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Introduction

T cells expressing the T-cell receptor (TCR)-yd hetero-
dimer belong to a unique T-cell lineage distinct from
conventional T cells expressing the TCR-off heterodimer.'
A restricted number of TCR Vy and V3 genes is available
to encode functional TCR-y§, suggesting that the 7o
T cells recognize a restricted number of ligands. However,
the ligand specificity of the majority of yd T cells has not
been determined.” y8 T cells can be divided into func-
tional subpopulations, which are similar to the T helper
type 1 (Thl), Th2, Th3, Thl7 and cytotoxic T cells of
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Summary

Murine vy T cells participate in the innate immune response against
infection by an intracellular pathogen Listeria monocytogenes. V31* 3
T cells coexpressing V6 are a major yd T-cell subpopulation induced at an
early stage of L. monocytogenes infection in the livers of infected mice. To
investigate the protective role of the Vy6/V31" y8 T cells against L. mono-
cytogenes infection, V31 gene-deficient (V8177) mice were analysed
because these mice selectively lacked a Vy6/V31" y8 T-cell subpopulation
in the L. monocytogenes-infected liver. The V81™/~ mice showed increased
bacterial burden in the liver and spleen, and decreased survival rate at an
early stage of L. monocytogenes infection when compared to wild-type mice.
Histological examination showed abscess-like lesions and unorganized dis-
tribution of macrophages in the liver of the V81™/~ mice but not in the
wild-type mice after L. monocytogenes infection. The Vy6/V31* 18 T cells
produced interferon-y and interleukin-17A. All the results suggest that
murine Vy6/V31" y3 T cells control the innate protective response against
L. monocytogenes infection through production of the proinflammatory
cytokines interferon-y and interleukin-17A in the infected liver.

Keywords: interferon-y; interleukin-17A; Listeria monocytogenes; yd T cell

TCR-af T cells,”™ while the role of the y8 T cells in
in vivo immune responses is not well characterized.

The vy T cells have been reported to participate in
immune responses against various infections.” Listeria
monocytogenes, an intracellular bacterium, has been
extensively used in analyses of the role of y& T cells,
and the importance of yd T cells in innate protective
immunity against this infection is well established.* '
Murine y3 T cells induced by the L. monocytogenes
infection can be divided into three subpopulations, Vyl/
Vo6H,' P vyt and Vye/velT 1 v T cells, accord-
ing to their TCR Vy/V3 expression. The protective role
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of the Vyl* ¥8 T cells has been demonstrated,"
although another report indicated an opposite role for
Vylt T cells.” Vyl* y8 T-cell-mediated killing of
activated macrophages has also been demonstrated.'®
Depletion of Vy4™ y8 T cells has no significant effect on
protective immunity against L. monocytogenes infection,
suggesting that Vy4 does not have a significant role in
protective immunity."?

To further clarify the repertoire-specific function of the
v T cells in protection against L. monocytogenes infec-
tion, we analysed V81 gene-deficient (V81~'7) mice."”
The results demonstrated that the V51™'~ mice selectively
lacked Vy6/V31" v T cells but retained Vyl" and Vy4"
v T cells in the liver after L. monocytogenes infection,
and that the Vy6/V81" v3 T cells had an important role
in innate protective immunity against L. monocytogenes
infection.

Materials and methods

Animals

Wild-type C57BL/6 mice were purchased from Japan SLC
(Shizuoka, Japan). V81~'~ mice'” were backcrossed more
than eight times to C57BL/6 mice. The mice were main-
tained in a conventional environment, and were used for
experiments at 8—10 weeks of age. Experiments were con-
ducted according to the Institutional Ethical Guidelines
for Animal Experiments and the Safety Guideline for
Gene Manipulation Experiments of the University of the
Ryukyus.

