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Figure 1. Allered composition of the intestinal microflors by oral adminis-
tration of antibioties KCV. A custom DNA microarmy named FlomAmay'™
wus used for evahating the gut Mlom of mice. Bnefly, genomic DNA was
extracted from freshly collecied fecal samples and fagmented by physical
force. DNA fragments of approxiinately 2.0 kb were insened into the pUC
vector 10 construct a shotgun library. Plasmid DINA was then extracted from
this lbrary A DNA microarmy was fabricated by spotting the mndonily
selected plasokd DNA without amplification on a glass slide, For analysis of
sample DNA by the array, genomic DNA was extracted from fecal comrent of
either control or KCVereated mice after Loweek treatment with antitzicths
KCV, and purified DNA was labeled with Cy3 or Oy3, respectivelv. Then
fuorescont images were analyzed by scanning the amay after performing
commpeitive ybndization with mised labebed DINA on the aray. To compare
the signal intensities between the two samples with or without antibictics
I ment. the data spots were displayed as MA plots Red circles and blue
cirches represent dats of samples from contnol and KCVetreated nuce,
respectively.

crease in fecal DNA from control mice as compared with
the mice treated with antibiotics (Figure 1). We addition-
ally performed quantitative PCR analysis and revealed
that the antibiotic Ireatment caused differential and recip-
rocal changes in the quantity of each bacterium species.
For example, a great reduction of Lactobacilius murinus
and Bacteroides fragilis was seen in the leces from KCV-
treated mice, whereas Bacteroides thetaiotaomicron was
significantly Increased In the same samples of feces
(data not shown). These results demonstrate that the
protocol of the antibiotic treatment significantly affects
the content of intestinal flora.

We next addressed whether the change of intestinal
flora could also modulate the progression of EAE, an
animal model of MS. When we continuously treated the
mice with KCV-containing drinking water from 1 week
before immunization, clinical signs of MOG (35-55)-in-
duced EAE were significantly suppressed in comparison
with control mice (Figure 2A), Accordingly, histological
examination showed a reduced infiltration of monenu-
clear cells and less noticeable demyelination at the lum-
bar region of the spinal cord of the treated mice (Figure
2B). Moreover, we observed a lower number of latal CNS
infiltrating cells at an active stage ol EAE (day 18) in
KCV-treated mice than in control mice when we isolated
mononuclear cells from CNS ol those mice (data not
shown), In parallel, we examined the recall responses of
the dLNs to MOG (35-55) on day 11 alter immunization,
Although proliferation rates of the dLNs in response o
MOG (35-55) were comparable between KCV-treated
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Mean EAE score }»
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Tirne after immunization (d)

B

Hgure Z Suppression of EAE by oml KCV treatment. As Clinical score of
EAE, After immunized with MOG (35-55) mice were troated with KCV as
describsed in Matenals and Methods. Clinieal BAE scores of KCVeareated mice
{KCV) and of control mice (contral) are shown, Data represent mean score =
SEM from & represemative of three esperiments (m = S for each group of
mice). The bar indicates the duntion during which a significant difference
was observed between KCV and control, *P < 0.05 (Mann-Whitney [Hest
B Histopathalogical assessment of the CNS region in EAE-induced niice
shown are cellular infll and d liration (3 ds) of the lum-
barspinal cond of control or KCV-treated mice on day 18. Paraffin-embedded
spinal conls were stained with hixal (ast blue Oefi panels) or H&E (right
panel). Representative (igures from two sepaniie expenments are demon-
straled. Scale bar = 100 pm.

mice and control mice (Figure 3A), the dLN cells from the
reated mice produced significantly lower amounts of
pro-inflammatory cytokines IFN-y, TNF-a, IL-6, and IL-17
in response to MOG (35-55) (Figure 3B), consistent with
the suppressed signs of EAE. We also measured the
recall response of the MLNs to MOG (35-55). The MLN
cells from control mice immunized with MOG (35-55)
showed significant responses to the MOG peptide in the
proliferative responses as well as IL-17 production (Fig-
ure 3C), However, those from KCV-treated mice showed
only marginal responses, indicating that induction of
MOG (35-55) specific encephalitogenic Th17 cells in
both dLNs and MLNs is impaired by an alteration of
intestinal contents caused by the antibiotic treatment.

Mesenteric Lymphocytes from Naive Mice
Produce a Lower Amount of IL-17 after KCV
Treatment

MLNs are thought to offer an important site for the func-
tional cross talk between intestinal microflora and gut
immunity,**? Next we investigated whether the antibiotic
treatment induced an alteration of the MLN cell functions
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Figure 3. Reduced MOGspecific responses in dLN and MLN cells from
KCVetreated nice. A Effea of KOV on the lymphooyie prliferative re-
sponses. Draining lymph nodes (dLNs ) were removed from control or RCV-
treated nuce 11 days after immunization with MOG (35-55) and the total
hymiphoid cells (1 % [0%) wene stimulsted with vaning doses of MOG (35-55)
peptide for 72 houn. Proliferative responses were assessed by ["H] thymidine
incorpomstion, Data are from one of three independent expenments, show-
ing the mean of triplicate samples. Be Fifea of KOV ireatment on MOG
(355 rneactive T cells in the dLN. Supermatants were collected after stimu-
lating the dIN cells of day 11 with 100 pmol1 MOG (35-5%) poptide in mitro
for 72 houn, Cyiokine concentration was measured by cyiometnic bead army
ar ELISA as described in Matenals and Methods. Data represenl the mean =
SEM of duplicated samples from one of three separnite experiments (n = 2
micel *f< 005 (two-tailed Student's stest ) G Effect of KCV trestment on
MOG {3555 kreactve T cells in the MIN, Whole MIN cells were isolated
from control or RCV-treated moce (0 = 2) 11 days alter EAE induction, The
cells were stimmulated with MOG (345-55) as conducted for dLN cells and
proliferative responses (upper panel) and [L-17 production (ower panel)
were measured. [L-17 was measured by using ELISA. Data reprosent the
mean = SEM of wriplicate samples from one of two independent experiments
L= 2 mice), *F < 005 (rwo-talled Studen™s ke )

in naive wild-type mice, First we compared the ability of
the MLN cells to produce pro-inflammatory cytokines on
stimulation with plate-bound anti-CD3 antibody. Prolifer-
ative responses of the MLN cells were not affected or
slightly suppressed at most by KCV treatment. Interest-
ingly, MLN cells from KCV-treated mice secreted signil-
icantly lower amounts of IL-6 and IL-17 compared with
those from control mice, whereas production of TNF-a
and IFN-y was not significantly suppressed (Figure 4, A
and B). In contrast, splgnocytes from both groups of mice
showed essentially similar result following stimulation with
anti-CD3 (Figure 4, A and B). Recently, lvanov et al
showed that an orphan nuclear receptor ROR+ is the key
transcription factor that orchestrates the differentiation of
the Th17 cell lineage.® They also showed that Th17 cells
tend lo accumulate in the mucosa of the small intestine.
Quantitative RT-PCR analysis revealed a lower expres-
sion of ROR4t in the MLN cells from KCV-treated mice as
compared with control mice (Figure AC). We also found
that the MLN cells from KCV-treated mice secreted sig-
nificantly greater amounts of 1L-10 than those from control
mice (Figure 4A), suggesting that the mesenteric T cells
would acquire less inflammatory properties after the an-
tibiotic treatment.

