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mice injected with denatured syngeneic liver tissue
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SUMMARY

Denatured syngeneic liver tissue prepared by mechanical procedures was intraperitoneally injected into
adult C57BL/6 mice. In parallel with a decrease in the total number of lymphocytes in the liver, spleen,
and thymus from days 1-7 after the injection, the proportion of the CD4*NK1-1*CD3™ subset of these
cells (i.e. natural killer T or NKT cells) increased in the liver. Even the absolute number of these NKT
cells increased in the liver on days 14 and 21. In response to the injection of denatured liver tissue,
tissue damage was induced in the liver, as shown by elevated levels of serum transaminases and
hepatocyte degeneration observed by electron microscopy. Sera obtained on days 7 and 14 contained
autoantibodies including anti-DNA antibodies. The proportion of CD1d"®"B cells in the liver was
found to decrease on days 1-7. In other words, denatured liver tissue stimulated both NKT cells and
certain B cells in the liver. These results suggest that liver lymphocytes might contain not only autore-
active T cells (e.g. CD3™ or NKT cells) but also some B cells (e.g. B-1 cells) which produce autoanti-
bodies and that the denatured tissue had the potential to stimulate these lymphocytes and to evoke an

autoimmune-like state.
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INTRODUCTION

Recent studies in mice have revealed that a newly observed
population of T cells which coexpresses an NK marker, NK1-1
(i.e. natural killer T or NKT cells) recognizes some glycolipid anti-
gens as well as peptide antigens in the context of a monomorphic
MHC class I-like antigen (i.e. CD1d) [1-5]. These NKT cells use
an invariant Val4 chain for TCRa and V38, V32, and V37 chains
for TCRp [6-8]. A similar population of T cells has been char-
acterized even in humans [9,10]. In murine studies, it has been
proposed that NKT cells are immunoregulatory T cells for the
suppression of autoimmune diseases. This proposal was based on
the fact that autoimmune mice such as MRL-Ipr/lpr [11,12] and
NOD mice [13-15] showed a decreased level of NKT cells.
However, subsequent studies have raised another possibility,
namely, that NKT cells mediate autoreactivity against self-cells
when they are activated with IL-12 [16] or o~galactosylceramide
(o-GalCer) [17].

Correspondence: Dr Toru Abo, Department of Immunology, Niigata
University School of Medicine, Niigata 951-8510, Japan.
E-mail: immunol2@med.niigata-u.ac.jp

© 2002 Blackwell Science

autoantibody production denatured liver tissue CD1d"®" B cells

In light of these findings, we herein examined whether dena-
tured self-antigens induce the expansion of NKT cells and the
production of autoantibodies. Since NKT cells are abundant in
the liver [18-20], we injected denatured liver tissue into mice. This
idea arose from findings that the number of NKT cells in the liver
increased after partial hepatectomy [21]. At such time, damaged
hepatocytes and regenerated hepatocytes seemed to stimulate the
expansion of NKT cells in the liver. As expected, the injection of
denatured liver tissue stimulated NKT cells in the liver. Interest-
ingly, liver damage and autoantibody production were accompa-
nied by the expansion of NKT cells. The possible association of
NKT cells and certain B cells (e.g. B-1 cells) with the onset of
autoimmune diseases is herein discussed.

There has been a question as to the causes of the onset of
autoimmune diseases [1]: Does the genetic background which
induces abnormal immune functions permit the generation of
autoreactive lymphocytes, resulting in the induction of autoim-
mune diseases? and [2] Does tissue damage (leaked self-antigens)
which is evoked by viral infection or other inflammations
stimulate the expansion of autoreactive lymphocytes and induce
autoimmune diseases? Although we have to consider both pos-
sibilities, we propose the latter possibility in this study.
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MATERIALS AND METHODS

Mice

Female C57BL/6 (B6) and MRL-Ipr/lpr (Ipr) mice were used at
the age of 8-25 weeks. All mice were fed under specific pathogen-
free conditions in the animal facility of Niigata University.

Treatment of mice

Mice were treated with denatured syngeneic liver tissue. Such
tissue was prepared by cutting with scissors, after which it was
pressed through 200-gauge stainless steel mesh and suspended in
PBS (pH 7-2). After being washed twice, this denatured liver
tissue was resuspended in 5ml PBS. Such denatured liver tissue
was injected i.p. into mice. The same procedure was used to
prepare denatured splenic tissue. In some experiments, o-GalCer
(2 ug/mouse) (KRN 7000, Kirin Beer Co., Tokyo, Japan) [17] was
i.p. injected. All mice were derived from the same colony and had
no infectious diseases.

