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Toinduce T-helper type 1 (Thl) andtype 2 (Th2) cellsin a short period, human adult peripheral blood T
cells were cultured in combination with toxic shock syndrome toxin-1 (TSST-1) in the presence of IL-12 and anti-
1L-4 antibody (Thl-polarizing condition), or in combination with IL-4, anti-IL-12 and anti-IFN-y antibodies (Th2-
polarizing condition) in the presence of IL-2 for a total of 7 days. CD4" T cell blasts that resulted from the Thl-
polarizing condition of unprimed type CD4"CD45RA " T cells exhibited massive IFN-y production but quite low
IL-4 production upon re-stimulation with TSST-1. Around 90% of the cells that exhibited the typical Thl re-
sponse were CXCR3-positive. These cells were divided into CCR4-positive and CCR4-negative fractions. The
CD4" T cell blasts that resulted from the Th2-polarizing condition exhibited massive IL-4 production but quite
low IFN-y production. Around 70% of the cells that exhibited the typical Th2 response were CXCR3-negative
but were CCR4-positive. Two preparations of CD4" T cell blasts resulting from the Thl and the Th2 polarizing
conditions of the memory-type CD4"CD45R0O™ T cells produced both IFN-y and IL4 in substantial units and con-
tained both CXCR3-positive and CXCR3-negative cells. The results indicated that the new system induced typi-
cal Thl and Th2 cells from unprimed CD4" T cells within 7 days and that the expression of CXCR3 was the key
factor to discriminate Thl and Th2 cells.

Key words: bacterial superantigen, Thl, Th2, CD4"CD45RA ™ T cells, CD4*CD45RO" T cells

Introduction immediate-type hypersensitivity reactions’™. It

Activated human CD4" T cells are known to be
divided into two functional subsets, T-helper type 1
(Thl) and T-helper type 2 (Th2) cells, based upon
the patterns of cytokines that they express in re-
sponse to the stimulation by specific antigens. Thl
cells produce interferon-y (IFN-y) and interleukin-2
(IL-2) to mediate macrophage activation and
delayed-type hypersensitivity reactions. On the
other hand, Th2 cells produce IL-4 and IL-5 which
promote the secretion of IgG1 and IgE and cause

has been reported that Thl and Th2 cells can be
discriminated according to the expressions of
chemokine receptors. Th1 cells express CCR5,
CXCR6, and CXCR3, while Th2 cells express CCR3,
CCR4, CCRS, and prostaglandin D2 chemoattrac-
tant receptor (CRTh2)¥~®. Abnormal shift of the
Th1/Th2 balance has been noticed to be deeply as-
sociated with the pathogenesis of allergies and in-
flammatory diseases”.

In vitro culture systems have been found to gen-
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erate Thl and Th2 cells by stimulating T cells with
T cell stimulants such as the antibodies (Abs) to
T cell receptor (TCR) or phytohemagglutinin
(PHA) in the presence of appropriate cytokines and
Abs. For example, T cells differentiate to Thl cells
when stimulated in combination with anti-CD3 Ab
and anti-CD28 Ab in the presence of recombinant
IL-12 (rIL-12) and anti-IL-4 Ab. And, T cells differ-
entiate to Th2 cells when stimulated in the pres-
ence of rIL-4, anti-IL-12 Ab and anti-IFN-y Ab”".
The above experimental system, however, has
some disadvantages. T cell stimulants used above
are not natural T cell ligands. In addition, it takes as
long as 2 to 4 weeks to induce Th1/Th2 cells. Bacte-
rial superantigens (SAGs) are produced by patho-
genic bacteria and can work as natural ligands for
human T cells. SAGs from Staphylococcus aureus,
Streptococcus pyogenes, and Yersinia pseudotuberculo-
sis cause diseases such as toxic shock syndrome
(TSS)™*?  peonatal TSS-ike exanthematous dis-
ease (NTED)™ and Yersinia pseudotuberculosis infec-
tion™ | through T cell stimulations. It is therefore
possible to assume that SAGs are suitable T cell
stimulants for inducing Thl and Th2 cells within a
short period of time.

