We performed BMT from B6 donors 10 BALB/c
recipients 1o rule out strain artifacts. Again. a single injection of
a-GalCer to BALB/c recipients reduced GVHD and significantly
improved survival of animals (Fig. 4D).

Hast NKT cells and host production of IL-4 are required for
suppression of GVHD by a-GulCer

We examined the requirement of host NK7 eells in this protective
cffect of a-GalCer. using NKT cell-deficient CD1d™’" mice as
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FIGURE 3. A single injection of «-GalCer to recipients of allogeneic
BMT markedly reduces serum levels of IFN-y and TNF-«. WT B6 mice
were transplanted as in Fig. 2. Sera (n = 3-10/group) were obtained from
diluent-treated (Ch and «-GalCer-treated (B8) recipients on day 6 after
BMT, and serum levels of IFN-y (4) and TNF-« (B) were determined.
Results from Uuwee similar experiments are combined and shown as
mean = SD. #, p < 0.05 vs allogeneic, diluent-treated group. ND, Not
detected; Syn. syngeneic; Allo, allogeneic.

BMT recipients. Lethally irradiated CD1d™’" 1nice were trans-
planted with BM cells and spleen cells from WT BALB/c donors.
followed by administration of @-GalCer immediately after BMT
on day 0. Protective effects of a-GalCer administration were not
observed when CD1d ™/~ B6 mice were used as recipients. con-
firming the requirement for host NKT cells (Fig. 54). We next
examined the requirement of 11-4 production by host cells in this
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FIGURE 4. A single injection of NKT ligands to BMT recipients mod-
vlates acute GVHD. BMT was performed as in Fig. 2. A, Survival curves
of syngeneic contral group (T, solid line: n = 9); allogeneic, diluent-
treated recipients (A, dotted line; # = 15n and aHogeneic. u-GalCer-
treated recipients (€. salid line: # = 14) are shown. Data from three
siniilar experiments were combined. B. Clinical scores of syngeneic control
group (2, solid linex: allogeneic, dijuent-treated recipients (4, dotted line ):
and allogeneic. «-GalCer-treated recipients (¢ . solid line) are shown as
the mean * SE. C, Survival curves of syngeneic control group (2 solid
line: n = 6); allogeneic, diluent-treated recipients (4. dotted linein = 10y,
and allogeneic, OCH-treated recipients (4. solid line: n = 10) ave shown.
Data from two similar experiments were combined. D, Lethally imadiated
(9 Gy) BALB/c mice were transplanied from B6 donors. Survival curves of
the syngeneic control group (Zx solid line: n = 6k allogeneic, diluent-
treated recipients (A, dotted Jine: n = 10y and allogeneic. w-GalCer-
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FIGURE 5 Host NKT cells and host IL-4 production are required for

suppression of GVHD by «-GalCer. A, Lethally irradiated CD1d™" B6
mice were transplanted as in Fig. 2. Survival curves of syngeneic control
group (2, solid line: n = 6); allogencic, diluent-treated recipients (4. dot-
ted line; #» = 10)% and allogeneic. «-GalCer-treated recipients (4. solid
line: # = 10y are shown. Data from two similar experiments were com-
bined. B, Lethally irradiated 1L-47/~ B6 mice were transplanted as in Fig.
2. Survival curves of syngeneic control group (O, solid line: n = 11k
allogeneic, diluent-treated recipients (A, dotted line; » = 14): and alloge-
neic, w-GalCer-treated recipients (€ . solid line; n = 14) are shown. Data
from three similar experiments were combined.

protective effect. Lethally frradiated IL-47'" B6 mice were trans-
planted from WT BALB/c donors and administered c-GalCer as
above. a-GalCer did not confer protection against GVHD in IL-
47/ recipients (Fig. 5B). Taken together. these results indicate
that protective effects of a-GalCer are dependent upon host NKT
cells and host production of IL-4.

STATG signaling in donor T cells is required for modulation of
GVHD by a-GulCer

To determine whether IL-4-induced signaling in donor T cells is
critical for the protective effect of glycolipids on GVHD. we used
donor spleen cells that lack STATG6 and have impaired IL-4 re-
sponses (34, 35). Spleen cells from STATG6™'~ BALB/c mice and
TCD BM cells from WT BALB/c mice were transplanted after
lethal TBI. followed by a single injection of «-GalCer. a-GalCer
treatiment failed to reduce morbidity and mortality of acute GVHD
when STATG ™'~ BALB/c donors were used (Fig. 6). demonstrat-
ing that STATG signaling in donor cells is critical for the protective
eflect of a-GalCer against GVHD.
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FIGURE 6. The protective effects of e-GalCer against GVHD are de-
pendent upon the STATG pathway of donor T cells. Lethally irradiated 36
mice were transplanted with TCD-BM cells (4 X 10% from WT BALB/c
niice and spleen cells (5 X 10°) from STAT6™'~ BALB/c mice. 4. Swr-
vival curves of the syngeneic control group (Z solid line: n = 15) allo-
gencic. diluent-treated vecipients (4. dotted line: n = 25) and allogeneic,
c-GalCer-reated recipients | ¢ . solid lines n = 25) are shown. Data from
five similar experiments were combined. 3. Clinical GVHD scores of syn-
seneic control group (2 solid line): allogeneic, diluent-treated recipients
(A. dotted line); and atlogeneic, «-GalCer-treated recipients ( ¢ . solid line)
are shown as the mean = SE.
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Discussion :

NKT cells are critically involved in the development and suppres-
sion of various autoimmune diseases. In experimental models,
their regulatory mechanisms mostly depend on IL-4 production
and subsequent inhibition of Th1 differentiation of autoreactive
CD4™ T cells (18)." Previous studies have deinonstrated that donor
NKT cells regulate acute GVHD in an IL-4-dependent manner
when administered together with donor inoculum (36). Consider-
ing these inununomodulating functions of NKT cells, we evaluated
whether stimulation of host NKT cells could modulate GVHD in
a mouse model of this disease.

