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The interleukin 2 (IL-2) receptor Bc chain (IL-2RBc)
is known to regulate the development and function of
distinct lymphocyte populations. Thus far, the functions
of the IL-2RPBc cytoplasmic subregions have been
studied extensively by using cultured cell lines; how-
ever, this approach has limitations with respect to their
functions in distinct primary lymphocyte populations.
In the present study, we generated mice each expressing
a mutant form of an IL-2R fc transgene, lacking the
cytoplasmic A- or H-region, on anlL-2R c null back-
ground. We show that lack of the H-region, which
mediates activation of the Stat5/Stat3 transcription
factors, selectively affects the development of natural
killer cells and T cells bearing theyd T cell receptor.
This region is also required for the IL-2-induced
proliferation of T cells in vitro, by upregulating IL-2R o
expression. In contrast, the A-region, which mediates
activation of the Src family protein tyrosine kinase
(PTK) members, contributes to downregulation of the
T cell proliferation function. The IL-2R Bc null mutant
mice develop severe autoimmune symptoms; these are
all suppressed following the expression of either of the
mutants, suggesting that neither the Stats nor the
Src PTK members are required. Thus, our present
approach offers new insights into the functions of these
cytoplasmic subregions of the IL-2@Bc chain.
Keywords interleukin-2 receptofc chain/lymphocyte
development/natural killer cell@ T cells/T cell growth

Introduction

One of the characteristic features of cytokines is the
functional pleiotropism that is mediated by their homo-
logous receptors (Kishimotet al., 1994; Paul and Seder,
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1994; Taniguchi, 1995). One typical example is the
interleukin-2 receptor (IL-2RBc (IL-2RBc) chain, which

is responsible for mediating at least two cytokine signals,
IL-2 and IL-15. In fact, the functional high-affinity IL-2R
and IL-15R consist of three subunits: the IL-@R-
15Rn, IL-2RBc and IL-2Rc chains (Waldmann, 1989;
Giri et al, 1994; Leonarcet al., 1994; Taniguchi, 1995;
Sugamuraet al, 1996). The pleiotropic functions of
IL-2R[c in the development and regulation of lymphocytes
have been underscored further by the observations made
with mice carrying a null mutation in thi-2Rc alleles
(IL-2RBc-deficient mice). In fact, IL-2Rc-deficient mice
exhibit severe defects in the development of natural
killer (NK) cells and intraepithelial lymphocytes (IEL)
expressing thgd T cell receptor (TCR)Y® T cells). The
development of peripheral T cells bearin@ TCR (@f

T cells) is unaffected in the mutant mice; however, these
T cells are activated spontaneously, resulting in plasma
cell accumulation and high levels of autoantibodies
(Suzukiet al., 1995, 1997a).

The cytoplasmic domain of human IL-BR consists of
three subregions, the S-, A- and H-regions, the structures
of which are well conserved in the mouse (Hatakeyama
et al, 1989b; Konoet al, 1990) (Figure 1A). It has
been shown that the membrane-proximal S-region, which
recruits the Jakl protein tyrosine kinase (PTK), is essential
to invoke receptor signalling (Leonaet al., 1994; lhle,
1995; Taniguchi, 1995; Sugamusd al., 1996; O’Shea,
1997). Supporting this notion are the observations that
any mutations leading to the loss of Jak PTK activation
result in the total absence of IL-2 signallifig vitro and
immunodeficiencyin vivo (Leonard et al, 1994; Ihle,
1995; Taniguchi, 1995; Sugamuet al, 1996; Rodig
et al, 1998). On the other hand, the functions of the
latter two regions still remain obscure, although one may
envisage that they may have biological roles in regulating
the pleiotropic function of IL-2Rc. In fact, several
signalling molecules have been reported which interact
with these regions, e.g. the A-region may interact with
the Src family PTKs, Shc and the p85 subunit of PI3-
kinase, and the H-region recruits the Stat5/Stat3 transcrip-
tion factors (Hatakeyamet al.,, 1991; Horaket al., 1991;
Cantrell et al., 1993; Leonarcet al, 1994; Fuijiiet al,
1995; Ihle, 1995; Linet al, 1995; Taniguchi, 1995;
Friedmann et al, 1996; Ravichandraret al, 1996;
Sugamuraet al, 1996; Brennaret al, 1997; O’Shea,
1997).