In the present study we examined the effects of
Thl- and Th2-polarizing conditions using the pow-
erful TSS-causing superantigen, TSS toxin-1 (TSST-1)
on in vitro induction of Thl and Th2 cells obtained
from human adult peripheral blood (APB) and cord
blood T cells. Our data show that a CD45RA-
positive fraction in APB CD4" T cells, and cord
blood CD4" T cells which are almost CD45RA-
positive, are highly vulnerable to the Th1/Th2 dif-
ferentiation in response to our system, whereas
APB CD45R0O" T cells are not. We discuss the phe-
notypes of Thl and Th2 cells based on the results
obtained in human T cells cultured in the Thl- and
Th2-polarizing conditions.

Materials and Methods

Antibodies and other reagents

Monoclonal antibodies (mAbs), Nu Ts/c (anti-CD8)
and 12C3 (anti-HLA-DR/DP), and purified mAbs
UCHL1 (anti-CD45R0O) were described in previous
studies’®”. 2H4 (anti-CD45RA)*® was provided by

Dr. C. Morimoto (Institute of Medical Science, Uni-
versity of Tokyo, Japan). The following Abs were
obtained commercially: FITC-conjugated T4 (anti-
CD4, Beckman Coulter, Hialeah, FL); PE-conju-
gated SK1 (anti-CD8), PE-conjugated UCHL-1,
Cychrome-conjugated streptavidin, PE-conjugated
HI100 (anti-CD45RA) and PE-conjugated SK3 (anti-
CD4) (Becton Dickinson, Mountain View, CA):
biotinylated-1G1 (anti-CCR4, BD PharMingen, San
Diego, CA); PC-5-conjugated UCHT1 (anti-CD3),
FITC-conjugated ALB11 (anti-CD45RA ), and
FITC-conjugated MPB2P5 (anti-VB2) (Immunotech,
Marseille, France); FITC-conjugated 49801 (anti-
CXCR3) (R & D Systems Inc., Minneapolis, MN);
NIB42 (anti-IFN-y), 8D4-8 (anti-IL-4), biotinylated-
4S. B3 (anti-IFN-y), and biotinylated-MP4-25D2 (anti-
1L-4) (BD PharMingen, San Diego, CA); anti-IL-4,
anti-IL-12, anti-IFN-y Abs (Genzyme Techne, Min-
neapolis, MN), anti-mouse IgG coupled to magnetic
beads (Dynabeads M-450, Dynal, Oslo, Norway).

RPMI medium 1640 (Invitrogen Corporation,
Grand Island, NY) was used as the culture medium
and was supplemented with 100 ug/ml streptomy-
cin, 100 U/ml penicillin, 10% fetal calf serum, and
5% 107° M 2-mercaptoethanol. TSST-1 were purcha-
sed from Toxin Technology (Sarasota, FL) . Human
rIL-2 was provided by Shionogi & Co (Osaka,
Japan). rIL-12, and rIL-4 were purchased form Gen-
zyme Techne.

Antigen-presenting cells and several T cell pre-
parations

DR'L cells (8124) used as antigen-presenting cells
(APC)*™ were treated with 50 pg/ml mitomycin C
for 30 min at 37 C and irradiated at 30 gray using
an x-ray irradiator. The cells were cultured in 48-
well plates at 1 X 10° cells/well or in 6-well plates at
1 X 10° cells/wells and were allowed to adhere over-
night at 37 C. After non-adherent cells were re-
moved, T cells were added. Mononuclear cells
taken from APB of 3 healthy volunteers and cord
blood of 4 normally full-term delivered babies, after
obtaining written informed consent, were isolated
by Ficoll-Conray density centrifugation. Whole APB
T cells and cord blood T cells were obtained by the
sheep red blood rosette method.
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Methods of T cell fractionation were described in
previous studies’”. Briefly, to obtain CD4" T cells,
whole APB or cord blood T cells were treated with
Abs Nu Ts/c and I2C3. To obtain APB CD4"CD45
RO" T cells and CD4"CD45RA™ T cells, whole APB
T cells were treated with a combination of Abs Nu
Ts/c, 12C3 and 2H4, and a combination of Abs Nu
Ts/c, 12C3 and UCHL1, respectively. After wash-
ing, the Abs-treated cells were mixed with anti-
mouse IgG coupled to magnetic beads and the mix-
tures were kept on ice for 30 min. Antibodies-
unbound cells were negatively selected with a mag-
net and were suspended in a culture medium. APB
and cord blood CD4" T cells prepared contained
<7% CD8" T cells. APB CD4"CD45RA™ T cells
and cord blood CD4" T cells prepared contained
>97%CD4*CD45RA* T cells. Preparations of APB
CD45RO" T cells contained <30% CD45RA" frac-
tion.

