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Introduction

When undifferentiated naive CD4" T-lymphocyte precur-
sors encounter antigens, several signalling cascades are
activated and a complex developmental programme is ini-
tiated, which results in differentiation of these cells into
distinct effector T helper (Th) cell populations. The func-
tional differences between fully differentiated Th-cell sub-
sets are primarily explained by the cytokines they secrete
Thl cells produce interferon-y
(IFN-7), interleukin-2 (IL-2) and tumour necrosis factor-
B (TNE-B), and are responsible for cell-mediated/inflam-
matory immunity, whereas Th2 cells secrete IL-4, IL-5,
IL-6, IL-10 and IL-13, and are responsible for humoral
response. Cytokines also have important roles in regula-
tion of the differentiation process itself. The critical Th2-

(reviewed in ref. 1).

inducing cytokine is IL-4, which mediates its effects
through the signal transducer and activator of transcrip-
tion 6 (STAT6) signalling pathway. IL-12 acting via the
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Summary

Cytokines are the most important inducers of T helper (Th) cell differen-
tiation. Interleukin-12 (IL-12) and interferon-o. (IFN-o)) are responsible
for human Thl-cell differentiation, while IL-4 is the critical cytokine pro-
moting Th2-cell development. These two subsets of cells co-ordinate
immunological responses to pathogens as well as autoimmune or allergic
reactions. The pim family of proto-oncogenes encodes serine/threonine-
specific kinases involved in cytokine-mediated signalling pathways in
haematopoietic cells. Here we demonstrate that expression of pim-1 and
pim-2 mRNAs is selectively up- or down-regulated in human cord-blood-
derived CD4" cells freshly induced to polarize towards Thl or Th2 cells,
respectively, whereas their expression is inhibited in both cell types by the
immunosuppressive transforming growth factor B (TGF-f). Moreover, the
Thl-specific cytokines IL-12 and IFN-o, but not the Th2-specific cytokine
IL-4, transiently up-regulate pim-1 and pim-2 mRNA expression in
human peripheral blood T cells and natural killer cells. In addition, the
Pim-1 protein levels are strongly up-regulated by Th1-specific cytokines in
all of these cell types. Taken together, our results suggest that pim genes
and their protein products are involved in the early differentiation process
of T helper cells.

Keywords: cytokines; natural killer cells; Pim kinases; T helper cells; trans-
forming growth factor-f3

STAT4 signalling pathway is in turn the primary inducer
of Thl development in synergy with IFN-o..

Several transcription factors involved in regulation of
Thl or Th2 differentiation have been identified, such as
T-bet for Thl cells* and GATA3” and c-Maf* for Th2 cells.
These factors mediate the effects of signalling pathways ini-
tiated by T-cell receptors and cytokine receptors together
with other less specific transcription factors such as nuclear
factor of activated T cells (NFATc) family members® and
activator protein 1 (AP-1).° Recently, oligonucleotide array
approaches have been used to identify genes that are differ-
entially expressed in human T cells polarized towards the
Th1 or Th2 direction.”® Hundreds of such genes have been
identified, but more detailed functional analyses will be
needed to obtain information about how the two different
Th-cell subsets have evolved and are maintained.

Natural killer (NK) cells are an essential early compo-
nent of the innate immune response and are recruited to
the site of infection within minutes following pathogen
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invasion.” NK cells express receptors for proinflammatory
cytokines such as TNF-o, IL-12 and IL-18, the activation
of which leads to production of IFN-vy. This amplifies the
local inflammatory response and provides an initial
source of IFN-vy for the adaptive immune response. Sim-
ilar to Thl cells, also in NK cells IL-12 and STAT4 play
important roles in IFN-y production.'®!!

The pim gene family consists of three members, pim-1,
pim-2 and pim-3 (reviewed in ref. 12). In haematopoietic
cells, expression of pim-I mRNA can be induced by
multiple cytokines including IL-2, IL-3, IL-12, IL-15 and
IFN-0'*""> and pim-2 mRNA has been suggested to be
regulated in a similar fashion.'® The pim genes encode two
to three alternatively translated small serine/threonine-
specific kinases.'” While the precise functions of Pim
kinases remain to be fully elucidated, we and others have
previously shown that Pim-1 is involved in cytokine signal-
ling via its interactions with the p100 coactivator,'® the
NFATcI transcription factor'® and the suppressor of cyto-
kine signalling (SOCS) family proteins.”**' Pim-1 also tar-
gets several regulators of the cell cycle and both Pim-1 and
Pim-2 can protect haematopoietic cells from apoptosis.'?