Thus far, functional analyses of the IL-BRchain have
been carried out by conventional gene transfection assays
in cultured cell linedn vitro, and important insights were
gained as to the cytoplasmic subregions in proliferative
signal transmission. In particular, the critical role of
the cytoplasmic S-region in invoking signal transmission
through activation of Jakl PTK has been well documented
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A WT AH AA background and comparing these with mice expressing
r the wild-typelL-2Rfc transgene. Our results clearly indi-
r’ P cate that these two regions play distinct roles in lymphocyte
o I — development and function.
Jak1§ % Eaﬁ
LKAl ALy, Results
Stats/stat3] |H E
v 513 Generation of mice expressing the mutant IL-2Rf5c
c¢DNA on an IL-2Rfc null background
B In order to study the roles of the H-region or the A-region
in the pleiotropic functions of IL-2Bc, a transgene (Tg)
o et . per- encoding the mouse wild-type (WT) IL-Z3 or mutants
. . lacking either the H-regionAH-mutant) or the A-region
8 g (AA-mutant) (Figure 1A) was expressed using the human
¢ ¢ CD2 promoter/enhancer (Zhumabekeat al, 1995), in
g " 8 A order to ensure expression in cells of lymphoid lineage,
E w0 e e i o e o ot in an IL-2RBc null background (Suzukiet al, 1995)
z g Wh o Mgl o Al (Tg-Bc™- lines). As shown in Figure 1B, cell surface
T s 8 8 expression of transgene-encoded VWH-mutant orAA-
8 8 8 mutant can be detected on stimulated splenocytes from
; : each of the TRc™~ lines (WTHc™-, AH-Bc’~ and AA-
oS N . AN S A ) Bc”~ mice, respectively) at levels slightly higher than

IL-2Rgc > those from heterozygouf3¢™-) mice, but comparable
with one another (Figure 1B). Experiments were performed

Fig. 1. Generation of mice expressing the mutant ILEZREDNA on . . .

an IL-2RAc null background. &) Schematic view of the murine on at least two d,lﬁer,ent Tg founder !mes with Compa,ra_b,le

IL-2RBc chain and its mutants. IL-2 and IL-15 receptors are trimeric ~ Surface expression in order to confirm the reproducibility

complexes each of which utilizes the specifichain, in addition to of the data presented below.
the shared IL-2Rc and IL-2Rrc chains (Waldmann, 1989; Giet al.,

1994; Leonarcet al, 1994; Taniguchi, 1995; Sugamueaal., 1996).

The cytoplasmic domain of the human IL-RRchain consists of three
regions, and these regions are well conserved between man and mous

Suppression of spontaneous aff T cell activation
Dby the IL-2Rfc cDNA expression

(Hatakeyamaet al.,, 1989b; Koncet al., 1990). The serine-rich region It has been shown that although the development of T cells
(S-region) of IL-2RBc is necessary for binding of Jakl PTK (Miyazaki (a3 T cells) in the thymus proceeds normally, spontaneous
et al, 1994; Russelet al, 1994). The acidic region (A-region) is activation of these T cells in the periphery was observed

required for physical association with and activation of 'f5énd its . o .
family members (Taniguchi, 1995). The H-region is essential for Stat5/ in Bc mice, leading to the development of severe

Stat3 activation (Fuijiet al, 1995; Linet al, 1995). The two indicated ~ autoimmune symptoms (Suzuéi al., 1995). Typically, a
tyrosine residues in this figure, which provide the docking sites for the dramatic reduction in B cell number was observed in
Stats, are conserved between the human and murine fic:2R BC—/— mice, presumably due to an exhaustive B cell
addition, several signalling molecules, such as Shc and PI3-kinases, differentiation by the activated T cells (Suzukt al

have been reported to couple with the human IL2R cultured cell . AN
lines (Hatakeyamat al.,, 1991; Horaket al., 1991; Cantrelkt al., 1995)- When splenlc T cells from T@'; mice were