Microorganisms and bacterial infection

Listeria monocytogenes strain EGD was inoculated into
C57BL/6 mice, fresh isolates were obtained from infected
spleens, grown in tryptic soy broth (Difco, Detroit, MI),
resuspended in phosphate-buffered saline, and stored at
—80° in small samples until use. Mice were infected by
intraperitoneal (i.p.) inoculation of 5 X 10* colony-form-
ing units of L. monocytogenes [which corresponds to 1/10
of the 50% lethal dose (LDsq) for wild-type C57BL/6
mice]| except for the analysis of survival rate, for which
2-5 % 10° colony-forming units of L. monocytogenes was
inoculated.

Cell preparation

Liver mononuclear cells were prepared as described previ-
ously.”® To enrich TCR-y8 T cells, the cells were passed
through nylon wool columns, then separated using a mag-
netic cell sorter system (autoMACS, Miltenyi, Bergisch
Gladbach, Germany) by using biotin- or fluorescein isothio-
cyanate (FITC)-conjugated anti-TCR C§ monoclonal
antibody (mAb; GL-3, Becton Dickinson, San Jose, CA)
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and streptavidin or anti-FITC microbeads (Miltenyi),
respectively.

Gene expression analysis by reverse transcription—
polymerase chain reaction (RT-PCR)

Using Trizol reagent (Invitrogen, Carlsbad, CA), total RNA
was extracted. First-strand cDNA was synthesized, and then
amplified by PCR using Taq polymerase (Takara Shuzo,
Kyoto, Japan) with TCR Vy or V3 sense primers and Cy or
C3 antisense primers, as described previously.'® The follow-
ing primers were used (nomenclature of Vy genes is
according to Heilig and Tonegawa): Cy, CTT ATG GAG
ATT TGT TTC AGC; Vyl1-3, ACA CAG CTA TAC ATT
GGT AG; Vy2, CGG CAA AAA ACA AAT CAA CAG: Vv4,
TGT CCT TGC AAC CCC TAC CGC; Vy5, TGT GCA CTG
GTA CCA ACT GA; Vy6, CTC CAA AGA ATG CTG TGT
AG; Vy7, AAG CTA GAG GGG TCC TCT GC; Cs, CGA
ATT CCA CAA TCT TCT TG; V41, ATT CAG AAG GCA
ACA ATG AAA G; V82, AGT TCC CTG CAG ATC CAA
GG; V83, TTC CTG GCT ATT GCC TCT GAG; V&4, CCG
CTT CTC TGT GAA CTT CGC; V&5, CAG ATC CTT CCA
GTT CAT CG; V&6, CTT AGT GGA GAG ATG GTIT TT;
V67, CGC AGA GCT GCA GTG TAA CT; and V388, AAG
GAA GAT GGA CGA TTC AC. The Vy1-3 primer amplifies
the Vyl, Vy2 and Vy3 genes, whereas the Vy2 primer
amplifies the VY2 gene but not the Vyl gene. Since v T
cells with functional Vy3 expression have not yet been doc-
umented, we consider that the Vy1-3 primer detects TCR
of Vy1* and Vy2" v T cells. The PCR products were
electrophoresed through 1-8% agarose gel, stained with
ethidium bromide, and photographed using the Gel-Docu-
mentation system (BioRad, Hercules, CA).

Flow cytometry (FCM)