Cell preparation

Hepatic lymphocytes were isolated by a previously described
method [22]. Briefly, mice anaesthetized with ether were killed by
exsanguination through incised axillary arteries and veins. To
obtain lymphocytes, the liver was removed, pressed through 200-
gauge steel mesh, and suspended in Eagle’s MEM supplemented
with SmM Hepes (Nissui Pharmaceutical Co., Tokyo, Japan)
and 2% heat-inactivated newborn calf serum. After being washed
with the medium once, the cells were resuspended in 35%
Percoll solution containing 100 U/ml heparin and centrifuged at
2000r.p.m. for 15min at room temperature.

Splenocytes and thymocytes were obtained by pressing the
spleen and thymus through 200-gauge stainless steel mesh.
Erythrocytes in the liver and spleen were disrupted by 0-83%
NH,ClI-Tris buffer.

Immunofluorescence tests by a cell analyser

The surface phenotype was identified by using moAbs in con-
junction with a two-colour immunofluorescence test [23]. The
moAbs used here included FITC, PE, or biotin-conjugated
reagents of anti-CD3 (145-2C11), anti-CD4 (RM4-5), anti-CD8
(53-6.7), and anti-NK1-1 (PK 136) moAbs (PharMingen, San
Diego, CA). Biotin-conjugated reagents were developed with
either PE- or Tri-Color-conjugated streptavidin (Becton Dickin-
son Co., Mountain View, CA and Caltag Laboratory, San Fran-
cisco, CA). To prevent nonspecific binding of moAbs, CD32/16
(2-4G2) (PharMingen) was added before staining with labelled
moAbs. The fluorescence-positive cells were analysed by a
FACScan (Becton-Dickinson Co.). Dead cells were excluded by
forward scatter, side scatter, and propidium iodide gating.

Reverse-transcription-PCR for Vol4Ja281 mRNA

To detect mRNA of the Vol4Jo281 gene, RNA was reversely
transcribed (RT) using the oligo (dT) 15 primer, and such cDNA
was further amplified by the PCR method as previously described
[24]. Briefly, total RNA was prepared from lymphocytes by an
acid guanidinium thiocyanate-phenol-chloroform method. cDNA
was synthesized using 1 ug RNA with a Ist-strand cDNA synthe-
sis kit (Pharmacia Biotech Co., Tokyo). For PCR amplification,
1 ul of cDNA was transferred to individual tubes that contained
10 pM of primers for the Val4Jo281 gene, Tag DNA polymerase
(2-5U; Perkin-Elmer Co., New Jersey, USA), d-NTP (200 um) in

10 x PCR buffer (Perkin-Elmer Co.), and MgCl, (2 mM). Vol4
sense primer and Jo281 antisense primer yielding a 132-bp frag-
ment were used [24]. A 10-ul portion of each amplified product
was examined by 2% agarose gel electrophoresis and stained with
ethidium bromide.

Light and electron microscopic studies

Liver specimens for light microscopy were fixed in 10% for-
malin solution, and the paraffin sections were stained with
haematoxylin-eosin. For electron microscopy, liver specimens
were quickly fixed in 3% gultaraldehyde, followed by postfixation
in 1% OsO,. They were embedded in Epon 812 and ultrathin
sections were examined with a JEOL 100B electron microscopy
(JEOL, Peabody, MA, USA).

Identification of autoantibodies

To detect anti-DNA antibody, the ELISA method was applied
[25]. Coated materials of denatured DNA were derived from
salmon. The activity of such anti-DNA antibodies was divided
into IgM and IgG fractions in sera by using isotype-specific
anti-u chain moAb and anti-y chain moAb as secondary antibod-
ies (PharMingen). The titre was determined by using a positive
control of sera (100 U/ml) from /pr mice after the onset of autoim-
mune disease (at the age of 25 weeks). We also examined the titre
of anti-hepatocyte antibody by the ELISA method. Instead of
denatured salmon DNA, denatured B6 hepatic tissue was coated.
The excess tissue was washed out by PBS.