Next we axamined whether this treatment may aller the
composition of lymphocytes in the MLN, We found that
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Higure 4. Decreased prosduction of inflammatory oytokines foom MIN cefls
after ol KOV treatment. A Cyiokine production from MIN T cells of naive
mice after KOV treatment. Mice wene continucusfy ghven KCV-contalning or
control water for 7 days. Then MLN cells and splenccytes were solated and
stimulated by immobilized ant-CDA. MLMNs (lop pancls) or aplenocyles (bot-
tor panels) from control o KCV-treated mice (unprimed) were stirilated
with immotalized ant-C03 sntibody fur 72 bous. Cytokines in the supermna-
tants were measured by using cytometric bead array or ELISA. Data are from
3 representative oot of three independent experiments (8 « 2 mice) *F <
005, TP < 001, (Student's Hest). B Proliferative responses of MLN cells
afler antb-CI¥3 stirmulation. MLN cells and splenucytes were preparsd as

desetibed in (A) Prolfemive msponses were assessed by [*H] thymidine
incorporation. Data represent the mean = SEM of triplicate samples from one
out of thiree independent experiments (n » 2 mice). *F < 005 (Sudent's

res. Cr Reduction of RO expression after KOV treatment Total ENA was
isalated from pooled MLN cells prepared from control mice or from mice
given oml KOV treatment for 7 days. RORW mBNA was estimated by quan-
tratve RT-PCR and all dam were pommalized o bpot (8 = 2 mice). e
Intracethilar expression of Foxp for gated CDM ™ T cells derived fnom MLNs
Mice were given control or KCY-containing water for | week. Dot plots are
gated on CO4* T cells. Duta are repnssentative of three indepemdent exper-
inents showing similis resulis

the 1otal number of MLN cells was almost equal in KCV-
treated and control mice (data not shown). Furthermore,
flow cytometric analysis demonstrated thal the proportion
of dendritic cells, macrophage/monocyles, B cells, con-
ventional CD4™ and CD8™ T cells, NK cells, and NKT
cells in the MLN did not change after treatment with KCV
(data not shown). These data indicate that the antibiotic
treatrment protocol does not exhibit any cylotoxic effect
on the mesenteric lymphocyte populations, although it
remarkably alters the cytokine profile of T cells. We also
examined the frequency of Foxp3™ regulatory CD4™ T
cells in the MLN. Although recent studies have revealed
the presence of reciprocal developmental pathways be-
tween Th17 cells and Foxp3' regulatory T cells,”’ we
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Figure 5. A role of Vald iINKT colls in the mgulation of mesenterdc ThlT
cells. A [L-17 produaion by the MIN T cells of mice lacking invarant iNKT
or MAIT cells. After | week of KCV treatment, MLN cells were solated from
control of KCVtreated tnice, including wild-type (WT), Mrer™", H2m™ ",
Cdl™", or Ja231'" mice The cells were stimulited with imimobilized
anti-CD3 antibodty for T2 howrs, [L-17 in the supernatant was measuncd using
EIISA Dhata are a representative of two independen) experiinents (n = 2
mice), *P < (105 (Swudent's Aest). Br Th17 cells in MLNs in KCVetrested or
INKT deficent mice. MIN cells were isolaed from wild-type mice (WT
canirol), KOVoreated wild-type mice (WT ECVY, or INRT cell-deficien
Ja 281 mice and stimulsted for 5 hours with phorbol 12-mynstate 13
aceate and lonouyin in the presence of GolgiPlug We conducied surface
labeling with the indicated antibody and atalCer-loaded CD1 Jdays dimer as
well as intracellular [L-17 staining. Dot plots are gated on CD4" T celis
devord of INKRT cells. Data are representaiive of o independent exper-
ments (0 = 2 mice)

could not detect any increase of CD4'Foxp3' T cells in
the MLN cells after KCV treatment (Figure 40),

A Role of Va14 iINKT Cells in the Regulation of
Mesenteric Thi17 Cells that Are Vulnerable to
KCV Treatment

Recent studies have revealed that MR1-restricted invari-
ant Va19-Ja33 T cells, also referred to as mucosal asso-
ciated Invariant T (MAIT) cells, are preferentially distrib-
uted to gut LP and are strikingly influenced by the
presence of gut flora.***? We have recently shown that
the MAIT cells could play a regulatory role in EAE.™
Because of their dependence on commensal flora®”*
we speculated that the antibiotic treatment might sup-
press the Th17 cell-mediated EAE disease by using the
regulatory function of MAIT cells triggered by a change of
flora. To verify this idea, we treated MAIT cell-deficient
Mr1~"" mice as well as wild-type B6 mice with oral KCV,
and examined the ability of the MLN cells to produce
IL-17 after anti-CD3 stimulation. Confrary to our spacula-
tion, the results showed that the MLN cells from Mr7 ™"
mice and wild-type mice produced an equivalent amount of
IL-17 either betore or after KCV treatment (Figure 5A), indi-
cating that MAIT cells do not play a major role in the sup-
pression of Th17 cells by KCV treatment. However, in ad-
ditional experimenis using B2-microglobulin ™" {A2m ")
mice, we found that the baseline production of IL-17 by
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the MLN T cells alter anti-CD3 stimulation was remark-
ably diminished in the mice, whereas the mesenteric T
cells from B2m 7 mice and wild-type mice produced a
similar amount of IL-17 after KCV treatment. Accordingly,
oral KCV causes only a marginal reduction of IL-17 in
A2m " mice, indicating thal class l-restricled T cells
other than MAIT cells play a critical role in the KCV-
induced suppression of the Th17 cells within MLN.

Then we explored a possible role of Val4 INKT cells
restricted by CD1 days, an MHC class 1b molecule. As is
widely known, iINKT cells produce a variety of regulatory
cyltokines after recognizing glycalipid antigens such as
a-galactocylceramide («-GalCer) in association with CD1
days. Numerous reports have supported the role of INKT
cells in the regulation of autcimmunity. 2335 We, there-
fore, repeated our above experiments using Cdl 7~
mice,”® which do not express either iINKT cells or non-
invariant type Il NKT cells,*® as well as with Ja287 "
mice,*® in which INKT cells alone are specifically deleted.
In these iINKT cell-deficient mice, we again found a great
reduction in the baseline production of IL-17 from the
MLNs after anti-CD3 stimulation. Furthermore, effects of
oral KCV on the Th17 cells were only marginal, if any, in
the mice (Figure 5A), raising a possibility that the host
immune system may sense the change of gut llora by
using iNKT cells.