Cells were stained with mAbs against leucocyte surface
molecules and cytokines, and analysed by FCM. The fol-
lowing mAbs were used to detect surface molecules: FITC-
conjugated anti-CD3, anti-Grl (Becton Dickinson), and
anti-TCR CP (Becton Dickinson) mAbs, phycoerythrin-
conjugated anti-TCR C3, anti-CD11b (Caltag, Burlingame,
CA), anti-CD4 (Becton Dickinson), anti-CD8 (Becton
Dickinson) and anti-NK1.1 (Becton Dickinson) mAbs.
After staining, cells were analysed using a FACSCalibur sys-
tem (Becton Dickinson), and the proportions of macro-
phages (Grl~ CD11b"), neutrophils (Gr1" CD11b"), TCR
v& T cells (CD3"TCR C8"), CD4" T cells
(CD4" TCR CB*), CD8" T cells (CD8" TCR CB*) and
natural killer T cells (NK.1* TCR CB*) were determined.
The absolute number of each fraction was calculated using
absolute number of liver mononuclear cells per mouse and
the ratio of each cell population. To detect cytokine expres-
sion of y3 T cells, the y& T cells were enriched with biotin-
conjugated anti-TCR C8 mAb and autoMACS, cultured
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with 1 pg/ml calcium ionophore, 25 ng/ml phorbol 12-
myristate 13-acetate, and brefeldin A for 4 hr, stained
with mAb against surface antigens and then treated with
Cytofix/Cytoperm solution (Becton Dickinson) according
to the manufacturer’s instructions followed by intracellular
cytokine staining with phycoerythrin-conjugated anti-
interleukin-17A  (IL-17A), or phycoerythrin-conjugated
anti-interferon-y (IFN-y) mAbs. To detect biotin-conju-
gated anti-TCR C§ mAb, allophycocyanin-conjugated
streptavidin was used. FITC-conjugated anti-TCR Vyl
(clone 2.11%"), anti-TCR Vy4 (Becton Dickinson), anti-
TCR VY5 (Becton Dickinson) and anti-TCR VY7 (clone
F2.67*%) mAbs were mixed (anti-Vy mAb mixture) and
used to detect Vy6" and Vy2" y3 T cells as anti-Vy mAb
mixture-negative TCR Cd-positive cells.

Bacteria counts in organs

The L. monocytogenes-infected mice were killed on day 5
of the infection, the liver and spleen were homogenized in
saline, and the homogenates were plated on nutrient agar
plates containing 0-4% glucose to calculate the number of
bacteria in each organ.

Histopathology

The livers of L. monocytogenes-infected mice were fixed
in buffered formalin on day 5 of the infection, and
embedded in paraffin. Thin sections were prepared and
stained with haematoxylin & eosin. The stained sections
were examined under a BX41 microscope (Olympus,
Tokyo, Japan) equipped with 4x/0-13 and 20x/0-50
objectives. Images were acquired with a DP70 digital
camera and pp software (Olympus). The liver was also
embedded in optimal cutting temperature compound
(Sakura, Tokyo, Japan), and frozen in dry ice—acetone.
Thin sections were prepared with a cryostat, stained
with allophycocyanin-conjugated anti-CD3 mAb and
Alexa 488-conjugated anti-CD11b mAb (Becton Dickin-
son), and analysed using a Radiance 2100 (BioRad)
confocal laser scanning microscope (CF-LSM) equipped
with a 20%/0-70 objective. The images of CF-LSM were
acquired with LaserSHARP 2000 software, (BioRad) and
merged using ADOBE PHoTOsHOP software (Adobe, San
Jose, CA).

Statistics

Data were statistically evaluated using Student’s t-test
and StaTwork software (Cricket Software, Philadelphia,
PA). The survival rate was analysed by the Kaplan—
Meier method and statistically evaluated by Log rank
test using STATCEL 2 software (MOS, Saitama, Japan). A
P value < 0-05 was considered to indicate statistical
significance.
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Figure 1. T-cell receptor (TCR) V region repertoire of the v T cells
induced in the liver of Listeria monocytogenes-infected mice.
(a) Wild-type C57BL/6 mice were intraperitoneally inoculated with
L. monocytogenes, and kinetics of the liver Y8 T-cell number was cal-
culated using total liver mononuclear cell number and the ratio of
the y8 T cells determined by flow cytometry (FCM). The data shown
are representative of three independent experiments. (b) Vy and V&
gene expression of the yd T cells were analysed by reverse transcrip-
tion—polymerase chain reaction on the liver mononuclear cells from
wild-type (WT) or V81™~ mice on day 5 of L. monocytogenes infec-
tion. The data are representative of three independent experiments.
(c) Liver y8 T cells were analysed on their expression of Vy gene
products by FCM. The liver y8 T cells were enriched from WT or
V817"~ mice on day 5 of L. monocytogenes intraperitoneal infection,
and were stained with anti-Cd monoclonal antibody (mAb) and
anti-Vy mAb mixture as described in the Materials and methods sec-
tion. The cells in the lower right quadrant correspond to the Yo
T cells that lack expression of Vyl, Vy4, Vy5 and Vy7. The experi-
ments were repeated three to five times, and representative FCM
profiles are shown.

