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Partial impairment of interleukin-12 (IL-12) and IL-18 signaling in

Tyk2-deficient mice
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Keniji Nakanishi, Yoshiyuki Niho, and Mine Harada

Tyk2 is activated in response to inter-
leukin-12 (IL-12) and is essential for
IL-12—induced T-cell function, including
interferon- y (IFN-v) production and Thl
cell differentiation. Because IL-12 is a
stimulatory factor for natural killer (NK)
cell-mediated cytotoxicity, we exam-
ined whether tyk2 is required for IL-12—
induced NK cell activity. IL-12—induced
NK cell activity in cells from tyk2-
deficient mice was drastically reduced
compared to that in cells from wild-type

mice. IL-18 shares its biologic functions
with IL-12. However, the molecular
mechanism of IL-18 signaling, which
activates an IL-1 receptor—-associated
kinase and nuclear translocation of
nuclear factor- kB, is different from that
of IL-12. We next examined whether
biologic functions induced by IL-18 are
affected by the absence of tyk2. NK cell
activity and IFN- y production induced
by IL-18 were reduced by the absence of
tyk2. Moreover, the synergistic effect of

IL-12 and IL-18 for the production of
IFN-y was also abrogated by the ab-
sence of tyk2. This was partially due to
the absence of any up-regulation of the
IL-18 receptor treated with IL-12, and it
might suggest the presence of the cross-
talk between Jak-Stat and mitogen-
activated protein kinase pathways in
cytokine signaling. (Blood. 2002;99:
2094-2099)
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Introduction

The nonreceptor tyrosine kinases of the Jak family are associ- Interleukin-18 is a cytokine that was originally identified as an
ated with the cytokine receptor and play a pivotal role ihFN-y—inducing factof, and it appears to share its biologic
transducing cytokine signalingActivated Jaks phosphorylate functions with IL-12, including enhancement of the NK cell
the tyrosine residues of the receptors, thereby recruiting sigragtivity and proliferation of activated T cefi8!? The IL-18
transducers and activators of transcription (Stats) and otH&€eptor is composed of 2 chains, a cytokine-binding ILret@ptor
signaling molecules into the activated receptor complex. Stats &le18R; originally identified as an IL-1R-related protein) and an
in turn phosphorylated by Jaks, and subsequently these activa§8€SSory proteinlike chain, AcPE16L-18 stimulation activates the
Stats translocate to the nucleus to affect gene expre3&iphere DNA binding activity of both nuclear facta® (NF-<B) and AP-17

are 4 mammalian Jaks: Jak1, Jak2, Jak3, and tyk2. Tyk2 has b8Bf in some cellline cells it also activates Stt3. B
identified as a novel protein kinase to compensate for the inter- YSiNg Previously generated tyk2-deficient mice that specifically
feron« (IFN-a) nonresponsible mutated fibroblasislithough we lack T-cell responses to IL-12, we show here that tyk2 is also

and others have shown that tyk2 has only a restricted function af ef‘“a' for IL-lZ—lnduged NK ceII_act|V|ty,_ and that tyk_2 also
. . . . . = contributes to the IL-18 biologic functions by in part regulating the
does not play a major role in IFN-signaling using tyk2-deficient

mice>® Surprisingly, tyk2 was revealed to be essential foIrL'18R expression.

interleukin-12 (IL-12)—mediated T-cell function, including IFN-

production and Thl cell differentiation. Moreover, tyk2 is

redundant for IL-12—induced T-cell proliferatiSnBecause Materials and methods

IL-12 was initially identified as a stimulatory factor for natural

killer (NK) cells that activates NK cell-mediated cytotoxicfy, Mice

we examined the NK cell activity of IL-12—induced cells fromThe generation of tyk2-deficient mice has been previously desctibtice
tyk2-deficient mice. were housed and bred in the Kyushu University Animal Center.
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Antibodies and cytokines 11.8% or 7.2%, respectively. The total numbers of spleen cells or