Autoantibodies were also detected by using a HEp-2 cell
line in conjunction with an immunofluorescence test [26]. Sera
obtained from various mice were used after a dilution 1/20. FITC-
conjugated anti-mouse Ig (PharMingen) was used as a secondary
antibody.

Statistical analysis
Statistical differences were analysed by Student’s #-test.

RESULTS

Increase in the number of NK1-17CD3™ cells (NKT cells) in
the liver by an injection of denatured liver tissue
A denatured liver suspension was injected (one liver/mouse) and
it was examined how the distribution pattern of lymphocytes and
their subsets (including NKT cells) was changed (Table 1). In this
experiment, two-colour staining for CD3 and NK1-1 was con-
ducted to identify NKT cells (NK1-1*CD3™) and other subsets.
We also examined the effect of denatured splenic tissue (one
spleen/mouse). Similar to the case of denatured liver tissue, dena-
tured splenic tissue resulted in a decrease in the number of lym-
phocytes in the liver on days 1 and 7 (data not shown). However,
there was a big discrepancy between the effects of these two injec-
tions. Namely, denatured liver tissue induced a prominent expan-
sion of its NK1-1*CD3™ subset, whereas denatured splenic tissue
did not induce such an expansion. In the case of denatured liver
tissue, the increase in the proportion of CD3™ cells was most
striking on day 1 after the injection (up to 45%) and continued
thereafter. Two-colour staining for CD4 and NK1-1" indicated
that the majority of NK1-1*CD3™ cells were CD4* (with a few
double-negative CD478") (data not shown).

The number of lymphocytes was enumerated in the liver,
spleen, and thymus of mice injected with denatured liver tissue
(Table 1). The number of lymphocytes decreased in all tested
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Table 1. Variation in the number of whole lymphocytes and NK1-1 + TCR™ cells (NKT cells) by the administration of denatured liver tissue

No. of whole lymphocytes

No. of NKT cells

Day after the injection

of denatured liver tissue Liver (x10°) Spleen (x107)

Thymus (x107)

Liver (x10°) Spleen (x10°) Thymus (x10°)

- 46+ 06 76 +£09
day 1 2-1 +0-8* 41 +0-5*%
day 7 32 +0-6* 55+ 0-6%
dayl4 5-8+0-8 8:0+1-0
day21 5007 9-8+1-0

15812 85+1-6 20+1-8 84+ 10
79 £ 1-0% 6:0+1-5 1-2 £ 09% 6-8£0-6
80 + 1-0% 74+14 19+£09 39+ 1.2%

11-5+1-1 13-0 £ 1-2% 22+08 46 £0-9*
9-8+09 10-1 £1-2% 23+08 9-9+0-8

Lymphocytes were obtained from the liver on daysl, 7, 14 and 21 after the injection. Two-colour stainings for NK 1-1 and CD3 were conducted
to identify NKT cells (NK1-1* CD3™ cells). The absolute number (per one mouse) of NKT cells was estimated by calculation using the number of total

lympocytes and the proportion of NKT cells.

The mean and one SD are represented (n = 4 at each point of time).*P < 0-05.

organs on day 1 (P < 0-05). It thereafter began to recover and
returned to the normal level on days 14 and 21. However, even
on day 21, the number of lymphocytes in the thymus decreased.
The effect of ageing might be associated with this phenomenon.

The absolute number of NKT cells in the liver, spleen, and
thymus was estimated by calculation. It was found that the
number of NKT cells in the liver increased on days 14 and 21. The
number of NKT cells in the thymus decreased, whereas that in
the spleen remained unchanged.

Since the proportion of NKT cells increased prominently in
the liver of mice injected with denatured liver tissue on day 1,
we examined whether these NKT cells showed any sign of
Val4Jo281 mRNA by the RT-PCR method. It was found that
such a sign was also prominent on day 1 (data not shown).

Increase in serum level of transaminases

It is known that activated NKT cells can mediate self-reactive
cytotoxicity against regenerated hepatocytes [21]. In this regard,
we examined whether the serum level of transaminases was ele-
vated after the injection of denatured liver tissue (Fig. 1). On days
1-7, elevated levels of GOT and GPT were detected (P < 0-05),
the highest levels being demonstrated on day 1.