It is now known that IL-17 secreting CD4™ MLN cells
comprise not only Th17 cells but also CD4™ Val4 iINKT
cells,” To evaluale the alteration of mesenteric Th17
cells with accuracy, we next evaluated the proportion of
IL-17° CD4” T cells after excluding INKT cells by gating.
By analyzing the MLN cells from wild-type mice (WT
control), KCV-treated wild-type mice (WT KCV), or iINKT
cell-deficient Ja281 /" mice (Figure 5B), we have con-
firmed that the number of IL-177 CD4" T cells corre-
sponding to Th17 cells is reduced in the KCV-lreated
wild-type mice and in the iNKT cell-deficient Ju287 "~
mice. We also noticed that IL-17" INKT cells are 15 times
lower than IL-17"° CD4" T cells in wild-type mice (data
not shown),

Oral KCV Treatment Inhibits Production of
Th17-Promoting Cytokines in the Intestinal
Lamina Propria

Next we sought to identify a primary event that would take
place in the intestinal immune syslem lollowing oral KCV
treatment. Because the vast majority of Th17 cells in the
MLNs appear to depend on INKT cells (Figure 5A), we
evaluated the number and function of INKT cells in the
MILNs, However, neither reduction nor increase of iNKT
cells was found in the MLNs after the antibiotic treatment
(data not shown). In addition, the MLN cells from KCV-
treated mice: and from control mice produced similar levels
of cylokines in response to a-GalCer (data not shown),
These results indicate that as seen with CD4"Fox3™ T
cells (Figure 40), INKT cells in the MLN are not signifi-
cantly influenced by the status of gut flora. Therefore, we
postulate that local accumulation of regulatory cells is
probably not the mechanism for the reduction of Th17
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Figure 6. Feduced expression of ThiT-promating cytokines in the intestinal
lamina propria lmphocytes from KOV.treated mice as well ax iNKT-defliclen
mice. As RUREt expression o the intestinal L after treatment with ol KOGV
Total RINA was solated fron pocled LPLs prepared (rom wild-type control Bo
mice (WT control), KCV-treated wildtype BS mice (WT KCV), and control
Jal281" mice (Ja2817 control) (v = 2), Wikl-tvpe KCV wene given onal
KCV for T days before the anaivsis. RORY mRNA wis estimated by quanii-
tative RT-PCR and all data were nomulized 10 hpn. Data are representative
of two independent experiments. By Expression of ThlT-promoting oyte-
kines in the intestinal LPL. Total RNA was solited from LPLs of the thiee
groups of mice as described in (A), Expression of TGFS=1, IL-6, IL-23, and
IL-21 imRNA was estimated by quantitative RT-PCR and all data were nor-
malized to hpn Dats are o representative of mvo independent experiments

-

cells in the MLN of KCV-treated mice (Figures 3 and 4).
By using quantitative RT-PCR, we also measured mRNA
expression of TGF-8, IL-6, IL-21, and IL-23 in the MLNs,
which play key roles in the development or maintenance
of Th17 celis in the intestine.”771-3%3%%0 However, expres-
sion of these Th17-promoting cytokines did not change
after KCV treatment (data not shown). Taking these re-
sults together, we assumed thal the reduction of Thi7
cells in the MLNs might result from a primary evert that
takes place upstream 1o the MLNs. Therelore, we shifted
aur attention from MLNs to intestinal LPLs.

Notably, Th17 cells constitutively inhabit LP,? and more
iINKT cells are deteclad in LP than in MLN (our unpub-
lished data). We first confirmed that ROR+yt expression
was significantly reduced in the LPLs from KCV-treated
wild-type mice as comparad with those from control wild-
type mice (Figure 6A), indicating that a reduced number
of Th17 cells could be traced upstream to the LP, More-
over, the LPLs from INKT cell deficient Ja2817'" mice
showed a reduced expression of RORH, again indicaling
the importance of INKT cells for the maintenance of Th17
cells. We further quantified mRNAs of TGF-g1, IL-6, IL-23,
and IL-21 expressed by LPLs by RT-PCR. Campared with
the LPLs from control wild-type mice, those from KCV
treated wild-type mice and from Jo281 mice showed
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Agure 7. Suppressive elfect of oral RCV treatinent on EAE & abolished in
Vald iNKT-deficient mice. Mrf ™" f2m™"" €d1" " and fa280 ' mice
were treated with KCV as descnbed in Matenials and Methods. Afier immu.
nization of mice with MOG (35-55) clinical BAF sevwres of mice weone as-
sessed Data represent mean score = SEM from mvo independent experi-
ments (n = & or 5 mice).

a reduced expression of IL-21 (Figure 6B). Expression of
IL-23 was also reduced in KCV-trealed wild-type mice as
well as In Ja287 " mice. These results support our
postulation that LPLs are primarily influenced by the an-
tibiotic treatment, resulting in a downstlream decrease in
the number of Th17 cells.

Suppressive Effect of KCV Treatment on EAE Is
Abolished in INKT-Cell Deficient Mice

The ex vivo experiments have demonstrated that Th17
cells In the MLN and LP are aflected by KCV treatment in
association with suppressed signs of EAE. Moreover, we
showed that the KCV effecis on Th17 cells could not be
seen in the absence of INKT cells. Although the results
indicate an intimate relationship between Th17 cells and
INKT cells in the intestinal immune system, it does not
necessarily imply that altering gut flora would suppress
the development of EAE in a way dependent of INKT
cells. To make this point clear, we examined the effects of
oral KCV treatment on the development of EAE induced
in iNKT cell-deficient mice (82m ", Cd1 ', Ju281 ')
as well as in MAIT cell-deficient mice (MrT ") (Figure 7)
First, we noted that clinical EAE Induced in Mr1 ™7~ mice
was significantly suppressed by KCV treatment, which
coincides with the fact that the mesenteric Th17 cells are
not affected by the absence ol MAIT cells (Figure 8A). In
contrast, suppressive effects ol oral KCV was almost
completely abolished In g2m™ ~ Cd1 ™" and Ju281
mice (Figure 7), allowing us to conclude thal iINKT cells
play a key role in the KCV-induced suppression of EAE

Health Status of KCV-Treated Mice

We have observed that antibiolic reatment tended 1o
cause loose stool in the KCV treated mice. However, this
happened in both wild-type mice and INKT cell-deficient
mice, which does not validate speculation on any refation




with the EAE disease suppression by KCV. Furthermore,
KCV-treatment did not cause a significant change in
body weight. We also examined lhe histology of gut
lumen, and found that KCV treatment did not cause any
pathological changes.