When overexpressed, pim genes are able to synergize
with myc, or gfi-1 oncogenes to promote lymphomagen-
esis.'> Interestingly, studies with transgenic mice over-
expressing either gfi-1 or pim-1 have revealed that these
two genes act in opposite ways in B-selection, which is a
critical step in thymocyte differentiation.”? In addition,
gfi-1 and pim-1 are both expressed in peripheral T cells
after antigenic activation.””** Recently Gfi-1 was shown
to be induced by IL-4 and to promote Th2-cell expansion
in synergy with GATA3.> We have previously demonstra-
ted that pim-1 expression is in turn up-regulated, when
peripheral blood T cells are stimulated with Th1-specific
cytokines.'” Here the mRNA and protein expression pro-
files of pim-1 and its close homologue pim-2 were more
carefully examined in human cord blood CD4" T cells
induced to polarize towards a Thl or Th2 direction as
well as in human peripheral blood T cells and NK cells
treated with Th1- or Th2-specific cytokines.

Materials and methods

Cytokines

IL-2, IL-4, IL-12, transforming growth factor-p (TGF-p)
and anti-IL-12 were purchased from R & D Systems
(Abingdon, UK or Minneapolis, MN) and IFN-o was
obtained from the Finnish Red Cross Blood Transfusion
Service (Helsinki, Finland).

Cell culture
Naive CD4" T cells were isolated as previously described

from human cord blood of healthy neonates, cultured in
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Yssel’s medium (Irvine Scientific, Santa Ana, CA) supple-
mented with 1% AB serum (Finnish Red Cross Blood
Transfusion Service) and activated either with phytohaem-
agglutinin (100 ng/ml; Murex Diagnostics, Chatillon,
France) and irradiated B7-CD32-transfected mouse L
fibroblasts or with plate-bound anti-CD3 and soluble anti-
CD28 antibodies (0-5 pg/ml; Immunotech, Marseille,
France) under Th-cell polarization conditions: Thl med-
ium contained 2-5 ng/ml IL-12 and Th2 medium contained
10 pg/ml anti-IL-12 and 10 ng/ml IL-4 (all from R & D
systems). After 2 days the cultures were supplemented
with 40 U/ml IL-2 (R & D Systems). The polarized pheno-
types were controlled at day 7, when cells were stimulated
for 16-20 hr with 1 ng/ml phorbol 12-myristate 13-acetate
(Sigma, Steinheim, Germany), after which secretion of
IFN-y or IL-4 into the supernatant was measured by
enzyme-linked immunosorbent assay (Genzyme, Cam-
bridge, MA). The expression patterns for known differen-
tially expressed marker genes such as SLAM, IFN-yRp and
IL-12RB***” were also determined to further confirm the
phenotypes.

Human peripheral blood T cells comprising both CD8*
(60%) and CD4" (40%) were isolated as previously des-
cribed”” from leucocyte-rich buffy coats obtained from
healthy blood donors (Finnish Red Cross Blood Trans-
fusion Service). Purified T cells were activated with anti-
CD3 and anti-CD28 monoclonal antibodies (0-5 pg/ml;
R & D Systems) and cultured in RPMI-1640 medium sup-
plemented with 10% fetal calf serum (FCS) and 100 IU/ml
human recombinant IL-2 for 5-6 days, after which they
were further propagated for 5-6 days without FCS. In
each experiment, T cells from two to four donors were
used. The human NK-92 natural killer cells were main-
tained in continuous culture as previously described.?®
Activated human peripheral blood T cells or NK-92 cells
were stimulated with IL-12 (5 ng/ml), IFN-o (100 IU/ml)
and/or IL-4 (10 ng/ml) for the time-points indicated.