Induction of hepatic damage

Histology of the liver was compared between control mice and
mice injected with denatured liver tissue (day 1) (Fig. 2). In this
experiment, we also examined mice injected with o-GalCer (day
1). In comparison with the liver of control mice (Fig. 2A), several
clusters of lymphoid cells were seen in the liver of mice injected
with denatured liver tissue (Fig. 2B). However, tissue necrosis was
not seen in these mice. In contrast, massive necrosis was seen in
the liver of mice injected with o-GalCer (Fig. 2C). In the case
of the liver of mice injected with denatured liver tissue, some
hepatocytes showed scantiness of the cytoplasmic contents as
observed by light microscopy. We therefore examined such liver
by electron microscopy (Fig. 2D,E). Some hepatocytes were
found to have lost their cytoplasmic contents and instead carried
erythrocytes into the cytoplasm. Some other hepatocytes showed
large vacuoles (lipid droplets) in the cytoplasm.
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Fig.1. Elevation of serum levels of transaminases induced by the
injection of denatured liver tissue. The levels of transaminases (0 GOT
and M GPT) were measured at the indicated points of time (n =4 at each
point). *P < 0-05.

Autoantibody production by injection with denatured

liver tissue

Since hepatic damage was induced by the injection of denatured
liver tissue, we examined whether autoantibodies were produced
in these mice. Serum was obtained from control and treated mice
(on days 1-28). Autoantibodies against DNA were measured by
the ELISA method (Fig. 3a). Sera of Ipr mice after the onset of
disease (at the age of 25 weeks) were used as a positive control.
The titre of /pr sera was adjusted as 100U/ml. In this situation,
the titres of IgM anti-DNA antibody and of IgG anti-DNA anti-
body were negligible in normal mice (< 2U/ml). In the case of
mice injected with denatured liver tissue, the IgM titre increased
on days 14 and 21 and then declined. Although the IgG titre was
very low, a similar elevation pattern was observed in these mice.
In the case of Ipr mice, both IgM and IgG types of anti-DNA anti-
bodies were detected. In contrast, only the IgM type was elevated
in mice injected with denatured liver tissue. A similar experiment
was conducted and the titre of anti-hepatocyte antibody was
determined (Fig. 3b). The results showed the same tendency as
those of anti-DNA antibody.
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Fig. 2. Histology of the liver (A to C, x 400, light microscopy; D and E, Bar = 5 um electron microscopy). A. Normal mice, B. Mice injected
with denatured liver tissue (on day 1), C. Mice injected with o-GalCer (2 pg/mouse) (on day 3), D, E. Mice injected with denatured liver
tissue (on day 1).

Table 2. Variation in the proportion of B cells in the liver of mice injected
with denatured liver tissue

Table 3. Decrease in the expansion of NKT cells in the liver of NKT-
deficient mice induced by the injection of denatured liver tissue

% Fluorescence-positive cells
Day after the injection of

% Fluorescence-positive cells
Injection of

denatured liver tissue CD1d"e" B220" cells IgM* IgD" cells Mice denatured liver tissue ~ NK1-1* CD3™  NKI1-1* CD4*
- 316 £ 85 281+£77 B6 - 18:5+£43 162 £3-6
day 1 17-9 £ 5-0% 19-8 £ 4-5% day 1 44-8 + 11-0* 34-1 +9-8*
day 7 23-8 £ 6-1* 259 + 4-8* TAP-1 (-/-) - 114 +12 87+09
day14 32-5+80 251172 day 1 253 + 4-6* 16:7 £ 8:5*
CD1d (-/-) - 2:8+02 03+01
P < 0:05. n =4 day 1 12-8 + 4-4% 1.7+£02
’ ‘ Bom (—1-) - 22+01 0-6+0-1
day 1 11:9 £3-3* 0-7+0-1
We examined the qualitative difference of autoantibodies P < 0:05. n = 4.

between /pr mice and mice injected with denatured liver tissue
(Fig. 3c). A HEp-2 cell line was used to detect the autoantibodies
in conjunction with a immunofluorescence test. Sera of Ipr mice
were found to react with only the nucleus but not the cytoplasm
of HEp-2 cells. In contrast, sera of mice injected with denatured
liver tissue reacted with both the cytoplasm and nucleus, showing
a high intensity of the former.