Experimental protocol to induce Thl and Th2
cells from human T cells

The experimental protocol to induce Th1l and
Th2 cells in vitro was shown in Fig. 1. CD4" T cells
were stimulated with 10 ng/ml TSST-1 in the pres-
ence of 50 ng/ml human rIL-12 and 1 pg/ml anti-IL-
4 Ab (Thl-polarizing condition), or with 10 ng/ml
TSST-1 in the presence of 50 ng/ml human rIL-4, 1
ug/ml anti-IL-12 Ab and 10 pg/ml anti-IFN-y Ab
(Th2-polarizing condition) on an APC monolayer in
6-well plates at 1% 10° cells/ml for 3 days. Recov-
ered cells were subjected to Percoll density cen-
trifugation. Large lymphoblasts obtained at the in-
terface of the culture medium and Percoll (density
1.068) were expanded in the presence of 100 U/ml
of human rIL-2 for 2 days in 2 cycles. T cell blasts
were obtained at the interface between densities
1.068 and 1.050 after being subjected to Percoll den-
sities (1.068, 1.050) centrifugation. The percentage
of TCR VB2* fractions, which were the major
TSST-1-reactive T cell fraction were around 80% in
all T cell preparations. Cells harvested were re-
stimulated with varying doses of TSST-1 on APC
monolayer for 6 h in 500 ul/well volumes using 48-
well culture plates. The cultured supernatants were
measured for amounts of IFN-y and IL-4.
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Cultivation of CD4% T cells

Th1-polarizing
condition

Th2-polarizing
condition

TSST-1 (10 ng/ml) TSST-1 (10 ng/mi)
anti-IL-12 Ab (1 pg/ml)
anti-IFN-y Ab (10 ug/ml)
rIL-4 (50 ng/ml)

anti-IL-4 Ab (1 pg/ml)
rIL-12 (50 ng/ml)

for 3 days for 3 days

\

Expansion of activated T cells in the presence of rIL-2
for 2 days in 2 cycles

Generation of TSST-1-induced large CD4* T cell blasts

Fig. 1 Experimental conditions to polarize human T
cells into Thl or Th2 cells
APB or cord blood CD4™ T cells were cultured in 5-ml
volume in 6-well plates and stimulated on APC with
10 ng/ml TSST-1 for 3 days in the presence of 50 ng/
ml rIL-12 and 1 pg/ml anti-IL-4 Ab (Thl-polarizing
condition) or 50 ng/ml rIL-4, 1 ug/ml anti-IL-12 Ab,
and 10 pg/ml anti-IFN-y Ab (Th2-polarizing condi-
tion). T cell blasts collected were expanded in the
presence of 100 U/ml rIL-2 for 2 daysin 2 cycles.

We defined T cells which produced a large
amount of IFN-y but no IL-4 as Th1 cells, and cells
which produced a large amount of IL-4 but no IFN-y
as Th2 cells. The dose of TSST-1 to induce Thl and
Th2 cells was determined to be 10 ng/ml because
this dosage has induced sufficient activation of hu-
man T cells® 2, TSST-1l-induced T cell blasts gen-
erated were cultured in the presence of rIL-2 for 2
days in 2 cycles because we found that this proce-
dure induced substantial increase of the number of
T cell blasts and a recovery of their reactivity to
stimulation with TSST-1. Doses of cytokines and
mAbs to another cytokines were chosen after our
repeated experiments.