Results

Increase of 8 T cells expressing TCR Vy6/Vé1 in the
liver of L. monocytogenes-infected mice and lack of
the ¥8 T-cell subpopulation in the V81~ mice

It has been reported that yd T cells increase and partici-
pate in innate protective immunity against L. monocyto-
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genes infection*'* In the liver of wild-type C57BL/6
mice, Y0 T cells increased from day 4 and reached a max-
imum on day 5 of L. monocytogenes infection (Fig. la).
Analysis of Vy and V9 gene expression by the L. monocyto-
genes-induced liver yd T cells using RT-PCR showed that
the liver 8 T cells expressed Vyl and/or Vy2, Vy4 and
Vv6 as Vy genes, and V81, V35 and V36 as V3 genes
(Fig. 1b, upper panels). The data were consistent with a
previous report showing the presence of Vy1/V36", Vy4™,
and Vy6/V81" y8 T cells in the L. monocytogenes-infected
mice.'"™® When the liver 8 T cells were stained with an
anti-Vy (anti-Vyl, anti-Vy4, anti-Vy5 and anti-Vy7)
mAb mixture, 50-80% of the yd T cells were not stained
(Fig. 1c, left panel), suggesting the presence of a high per-
centage of y0 T cells expressing Vy6 or Vy2.

Selective pairing of V81 with Vy5 and Vy6 has been
reported.”” Analysis using RT-PCR showed that Vy6
expression, but not Vy5 expression, was detected in the
liver v T cells from L. monocytogenes-infected wild-type
mice (Fig. 1b, upper panel). Analysis by FCM using anti-
TCR VY5 mAb also failed to detect Vy5* v3 T cells (data
not shown). Therefore, we reasoned that V81~ mice
selectively lack the Vy6/V31" y8 T cells in the liver y& T
cells after L. monocytogenes infection. Consistent with this
theory — not only the V31 gene but also the Vy6 genes
were undetectable in the liver 8 T cells of the V317~
mice while Vy2 gene expression was not affected (Fig. 1b,
lower panels). Analysis by FCM of the liver v T cells in
the V81~ mice showed that the ratio of anti-Vy mAb
mixture-negative yd T cells decreased to 5-15% of the 8
T cells (Fig. 1c, right panel), indicating that the majority
of the anti-Vy mAb mixture-negative Y0 T cells in the
L. monocytogenes-infected liver of wild-type mice were
Vy6/V31"T ¥8 T cells. All the results demonstrated that
the Vy6/V81" v8 T cells formed a major subpopulation
of the y& T cells induced in the liver by L. monocytogenes
infection, and that the V81~ mice selectively lacked this
v6 T-cell subpopulation.

Protective role of Vy6/V31" y3 T cells against
L. monocytogenes at an early stage of infection