Simultaneous stimulation of hepatic B cells in mice injected
with denatured liver tissue

Since autoantibody production was seen in mice injected with
denatured liver tissue, it was examined whether some stimuli had

also entered B cells in the liver or spleen (Table 2). Two-colour
staining for B220 and CD1d and that for IgD and IgM were
conducted. B220"B cells carried a higher level of CD1d antigens
(mean intensity = 480) on the surface than did the remaining
lymphocyte subsets (mean intensity <100) (including NK, NKT,
and conventional T cells) in the liver. These CD1d"e" B220"B cells
expressed surface IgD and IgM (a few cells being IgD*IgM").
After the administration of denatured liver tissue, the proportion
of CD1d"¢" B220"B cells decreased on days 1-7 (P < 0-05), espe-
cially in the liver, but returned to the normal level on day 14.
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Fig. 3. Autoantibody production induced by the injected of denatured liver tissue. (a) Anti-DNA antibody, (b) Anti-hepatocyte antibody,
(c) Identification of autoantibodies by using a HEp-2 cell line. Sera were obtained on days 1-28 after injection of denatured liver tissue.
Serum of /pr mice after the onset of disease (25 weeks of age) was used as a positive control and the titre was adjusted to 100 U/ml. The
mean and one SD were produced from three experiments. All sera were used in a 1/20 dilution.
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These proportional changes of B cells were not seen in the spleen
(data not shown).

Decrease in the expansion of NKT cells and in liver injury in
NKT-deficient mice injected with denatured liver tissue

In a final portion of experiments, we used NKT-deficient mice to
examine how the expression of CD1d molecule or other MHC
antigens was related to the expansion of NKT cells. In addition
to B6 mice, CD1d (-/~) and m (-/-) mice were used as NKT-
deficient mice (Table 3). TAP-1 (—/-) mice were also used as non-
NKT-deficient mice. Two-colour staining for CD3 and NK1-1
revealed that B6 and TAP-1 (-/-) mice showed a normal level of
NKT cells in the liver and a normal expansion of NKT cells when
injected with denatured liver tissue (day 1). In sharp contrast,
CD1d (—/-) and Bm (-/-) mice showed a low level of NKT cells
in the liver but a moderate expansion of NKT cells resulting from
the injection of denatured liver tissue. However, the major
population of NKT cells were not CD4*, in CD1d (-/-) and in ;m
(~/-) mice. Tissue damage on day 1 was seen in NKT-deficient
mice, but the magnitude of damage decreased.

DISCUSSION

We demonstrated that activation of NKT cells and autoantibody
production were induced in mice injected with denatured liver
tissue. At such time, acute thymic atrophy and a decrease in the
number of whole lymphocytes (and conventional T cells) in the
periphery occurred. In other words, inverted modulation was seen
between primordial T cells (e.g. NKT cells) and conventional T
cells in immune organs. In conjunction with evidence for direct
effects of NKT cells on hepatic damage when these T cells were
activated with IL-12 [16] or o-GalCer [17], NKT cells and certain
B cells which produce autoantibodies might be intimately associ-
ated with the onset of autoimmune diseases or autoimmune-like
diseases.

It is known that B220"B cells express a higher level of CD1d
antigens than other lymphocyte subsets [27,28]. We also revealed
that the stimulus resulting from the injection of denatured tissue
rather decreased these B cells of the liver. There was a certain
stimulation of these B cells by denatured liver tissue. By stimula-
tion, lymphocytes sometimes proliferate and increase in number,
but they sometimes undergo apoptosis and decrease in number.
It is conceivable that CD1d"¢" B220*B cells was the latter case. It
is known that the stimulation of o~GalCer induces the apoptosis
of NKT cells in the liver, similar to the present case [17].

In autoimmune diseases, specific self-antigens have been
researched [29-31]. Such self-antigens include single- and double-
stranded DNA in systemic lupus erythematosus, type 11 collagen
in rheumatoid arthritis, myelin basic protein in autoimmune
encephalomyelitis, etc. However, several anti-self-antigen anti-
bodies or self-reactive T cells are simultaneously induced in many
autoimmune diseases. To determine T and B cells associated with
autoimmune hepatitis, we applied denatured liver tissue. As a
result, we induced autoimmune-like hepatic damage. The auto-
antibodies induced by denatured liver tissue manifested activities
against multiple self-antigens. Namely, not only denatured DNA
and hepatocytes (IgM-type antibody) but also the cytoplasms of
a HEp-2 cell line were reactive with sera of these mice. In con-
trast, sera of /[pr mice were reactive with denatured DNA and
whole hepatocytes (both IgM and IgG type antibodies) but not at
all with the cytoplasms of a HEp-2 cell line.