Anti-CD3 (145-2C11) was purchased from Pharmingen (San Diego, Cjep_a_t'c Iymphocytgs were f’ilmOSt equivalent be_tween tyk2-
Purified recombinant cytokines were obtained from the following sourced€ficient mice and wild-type mice. NK cells, characterized by large

murine IL-12 was purchased floR & D Systems (Minneapolis, MN); granular morphology, are functionally defined as immune effector
human IL-15 and murine IL-18 were purchased from Peprotech (Londogells that can lyse selected target cells in a major histocompatibility
United Kingdom); human recombinant IL-2 was obtained from Shionogjlass nonrestricted manner. Naive NK cell activity against YAC-1
(Osaka, Japan). NK target cells was examined by using whole splenocytes or
hepatic lymphocytes as effector cells. Although there was no
difference in naive NK cell activity between spleen cells from
For determination of the proportion of NK cells in spleen or hepati#ild-type and those from tyk2-deficient mice, hepatic naive NK
lymphocytest® they were incubated with phycoerythrin (PE)—conjugatedell activity was absent in tyk2-deficient mice (Figure 1 A,D). In
anti-DX5 (Pharmingen) and fluorescein isothiocyanate (FITC)-conjugategparate experiments, we observed that tyk2-deficient hepatic
anti-CD3 (Pharmingen). For determination of IL.-18R expres;ion on T E}mehocytes killed YAC-1 cells but more weakly at a 20:1 E/T
NK cells, after FcR blocking, splenocytes were incubated with antlmurlrl%tiol as compared with wild-type cells (data not shown).

IL-18R monoclonal antibody (mADb) followed by FITC-conjugated antirat L . )
IlgG1 mAb2® together with PE-conjugated anti CD4, CD8, or DX5 Activity of NK 9e!l§ wa§ enhgnced in thg presence of IL-12 or
IL-12 was initially identified as a stimulatory factor that

(Pharmingen). Stained cells were analyzed using a dual laser FACSCaIiH‘tJ_I:!'S' . e e
(Becton Dickinson, Mountain View, CA). Ten thousand cells were analyzedftivates NK cell-mediated cytotoxicity. Because NK cell activity

Fluorescence-activated cell sorter analysis

and data were processed with CellQuest (Becton Dickingon). induced by IL-12 was drastically reduced in Stat4-deficient mice,
the Jak-Stat pathway would seem to be involved in the expression
Enrichment of NK cells of the IL-12—induced genes for enzymes such as perforin and

Spleen cells or hepatic lymphocytes were cultured with 300 ng/mL IL-18Manzyme B. As shown in Figure 1B, §p|ee_n _cells 'hCUbated in
for 10 days2® Viable cells were then incubated with CD90 MicroBeaddL-12 exerted readily detectable cytolytic activity against YAC-1

(Miltenyi Biotec, Bergisch Gladbach, Germany), followed by passage &K target cells. In contrast, NK activity was only slightly observed
cells over negative columns. CD9@ells were then incubated with DX5 with cells from tyk2-deficient mice.

MicroBeads for 20 minutes at 4°C, followed by passage of cells over Interleukin-18 also augments the lytic activity of spleen cells
positive columns. To determine the purity of NK cells, the sorted cells wekgyainst YAC-1 cells. In tyk2-deficient mice, this lytic activity of
additiona!ly incubated with PE-conjugated anti-DX5 and FITC-conju§p|een cells treated with IL-18 decreased, but did not completely
gated anti-CD3. disappear (Figure 1C). As also noted with spleen cells, hepatic cells

NK cell activity

Naive spleen cells, hepatic lymphocytes, or enriched NK cells were A 2 B 4
incubated wittP1Cr-labeled YAC-1 target cells at the indicated effector-to- o 15 S/ * 30
target (E/T) ratios. After a 4-hour culture, supernatants were counted for ‘@ == )
51Cr release by & counter. In the case of in vitro activation of NK cells, 2 2 %
spleen cells, hepatic lymphocytes, or enriched NK cells were incubated R 05 X w0 i\i\_,_ﬁ
with or without IL-12 (2 ng/mL) or IL-18 (20 ng/mL) for 24 hours. Their 0 P G G
cytolytic activity against YAC-1 cells was measuréd. 100 S0 25125 6 3 ’
E/T ratio E/T ratio
IFN-vy assay c © D ?
Spleen cells or enriched NK cells (610> cells) from wild-type or 30 o 15
tyk2-deficient mice were activated with medium only, IL-12 (1 ng/mL), g i
IL-18 (50 ng/mL), IL-2 (500 U/mL), or a combination of IL-12 and IL-18. > a7
Plates were cultured for 48 hours, and IFNproduced in the supernatant L R os
was quantified by enzyme-linked immunosorbent assay (ELISA; Genzyme, o0 | o
Cambridge, MA) 100 50 25 12.5 6 3 10 5 25 12506 03
E/T ratio E/T ratio
Proliferation assay
. - . . . E 0 F 10
Spleen cells from wild-type or tyk2-deficient mice were activated with
plate-bound anti-CD3 (pg/mL) for 48 hours at 2< 1(f cells/mL, washed, g : N] 2
and then plated in a 96-well microtiter plate at<110°/mL. Cells were j ‘§,
incubated in different concentrations of IL-12 or IL-18 as indicated for 48 e 4 Q' 4
hours. Cells were pulsed withidCi (37 kBq)3H-thymidine per well for the 2 o s 2
last 18 hours before the harvest, and their radioactivities were measured by 0 o s 29 12506 03 0 lo—
a_y counter. 1¢ 5 25 1.25' 06 03
E/T ratio E/T ratio
Figure 1. NK cell activity in tyk2-deficient mice. Freshly isolated spleen cells were
analyzed regarding NK lytic activity against 5!Cr-labeled YAC-1 target cells (A).
Results 51Cr-release in supernatants of cultures at the indicated effector-to-target (E/T) ratios
was measured. Spleen cells from wild-type and tyk2~/~ mice were incubated with 2
NK cell numbers and activity in the absence of Tyk2 ng/mL IL-12 (B) or 20 ng/mL IL-18 (C) for 24 hours, and their cytotoxic activity against