1993; Leonarckt al., 1994; Fujiiet al, 1995; Ihle, 1995; Liret al, analysed, the activation seerficr’~mice was not observed
1995; Taniguchi, 1995; Friedmaret al,, 1996; Ravichandraat al., in any of the WTBc”-, AH-Bc’~ or AA-Bc’~ mice, as
1996; Sugamurat al, 1996; Brennaret al, 1997; O'Shea, 1997). revealed by the normal expression level of CD69 and by
The AH- and AA-mutants of the murine IL-2Bc chain lack the . . " - .
H-region (amino acid residues 383-513) or the A-region (residues normal cell size (Figure 2A). In add,'t'on' the re,ducno_n n
316-385), respectivelyBj Expression of IL-2iRc on splenocytes. B cell number was not observed in these mice (Figure
Splenocytes from 6-week-old TBE" mice were cultured in the 2B). Other associated symptoms such as autoimmune

Pf_fhsence 0f| 5191"" ?g”g@”ava'i:bA (tCO;Atz] fl?_r 3Rday§vctg%” Btati”eo' haemolytic anemia, granulocytosis and splenomegaly
T Shas At 1oy g™ found inBe~ mice wiere not observed in these transgenic
stained (bold line) profiles are shown in the histogram. mice (data not shown). Thus, deletion of either the A-
region or the H-region of the IL-2BC chain does not
affect suppression of autoimmunity (see Discussion).
(Miyazaki et al, 1994; Russelet al., 1994; lhle, 1995).
However, it is not possible to study how the ILBR Regulation of the development and function of NK
chain mediates its pleiotropic functions in the development cells and ¥3 T cells by IL-2Rfc
and function of distinct lymphocyte populations by this The system employed in this study provides an opportunity
approach. In addition, one may envisage that the functionsto examine the roles of the H- and A-regions of the
of IL-2RBc and the associated signalling molecules in IL-2Rfc cytoplasmic domain in the development of two
cultured cell lines may not necessarily apply in primary lymphocyte populations, which is impaired fd¢~~ mice,
cells (see Klingmulleet al, 1997; Wuet al., 1997). i.e. NK cells andyd T cells (Suzukiet al, 1997a). As
In the present study, we took another approach to shown in Figure 3A, expression of the WT AA-mutant
analyse the as yet obscure functions of the A- and of IL-2RBc restored the development of NK (NK1.1
H-regions of the IL-2Bc chain, by generating mice each CD3) cells, as revealed by flow cytometric analysis. In
expressing a mutant form of &-2RAc transgene, lacking  contrast, theAH-Bc~ mice failed to develop NK cells in
one of these cytoplasmic regions, on Hr2RAc null the spleen (Figure 3A) and in peripheral blood (data not
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Fig. 2. Suppression of spontaneoa$ T cell activation by IL-2F8c
cDNA expression.A) Rescue of abnormal T cell activation by
transgenic expression of IL-J3® mutants inBc™~ mice. Cells from
lymph nodes of 8-week-old mice were stained with mAbs to CD3 and
to CD69 and gated on CD3cells. B) Splenocytes from mice at

8 weeks were stained with anti-CD3 and anti-B220 mAbs. The
numbers represent the percentage of cells contained in each region.
The average numbers of splenic B cells are as follows(f cells):

Bcti, 32.2;Bc, 0.5; WTfc™-, 35.8;AH-Bc™~, 34.6; andAA-Bc™,

37.1.

shown). Furthermore, NK cells were not generatedtro
from AH-Bc™~ bone marrow (BM) cells when cultured in
the presence of IL-15 (Figure 3B). As expected, the
activation of Stat5/Stat3 by IL-15 (Liet al, 1995) was
also found to be completely abolished &H-Bc’~ BM

Functions of the IL-2RBc cytoplasmic subregions
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Fig. 3. Development of NK cells in mice expressing the wild-type or
mutant IL-2R3c. (A) Flow cytometric analysis of NK cells in Te™~
mice. Splenocytes were stained with anti-NK1.1 and anti-CD3 mAbs,
and 1d viable lymphocytes were analysed. Numbers represent the
percentage of NK11 cells in the gated population for a
representative individual from each group. The experiments were

cells (data not shown; see below), suggesting a potentialperformed several times and in different founder mice, and essentially

contribution of these transcription factors to NK cell
development.