Cytokines assays

Amounts of IFN-y and IL-4 in the culture supez-
natants were measured by sandwich ELISA, de-

scribed in the previous study'”.
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Fig. 2 Patterns of cytokine production of APB CD4" T cells cultured in Thl- or Th2-

polarizing condition

Whole APB CD4" T cells were stimulated with 10 ng/ml TSST-1 for 3 days in the pres-
ence of rIL-12, anti-IL-4 Ab, or rIL-4, anti-IL-12 Ab, anti-IFN-y Ab. T cell blasts collected
expanded with 100 U/ml rIL-2 for 4 days and re-stimulated with varying concentrations
of TSST-1 for 6 h. Culture supernatants were measured for amounts of IFN-y and IL-4.

Flowcytometric analysis

T cell samples were analyzed for expression of
CD4 vs CD8 gated in CD3, VB2 vs CD4 gated in
CD3, CXCR3 vs CCR4 gated in CD45RA or CD45
RO, CD45RA vs CD45R0O gated in CD3. T cells
were stained with several combinations of the ap-
propriate PE-, PC5- and FITC-conjugated Abs and
examined by three-color flowcytometric analysis
using as EPICS CS flow cytometer (Coulter Elec-
tronics, Hialeah, FL). All procedures for cell stain-
ing were conducted on ice.

Results

Induction of Thl and Th2 cells from APB or
cord blood CD4" T cells, APB CD4"CD45RA™ T
cells, APB CD4"CD45RO" T cells

Results from one of the several experiments are
presented in Fig. 2. CD4" T cell blasts from the cul-
ture of the Thl-polarizing condition produced high
amounts of IFN-y at 0.01 ng/ml or more of TSST-1,
and low but substantial amounts of IL-4 at 0.1 ng/ml
or more of TSST-1. CD4" T cells blasts from the cul-
ture of the Th2-polarizing condition produced high
amounts of IL-4 at 0.1 ng/ml or more of TSST-1, and
low but substantial amounts of IFN-y at the same
TSST-1 doses. The results indicate that whole CD4"

T cells are resistant to polarization with the present
experimental system.

Two possibilities could be thought to explain the
above findings. First, the Thl- and Th2-polarizing
conditions used here were not enough to induce Thl
and Th2 cells. Second, since it is well known that
APB T cells mainly consist of naive type CD45RA”
T cells and memory type CD45RO™ T cells, it seems
likely that the latter T cell fraction is responsible for
the resistance of the whole CD4" T cells to the Thl
/Th2-polarizing conditions.

Then, fractionated APB CD4"CD45RA "and CD4"*
CD45R0O* T cells from several healthy donors were
cultured in the Th1l- or Th2-polarizing conditions
and the resulting CD4" T cell blasts were examined
for the cytokine production patterns to re-
stimulation with TSST-1. Cord blood CD4* T cells
which consisted of mostly CD45RA™ cells were in-
cluded in parallel experiments {(Table). The data in
Fig. 3 are representative of all the 6 experiments
(Exp. 2 and Exp. 3 in the Table). The patterns of
cytokine production in T cell blasts derived from
CD4'CD45RO" T cells cultured in the Thl- and Th
2-polarizing conditions were almost the same as
those seen in the blasts from whole CD4™ T cells
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Table Cytokine production of APB and cord blood CD4* T cells cultured in the Thl-and Th2-

polarizing conditions

Polarizing condition

Exp So&r)sﬁ of cytokine production after re-stimulation with TSST-1 (10 ng/ml)

T cell blasts Thl Th2
IFN-y (ng/ml) IL-4 (pg/ml) IFN-y (ng/ml) IL4 (pg/ml)

APB CD45RA-1 57.0 0 19 90

cord blood 1 61.5 0 09 270

3 APB CD45RA-2 275 7 09 170

APB CD45R0-2 23.0 86 6.8 145

4 APB CD45RA-3 87.0 0 3.6 375

APB CD45R0-3 64.5 330 30.0 345

cord blood 2 275 0 0.8 190

6 cord blood 3 40.0 0 12 260

cord blood 4 40.0 0 04 210

APB CD4* T cells, APB CD4*CD45RA™* T cells, APB CD4*CD45RO* T cells, and cord blood CD4* T cells (5% 106/
well) were cultured on APC monolayer in 5 ml-volume in 6-well plates, and stimulated with 10 ng/ml TSST-1 in
Thl- or Th2-polarizing condition. The T cell blasts (5 x 10° /well) collected were re-stimulated with varying doses
of TSST-1 in 0.5 ml-volume in 48-well plates for 6 h. Amounts of IFN-y and IL-4 in the culture supernatants were
measured by ELISA method. Data obtained at 10 ng/ml of TSST-1 are presented.