Real-time quantitative polymerase chain reaction

Total cellular RNA from cord blood-derived CD4" T cells
was isolated using an RNeasy minikit (Qiagen, Valencia,
CA). Real-time quantitative polymerase chain reaction
(PCR) was performed to measure gene expression levels
using Tagman ABI Prism 7700 (Applied Biosystems, Foster
City, CA) as described before.”’” Elongation factor 1o
(EF1a) was used as a reference because expression of this
housekeeping gene remains stable during Th1 and Th2 dif-
ferentiation.”® PRIMER EXPRESS software (Applied Biosys-
tems) was used to design primers and probes (Medprobe,
Oslo, Norway). EFla:*°, pim-1: probe 5'-6(FAM)-CATCC
GCGTCTCCGACAACTTGC-(TAMRA)-3/, forward pri-
mer 5-GCTTCGGCTGGTCTACTCA-3', reverse primer
5'-CCACCGGTAGTTTGTGCAC-3'. The fold differences
in expression were calculated as previously described.””

83



T. L. T. Aho et al.

Oligonucleotide array studies

Total cellular RNA from cord blood-derived CD4" T cells
pooled from up to six donors was isolated using the TRI-
zol method (Invitrogen, Carlsbad, CA) and RNeasy mini-
kit (Qiagen), and oligonucleotide array studies were
performed as previously described.® Briefly, 5-ug aliquots
of total RNA were hybridized on Affymetrix Human Gen-
ome U95Av2 arrays (Affymetrix, Santa Clara, CA) con-
taining probes for ~ 9300 genes. Two biological repeats
for each microarray experiment were performed with two
distinct sets of probes for each gene. The gene transcript
levels were determined from data images with GENECHIP
MICROARRAY SUITE software (Affymetrix MAS5).

Northern blotting

Total cellular RNA from peripheral blood T cells and
NK-92 cells was isolated by guanidium isothiocyanate
lysis followed by centrifugation through CsCl cushion as
previously described.”® Equal amounts of RNA were size-
fractionated on formaldehyde/agarose gel, transferred to
nylon membranes (Hybond, Amersham Biosciences,
Buckinghamshire, UK) and hybridized with ¢cDNA pro-
bes for human pim-1'°> or pim-2 genes. The probe for
pim-2 was cloned by reverse transcription-PCR with 5'-
CAGAGTGGATCCCTCGACACCAGTACC-3' sense and
5-GTCCATGGATCCCTGTGACATGGCCAT-3' antisense
primers from total RNA obtained from IL-15-induced
NK-92 cells. The PCR product was subcloned into a
pGEM3-Zf(+) vector (Promega, Madison, WI) and seq-
uenced. Ethidium bromide staining of rRNA bands was
used to ensure equal RNA loading. The probes were
labelled with [0->?P]-dCTP and the membranes were
hybridized as previously described.'?

Western blotting

Cells were harvested and lysed by three freeze—thaw cycles
in 0-1 m KPO, buffer, pH 7-8 supplemented with protease
inhibitor mix (Sigma-Aldrich, St Louis, MO) and 1 mm
dithiothreitol. One-hundred-microgram aliquots of pro-
tein lysates were mixed with equal volumes of Laemmli
sample buffer, boiled, separated by sodium dodecyl sul-
phate—polyacrylamide gel electrophoresis and transferred
onto Immobilon-P (Millipore, Bedford, MA) or Hybond-P
(Amersham Biosciences) membranes. Membranes were
stained with anti-Pim-1 (19F7) or anti-Pim-2 (C-20)
antibodies (Santa Cruz Biotechnology, Santa Cruz, CA)
followed by horseradish peroxidase-linked secondary
antibody (Zymed, San Francisco, CA) and enhanced
chemiluminescence (ECL) + Plus reagents (Amersham
Biosciences). Equal protein loading was verified by blot-
ting stripped membranes with anti-B-actin antibody
(Sigma-Aldrich).
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Results

pim-1 and pim-2 mRNAs are selectively up-regulated
in human cord-blood-derived CD4" cells induced to
polarize towards Th1 cells

We had previously shown that pim-1 expression can be
up-regulated by the Thl-specific cytokines IL-12 and
IFN-o in human peripheral blood T cells.'> To determine
differentiation-associated pim-1 mRNA levels from naive
Th cells that had not previously encountered any antigen,
we isolated CD4" T cells from human cord blood. These
cells were either activated (Th0) or simultaneously polar-
ized with either IL-12 or IL-4 for Thl or Th2 cell differ-
entiation, respectively, and real-time PCR was used to
measure pim-1 expression. When the expression values
were compared with those obtained at the 0 hr time-
point from naive CD4" Thp (T helper precursor) cells, it
became evident that pim-1 is expressed more efficiently in
cord-blood-derived T cells polarized by IL-12 towards the
Thl direction than in cells that were treated with either
IL-4 or activated without polarization (Fig. 1). Even
though there was some variation between samples from
the four analysed individuals, pim-1 expression was
always higher in Thl-polarized cells at every time-point
measured, with statistically significant differences at the
earliest 6- and 24-hr time-points (P < 0-05). Under Th2-
polarizing conditions, pim-1 was strongly down-regulated
at the 24- or 48-hr time-points, suggesting a selective role