Next, we examined the cell-mediated cytotoxicity func-
tion of NK cells in the spleens of these mice. As expected,
expression of the WT IL-2Bc chain restored NK cell-
mediated cytotoxicity, albeit at a slightly reduced level
compared with that ofdic*/~ splenocytes. On the other
hand, splenocytes derived fromH-Bc” mice showed
virtually no cytotoxicity (Figure 3C, left panel). Interest-
ingly, the cytotoxic activity inAA-Bc mice was signific-
antly lower than that in WPBc’~ mice (Figure 3C, left

the same results were obtaineB) (L-15-induced development of NK
cells from BM cellsin vitro. BM cells were cultured in the presence

of IL-15 (see Materials and methods) and cells subsequently recovered
from cultures were analysed by flow cytometr@) (NK cell-mediated
cytotoxic activities of freshly isolated TBe™ splenocytes (left panel)

or splenocytes activatdd vitro with IL-2 (Georgopoulost al., 1994)

(right panel) (see Materials and methods for the details). Each symbol
represents the mean and the SD of triplicate assays. Experiments were
performed three times, and essentially the same results were obtained.

data reveal that the development of two lymphocyte
populations is regulated commonly by the H-region of the

panel), despite the presence of a similar number of IL-2Rc chain.

NK1.1*CD3 cells (Figure 3A). In addition, this deficiency

was observed consistently when these spleen cells wereRegulation of IL-2-induced T cell proliferation by

activated by IL-2in vitro (Figure 3C, right panel), collect-
ively suggesting that the IL-ZB A-region is not essential
for the development of NK cells, but is required for the
induction of their cytotoxic function.

Interestingly, the mice expressing thél-mutant were
also found to be defective in the developmeny®dT cells
in the IEL population (Figure 4). Taken together, these

the IL-2Rfc H- and A-regions

The roles of the A- and H-regions in the regulation of
lymphocyte growth by IL-2 have been somewhat obscure
in previous studies, in which different results were obtained
by using different cultured cell lines (Fujet al., 1995;
Goldsmithet al., 1995; Friedmanmt al., 1996). We thus
examined then vitro growth of the primary T cells from
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Fig. 4. Development of TCR™ IEL in mice expressing the wild-type
or mutant IL-2RBc. IEL isolated from TgBc™~ mice were stained with
anti-TCRuB and anti-TCRS mAb, and viable cells were analysed as
described in Materials and methods. Numbers in the panel represent
the relative percentage of TGR* and TCRJ™ cells. Surface
expression of transgenic IL-7® was confirmed on IEL from T@e™~
mice by flow cytometric analysis. The assay was performed several
times, and essentially the same results were obtained.

these mice in response to IL-2. Interestingly, notable
differences were observed between the splenic T cells
from these mice. As shown in Figure 5A, splenocytes
from AH-Bc”~ mice failed to respond fully to IL-2 at a
dose as high as 80 U/ml. However, this deficiency could
no longer be detected when IL-2 was present at a higher
concentration (1000 U/ml), at which the intermediate
affinity IL-2R, consisting of IL-2B8c andyc, can transmit
the IL-2 signal (Nakamurat al, 1994; Nelsonet al.,
1994). In this context, IL-2-induced expression of
IL-2Ra, which is critical for the formation of the high-
affinity IL-2R (Waldmann, 1989), can be observed in
Bcti-, WT-Bc’~ andAA-Bc~ T cells but not inAH-Bc™~
T cells (Figure 5B). Thus, the failure of tiH-Bc™~T cells
to respond to low concentrations of IL-2 is presumably due
to the lack of IL-2Rx induction by IL-2. It is worth noting
that induction of Stat5/Stat3 activities by IL-2 is impaired
in splenic T cells fromAH-Bc~ mice (Figure 5C). These
observations are in agreement with those of the previous
reports that Stat5/Stat3 is critical to the IL-2-induced
activation oflL-2Ra gene transcription (Ascherma al.,
1997; Nakajimeet al., 1997).

In contrast toAH-Bc”~ T cells, AA-Bc”~ T cells were
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Fig. 5. Roles of the IL-2Bc H-region in IL-2-induced T cell
proliferation. @) IL-2-dependent growth of splenic T cells from mice
expressing the wild-type or mutant IL-BR. Growth assays were
performed in triplicate as described in Materials and methods.

N.D., not determined. The assay was performed several times, and the
results were highly reproducibleB) Induction of IL-2Rx expression

by IL-2 in T cells expressing the wild-type or mutant IL-BR
Splenocytes were cultured with medium in the presence (bold line) or
absence (fine line) of 80 U/ml IL-2 for 3 days in 6-well plates pre-
coated with anti-CD3 mAb. Cells were stained with anti-CD3 and
anti-IL-2Ra, and IL-2Rx expression is shown for the CDells.