To analyse the protective role of Vy6/V31" v& T cells
against L. monocytogenes infection, the bacterial count
in the liver and spleen was determined on day 5 of
infection. As shown in Fig. 2(a), bacterial burden in
the liver and spleen significantly increased in the
V817~ mice compared to the wild-type mice. When a
higher dose of L. monocytogenes (1/2 LDs, for the wild-
type C57BL/6 mice) was inoculated, half of the V817~
mice died within 10 days after the infection while all of
the wild-type mice survived (Fig. 2b). These results sug-
gested that Vy6/V81" §8 T cells are important in
innate protective immunity against L. monocytogenes
infection.
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Figure 2. Exacerbated innate protective immunity against Listeria
monocytogenes infection in the V81~ mice. (a) The wild type (WT)
or V8177 mice were infected intraperitoneally (ip.) with
5 x 10* colony-forming units (CFU) of L. monocytogenes, and bacte-
rial counts in the liver and spleen were determined on day 5 after
infection. Data that are representative of three independent experi-
ments are shown. *P < 0-05 compared to WT mice. (b) The WT
and V81™'~ mice were inoculated i.p. with 2:5 x 10°> CFU L. mono-
cytogenes, and survival rates of the mice were monitored for 2 weeks.
The survival rates of the WT and V81™'~ mice were significantly dif-
ferent (P = 0-003). Two experiments showed nearly the same results,

and representative data are demonstrated.

Formation of abscess-like lesions and increase of
macrophage infiltration in the liver of the V817/~
mice after L. monocytogenes infection

To analyse the mechanism of the Vy6/V81" v& T-cell-
mediated protection, we compared the liver histology of
the V81™'~ mice and wild-type mice on day 5 of L. mono-
cytogenes infection. The wild-type mice showed small
granulomatous inflammatory lesions in sections with
haematoxylin & eosin staining (arrow head in Fig. 3a
upper panels), these consisted of colocalized CD11b" cells
and CD3" cells in CF-LSM analysis (Fig. 3b, upper pan-
els). In contrast, V31~'~ mice showed a higher number of
inflammatory lesions (Fig. 3a, arrowheads in lower pan-
els) with large, abscess-like lesions (Fig. 3a, arrows in
lower panels) in the infected liver. Furthermore, the
V817~ mice failed to show an organized granulomatous
lesion with colocalization of CD11b" and CD3" cells in
CF-LSM (Fig. 3b, lower panels).

Next, the infiltration of inflammatory cells in the liver
of the V81"~ and wild-type mice was analysed 5 days after
L. monocytogenes infection. Although the total liver mono-
nuclear cell counts were not significantly different between
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Figure 3. Histological examination of the liver of the wild-type
(WT) and V3817~ mice on day 5 of L. monocytogenes infection.
(a) Haematoxylin & eosin staining of the liver sections from the WT
and V817~ mice is demonstrated. There were only a few granuloma-
tous lesions of inflammatory cell accumulation (arrowhead) in the
WT mice (upper panels). In contrast, the liver sections from V81™/~
mice (lower panels) showed higher numbers of inflammatory cell-
accumulated lesions (arrowheads), and large abscess-like lesions
(arrows). (b) Confocal laser scanning microscopy analysis of the
expression of CD11b and CD3 is shown on the liver sections from
the WT and V81™~ mice. In the WT mice, accumulated CD11b*
cells in the liver colocalized with CD3" cells (upper panels) while
colocalization of CD11b" cells and CD3" cells was hardly observed
in the liver of the V81~~ mice (lower panels).

0 Total MNC Macrophages Neutrophils
60 *
80
o o 0
g & 8 40 8,
‘S 40 ° °
X 20 x 20 x2
0 0 v
WT V&1 WT Va1~ WT  Val
+
6 Y T cells 5 NKT cells 50 CD4* T cells
) * o 4 ) 40
ER 83 « 8%
5, 5, B 20
x x 1 X 10
0 y 0 0
WT V1™ WT V1" WT V&1
174

x 10* cells

the wild-type and V31~'~ mice, the number of macro-
phages was significantly higher in the V81™'~ mice com-
pared to the wild-type mice (Fig. 4). The number of yd
T cells was slightly lower in the V817~ mice, which may
be because of the lack of Vy6/V81" y8 T cells. The number
of natural killer T cells was also lower in the V31~ mice.
In contrast, the numbers of neutrophils and conventional
CD4" and CD8" T cells in the livers of V81~ mice were
similar to those in the livers of wild-type mice.