Fold change versus Thp

Time (days)

Figure 1. Expression of pim-1 mRNA is differentially regulated
during early steps of Thl- and Th2-cell differentiation. Human cord-
blood-derived CD4" T cells isolated from four individuals were acti-
vated with phytohaemagglutinin and irradiated B7-CD32-transfected
mouse L fibroblasts (ThO) or simultaneously activated and polarized
towards Thl (2-5 ng/ml IL-12) or Th2 (10 pg/ml anti-IL-12 and
10 ng/ml IL-4) cells. After 48 hr, IL-2 (40 IU/ml) was added. Sam-
ples were collected at 0-hr, 6-hr, 24-hr, 48-hr or 7-day time-points
during polarization. The average pim-1 expression levels determined
by real-time quantitative PCR are shown. The fold differences were
calculated by comparing the expression values to those obtained at
the 0-hr time-point from Thp cells. The statistical significance of the
differences in the expression levels between Thl and Th2 conditions
was determined using unpaired #-test (*P < 0-05).
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Table 1. Expression changes in pim mRNA levels in human cord-
blood-derived CD4" T cells obtained from Affymetrix hybridizations

Thl versus  Th2 versus  Thl + TGF-f  Th2 + TGF-B

Tho Tho versus Thl versus Th2
pim-1 1.6 +0-3'  nochange —14 0.1 ~14 + 01
pim-2 1.7 £ 06 no change -2:1+05 -1.8 £ 0-4

!Average fold change. Data represent means and standard deviations
from two biological replicates analysed with two distinct probe sets.
Only statistically significant values are shown, as determined by the
analysis software.

for pim-1 during the early steps of Th-cell differentiation.
By the 7-day time-point, the differences in pim-I mRNA
levels had mostly disappeared, which could be the result
of induction of pim-1 expression by IL-2 added at the
48-hr time-point to promote cell proliferation.

We also collected data from oligonucleotide array stud-
ies with the cord-blood-derived CD4" T cells. Cells acti-
vated for 48 hr with anti-CD3 and anti-CD28 antibodies
together with IL-12 (Thl) expressed slightly more pim-1
and pim-2 as compared to cells that were only activated
in the absence of polarizing cytokines (Th0), whereas cells
cotreated with IL-4 (Th2) showed no statistically signifi-
cant difference in their expression (Table 1). By contrast,
addition of the immunosuppressive agent TGF-3 was able
to counteract the Thl-specific up-regulation of both pim-1
and pim-2 and to down-regulate pim expression also in
cells polarized towards Th2 direction for 48 hr.

IL-12 and IFN-qa, but not IL-4, up-regulate pim-1 and
pim-2 mRNA expression in human peripheral blood
T cells and in NK cells

Next we wanted to study in more detail whether pim-I
and also pim-2 expression is induced only by cytokines
promoting Thl-cell differentiation and not by Th2-speci-
fic cytokines. Therefore, purified human peripheral blood
T cells comprising both CD8" (60%) and CD4" (40%)