Discussion

The present study has experimentally demonstrated that
altering gut flora by non-absorbing antibiotics could lead
to protection against autoimmune disease EAE. Although
the suppressive effect ol antibiotics on EAE has been
previously described,*’ the prior study did not address
the possible contribution of the altered gut llora and has
correlated the EAE suppression with an altered Th1/Th2
balance. In contrast, the present study has linked the
antibiotic effects with a reduced number of Th17 cells in
the gut-associaled immune system. Most notably, the
immunomodulatory effects of KCV could not be seen In
INKT cell-deficient mice, as assessed by the number of
mesenteric Th17 cells or by severity of EAE. Comparison
of wild-type and INKT cell-deficient mice revealed that INKT
cells In the wild-type mice are able to promote the mainte-
nance of mesenteric Th17 cells in the steady state, wherzas
the disease promoting ability of INKT cell is impaired by
KCV treatment. Given that oral administration of synthetic
glycalipid ligands stimulatory for INKT cells could alter
the manifestation of autoimmune diseases,>** one may
speculate that oral KCV treatment leads to the appear-
ance or disappearance of glycolipid ligands in the ines-
tinal content that critically influence the function of INKT
cells.

The mucosal siles continuously sample foreign mate-
rials mainly via M cells in Peyer's patch and dendritic
cells (DCs) in the LP.** The DCs in the LP would present
orally applied antigens, migrate and enter the MLN.****
Theretore, we wondered If the MLN might serve as the
primary site where a contraction of Th17 cells takes place
via mechanisms involving regulatory cells or changes of
local cytokine milieu. However, the antibiotic treatrment
did not influence INKT cells or Foxp3™ regulatory T cells
in the MLNs. Cytokines needed for promoting Th17 cell
development and survival were not altered either, indi-
cating that a critical event causing a reduction ol Th17
cells probably takes place upstream. Consislent with this
idea, we showed that expression of IL-21 and IL-23 in the
LPLs was significanlly suppressed in KCV-treated mice
and INKT cell-deficient mice. The role of IL-21 in the
development of Th17 cells® has been demonstrated in
mice lacking IL-6, the cylokine ariginally identilied as a
crucial prormoter of Th17 cells. Intriguingly, it has recently
been reported that IL-21 plays a critical role in the regu-
lation of Th17 cells involved in gut inflammation,” Taken
logether, we sugges! that the suppression of IL-21 and
IL-23 may be a primary event after KCV treatment, which
leads to the reduction ol mesenteric Th17 cells. It is
known that both INKT cells and Th17 cells are able to
produce IL-21.%%* Given that iNKT cells in the MLNs
were nol allered after KCV treatrment, we speculated that
INKT cells within LP may numerically or functionally be
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altered, which could account for the reduced IL-21 in the
LPLs. However, because of technical limitations, we have
nol definitively demonstrated thal this is the case. Al
though a recent report using IL-21 knockoul mice
showed that IL-21 is not essenlial for the development of
Thi7 cells in vitro and in vive,*® it does not exclude the
role of IL-21 in wild-type mice.

It is arguable that the reduced Th17 cells in the MLN
cells from KCV-treated mice may result from a direct or
indirect effect of KCV on DCs. However, flow cytometric
analysis did not reveal any difference between KCV-
treated and control mice with regard to the surface levels
of MHC class |I, CD80 or CD86 on the MLN-DCs (data not
shown). In addition, there was no alteration of CD103 on
the MLN-DCs that is described as an inducer of Foxp3™
regulatory T cells.*®

Although we have so far focused on analysis of Th17
cells and INKT cells in the gut immune system, we cannot
overlook that dLN cells from KCV-treated mice produced
a lower amount of IFN-y in response o MOG (35-55)
indicating that Th1 celis in the dLNs could be also al-
fected by KCV treatment. Interestingly, a concomitant
reduction of Th1 cells and Th17 cells has recently been
demonstrated in EAE mice treated with anti-IL-6 receptor
antibody, which was used for aiming at specific suppres-
sion of Th17 cells.>® These homologous results suggest
the possible induction of regulatory T cells in the dLN that
may requlate both Th1 and Th17 cells. Although Foxp3”
regulatory T cells are qualified suppressors, total number
of the CD4 *Foxp3* T cells in dLN was not altered after
KCV treatment. It is possible that MOG (35-55) specilic
regulatory T cells might be selectively induced by altering
gut flora. It Is obvious that further studies are needed lo
clarity the total picture of NKT cell-dependent suppres-
sion of EAE by altering gut flora.

There is a clear tendency for anincreased incidence of
immune-mediated disorders in developed countries
Although this increase has often been linked with im-
proved hygiene, a number of studies have suggested a
role for commensal flora affected by life style.®* This is an
attractive idea, in particular for inflammatory bowel dis-
ease, where the target is the gut and is inhabiled by
pathogenic Th17 cells as well as regulatory cells such as
MAIT cells. In contrast, much less attention has been
paid on the role of commensal flora in the development of
the CNS autoimmune disease MS. The present study
emphasizes that the repertoire of the immune system is
greatly regulated by gut flora, which has broad implica-
tions lor understanding the pathogenesis of autoimmune
disease and allergy, and could be applied for future
studies. However, it is too early lo suggest that antibiotic
treatment will be beneficial for MS. Indeed, altering gut
flora could trigger or prevent the development of autoim-
mune conditions. Fulure studies coping with such vari-
ables as timing, duration, choice of antibiotics used for
treatment will not only give us deeper understanding on
the interaction between gut flora and Th17 cells, but also
provide important Information related to the human
health,
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Development and regulation of autoimmune encephalomyelitis

mediated by gut immune system

Takashi Yamamura, Hiroaki Yokote, and Sachiko Miyake

Abstract

An influence of altered hygiene has been indicated for autoimmune disorders such as multiple sclerosis. However,
most works are based on epidemiological analysis and the lack of appropriate experimental systems appears to hamper
the development of the study. Here we report that altering gut flora by a combination of non-absorbing antibiotics
(kanamycin, colistin, vancomycin) would significantly suppress the development of EAE by altering gut flora. The
suppression of EAE was associated with an inhibited Th17 responses in the gut immune system. Interestingly, Th17
cells in the gut lamina propria or mesenteric lymph node cells were also inhibited in the mice whose NKT cells are
defective. Furthermore, KCV treatment did not modulate the EAE induced in the NKT cell-deficient mice. We would
propose that NKT cells play a critical role in sensing the gut environment, which leads to regulation of autoimmune

diseases.