(C) The IL-2-induced DNA-binding activity of Stat proteins in T cells
expressing the wild-type or mutant IL-PR.

1991), and this activation was also abolished\-Bc~
T cells (data not shown). In this context, one potential

found to show an enhanced growth response to IL-2 candidate is SHP-2, a cytoplasmic phosphotyrosine phos-

(Figure 5A), an observation suggesting a negative regu- phatase, whose activation may be mediated by the Src

latory function of the A-region. In this respect, a notable family PTKs (Adachietal., 1997). In fact, the IL-2-induced

difference was found in the kinetics of the IL-2-induced tyrosine phosphorylation of SHP-2 is not detectable in

tyrosine phosphorylation of IL-2B. In fact, receptor  AA-Bc™’ T cells (Figure 6B), suggesting that the SHP-2

phosphorylation was barely detectable in \B&Z T cells activation is impaired.

60 min/ after IL-2 stimulation, but still remained high in

AA-Bc= T cells (Figure 6A, upper panel). Likewise, the : .

IL-2-induced DNA-binding activity of the Stats (mostly ~2iscussion

Stat5; H.Fujii, unpublished data) also remained high in It has been shown that the cytoplasmic S-region of

AA-Bc- T cells (Figure 6A, middle panel). On the other IL-2Rpc is essential for association with and activation

hand, such a notable difference was not found in the of Jak PTKs and, consequently, downstream IL-2 signal

kinetics of Jak3 phosphorylation, one of the earliest events transmission. The IL-2Bc chain also contains two addi-

after IL-2 stimulation, among these T cells (Figure 6A, tional subregions within the cytoplasmic domain, the A-

lower panel). and H-regions, which are not required for the Jak PTK
The above results suggest that the A-region-mediatedactivation but may modulate other important functions

activation of a phosphotyrosine phosphatase(s) is involved (Taniguchi, 1995; Sugamuret al., 1996).

in the negative regulation. Previously, it has been shown It was shown previously that the A-region is the site of

that the IL-2-induced activation of p556is mediated by interaction with p56K (or other Src family PTK members)

the A-region in cultured cell lines (Hatakeyane# al., (Hatakeyameet al., 1991; Horaket al.,, 1991; Taniguchi,
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Fig. 6. Roles of the IL-2Bc A-region in IL-2-induced T cell
proliferation. @) Kinetics of the IL-2-induced tyrosine
phosphorylation of IL-2Rc and Jak3, and Stat DNA-binding activity.
IL-2-induced tyrosine phosphorylation of the IL-B&chain remained
high in AA-Bc™= T cells at 60 min, the time by which this
phosphorylation is barely detectable in V@& (upper panel) and
Bt~ T cells (data not shown). Th&A-mutant of IL-2R3c contains

two tyrosine residues at 395 and 498 within the H-region, and these
residues are the ‘docking’ site for the Stats (leihal., 1995). The Stat
activity induced by IL-2 is also prolonged ibA-Bc™~ T cells (middle
panel). In contrast, the kinetics of IL-2-induced Jak3 phosphorylation
were similar in WTBc™ and AA-Bc™~ T cells (lower panel).

(B) Tyrosine phosphorylation of SHP-2 Br*/-, WT-Bc™~ or AA-Bc™-

T cells. After IL-2 stimulation for 10 min, cells were lysed, and the
lysates were immunoprecipitated with anti-SHP-2 antibody and
subjected to immunoblot analysis using anti-SHP-2 or anti-
phosphyotyrosine antibody (4G10). The positions of SHP-2 and
associated tyrosine phosphorylated proteins (see Adachi, 1997)

are indicated.