IFN-y and IL-17A production by the Vy6/V31" v
T cells in the liver of L. monocytogenes-infected mice

It is well established that proinflammatory cytokines have
a pivotal role in regulation of the innate immune
response against L. monocytogenes infection. Both IFN-y
and IL-17A are reported as proinflammatory cytokines
produced by y8 T cells.> Therefore, expression of the
cytokines was analysed by FCM on the liver ¥ T cells of
the wild-type and V817~ mice after L. monocytogenes
infection. When the y3 T cells of the wild-type mice were
stained with the anti-Vy mAb mixture and anti-cytokine
mAb, expression of IL-17A and IFN-y was detected not
only in the anti-Vy mAb mixture-positive fraction but
also in the anti-Vy mAb mixture-negative fraction repre-
sented by the Vy6/V31" v8 T cells (Fig. 5, upper panels).
Interestingly, the anti-Vy mAb mixture-negative Yo
T cells contained more IFN-y-producing v T cells com-
pared to the anti-Vy mAb mixture-positive yd T cells.
Analysis of the liver y§ T cells from L. monocytogenes-
infected V81™'~ mice showed that IFN-y expression by
the 8 T cells decreased in the liver yd T cells as the
result of a lack of IFN-y-producing Vy6/V31" y8 T cells
in the anti-Vy mixture-negative fraction (Fig. 5, lower
panels). In contrast, expression of IL-17A was maintained
in the liver 8 T cells of the V81™'~ mice because IL-17A
production by the anti-Vy mADb mixture-positive Y3
T cells, especially Vy4" v8 T cells (data not shown),

Figure 4. The number of inflammatory cells in
the livers of wild-type (WT) and V81™'~ mice

CD8" T cells
5 on day 5 of Listeria monocytogenes infection.
20 The ratios of macrophages, neutrophils and
15 T-cell subpopulations were determined by flow
10 cytometry and the absolute numbers of the cell
5 populations were calculated as described in the
0 Materials and methods section. *P < 0-05 com-
WT Va1~

pared to WT mice.
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Figure 5. Expression of interleukin-17A (IL-17A) and interferon-y
(IEN-y) by the y8 T cells induced in the livers of the wild-type
(WT) and V817"~ mice on day 5 of Listeria monocytogenes infection.
The liver 3 T cells were enriched, and stimulated in vitro with phor-
bol 12-myrsitate 13-acetate and calcium ionophore for 4 hr in the
presence of brefeldin A. The cells were stained with anti-TCR Cd
monoclonal antibody (mAb), anti-Vy mAb mixture, and anti-IL-17A
or anti-IFN-y mAb, and were analysed by flow cytometry. The analy-
sis gate was set on the TCR C3" T cells in all panels. Experiments
were repeated three to five times, and representative data are shown.

increased in the mice. The result suggests that proinflam-
matory cytokines IFN-y and IL-17A, especially IFN-v,
may participate in Vy6/V81" y8 T-cell-mediated regula-
tion of innate immunity against L. monocytogenes infec-
tion.

Discussion

It has been reported that Y8 T cells have a pivotal role in
innate protective immunity against L. monocytogenes
infection in the liver.*'® The y§ T cells induced by
L. monocytogenes infection have been divided based on
their Vy and V3§ repertoires into Vyl*, Vy4", and Vy6/
V81" T cells.""™"> The role of Vy6/V81" v& T cells was
analysed using mice deficient for both Vy4 and Vy6
genes; however, function of the Vy6/V81" 8 T cells
could not be separated from that of Vy4" y8 T cells in
the mice.”” In the present report, the importance of the
Vy6/V31" ¥8 T cells in the protective immunity against
L. monocytogenes was demonstrated using V1™~ mice,
which selectively lack Vy6/V31" v8 T cells in the L. mon-
ocytogenes-infected liver.