pim expression during T helper cell differentiation

cell populations were activated with anti-CD3 and anti-
CD28 antibodies and were grown in the presence of IL-2
for several days to expand the population. Cells were then
treated with different cytokines and collected at the indi-
cated time-points. The Thl-specific cytokines IL-12 and
IFN-o both increased pim-1 as well as pim-2 mRNA levels
(Fig. 2a). However, treatment with IL-12 resulted in more
persistent pim expression than treatment with IFN-o. IL-4
had no effect on expression of either pim gene, indicating
that both pim-1 and pim-2 are indeed selectively induced
by Thl-specific cytokines (Fig. 2a and data not shown).
Very similar results to confirm this conclusion were
obtained, when pim-1 and pim-2 mRNA levels were
measured from cytokine-treated NK-92 cells that have
been widely used as a model for activated human NK
cells®® (Fig. 2b). However, it should be noted that in the
NK-92 cells (Fig. 2b), the cytokine-dependent responses
were more sustained than in the more heterogeneous
population of peripheral blood cells (Fig. 2a). Further-
more, the basal levels of pim-2 mRNA were higher than
those for pim-1, especially in NK-92 cells. When either
type of cells was simultaneously treated with both Thl-
and Th2-specific cytokines, it became evident that IL-4 is
not only unable to support pim-1 or pim-2 expression,
but also cannot antagonize their up-regulation by Thl-
specific cytokines (Fig. 2a,b). By contrast, IL-4 even
slightly down-regulated the high basal levels of pim-2
mRNA in NK cells (Fig. 2b). We also measured pim
expression levels from preactivated peripheral blood
T cells polarized for up to two weeks in the presence of
Th1- or Th2-specific cytokines, and observed more prom-
inent pim-1 and pim-2 levels in cells differentiated
towards the Thl direction than towards Th2 (data not
shown).

pim-1 expression is also up-regulated at the protein
level in cells treated with Thl-specific cytokines

When we analysed Pim-1 protein expression by Western
blotting with anti-Pim-1 antibodies, we observed signifi-

(a) Pre-activated peripheral blood T cells

= IFN-o. IL-12 IL-4
1hr 3hr 6hr 9hr 1hr 3hr 6hr 9hr 1hr 3hr 6hr 9hr  — IFN-o. IL-12 - IFN-o IL-12 3 hr
Figure 2. pim-1 and pim-2 mRNAs are up- or Frp— - (—— - - pim-1

down-regulated in T and NK cells treated with
Thl- or Th2-specific cytokines, respectively.
Activated human peripheral blood T cells (a)
or NK-92 cells (b) were stimulated with IL-12

L L

o - Dim-2

SRR S ——
188

(5 ng/ml), IFN-o (100 IU/ml) and/or IL-4

(10 ng/ml), or were left untreated for the indi- (b) NK-92 cells

cated time-points. Total cellular RNA was ~- IFN-o IL-12 IL-4 - -4

. . 3hr 1hr 3hr 6hr Shr 1hr 3hr 6hr Shr 1hr 3hr 6hr 9hr 6hr - IFN-o. IL-12 - IFN-o IL-12 3 hr

isolated, and 10-pg aliquots were used for )
B oy — - - &% pim-1

Northern blotting with probes specific for
either pim-1 or pim-2. The representative
results from cells pooled from two to four
donors are shown.
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(@) Naive cord blood CD4* T cells

Act+IL-12  Act+IL-12  Act+lL-4  Act+IL-4
+TGF-B +TGF-B 48hr
— Pim-1
—— ey — ww - PB-actin
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=

Pre-activated peripheral blood T cells
— IL-12 IFN-o IL-4 3hr — IL-12 IFN-o. IL-4 6hr
e - Pim-1
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(c) NK-92 cells
— IL-12 IFN-o IL-4 6hr — IL-12 IFN-o. IL-4 24hr

£ e — Pim-1

— —— —  — e e w— [-actin

Figure 3. Pim-1 protein levels are elevated by Thl-specific cytokines
in human T and NK cells. Human cord-blood-derived CD4" T cells
(a), peripheral blood T cells (b) or NK-92 cells (c) were activated
and stimulated as for the experiments shown in Figs 1 and 2. Protein
samples were separated by sodium dodecyl sulphate—polyacrylamide
gel electrophoresis, and analysed by Western blotting with anti-Pim-1
or anti-B-actin antibodies.

cant steady-state levels of Pim-1 in cord-blood-derived
T cells polarized for 48 hr in a Thl direction, but not in
cells cotreated with TGF-B or differentiated towards Th2
in the absence or presence of TGF-B (Fig. 3a). More
strikingly, in peripheral blood T cells and NK-92 cells,
both IL-12 and IFN-o, but not IL-4, were able to increase
Pim-1 protein expression (Fig. 3b,c). Indeed, the Pim-1
protein levels correlated well with the mRNA levels
because their up-regulation was stronger and more
sustained in cells treated with IL-12 as compared to those
treated with IFN-o. Likewise, the IFN-a-induced levels of
Pim-1 were maintained longer in NK cells (6 hr) than in
peripheral blood T cells (3 hr).