YAC-1 cells was determined. Freshly isolated hepatic lymphocytes from wild-type or

The population of DX5 cells in the spleen from wiId-type or tyk2-deficient mice were analyzed regarding NK lytic activity against 5!Cr-labeled
YAC-1 target cells (D). Hepatic lymphocytes from the mutant or wild-type mice were

tykz'd_eﬁdent mice was 4.2% _Or 5.3%, rESpeCtivel_y'_ Where_as tha‘till‘I@Ubated with IL-12 (E) or IL-18 (F) for 24 hours, and their cytotoxic activity against
hepatic lymphocytes from wild-type or tyk2-deficient mice wasAc-1 cells was determined.
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from tyk2-deficient mice failed to augment the cytolytic activity A B
against target cells in the presence of IL-12 or IL-18 (Figure 1E-F). 18 3500
The above results were gained by using spleen or hepatic cells . 14 - E —~. 3000 |
that contain T and B cells besides NK cells. To enrich the NK cells, g 12 1 2 E 2500 1
we cultured splenocytes or hepatic lymphocytes with 1L24and 2 'Z: 2 2000
CD3 DX5* NK cells were collected by magnetic-activated cell 3 s S50
sorter (MACS; Figure 2A). Hepatic NK cells were collected from % 4 | L 7000 1
hepatic lymphocytes by performing the same procedure (data not z -_' 50;"

shown). By using purified NK cells from splenocytes or hepatic
lymphocytes, we examined unstimulated, IL-12—-induced, IL-18—

induced. or IL-2—induced kiIIing activity against YAC-1 cells. Figure 3. IFN-y production from freshly isolated splenocytes. (A) Splenocytes
! were obtained from either wild-type or tyk2-deficient mice and plated in wells with

No Slgnlflcant qn"ferences were nOte_d n |y'[IC activity a_g_alnsltnedium alone, IL-12, or IL-18. Supernatants were collected after 48 hours, and the
YAC-1 cells of enriched NK cells from wild-type or tyk2-deficientamount of IFN-y was quantified by ELISA. (B) Splenocytes were stimulated with IL-12

mice when cells were cultured with medium 0n|y or with ||__2andll_l-.18. Supernatants were collected after 48 hours, and the amount of IFN-y was

(Figure 2B). Although the augmented NK cell activity by IL-12 of?"fied by ELISA

IL-18 was observed in wild-type mice when enriched NK cells

were used as effector cells, it was reduced in enriched NK celigion would seem to be NK cells. To verify this, we enriched NK

from tyk2-deficient mice, just as when whole splenocytes @ells by MACS sorting of splenocytes that had been cultured with

hepatic lymphocytes were used as effector cells (Figures 1B,C,HLF15. We could hardly detect any IFN-from tyk2-deficient

and 2B). enriched NK cells following IL-12 or IL-18 stimulation, although

IL-12 or IL-18 induced IFNy production from wild-type enriched

NK cells (Figure 4A). This was also the case for hepatic NK cells

enriched by the same protocol (Figure 4C). On the other hand, there

Because NK cell activity induced by IL-12 or IL-18 is abrogated ifvas no difference in the production of IFN-by IL-2 from

tyk2-deficient NK cells, we next examined the influence of thwild-type and tyk2-deficient enriched NK cells (Figure 4A,C).