Key words: mucosal immunity, multiple sclerosis, autoimmune encephalomyelitis, immunoregulation
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Previously, we found that more than a half of the NK1.1* T cell lines prepared from CD1-/- livers expressed
invariant Vo 19-Ja33 TCR a chains. Over-expression of the invariant Va19-Ja33 TCR o transgene (Tg) with
a natural TCR « promoter and an enhancer in mice induced the development of NK1.1* T cells (V19 NKT
cells) in the lymphoid organs, especially in the liver. Preferential usage of the Vo19 Tg by NKT cells in the

Allabie ooitrie 27 Segaimiier 2008 transgenic mouse livers was indirectly indicated by the observation that few NK1.1* TCRaf* cells of the

= V19 Tg livers were stained with a cockrail of anti-TCR Ve antibodies in the FACS analysis. Upon invariant

le(‘l'"cnelld TCR engagement in vivo following injection of mice with anti-CD3 antibody, NKT cells of the Tg mouse

Development livers as well as spleens promptly produced immunoregulatory cytokines such as [L-4 and IFN-y and

Invariant TCR altered surface receptor expression. Collectively, localization of Va19 NKT cells in the liver is suggested
Cytokine production that are ready to immediately response against antigen stimulation.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction organs including the liver and that more than a half of the hybrid

Natural killer T (NKT) cells are defined as lymphocytes bearing
both the common NK marker NK1.1, a product of a member of the
NKR-P1 gene family, and TCR-CD3 complex [1,2]. The major com-
ponent of NKT cells (Va14 NKT cell) express the invariant TCR o
chain (mouse Vee14-Ja18, human Va24-J18) [1,2].

The requirement of invariant Va14-Ja18 TCR « chain expres-
sion for the development of Va14 NKT cells is demonstrated in the
invariant TCR transgenic (Tg) mice, where Tg* Va14 NKT cells are
similar to native NKT cells in TCR § composition, antigen recogni-
tion and cytokine production [3].

Recently, the presence of another invariant TCR o chain (Va19-
Ja33 (conventionally Ja26), AV19-A]33) was shown by quantitative
PCR analyses in mouse, human and bovine lymphoid cells [4,5].
We demonstrated that this invariant TCR « chain was preferen-
tially expressed in NKT but not conventional T cells of the lymphoid

Abbreviations: Va19 NKT cell, NKL1+ Va19-Ja33 invariant TCR a+ cell; Val4
NKT cell, NK1.1+ Ve 19-J 18 invariant TCR a+ cell; Tg, transgene or transgenic; MNC,
mononuclear cell; MAIT, mucosal-associated T lymphocyte.

* Corresponding author at: Developmental Immunology Unit, 11 Minamiooya,
Machida, Tokyo 194-8511, Japan. Tel.: +81 42 724 6315; fax: +B1 42 724 6317,
E-mail address: michio@libra.ls.m-kagaku.co,jp (M. Shimamura).

0165-2478/5 - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.imlet.2008.08.002

cell lines produced from NKT cells of CD1-deficient livers expressed
this invariant TCR « chain [6]. The localization of the invariant
Va19 TCR* in gut lamina propria was then demonstrated in the
recent reports [7.8]. Positive selection of these cells {designated as
mucosal-associated invariant T (MAIT) cells) by one of the evo-
lutionarily conserved MHC-class [b molecules MR1 [9] was also
indicated in these studies.

In the current study, we characterized the mice over-expressing
invariant Vet 19-Joe33 TCRa transgene with a natural TCRa promoter
and an enhancer to analyze the development of invariant V19
TCR* NK1.1* (Va19 NKT) cells. We found that the invariant TCR
transgene was always more frequently used by NKT cells than con-
ventional T cells in the lymphoid organs, especially in the liver, and
that the proportion of V19 NKT cells was the largest in the liver
among the lymphoid organs examined. Thus these findings indicate
the preferential differentiation of Tg* lymphoid precursors into NKT
cell lineage in the liver.

2. Materials and methods
2.1, Mice

C57BL{6 mice were purchased from Sankyo Service Co. (Tokyo,
Japan). Beta2m-deficient mice with C57BL/6 genetic background
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were obtained from Jackson Laboratory (Bar Harbor, ME, USA).
CD1-deficient mice were provided by Dr. MJ. Grusby (Harvard
University) [10]. They were backcrossed with C57BL/6 mice for
six generations, and mice with phenotypes of H-2°, NK1.1* and
CD1-/- were selected. TCR Ca-deficient mice, backcrossed with
C57BL{6 mice for more than 10 generations [11], were given
by Drs. H. Ishikawa (Keio University) and M. Nanno (Yakult
Co.).

2.2. Establishment of V19 Tg mice

A Va19-Jo33 transgene with the endogenous TCR e« promoter
and the enhancer was injected into C57BL/6 or TCR Ca-deficient fer-
tilized eggs and transgenic mouse lines were established. Details
are shown in Supplemental Figure 51 online. A Val19Tg*CD1-/-
mouse line was established from one of the three transgenic
lines with the C57BL/6 background by cross with CD1-deficient
mice. Va19 Tg mice were compared with non-Tg mice in the
same litter or with those with an appropriate genetic back-
ground (C57BL/6, 129/Sv or BALB/c) possibly included in each Tg
line,

2.3. Cell preparations

MNCs were prepared from single cell suspension of mouse
organs by density gradient centrifugation using Lymphosepar II
(IBL, Gunma, Japan, d = 1.090) for spleen and bone marrow and Per-
coll (Pharmacia, Uppsala, Sweden) for liver as described previously
[12]. Lamina propria lymphocytes were prepared as described by
Treiner et al. [7].

2.4. Flow cytometry and antibodies

Mouse cells were pre-treated with anti-FcyRIL 1l monoclonal
antibody, 2.4G2 (Pharmingen, San Diego, CA, USA), to saturate Fc
receptors. Specific staining was performed with a combination
of the following conjugated antibodies purchased from Pharmin-
gen; H57-597 (anti-TCR CP), PK136 (anti-NK1.1), RM4.5 (anti-CD4),
53-6.7 (anti-CD8a), 53-5.8 (anti-CD8R), RR4-7 (ant-VB6), F23.1
(anti-VB8), B20.1 (anti-Va2), RR3-16 (anti-Va3.2), B21.14 (anti-
Va8.3), RR8-1 (anti-Val1ll, 11.2). Tetramer of CD1-a-Gal-Cer was
prepared from a DNA construct (provided by Dr. M. Kronenberg, La
Jolla Institute for Allergy and Immunology) as described by Mat-
suda et al. [13]. The stained cells were analyzed on a FACS can flow
cytometer equipped with the Cell Quest Software (Becton Dickin-
son, San Jose, CA, USA).