The most prominent population which expanded in the
damaged liver was estimated to be NK1-1*CD3™ (i.e. NKT) cells.
Thus far, attention has been focused on the immunoregulatory
function of NKT cells. For example, a decreased level of NKT
cells has been reported to be associated with the onset of renal
failure in autoimmune MRL-/pr/lpr mice [11,12] and in autoim-
mune diabetic NOD mice [13-15]. However, we should consider
the possibility that NKT cells might be directly associated with
the onset of autoimmune diseases. As reported in recent studies
[32,33], there is a possibility that NK cells, in conjunction with
NKT cells are also associated with effector functions for the
present phenomenon. Indeed, the proportion of NK cells, as well,
increased by the injection of denatured liver tissue.

In contrast to conventional T cells, NKT cells mediate self-
reactive cytotoxicity against syngeneic thymocytes [34,35] or
regenerating hepatocytes [21]. It is speculated that NKT cells act
as immunoregulatory cells if they mediate their cytotoxicity
against autoimmune effector cells. However, if they mediate their
cytotoxicity against hepatocytes or other self-cells, they would be
the effector cells for autoimmune diseases. Since NKT cells have
the ability to produce a large amount of IL-4 [36-39], activated
NKT cells might induce Th2 switching resulting in the accelera-
tion of autoantibody production.

Liver injury induced by the injection of denatured liver tissue
was estimated by not only the elevation of serum transaminases
but also by the morphology. In contrast to the liver injury induced
by o-GalCer, massive necrosis was not seen in the above case. The
mechanisms underlying denatured liver tissue (e.g. a mild NKT
cell function and autoantibodies) and o-GalCer (e.g. a strong
NKT effector function) might be different. Many lymphoid cell
clusters were seen in the liver of mice in this study. As we have
shown previously [40], this picture resembles that in mice injected
with an excessive dose of oestrogen.

We detected an autoantibody against a HEp-2 cell line. It is
conceivable that liver lymphocytes might comprise some B cells
(e.g. B-1 cells) which produce autoantibodies [41,42]. They carry
a higher level of CD1d antigens than do other lymphocytes. In
this study, we did not identify such B cells by specific markers.
Thus, the majority of B cells in the liver lacked CDS5 antigens (data
not shown) and had a phenotype similar to that of splenic B cells.
The only difference of B cells between the liver and spleen was
that some hepatic B cells expressed a higher level of IL-7R than
did splenic B cells (data not shown). It was interesting that a spe-
cific depletion of B220"B cells (IgM*IgD"* and some IgM*IgD") by
stimuli with denatured liver tissue was seen in the liver. As
already proposed [27,28], these CD1d"" B220"B cells might have
the potential to present some self-antigens to NKT cells via their
CD1d.

We cannot exclude the possibility that some molecules other
than CD1d are associated with the self-antigen presentation to
NKT cells. This notion originates from the data from the experi-
ments using CD1d (-/-) and m (-/-) mice in this study. Since
these mice lacked usual CD4"'NKT cells and showed the expan-
sion of other phenotype NKT cells (e.g. CD8" or CD4°8") induced
by the injection of denatured liver tissue, it is speculated that the
complex of self-antigens and non-CD1d might interact with these
unusual NKT cells. At such time, the magnitude of tissue damage
would decrease in these mice.

Although the experimental protocols were different, high
frequency of B-1 cells (IgA-committed) and NKT cells in the
lacrimal glands of mice was reported by Saitoh-Inagawa et al. [43].
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Both the liver and lacrimal glands are the organs where NKT cells
are most abundant. These organs often become the target sites
for autoimmune diseases.

We noted that thymic atrophy accompanied the present phe-
nomenon. Namely, suppression of the major pathway of T cell dif-
ferentiation (for TCR"" cells) in the thymus and activation of an
alternative intrathymic pathway (for NKT cells) or extrathymic
pathways of T cell differentiation might be the immune states
seen in autoimmune diseases. In an earlier study, Sega and
Shevach [44] reported that IL-12 unmasks latent autoimmune
disease in resistant mice. IL-12 is known to activate NKT cells.
Taken together, we have to consider the possibility that NKT
cells function not only as immunoregulatory cells but also as
autoimmune-effector cells.
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