absence of tyk2 on IFN-production from NK cells induced by  Interleukin-18 acts synergistically with IL-12 on NK cells to

IL-12 or IL-18. The stimulation of unfractionated spleen cells fronproduce IFNy. This synergistic effect was also abrogated by the

tyk2-deficient mice with IL-12 resulted in decreased Ifigroduc- absence of tyk2 (Figures 3B and 4B,D).

tion.pompared WiFh that .from wild-type mice. (Figure 3A). INAbsence of Tyk2 does not affect cytokine-induced

addition, IL-18 failed to induce IFN production from tyk2- cell proliferation

deficient spleen cells (Figure 3A). Because the production ofyFN-

from CD4" T cells after stimulation with IL-12 or IL-18 alone was Because the absence of tyk2 impaired NK cell response on

not detected (data not shown), the cell source of the {FNstimulation with IL-18 or IL-12 (Figures 1, 2B, 3, and 4), we next

production from wild-type splenocytes after IL-12 or IL-18 stimuexamined whether tyk2 was required for IL-18—, IL-12—, or IL-18
plus IL-12—-induced T-cell proliferation. Spleen cells had been

Nocytokine  IL-12 IL-18 IL-12/18

Requirement for Tyk2 in IFN- v induction by IL-12
or IL-18 on NK cells

A Wild-type mice  Tyk2-deficient mice activated with anti-CD3 for 48 hours, washed, and then stimulated
A 800 B soo
N+/+
S 600+ O-/- 3 600
= [
> )
—— /4 g 4007 £ 400
> >
—0— zZ =z
B Spleen ! w2004 % 2001
5o | Medium Ji12 IL-18 2 o . i B =l |
No IL-12 iL-18 IL-2 IL-12/18
40 | .
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E/T ratio Figure 4. Impaired IFN- + production in tyk2-deficient NK cells on stimulation
Figure 2. Requirement of tyk2 for up-regulation of NK lytic activity by IL-12 or with IL-12 or IL-18 but not IL-2.  Spleen cells (A,B) or hepatic lymphocytes (C,D)
IL-18. Spleen cells or hepatic lymphocytes from wild-type or tyk2-deficient mice were from wild-type or tyk2-deficient mice (Tyk2~/~) were incubated with IL-15 for 10 days.
incubated with IL-15 for 10 days. CD3~DX5* NK cells were isolated by MACS. The CD3-DX5" NK cells were isolated as shown in the legend to Figure 2 and incubated
expressions of CD3 and DX5 were determined by flow cytometry (A). CD3-DX5" NK with medium alone, IL-12, IL-18, or IL-2 (A,C) or the combination of IL-12 and IL-18
cells were incubated with IL-12 (2 ng/mL), IL-18 (20 ng/mL), or IL-2 (500 U/mL) for24  (B,D) for 48 hours. The IFN-y concentration in each supernatant was determined
hours, and their cytotoxicity against YAC-1 was determined (B). by ELISA.
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with IL-12 (Figure 5A), IL-18 (Figure 5B), or a combination of
IL-12 and IL-18 (Figure 5C) for an additional 48 hours. As shown
previously? tyk2-deficient activated T cells had no defect in
proliferative response to the stimulation with IL-12 (Figure 5A).
The proliferation of activated T lymphocytes from tyk2-deficient
mice by IL-18 was almost the same as that from wild-type mice
(Figure 5B). The absence of tyk2 did not affect the proliferation
activity by IL-18, and the same situation was also observed when
the cells were stimulated with a combination of IL-12 and IL-18
(Figure 5C).

Up-regulation of the IL-18 receptor induced by IL-12 is
abrogated in the absence of Tyk2

It was reported that Stat4-deficient T cells had barely any detectable
expression of IL-18R? To investigate the mechanism of IL-18
unresponsiveness in tyk2-deficient cells, we examined the cell
surface IL-18R. The IL-18R expression level on CDZD8', and
DX5* cells from tyk2-deficient mice was about half that of the
cells from wild-type mice (Figure 6). IL-18R on T and NK cells
was up-regulated by the treatment of IL-12, and this up-regulation
effect by IL-12 was completely abrogated on the cells from
tyk2-deficient mice (Figure 6).