1995), phosphatidylinositol 3-kinase (P13-kinase) (Cantrell
et al, 1993; Brennaret al, 1997) and Shc (Friedmann
et al, 1996; Ravichandraet al., 1996), and that the H-
region is essential for the recruitment and activation of
Stat5/Stat3 (Fujiet al,, 1995; Linet al., 1995). However,

Functions of the IL-2RBc cytoplasmic subregions

death (AICD) in T cells is found to occur normally in
IL-2RBc null T cells (Suzukiet al, 1997b). Therefore,
the mechanism by which IL-ZB& suppresses auto-
immunity still remains unclear at present. The present
findings demonstrate that deletion of the A- or H-regions
does not affect the suppressive function of ILBeRfor
autoimmunity. One may therefore envisage that all the
downstream signalling molecules whose activation is
mediated by these regions, e.g. Stat5/Stat3 (Fadjial.,
1995; Linet al.,, 1995), p56K/SHP-2 (Hatakeyamat al.,
1991; Horaket al, 1991; Adachiet al, 1997), Shc/Ha-
ras (Sateet al,, 1992; Friedmanat al., 1996; Ravichandran

et al., 1996) and PI3-kinase (Cantrelial., 1993; Brennan

et al, 1997), are not involved. On the other hand, these
regions may be functionally redundant, so that deletion of
both regions may affect the suppression of autoimmunity. It
is also possible that the S-region-mediated activation of
the Jak PTKs by these mutant receptors may be sufficient
for the suppression. Hence, further work will be required
to address this issue by generating mice expressing the
IL-2RBc lacking both the A- and H-regions, or the
S-region.

Our results demonstrate the importance of the H-region
for the development of two lymphocyte populations, the
IEL ¥ T and NK cells, both of which show extrathymic
development. At present, the mechanism by which the
H-region mediates this development is unclear. It is
assumed that the IL-15 signal, rather than the IL-2 signal,
is critical for the lymphocyte development (Mrozekal.,
1996; DiSanto, 1997; Ogasawaeh al., 1998). We infer
that the defect il\H-Bc™ mice may be attributed, at least
in part, to the lack of Stat5/Stat3 activation. At present,
it is unclear whether the H-region (and the Stats) is
required for the development of these two lymphocyte
populations from a common precursor.

The role of the H-region in T cell proliferation in
response to IL-2 is clearer, and is in good agreement with
the previous study demonstrating the Stat5/Stat3-mediated
induction of thelL-2Ra gene (Aschermart al., 1997;
Nakajimaet al., 1997). On the other hand, it is surprising
that the T cells expressing the IL-BRAA-mutant respond
better in IL-2-mediated proliferation. In fact, several
signalling molecules have been shown to be functionally
linked to the A-region, such as the Src family members,
Shc/Ha-ras and PI-3 kinase (Hatakeyaetaal, 1991;
Horaket al, 1991; Sateet al., 1992; Cantrelet al., 1993;
Friedmanret al., 1996; Ravichandraet al., 1996; Brennan
et al, 1997). In this regard, the role of this region in

the previous approach could not provide insights into the IL-2-induced cell proliferation was not firmly established

functions of the H- and A-regions in distinct lymphocyte
populations. In the present study, we took @nvivo

with cultured cell lines, and different conclusions were
drawn depending on the cell types used and/or the receptor

approach to study the functions of these regions. Our expression systems (Fujt al., 1995; Goldsmithet al.,
observations not only indicate the importance of these 1995; Friedmanmet al., 1996). Our present results clearly

two regions in lymphocyte development and function, but
also point to the limitations of the strategies used in
cultured cell lines versus primary cells (Klingmulletral.,
1997; Wuet al,, 1997).

It is interesting to note that loss-of-function mutations
within the IL-2, IL-2Ra or IL-2RBc genes commonly
result in the development of autoimmunity (Sadlatlal.,
1993; Kneizet al., 1995; Suzukiet al,, 1995; Willerford
et al, 1995; Van Parji®t al., 1997; Rafaelet al., 1998).

indicate that the net result of the loss of the A-region
results in the enhanced proliferation of primary T cells.
This enhancement is accompanied by the prolonged
phosphorylation of IL-2Rc and the sustained DNA-
binding activity of the Stat factors. Furthermore, the
activations of p56¢ PTK and SHP-2 phosphatase by
IL-2 is dependent on the A-region. It has been shown that
the p5&% PTK activation is dependent not only on the
A-region, but also on the S-region which is crucial for

It has been reported that the activation-induced cell the Jak PTK activation.
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Collectively, we propose the operation of the following T cell growth assays

; ; ; ; Growth assays were performed essentially as described previously
pathway of downregulatlon. Upon Ilgand stimulation, (Suzuki et al, 1995). Splenocytes K10° cells) were cultured in