(Fig. 3A, 3B and Fig. 2). Fig. 3A showed that there
was production of massive amounts of IFN-y,and
low but substantial amounts of IL-4 in the Thl-
polarized T cells. Fig. 3B shows massive amounts of
IL-4 and low but substantial amounts of IFN-y in the
Th2polarized T cells. CD4" T cell blasts derived
from CD4*CD45RA™ T cells cultured in the Thl-
polarizing condition exhibited a massive IFN-y pro-
duction at 0.01 ng/ml or more of TSST-1 and a quite
low IL-4 production at 10 ng/ml of TSST-1 (Fig. 3
C). The corresponding CD4" T cell blasts derived
from the Th2-polarizing condition exhibited a mas-
sive IL-4 production at 0.1 ng/ml or more of TSST-1
and a quite low IFN-y production at 1 ng/ml or
more of TSST-1 (Fig. 3D). CD4" T cell blasts de-
rived from cord blood CD4" T cells also exhibited
similar Th1l- and Th2-patterns of cytokine produc-
tion according to the Thl- and Th2-polarizing condi-
tions (Fig. 3E, 3F).

The results indicated that CD4"CD45RA " T cells,
irrespective of sources, could differentiate Th1l or
Th2 cells almost completely according to the differ-
ent polarizing condition while CD4*CD45RO* T
cells were not vulnerable to the Th1- and Th2-
polarizing conditions.

Expression of chemokine receptors in Thl and
Th2 cells

We examined how APB, cord blood CD4"CD45
RA™ and APB CD4'CD45RO" T cells cultured in
the present Thl / Th2-polarizing conditions ex-
pressed the chemokine receptors, CXCR3 and CCR
4 by flow cytometry. The analysis may clarify that
CD4*CD45RA" T cells were highly vulnerable to
Th1/Th2-polarizing conditions, while CD4*CD45
RO™ T cells were not.

More than 90% of the unstimulated APB CD4"
CD45RA™ T cells were negative for CXCR3 and
CCRA4 expressions (Fig. 4A). After culturing them
in the Thl-polarizing condition, around 90% of the
resulting activated CD4" T cells were positive for
CXCRS3 expression (Fig. 4B). As for the CCR4 ex-
pression, the activated cells could be divided into
CCR4-positive and CCR4-negative fractions (around
80% and 20%, respectively). After culturing APB
CD4"CD45RA™ T cells in the Th2-polarizing condi-
tion, around 70% of the activated cells were nega-
tive for CXCR3 expression (Fig. 4C). More than
95% of the activated cells were positive for CCR4
expression (Fig. 4C). CD4" T cell blasts derived
from cord blood CD4" T cells cultured in Thl- and
Th2-polarizing conditions exhibited similar patterns
of chemokine receptor expression as the CD4" T
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cell blasts derived from APB CD4°CD45RA™ T

cells cultured in the same conditions (Fig. 4E, 4F).
In unsensitized APB CD4*CD45RO"* T cells, cells

positive for expression of CXCR3 alone, or CCR4

APB CD4TCD45RO™ T cells

APB CD4*TCD45RA* T cells

cord blood CD4™ T cells

TEN-y (ng/ml)
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Fig. 3 Patterns of cytokine production of APB and cord blood CD4"CD45RA™ T cells,
APB CD4*CD45R0O" T cells cultured in Thl- or Th2-polarizing condition
APB CD4"CD45RA " T cells, APB CD4"CD45R0O" T cells and cord blood CD4* T cells
were stimulated with 10 ng/ml TSST-1 for 3 days in the Thl- or Th2-polarizing condi-
tion. The percentage of CD45RA ™ fraction of cord blood CD4" T cells was about 97%. T
cell blasts collected were expanded with 100 U/ml rIL-2 for 4 days, and re-stimulated
with varying concentrations of TSST-1 for 6 h. Culture supernatants were measured for
amounts of IFN-yand IL-4.