2.5. In vivo stimulation of Ve 19Tg lymphocytes by TCR
engagement

Mice of Va19Tgt CD1-/- and CD1-/- in the same litter,
and C57BL/6 (8 weeks of age) were intravenously injected with
anti-CD3 antibody (2C11, Pharmingen, 1.5 or 3.0 pg/mouse) in
200l PBS. Livers were removed from mice 90min after anti-
body injection, and MNCs were immediately prepared from them
as described above. They were cultured at the concentration of
5x 105 per ml in the DMEM (10% FCS, 50 pg/ml streptomycin,
50 U/ml penicillin) without further supplements. Cytokines in the
supernatants were determined by ELISA using antibodies that
were purchased from Becton Dickinson. In some experiments,
livers were removed from mice 1 day after antibody injection,
and MNCs were immunostained and analyzed by flow cytome-
try.

3. Results

3.1. Preferential development of V19 NKT cells in the liver of
invariant Ve 19-Jee33 TCR Tg mice

Aninvariant Va19-Ja33 TCR gene segment was cloned into aTCR
o vector containing the TCR a endogenous promoter and enhancer,
and Tg mice (V19 Tg mice) were produced to examine the role of
the invariant TCR in Va19 NKT cell development (Supplementary
Figure 51 online),

The development of lymphocytes expressing the invariant TCR
was demonstrated by the presence of TCRaf3* cells in the lymphoid
organs of the Va19 Tg mice with the TCRa-deficient (TCRa/~)
background (Fig. 1A). A remarkable proportion of the Tg* cells was
differentiated into NK1.1* TCRap* NKT cells in the Tg organs, espe-
cially in the liver (liver, 29.5%; bone marrow, 7.5%; spleen, 3.6%).
The proportion was comparable to that in the non-Tg mice with
the same genetic background (C57BL/6) (26.4%, 5.1%, 3.2%, respec-
tively, Fig. 1B [14]). The cellularity of these organs in the transgenic
mice (liver, 4.8 x 10%; bone marrow, 4.5 x 107; spleen, 1.3 x 108 at
8 weeks of age) was not significantly altered from that in non-Tg
mice (liver, 4.4 x 105; spleen, 1.2 x 10%; bone marrow, 4.3 x 107 at
a similar age). Thus, these findings suggest that the expression of
the invariant TCR « transgene induced preferential development of
V19 NKT cells in these organs compared with the development of
NKT cells in normal mice.

The preferential development of NKT cells in the Tg liv-
ers was also observed in the livers of the Tg mice with the
genetic background of C57BL/6 (28.7%, Fig. 1B)) and CD1~ I~ (31.0%,
Supplementary Figure S2) where TCR af* cells are allowed to use
endogenous TCR « chains due to the incomplete allelic exclusion
of the TCR a locus. The preferential use of the transgene by the
cells of liver rather than spleen or thymus of the Tg mice with
C57BL/6 background was supported by the expression of the trans-
gene analyzed by RT-PCR (Supplemental Figure 51D), Development
of Va14 NKT cells was suppressed not only in the Tg livers with
CD1-/~ background but also in the Tg livers with C57BL/6 back-
ground, because only a limited fraction of the Tg liver cells were
stained with CD1-a-Gal-Cer tetramers (1.6%) compared with the
non-Tg mouse liver cells with C57BL/6 background (17.1%) (Fig. 2).
Taken together, most NKT cells in the Tg livers with these genetic
backgrounds were probably V19 but not V14 NKT cells in spite
of the non-stringent pressure of TCR o usage. A similar increase
in NKT cell development was observed in the Va14-Ja18 TCRa Tg
mice [3]. In contrast, few NKT cells were generated in Va11-Ja2B4
or Va8-Ja37 TCRa Tg mice [3,15]. Thus, NKT cell development is
possibly dependent on the use of invariant TCR « chains expressed
by lymphoid precursors.

The facilitated development of Va19 NKT cells in the Tg mice
was supported by a comparison of the TCR structure between
Tg and non-Tg mouse cells. Liver mononuclear cells (MNCs) iso-
lated from V19 Tg* CD1-/~ and C57BL/6 mice were triply stained
with fluorescence-conjugated anti-TCRop, anti-NK1.1 and a cock-
tail of anti-Va2, 3, 8 and 11 antibodies. Staining profiles in the NKT
cell fraction (NK1.1*, TCRxB*) and the conventional T cell fraction
(NK1.1-, TCRaf*) with the anti-Va antibody cocktail are shown
in Fig. 3 and Table 1. Since Val4 NKT cells were a main compo-
nent of the NKT cell population in the non-Tg normal liver, few NKT
cells were stained with the anti-Ve antibody cocktail; whereas, a
substantial fraction of conventional T cells was positive for the Va
staining. Here in the Tg livers, almost all the NKT cells were negative
for the Vo staining despite the lack of V14 NKT cells; whereas, a
substantial fraction of the conventional T cells was positive for the
Va expression, These observations indicate that the invariant Va19
TCRa-bearing cells were directed to develop preferentially into NKT

.._48_
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Fig- 1. Development of Va9 NKT cells in Va 19 Tg mice. MNCs were isolated from liver, thymus, spleen, bone marrow and intestinal lamina propria of mice (at 3-12 weeks of
age, female). They were stalned with fI ence-labeled antibodies and analyzed by FACS. (A) Staining profiles of the Va19 Tg* TCRa~- and TCRa~f~ cells with anti-NK1.1
and anti-TCR af antibodies. (B) Staining profiles of the Va19 Tg* and non-Tg cells with the same genetic background (CS7BL{6). Note that plots of thymocytes are gated on
the HSA™™ cells in (B). In (A) and (B), one of the three representative experiments, each using poals of cells from 2 to 3 mice is shown.
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Fig. 2. Staining profiles of Tg- and non-Tg liver MNCs with CD1-a-Gal-Cer tetramers. Liver MNCs isolated from Tg and non-Tg mice on the C57BL/6 background (at 8-10 weeks
of age, female, both in the range of 3-7 x 10 per animal) were stained with anti-TCR o antibody and either anti-NK11 antibody, CD1-a-Gal-Cer tetramers, or empty CD1

tetramers. The stained cells were analyzed by FACS,
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Flg 3. Preferential expression of the invariant Var19 TCR transgene by the NK1.1*, TCRa(* cells in the Tg livers, Liver MNCs from V19 TCR Tg (CD1-/- background) and non-Tg
mice (at 8 weeks of age, female) were triply stained with an anti-TCRef, anti-NK1.1 and anti-TCR Vo mixture (Va2, 3.2, 8, 11) or anti-VP antibodies. The histograms of the
NK11*, TCR af3* (NKT) and the NK1.1-, TCR afs* (T) cells stained with anti-TCR Va cocktail, anti-VB6 and anti-VB8 antibody are indicared.

cells in accord with our previous observation that invariant Va19
TCR a chains are predominantly expressed as NKT cells in the liver
[6]. The preferential development of Ve 19 NKT cells was also found
in the lymphoid organs other than the liver in the Tg mice judging
from the Ve usage (Table 1).