Various stimuli induce Vy6/V81" y8 T cells in inflam-
matory sites. It has been reported that systemic infection
of L. monocytogenes induces Vy6/V31* y3 T cells express-
ing invariant junctional sequences developed in the fetal
thymus.'*"> The invariant Vy6/V81* y8 T cells are also
induced in the peritoneal cavity of mice after i.p. inocula-
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tion of Escherichia coli.'®** Furthermore, in a murine
autoimmune orchitis model,”>*® infiltration of the invari-
ant Vy6/V81* y8 T cells was detected in the lesions pro-
duced by the autoimmune inflammatory response in the
testis. All the results suggest that Vy6/V31* y3 T cells are
induced in the inflammatory site independent of the rec-
ognition of exogenous bacterial antigens. Consistent with
these observations, Vy6/V31 soluble TCR-octamer stained
murine cells such as keratinocytes and fibroblasts in the
absence of exogenous antigen, indicating that the Vy6/
V31 TCR is specific for self-surface molecules or molecu-
lar complexes.”*” Although ligand specificity of the Vy6/
V31" y8 T cells is still unclear, the observations suggest
that the Vy6/V81" y8 T cells participate in immune sur-
veillance in inflammatory sites through recognition of self
antigen.

The Vy6/V81" ¥8 T cells may participate in innate
immunity against infections through production of pro-
inflammatory cytokines. Our data demonstrated that the
Vy6/V31" ¥y T cells produced proinflammatory cytokines
IL-17A and IFN-y. Interferon-y is an important cytokine
against L. monocytogenes infection at an innate immunity
level.?®*?° Tt is possible that formation of early granuloma-
tous lesions in the L. monocytogenes-infected liver depends
on the Vy6/V81" 8 T-cell-derived IFN-y because the
importance of the IFN-y in granuloma formation is well
established.”>*° Interleukin-17A produced by the v8
T cells also has a pivotal role in innate protection against
L. monocytogenes (Hamada et al. unpublished observa-
tion). Production of IL-17A by the Vy6/V81" y8 T cells
was also reported in E. coli infection.>® Therefore, both
IL-17A and IFN-y produced by the Vy6/V31" y8 T cells
may be important in innate protective immunity against
various pathogens. However, we estimate that IFN-y pro-
duction by the Vy6/V81" v8 T cells would be more
important in Vy6/V81" v3 T-cell-mediated protection
because IL-17A production of the yd T cells was compen-
sated by VO1-negative yd T cells but infection was exacer-
bated in the V817"~ mice. Further analysis is required to
clarify the relative importance of IFN-y compared to
IL-17A in the Vy6/V81" v8 T-cell-mediated protection.

Although our data support a proinflammatory role of
the Vy6/V81" y8 T cells, it is possible that the Vy6/V31*
vO T cells are also regulatory against inflammation. Histo-
logical analysis of the liver of L. monocytogenes-infected
V317~ mice showed abscess-like lesions which were
indistinguishable from those in the mice that were defi-
cient for all y§ T cells,”'* suggesting the possibility that
the Vy6/V81" v8 T cells participate in innate immunity
not only through the induction of inflammatory cells, but
also through the suppression of an excessive inflamma-
tory response that damages infected tissues. In agreement
with this, depletion of yd T cells accelerated the inflam-
matory response in the testis of mice with autoimmune
orchitis with Vy6/V81* y8 T-cell induction in the auto-
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immune lesions.”> The result suggests a regulatory mecha-
nism for Vy6/V81* y8 T cells against inflammation. Vy6*
v0 T cells were also shown to suppress Bacillus subtilis-
induced pulmonary fibrosis through suppression of CD4"
and CD8" T-cell responses.”” Therefore it is possible that
the Vy6/V31" y3 T cells differentiate not only into proin-
flammatory (IFN-y-producing or IL-17A-producing) T
cells but also into anti-inflammatory T cells, and optimize
the inflaimmatory response to eliminate pathogens and
protect organs from tissue injury. Further research is
required to clarify the anti-inflammatory function of the
Vy6/V81*' 48 T cells.
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