Discussion

Tyk2 was the first member of the Jak family kinases to be cloned as
an essential molecule for the transduction of I&Nsignaling??
Using tyk2-deficient mice, we and others previously reported that
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Figure 5. Proliferative responses of splenocytes from wild-type and tyk2 -=-
mice. Splenocytes from wild-type and tyk2-deficient mice were activated with
anti-CD3 for 48 hours. Viable cells were washed, replated, and incubated in the
absence or the presence of various doses of IL-12 (A), IL-18 (B), or IL-18 in the
presence of 1 ng/mL IL-12 (C). Cells were pulsed with 3H-thymidine for the last 18
hours of a 48-hour assay.

Figure 6. IL-18R on T and NK cells. Splenic nonadherent cells were stained with
anti-IL-18R mAb followed by FITC-conjugated antirat IgG1, together with PE-
conjugated anti-CD4, anti-CD8, or anti-DX5. The proportion of IL-18R™" cells gated
among the CD4" (A), CD8" (B), or DX5* (C) cells is shown before and after culture
with 2 ng/mL IL-12 for the indicated days.

tyk2 is redundant for most IFN—inducing biologic responses,
except for nitrous oxide (NO) production and some kinds of viral
resistance. Surprisingly, tyk2 was revealed to be essential for
IL-12—mediated T-cell function, including IFN-production and
Thl cell differentiation. Moreover, tyk2 is redundant for IL-12—
induced cell proliferation. Because IL-12 was initially identified as
a stimulatory factor for NK cells that activates NK cell-mediated
cytotoxicity,® we examined the NK cell activity of naive and
IL-12—induced cells from tyk2-deficient mice.

First, we examined the number of NK cells in splenocytes or
hepatic lymphocytes. No difference was observed with regard to
DX5*CD3~ NK cell numbers, although the number of NK cells in
the liver from tyk2-deficient mice was a little smaller than that from
wild-type mice. This may result in the absence of NK cell activity
of freshly isolated hepatic lymphocytes (Figure 1A,D).

The killing activity of IL-12—induced NK cells in tyk2-deficient
spleen cells or hepatic lymphocytes was less than that in wild-type
cells (Figure 1B,E). This was also the case for enriched NK cells
(Figure 2B). When the cells are treated with 1L-12, Jak2 and Tyk2
are initially phosphorylated, followed by Stat4 activatfriNK
cell activity in Stat4-deficient mice was drastically reduced when
spleen cells were treated with IL-2226 Accordingly, Stat4 is
thought to regulate the genes for enzymes such as perforin and
granzyme B¥ Because Stat4 activation was decreased in tyk2-
deficient cells with IL-12, the IL-12—induced Tyk2-Stat4 pathway
would seem to play a major role in NK cells, with this pathway
being essential for T-cell function mediated by IL-12.
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Interleukin-18 is a cytokine that was originally identified as amigration activity by IL-18 in tyk2-deficient T cells (Figure 5).
IFN-y—inducing factof.1° In addition, IL-18 enhances NK cell Because the functional defects for the induction of Hrire much
activity and proliferation of activated T celt8 Thus, IL-18 more significant than the reduced level of IL-18R on NK cells in
appears to share its biologic functions with IL-12. We thereforggk2-deficient mice, there is the possibility that tyk2 is directly
examined IL-18-induced NK cell activity in tyk2-deficient mice.involved in the IL-18 signaling pathway to induce IFNin NK
As shown in Figure 1, panels C and F, and Figure 2, panel B, tbells. In addition to the activation of IL-1 receptor-associated
killing activity of NK cells from tyk2-deficient mice was drasti- kinase and the nuclear translocation of NB-by IL-18,1728 the
cally reduced compared with that from wild-type mice. This iphosphorylation of Stat3 by IL-18 stimulation has been reported in
surprising because IL-18 induces the activation of the IL-8ome cell line cell$8
receptor—associated kinase and nuclear translocation afB\Z-28 Interleukin-18 acts synergistically with 1L-12 on NK cells to