Similar to invariant Va19 TCR a* hybridomas [4,5], NKT cells
used VB6 and VB8 relatively frequently in V19 Tg* TCR /= mice,

Table 1

¥y DA e b

is shown.

Vo and VP usage of the NKT and conventional T cells in the transgenic and non-transgenic lymphaid organs

NSV =

Ve cockrall®, positive for staining with anti-Vo2, 3, 8, and 11 antibody cocktail. The average of 2-4 experiments each using

where the TCR « chain is fixed to the V19 transgene (Table 1). This
characteristic VB usage was also found in Va19 Tg* CD1-/~ mice.
These findings suggest that lymphoid precursors bearing invariant
Va19*/confined VB* semi-invariant TCR are preferentially differ-
entiated into NKT cells.

A substantial number of NKT cells was observed in the «19
Tg* TCR o/~ gut lamina propria (Fig. 1) in accordance with the

of cells from 2 to 3 mice (8-12 weeks old)
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reports on the localization of invariant V19 TCR* cells there [7,8].
The proportions of NK1.1* T cells were increased in the lamina
propria of the Tg mice, irrespective of their genetic background
(6.0+1.5% in Va19 Tg* TCRa~/~ intestine, 2.8+ 1.0% in C57BL/6
intestine, Supplementary Table 51). Besides, the proportion of the
cells stained with the anti-Va cocktail in lamina propria NKT cells
was less than that in spleen or bone marrow NKT cells in V19 Tg*
CD1-/~ mice (Table 1). Taken together, it is suggested that Ve 19 Tg*
NKT cells are preferentially localized in the lamina propria as well
as in the liver.

V19 NKT cells were rarely found in the V19 Tg* TCR a~/-
thymus (0.3%, Fig. 1A). The proportion of CD4" or CD8" single pos-
itive cells was reduced in the Tg thymus (4.4% in the Va19 Tg*
TCR a~/~ thymus, 9.2% in the C57BL/6 thymus), suggesting the
impaired maturation of T-lineage cells in general with the TCR
o/~ background. Above all, the development of NKT cells in the
Tg thymus seemed to be especially limited (cf. 0.6% in the Va19
Tg* thymus with the C57BL/6 background, 0.7% in the C57BL/6 thy-
mus). However, comparison between the proportion of NKT cells
among HSA'™ thymocytes in the Tg and that in non-Tg mice with
the same background (C57BL/6) (4.8% and 2.1%, Fig. 1B) suggests
that the thymus is also the organ where V19 Tg* NKT cells are
distributed.

A quite unique CD4, CD8 co-receptor expression was observed
in Va19 NKT cells (Fig. 4). Different from Va14 NKT cells, num-
bers of CD4* and CD8* Va19 NKT cells are comparable. Rather, the
CD8"* NKT cell subset predominates in the V18 Tg" TCR «=/= liver.
The CD8 molecules expressed by the NKT cells in the Tg liver and

Liver
Vot 91_?? 6.7% 21.3% 15.9%
-TCRa
69.9% 2.1% 1.8%
= — —
C57BLS
Spleen
14.7% 14.4% 9.9%
Va1gTg* ==
-TCRa T =
59.5% 23 1.7%
C57BL/8 = i i' —

Bone Marrow
41.7 4.3% 6%
CS7BLE — —
CD4 CD8a CD8p

Fig. 4. CD4/CD8 co-receptor expression by NK1.1*, TCR af* cells of Va19 Tg* and
non-Tg mice. MNCs were isolated from liver, thymus, spleen, and bone marrow of
Va19 Tg* TCRa~'~ and CS7BLI6 mice (at 8-12 weeks of age). They were immunos-
tained and analyzed by flow cytometry. Profiles of CD4/CD8 co-receptor expression
in the NK1.1*, TCR af* cells of Va19 Tg* TCRa~'~ and C57BL/6 organs are indicated.
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spleen consisted of the af hetero-dimer, whereas those expressed
by the Tg bone marrow NKT cells were mostly the ac homo-dimer,
thus suggesting the presence of heterogeneity in the CD8* NKT
cell subset depending on the tissue distribution in the Tg mice.
However, the CD4-, (D8~ double negative NKT cell population
was present as the major component in all the Tg organs analyzed
here including the lamina propria (CD4*:CD8*:CD4-CD8- = 3:1:6,
data not shown). The preferential generation of CD4-, CD&- T
cells has also been reported in Val4-Ja18 invariant TCRa Tg
mice [3]. Therefore, it is not clear whether the double negative
population is generated as the major subset during normal devel-
opment.

3.2. Prompt activation of V19 NKT cells in the liver upon TCR
engagement in vivo

Cytokine production by liver Va19 NKT cells was examined
to assess their immunoregulatory potential. It has been reported
that Va14 NKT cells in the spleen promptly produce immunoreg-
ulatory cytokines in response to in vivo challenge with anti-CD3
antibody [15]. Thus, production of cytokines by Va19 Tg* CD1-/-
liver cells was compared with the production by CD1-deficient
or normal liver cells that were prepared from mice previously
injected with anti-CD3 antibody (Fig. 5). Production of IL-4 and
IFN-y was reduced in CD1-/~ liver cells compared with C57BL/6
cells. This reduction was restored by the introduction of invari-
ant V19 TCR transgene into CD1-/~ mice. The prompt production
of cytokines by liver lymphocytes was similarly observed in Va19
Tg* TCR a~/~ mice (data not showa), thus indicating that invari-
ant Va19 TCR™ cells are the producer of the cytokines. In addition,
NK1.1* but not NK1.1~ Vat19 Tg* liver cells were responsive to the
stimulation to TCR-CD3 complex in culture and primarily produced
immunoregulatory cytokines (Shimamura et al., submitted for pub-
lication). Thus it is suggested that certain subsets of the Tg TCR*
cells in V19 Tg® mice, probably V19 NKT cells take the place
of Vae14 NKT cells in the normal mice and are responsible for the
prompt cytokine production responding to TCR stimulation, The
prompt production of IL-4 and IFN-y by hepatic NKT cells almost
reached maximum with administration of 1.5 p.g of anti-CD3 anti-
body. This dose of antibody was in accord with the dose required
for the maximum induction of the IL-4 mRNA expression from
the spleen cells isolated from mice with the antibody injection
[15].

IL-5 and IL-10 production by V19 Tg* and C57BL/6 liver cells
increased with anti-CD3 antibody administration to some extent.
The increase was more significant than the change in the produc-
tion of these cytokines by CD1-/~ liver cells. Nevertheless, liver
cells showed relatively high [L-5 and IL-10 production in the culture
without sensitization by injection of anti-CD3 antibody in contrast
to the IL-4 and IFN~y production. The background levels of IL-5 and
IL-10 in the culture supernatants of spleen cells of the same mice
were kept to be very low (data not shown).