IL'ZRBCK'S aCt'VaFed by phosphorylaﬂon V"?l‘]ak PTKs, and triplicate in flat-bottomed 96-well plates, which were pre-coated with
the p5&* PTK activation, possibly also mediated by the Jaks anti-CD& mAb (145-2C11, Pharmingen) for 12 h at 4°C, in 0.2 ml of
(Taniguchi, 1995), phosphorylates SHP-2 for its activation. RPMI-1640 medium supplemented with 10% fetal calf serum (FCS;
Then, the phosphatase activity of SHP-2 downregulates theG"an(‘ig@v&'%'“tam'”ei S%‘]"“ml pérul\llate, ”0”'9|353”“?}'hamé’?0 fac'ds
IL-2RBc function. It is interesting that, in contrast to IL- 3l 0 b oo TR o8 L et 16 h of the 88 h Icult?JtrelpOeriod,
_ZRBC,the kinetics 0fJ§k3 phosphorylation were not altered and the fHjthymidine uptake levels were measured using a Top
in AA-Bc™~ T cells. This suggests that the action of SHP-2 Count (Packard).
is selective to the receptor, but not to Jak PTKs, whose
negative regulation is mediated by another mechanism(s)/mmunoprecipitation and Western blot analysis _
(Endo et al, 1997: Nakaet al, 1997; Staret al., 1997)_ These anglyses ‘were done es;entlally according to the publlsheq pro-
We have not vet studied the activation of other sianallin cedure (Miyazaket al., 1994). Briefly, splenocytes were incubated with
y . g ¢ ,g 10 pg/ml ConA for 3 days. Cells were washed and starved for 16 h and
molec;ules such as Ha-ras and P|3-kln_ase, _the activationstimulated with IL-2 or mock-stimulated. Cell lysates were immuno-
of which would rather promote cell proliferation. If these precipitated with anti-IL-2Rc (TM-B1) or anti-Jak3. Inmunoprecipitates
molecules were not activated &A-Bc™~ T cells, as pre- were Se_Pa;atedhby 7.5% Sstl—OPAGE_ ?[‘d ;Ubsqu‘g”% immunoblotted
viously shown in cultured cell lines, it would mean that “th anti-phosphotyrosine (4G10), anti-IL-PR or anti-Jak3.
these molecules are compensatory for the IL-2-induced PO~ Erectrophoretic mobility shift assay (EMSA)
I|fer|at|§$ rﬁspoﬂse of T cells. Further work will be required  The assay was carried out according to the published procedure (Fujii
to clarify this point. et al, 1995). Splenocytes were incubated with @§/ml ConA for
Although further mechanistic insights will be required 3 t;ayS- Cell(ls Wer? WZSPEd gnd Star(\j/?d f%r lﬁhhl andustimulated with
i i IL-2 or mock-stimulated for 10 min and lysed. Whole cell extracts were
to assess how these cytoplasmic SUbreg.lonS of IBe2R subjected to EMSA assay (Fujt al., 1995). The probe used in this
control lymphocyte development and function, our present : - : ; -
ymp Yy p ’ p assay contains the interfergractivated site (GAS) sequence found in
work reveals the heretofore unknown roles of these sub- the promoter of the mous&F-1 gene (Fujiiet al., 1995).
regions, and emphasizes the merit of iln&ivo approach
in dissecting the role of the various regions of the Preparation of IEL

IL-2RBc cytoplasmic domain in the regulation of the These lymphocytes were prepared essentially as described (Stzlki
immune system 1997a). Briefly, whole small intestine was removed fro_m mice, the
! Peyer’s patches were excluded, and the lumen flushed with RPMI-1640
medium. The intestine was then cut into small pieces and rotated in
Materials and methods RPMI medium at room temperature for 30 min. Displaced IEL were
passed through nylon mesh to remove intestinal debris and centrifuged

Construction of transgenes and generation of Tg mice at 1300 r.p.m. for 5 min. Cells were resuspended in 5 ml of RPMI

For the construction of the mouse IL-BR AH-mutant, pMIL-2R3-10 medium, overlaid onto a discontinuous gradient (75, 40 and 30%) of
(Konoet al, 1990) was amplified by PCR using the synthetic oligonucleo- Percoll (Pharmacia), and centrifuged at 2500 r.p.m. for 30 min. The
tides B-ACCGAATTCTGAGATCTCTCCGCTG-3and 3-TTAAAGC- interface between 75% and 40% Percoll was recovered, Washed, and