Tyk2 is also deeply involved in the production of IFfNsy NK  produce IFNy. This synergistic effect is also affected by the
cells following stimulation with IL-12 or IL-18. Tyk2-deficient NK absence of tyk2 (Figures 3B and 4B,D). Some reports have
cells did not produce any IFN-after stimulation with IL-12 or suggested that synergy results from the induction of IL-18R by
even IL-18, whereas wild-type NK cells produced the Ifyldn the 1L-12.2930Certainly, the IL-18R on NK cells from wild-type mice
same stimulation (Figure 4). This allows us to assume thatup-regulated by the treatment with IL-12, and this up-regulation
IL-18-induced IFNy production by NK cells might require of IL-18R by IL-12 is abrogated on NK cells from tyk2-deficient
endogenous tyk2-dependent signaling components. In contrasice (Figure 6). This might be the reason for the decrease in the
tyk2-deficient spleen cells, which are composed of T cells, B cellsynergistic effect of IL-12 and IL-18 in tyk2-deficient mice. If this
macrophages, and NK cells, produced a small amount ofyFNwere the only reason, then the additional effect of IL-12 and IL-18,
after culture with IL-18 as well as IL-12 (Figure 3A). These resultaot the synergistic effect, on IFNproduction should be observed
suggest that cells that produce IRN-other than NK cells, when the cells from tyk2-deficient mice are treated with IL-12 and
presumably T cell§? may have the capacity to produce a smaliL-18, because the IL-18R on the cells from tyk2-deficient mice is
amount of IFNy on such single stimulation, in a tyk2-independentot affected by the treatment with IL-12 (Figure 6). However,
manner. However, tyk2-deficient NK cells could produce HrN- costimulation with both IL-12 and IL-18 induced the production of
but a smaller amount than produced by wild-type NK cell§FN-y from tyk2-deficient cells more than 100-fold of that
following the combined stimulation with IL-12 and IL-18 (Figuresexpected if only the additional effect occurred, even though the
3B and 4B,D), in contrast with the fact that there was no productiegimount of the augmented IFiproduction was much less than
of IFN-y by tyk2-deficient NK cells on single stimulation with that from wild-type mice (Figures 3B and 4B,D). This means that
IL-12 or IL-18. This may suggest the presence of tyk2-independesther factors besides the induction of IL-18R by the treatment of
activation of some IFNy promoter-activating factor(s) other than|L-12 are important for the synergistic effect of IL-12 and IL-18 in
Stat4, on stimulation with IL-12 plus IL-18. Further studies ar¢ne induction of IFNy. Indeed, thelFNG gene has multiple
required for clarification of the molecular mechanisms of thgromoter regions that bind to corresponding transcription factors,
synergistic IFNy-inducing action of IL-12 and IL-18. including Stat4 and NxB.3L32Recently Yang et & reported that

The depletion of tyk2 did not affect IL-2 function on NK cells.the synergy of IL-12 and IL-18 is involved in GADD#@5Snduction.

IL-2 stimulation up-regulated the lytic activity of tyk2-deficientGADD45@ activates the mitogen-activated protein kinase (MAPK)
NK cells against YAC-1 (Figure 2B) and induced the IRN- extracellular signal-regulated kinase kinase 4 (MEKK4), and it was
production by tyk2-deficient NK cells (Figure 4A,C), to the saménduced by IL-18 and augmented by IL-12. This augmentation of
extent as wild-type cells. This is plausible, because Stat5 phosph@RADD458 induction by IL-12 and IL-18 was not observed in the
ylation, a major signaling event after activation with IL-2, is nokplenocytes from tyk2-deficient or wild-type mice by reverse
impaired in tyk2-deficient cells. transcription—polymerase chain reaction (data not shown). To-

Interleukin-18 failed to induce IFN-production from tyk2- gether with the absence of the up-regulation of IL-18R by IL-12,
deficient spleen cells (Figure 3A), although IL-18-induced T-cedur observations suggest that other factors besides the induction of
proliferation was not affected by the absence of tyk2 (Figure 5SBEADDA453 by IL-12 and IL-18 may be the reason for the decrease
Recently, Lawless and coworkers reported that K-Nroduction in production of IFNsy in T cells from tyk2-deficient mice. This
and T-cell proliferation induced by IL-18 are abrogated in Stat4night mean that the cross-talk between Jak-Stat and MAPK
deficient mice?? Because the expression level of IL-18R messengpathway was present in the cytokine signaling. We need further
RNA s only a trace on splenocytes from Stat4-deficient mice, wgudy to identify the factor that is involved in the synergy of IL-12
next examined the expression level of IL-18R on cells fromnd |L-18 for IFN=y production.
tyk2-deficient mice. Freshly isolated T and NK cells from tyk2-
deficient mice expressed about half the levels of IL-18Rs compared
with those from wild-type mice (Figure 6). This decrease in IL-18R
on cells from tyk2-deficient mice may partly explain the reasoAcknowledgments
why IL-18-induced NK cell activity or IL-18—induced IFN-
production is abrogated in cells from tyk2-deficient mice. HowMVe thank A. Tomioka, A. Koutate, and M. Sato for their excellent
ever, this reduced level of IL-18R is sufficient to transduce thechnical assistance.
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