Discussion

Our results indicate that the mRNA levels of pim family
genes are selectively up-regulated by Thl-specific, but
not Th2-specific, cytokines in cord-blood-derived CD4*
T helper cells, in peripheral blood CD8"/CD4" T lympho-
cytes as well as in the NK-92 line of NK cells. These
results may be explained by differential action of the cyto-
kine-inducible STAT family members. IL-12 has been
shown to stimulate binding of STAT4 to the GAS element
of the pim-1 promoter, while IFN-a stimulates STATI,
STAT3 and STAT4 binding there.'> By contrast, it is unli-
kely that IL-4 would induce STAT6 binding to the pim-1I
promoter because the spacing of the symmetrical GAA
half-sites distinguish STAT6 binding sites from those for
other STAT proteins.”’

Sustained IL-12 signalling was recently demonstrated to
be required for human Thl development, while the effects
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of IFN-a are much weaker, correlating with its transient
nature of action.>? Moreover, IL-2 is able to activate pim
genes via STAT5,” to potentiate sustained IL-12/Stat4
responses through up-regulation of IL-12R and to syner-
gize with IL-12 in driving Thl-cell development. These
results fit well with our data indicating that pim mRNA
expression is up-regulated only transiently by IFN-a, but
in a more persistent fashion by IL-12.

TGEF-B has a crucial role in T-cell regulation. Besides
its antiproliferative effects, which can be largely explained
by its ability to inhibit IL-2 production, TGF-p is able to
suppress differentiation of both Thl and Th2 lineages
(reviewed in ref. 34). While TGF-§ has been shown to
inhibit the expression of GATA-3 and thereby inhibit Th2
development, the mechanisms involved in inhibition of
Thl differentiation are less clear. A promising candidate
for the TGF-f target in Thl cells is T-bet, the functional
Thi-cell analogue to GATA-3.* This hypothesis is suppor-
ted by observations according to which T-bet can induce
and TGEF-B inhibit the expression of IL-12RP2.°>°
According to our data, expression of both pim-1 and
pim-2 genes are down-regulated by TGF-f in cells polar-
ized to either the Thl or Th2 direction. These results are
of interest because very few genes are so far known to be
regulated by TGF-B during differentiation of human
cord-blood-derived T cells.®

Our Western blot analyses confirmed that the Pim-1
protein levels correlate relatively well with its mRNA levels.
We would have carried out such analyses with the Pim-2
protein also, but unfortunately the Pim-2 antibodies tested
were not specific enough (data not shown). However, sim-
ilar results would have been expected because the pim-I
and pim-2 mRNAs were coregulated during Th-cell differ-
entiation, and because expression of the Pim-2 protein has
been shown to follow its mRNA levels in murine haemato-
poietic cells.”” Furthermore, recent crystallization studies
have revealed that Pim kinases adopt a constitutively active
conformation,’® suggesting that also their activity is mostly
regulated at the level of expression.

While the functional relevance of the selective induc-
tion of pim-1 and pim-2 genes by Thl-specific cytokines
remains to be elucidated, one intriguing possibility (based
on the observations by us and others) is that Pim
proteins regulate cytokine-dependent signalling in differ-
entiating Th-cell subsets via their interactions with the
SOCS-1 and SOCS-3 proteins.”>*! Pim-1 is able to stabil-
ize SOCS-1*° and possibly also SOCS-3. As observed in
Socs-1-deficient mice,” thymocytes of mice lacking both
pim-1 and pim-2 genes show prolonged STAT6 phos-
phorylation upon IL-4 signalling.?® In humans, both
SOCS-1 and SOCS-3 are preferentially expressed in Th2-
polarized cells.*** Thus, the strong down-regulation of
pim genes in cells induced to differentiate towards Th2
cells may prevent the stabilization of SOCS family pro-
teins and thus also prevent the negative feedback regula-
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tion of IL-4-induced STAT6 activation. Since Thl and
Th2 cells have been reported to be differentially suscept-
ible for apoptotic inducers,*' another interesting possibil-
ity is that pim expression is essential for the survival of
Thl cells, but not of Th2 cells. Finally, it was very
recently demonstrated that T cells of mice deficient for
all the three pim family genes develop normally in the
thymus but do not properly respond to antigen or cyto-
kine stimulation.*” Since Th-cell differentiation is largely
dependent on such responses, our future experiments will
be directed to determine whether Thi-cell versus Th2-cell
polarization is impaired in such human T cells where pim
gene levels are up- or down-regulated.
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