TTGGGCCCTAGTGGGGAGATCCCT3as primers. The PCR product ~ "esuspended in RPMI medium containing 10% FCS.

was digested witlBglll and Apd, and the resulting cDNA insert was

introduced into the backbone DNA fragment of pMIL{2R0 (digested Preparation of NK cells and cytotoxicity assay

with Bglll and Apd) to generate pMIL-2RAH. For the construction of The NK cell preparation and cytotoxic assays were performed as
the mIL-2R3¢c AA-mutant, pMIL-2R3-10 was amplified by PCR using previously described (Ogasawaea al, 1998). Lymphokine-activated

synthetic oligonucleotides 'BAATCTGCAGCCTCTGGCTGGAGAA- killer assays were performed as described (Georgopailas, 1994).

3’ and B-CCAAAGCTTAGATCTTTCTTCAGGGGC-3 as primers.

The PCR product was digested witst and HindlIl, then ligated with Development of NK cells from BM cells in vitro

synthetic oligonucleotides corresponding to amino acids 298-315 of The assay was carried out essentially as described (Ogasawata

the mouse IL-2iRc, and EcoRI-Pst-digested pBluescript. Th&glll 1998). BM cells were cultured in RPMI-1640 medium containing 10%
fragment was isolated from the resulting plasmid and ligated Bii- FCS and simian rIL-15 (Genzyme, 40 ng/ml) for 10 days. Cells recovered

cleaved pMIL-2RB-10 to generate pMIL-2BAA. Coding sequences of  from cultures were analysed by flowcytometry.

the mIL-2R3c wild-type,AH- andAA-mutants were excised from pMIL-

2RB-10, pMIL-2RBAH and pMIL-2RBAA, respectively, byEcoRI and

BanH| digestion, and ligated into a humadD2 expression cassette

(Zhumabekovet al, 1995). All constructs were verified by DNA ACknOWIedgements

sequencing. Tg mice with the same background as the null mutant mice We thank Drs E.L.Barsoumian and M.S.Lamphier for their invaluable
(i.e. C57BL/6) were generated, as previously described (Suzuél, suggestions and advice. We also thank Drs D.Kioussis and M.Adachi
1996; Kimuraet al, 1997). Each Tg mouse subsequently was mated for providing the VA hCD2 cassette and anti-SHP-2 antibody, respect-
with the null mutant mice to generate the desired mice. Generation and ively. This work was supported in part by the Research for the Future
maintenance of the IL-2Rdeficient mice was described previously  (RFTF) Program (96L00307) from the Japan Society for the Promotion

(Suzukiet al., 1995). of Science (JSPS) (to T.T.), and Grant-in-Aid for Scientific Research on
Priority Areas No. 09273105 (to H.F and T.M.) from the Ministry of
Flow cytometric analysis Education, Science and Culture of Japan. K.O. is a JSPS Research Fellow.

Cells were incubated on ice with monoclonal antibodies (mAbs) for 30 min

and analysed by flow cytometry (FACScalibur; Beckton Dickinson) using

the CELLQuest software (Beckton Dickinson). The mAbs used in this References

study were as follows: anti-mouse CO3fluorescein isothiocyanate

(FITC)-conjugated or phycoerythrin (PE)-conjugated, clone 145-2C11], Adachi,M., Ishino,M., Torigoe,T., Minami,Y., Matozaki,T., Miyazaki,T.,
anti-mouse IL-2Rc (PE-conjugated, clone TNA1), anti-mouse IL-2R Taniguchi,T., Hinoda,Y. and Imai,K. (1997) Interleukin-2 induces
(FITC-conjugated, clone 7D4), anti-mouse CD69 (FITC-conjugated, clone  tyrosine phosphorylation of SHP-2 through IL-2 recepfoichain.
H1.2F3), anti-mouse B220 (PE-conjugated, clone RA3-6B2), anti-mouse  Oncogengl4, 1629-1633.

NK1.1 (PE-conjugated, clone PK136), anti-mouse B@RFITC-conjug- Ascherman,D.P., Migone,T.-S., Friedmann,M.C. and Leonard,W.J. (1997)
ated, clone H57-597) and anti-mouse TY6RPE-conjugated, clone GL3). Interleukin-2 (IL-2)-mediated induction of the IL-2 receptmrchain
All mAbs were purchased from Pharmingen. gene.J. Biol. Chem.272, 8704-8709.
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