3.3. Surface receptor down-regulation of hepatic Ve 19 NKT cells
upon TCR engagement in vivo

It has been reported that Va14 NKT cells respond to the stimu-
lation in vivo with a-Gal-Cer and down-regulate the expression
of NK1.1 marker [16,17]. The proportion of NK1.1* T cells in the
liver of V19 Tg* TCR a~/~ mice reduced when the mice were pre-
viously injected with anti-CD3 antibody (Fig. 6). Conversely, the
proportion of NK1.1- T cells, especially TCRap™" cells, increased.
Thus, Va19 NKT cells, as well as V14 NKT cells, are suggested
to down-modulate surface expression of NK1.1 receptors promptly
responding to stimulation to TCR.
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Fig. 5. Cytokine production by Tg and non-Tg mice in response to in vivo treatment
with anti-CD3 antibody. Liver MNCs prepared from V19 Tg* CD1-/-, CD-/~, and
C57BL/6 mice injected 90 min previously with a different dose of anti-CD3 antibody
(2C11) were cultured in DMEM ( 10% FCS) without additional stimulation for 2 h. Cul-
ture supernatants were harvested and tested for production of cytokines by ELISA.
The mean £5.D. for three mice in each strain is shown. Experiments were repeated
twice, and essentially the same profiles were obtained. Statistical significance in the
Va19Tg* and C57BL/6 cell responses compared with the CD1+/~ cell responses was
assessed by Student's r-test (*p <0.01 and *"p <0.05).

4, Discussion

In the present study, invariant Va19-Ja33 TCR o Tg mice were
generated to examine the roles of invariant TCR « expression in
V19 NKT cell development. Over-expression of the invariant Vot 19
transgene induced the development of NKT cells in the lymphoid
organs of Tg mice especially in the liver (Fig. 1, Table 1). In V19
Tg* CD1-/- organs, the proportion of cells stained with the anti-Va
antibody cocktail in the NKT cell population was less than that in
the conventional T cell population (Fig. 3, Table 1), suggesting that
lymphoid precursors bearing invariant Ve 19 TCR preferentially dif-
ferentiate into an NKT lineage under the non-stringent pressure of
TCR o usage. Invariant Ve 19 TCR a chains prefer to pair with V6"
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and VP&* TCR B chains, Such a characteristic V{ usage was found
not only in the NKT cells but also in the conventional T cells to a
degree of the V19 Tg* TCR «~/~ mice where the TCR « chain is
fixed to the V19 transgene (Table 1). These findings raise the pos-
sibility that NKT and T cells with expression of the semi-invariant
Ve19* [VB6* or VB8* TCR frequently present in Va19 Tg* TCR e/~
mice are at least partially of an identical or similar lineage despite
their difference in phenotypes. In fact, NKT cells in the livers of Ve 19
Tg* TCR «~/~ mice reduced the expression of NK1.1 marker upon
TCR engagement (Fig. 6). The tissue distribution of invariant V19
TCR* cells in normal mice has not been definitively determined
because of a lack of reagents specifically identifying this popula-
tion, but is probably reflected in the invariant Va19 TCR Tg mice
to some extent because the expression of the invariant TCR trans-
gene is controlled by the natural TCR a promoter and enhancer. The
predicted tissue distribution of Va19 NKT cells is similar to that of
V14 NKT cells in normal mice [18].

Our previous study on CD1-/= liver lymphocytes indicated that
invariant Va19 TCR-bearing cells preferentially developed in the
liver [6]. V19 NKT cells were estimated to comprise about 50% of
the NKT cell population in the CD1~/~ liver. Provided that Va 19 NKT
cells develop similarly in normal and CD1-/~ livers, they account
for about 0.5-1% of normal liver MNCs, corresponding to 1/40-1/20
the number of Va14 NKT cells. The estimated population of V19
NKT cells is so large as a clone that they may have their own roles
in the immune system.

The MHC restriction molecules for the preferentially generated
V19 NKT cells in the Tg livers were not determined. However, the
expression of invariant V19 TCR was reduced in the B2m~/~ livers
[6]. In addition, Kawachi et al. reported that development of NKT
cells in the spleen or lymph node of another invariant Va13 TCR Tg
line was reduced under the MR1-deficient background [8]. Thus,
it is possible to speculate that a large proportion of the V19 NKT
cells in the present Tg livers are restricted by MR1.

Localization of the invariant V19 TCR* cells in the gut lamina
propria (MAIT cells) compared with mesenteric lymph nodes, skin
and gut intraepithelium has been reported [7,8). Consistent with
these reports, increased percentages of Va19* NKT cells in the Tg
lamina propria were observed (Supplementary Table 5§1). The stain-

+PBS

NK1.1

+anti-CD3
antibody

Fig. 6. Surface recepror down-regulation of hepatic Va19 NKT cells upon TCR
engagement in vivo, Liver MNCs were prepared from V19 Tg* TCRa =/~ and CS7BLJ6
mice injected 24 h previously with anti-CD3 antibody (2C11, 2 pg/mouse), Cells were
stained with anti-TCRaP and anti-NK1.1 antibodies and analyzed by flow cytometry.
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ing of lamia propria lymphocytes in Va19 Tg* CD1-/~ mice with
anti-Va antibodies (6.8% of NKT cells, 12.1% of T cells), suggests
that invariant Va19 TCR-bearing precursors preferentially differ-
entiate into NKT-lineage even in the gut lamina propria. Invariant
Va19 TCR* MAIT cells are suggested to have roles in the control of
IgA production [7.19]. We found that the serum IgA level of V19
Tg mice (132 +£56 pug/ml) was comparable to that of non-Tg mice
(115459 pg/ml) with the same genetic background (C57BL/6).
Thus, MAIT cells may participate in the control of IgA production
for mucosal immunity.

Va19 NKT cells in the liver were induced to produce
immunoregulatory cytokines such as [L-4, IFN-y, and to some
extent [L-5 and IL-10 following administration of anti-TCR anti-
body (Fig. 5), and altered surface receptor expression (Fig. 6), Thus
it is possible that V19 NKT cells are ready to respond to antigen
stimulation and initiate the following immune responses not only
in the intestine but also in the other lymphoid organs including
the liver. These cells may contribute to the control of the immune
responses and suppress the autoimmunity in certain cases. How-
ever, it is also possible in other situations that either Th1- or
Th2-biased cytokine production by them is potentially pathogenic
and deteriorates diseases such as inflammatory autoimmune dis-
eases, allergy or fibrosis [20,21]. Va19 and Va14 NKT cells share
similar properties regarding the potential to produce cytokines, tis-
sue distribution and morphology (revealed by electron microscopy
(Supplemental Figure S3)). However, these two subsets are sub-
jected to independent MHC controls and are possibly involved in
certain immune responses in an individual manner as previously
suggested by their behavior in the autoimmune diseases [22.23].
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