Administration of a-GalCer stimulates NKT cells fo produce
both IFN-vy and IL-4 in naive mice. which can promote Th1 and
Th2 immunity, respectively (18). We first determined whether ad-
ministration of synthetic NKT ligands such as «-GalCer and OCH
can stimulate heavily iiradiated mice to produce cytokines. Sur-
prisingly, irradiation of mice dramatically reduced IFN-y produc-
tion in response to a-GalCer, while preserving IL-4 production.
This result may account for Th2, but not Thl, polarization of donor
T cells by a-GalCer, even in conditions such as allogeneic BMT,
which preferentially promotes Th1 polarization. Although mech-
anisms of selective suppression of IFN-vy production induced by
irradiation need to be elucidated. irradiation may modulate the
cytokine production profile of NKT cells or neighboring NK cells.
Although OCH stimulates NKT cells to predominantly produce
11.-4 compared with a-GalCer, resulting in potent Th2 responses
(27. 31). both OCH and a-GalCer equally stimulate JL-4 praduc-
tion in irradiated mice and exert equivalent protection against
acute GVHD.

Stimulation of host NKT cells by injecting a-GalCer or OCH
polarized donor T cells toward Th2 cytokine secretion, resulting in
marked reduction of serum IFN-v levels after BMT. Th2 cytokine
responses subsequently inhibited inflaminatory cytokine cascades
and reduced morbidity and mortality of acute GVHD. as previ-
ously described (10-12). Inflammatory cytokines have been
shown (o be important eflector molecules of acute GVHD (37).
a-GalCer treatment failed to confer protection against acule
GVHD when STAT6™'" BALB/c donors were used. demonstrat-
ing that Th2 polarization via STATG signaling is critical for this
protective effect of a-GalCer, although STATG-independent Th2
induction has been reported (38, 39).

a~GalCer did not confer protection against GVHD in CD1d ™~
or [L-47'" recipients. Therefore, the protective effect of a-GalCer
against GVHD is dependent upon host NKT cells and host pro-
duction of 11.-4. Sublethal total lymphoid irradiation enriches NKT
cells in host lymphoid tssues. and these NKT cells induce Th2
polarization of conventional T cells by IL-4 production. resulting
in reduced GVHD (40-42). These findings are consistent with our
abservation that [L-4 production is critical for the protective eflects
of NKT cells againgt acute GVHD. It should be noted. however.
that systemic administration of IL-4 is either ineffective or loxic
(6). Because the cytokine environment during the initial interaction
between naive T cells and APCs is critically important for induc-
tion of Th1 or Th2 differentiation (14), local IL-4 production in the
secondary lymphoid organs where donor T cells encounter host
APCs might be necessary (o cauge effective Thl1—Th2 inumune
deviation after allogeneic HSCT (43).

Current strategies for prophylaxis and treatment of GVHD pri-
marily target depletion or suppression of donor T cells. These in-
terventions suppress donor T cell activation and are associated
with increased risk of infection and relapses of malignant diseases.
Th1-+Th2 deviation of donor T cells represents a promising strat-
egy 10 reduce acute GVHD while preserving cytolytic cellular ef-
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fector functions against tumors and infectious agents (33, 44-47).
To achieve Thl1—Th2 imunune deviation of donor T cells, cylo-
kines have been administered to either donors or recipients in an-
imal models of GVHD. Donor treatment with cytokines such as
[L-18 and G-CSF. and recipient treatment with IL-11, induces Th2
polarization of donor T cells and reduces acute GVHD (33, 44,
48). The present study reveals an alternative strategy to induce Th2
polarization of donor T cells by injecting NKT ligands into recip-
ients to activate recipient NKT cells.

Prior studies (36, 40-42, 49) and the current study supgest that
both donor and host NKT cells can regulate acute GVHD through
their unique properties to secrete large amounts of cytokines and
subsequent modulation of adaptive immunity. These studies reveal
that there are several ways by which the NKT cell system can be
exploited to suppress GVHD. First. administration of donor NKT
cells expanded in vitro by repeated stimulation with glycolipid
(50) can suppress GVHD (36). Second. total lymphoid irradiation
enriches host NKT cells in lymphoid organs and thereby skews
donor T cells toward Th2 cytokine production (40—42). Third, as
shown here. administration of glvcolipid to recipients stimulates
host NKT cells to suppress GVHD. A recent phase I tiial for pa-
tients with various solid tumors demounstrated that administration
of a~GalCer was well tolerated with minimal side effects. which
included temporal fever, headache. vomiting. chills, and malaise
(51). Therefore. a-GalCer treatment may provide an effective and
relatively safe option for preventing GVHD.

Cells belonging to the innate arm of the iminune systemn, such as
monocytes/macrophages. NKT cells. and NK cells. can produce
large amounts of cytokines quickly upon stimulation. Innate im-
munity can thereby augment donor T cell responses to alloantigens
in allogeneic HSCT (3). Our findings reveal a novel role for host
NKT cells in regulating GVHD and indicate that stimulation of
host innate immunity may serve as an efiective adjunct to clinical
regimens of GVHD prophylaxis.
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