—152—

30 200
25 . l
-
[o)g 150
20 o ’
4
IL-4 -
15 ’ - 100
4
104 o
’
” - 50
5 ’
.o IFN-y
L4
rd
0 0—7/ /—Q—dH‘! 0
001 0.1 1 10
F, w0
604 o F 250
.
504 .
,° F 200
9
) - 150
30 K
-4 - 100
20~ s
Dl
10 . - 50
. IFN-y
e
WH T T 0
0 0.01 0.1 1 1

TL-4 (pg/m)

M.-4 (pg/ml)

IL-4 (pg/ml)

alone, or negative for both CXCR3 and CCR4 ex-
pressions were seen as major fractions (around 30%
in each fraction) (Fig. 4G). After culturing these
cells in the Thl- and Th2-polarizing conditions, gen-
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Polarizing conditions

Unsensitized

Thi Th2

(%)

APB CD4*CD4SRA* T cells

CCR4

cord blood CD4* T cells

APB CD4*CD45RO* T cells

CXCR3

Fig. 4 Expression of chemokine receptors in human CD4" T cells cultured in Thl- and

Th2- polarizing conditions

APB CD4*CD45RA* T cells, CD4"CD45RO" T cells and cord blood CD4" T cells
(>97%CD45R A-positive) were stimulated with 10 ng/ml TSST-1 for 3 days in the Thl-
or Th2-polarizing condition. T cell blasts expanded with 100 U/ml rIL-2 for 4 days were
stained by appropriate mAbs, and analyzed by flowcytometry for the expression of
chemokine receptors (CXCR3, CCR4). The quadrant lines shown were set according to

the staining pattern of control mAbs.

erated CD4" T cell blasts contained both CXCR3-
positive and CXCR3-negative cells. The ratio of the
CXCR3-positive and CXCR3-negative cells in each
T cell blasts changed according to the polarizing
conditions (around 65% and 50% in the Thl- and
Th2-polarizing conditions, respectively) (Fig. 4H, 4

D.

Discussion

In the present study, we conducted in vitro ex-
periments to establish a system to effectively in-
duce Thl and Th2 cells from human T cells in a
short period of time. In most experimental systems
reported so far, to obtain Thl and Th2 cells from
human CD4" T cells took 2 to 4 weeks, including
CD45RA fraction which were highly susceptible
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for the Th1/Th2 polarization®'®?. The superanti-
gen TSST-11is a powerful T cell stimulant, which in-
duces massive T cell blasts by quite a small dose in
in vitro culture systems. Massive expansion of
TSST-1-reactive VB2" T cells is seen in patients
with TSST-1-associated diseases, TSS and NTED'" ™",
We could polarize APB and cord blood CD4"CD45
RA™ T cells into Th1 cells that produced IFN-y
without IL-4, and into Th2 cells that produced IL-4
without IFN-y within 7 days with the new experi-
mental system using the superantigen TSST-1. We
believe that our present study would be useful for
the analysis on the differentiation mechanisms of
Th1 and Th2 cells and the pathogenic mechanisms
of allergies.

We then analyzed the expressions of CXCR3 and
CCR4 in unsensitized and TSST-1 stimulated T
cells from APB and cord blood. Most of the unsensi-
tized APB and cord blood CD4"CD45RA™ T cells
which were highly vulnerable to the Thl- or Th2-
polarizing conditions as shown in the Table and Fig.
3, expressed neither CXCR3 nor CCR4. Recently
Kim et al® reported that unsensitized CXCR 3-
positive fraction in whole APB CD4" T cells ex-
pressed high IFN-y and negligible IL-4 after in vitro
stimulation with a combination of PMA and ionomy-
cin, indicating that CXCR3-positive cells have been
triggered into differentiation to Thl cells. Unsensi-
tized CCR4-positive fraction in whole APB CD4" T
cells expressed both IFN-y and 114 after stimula-
tion with PMA and ionomycin, indicating that CCR
4-positive T cells consisted of either Thl or Th2
cells”. In accordance to the report, CD4* T cell
blasts generated after culturing APB CD4*CD45
RA™ T cells in the Thl-polarizing condition that ex-
hibited the Th1l phenotype could be recognized as
CXCR3-positive cells, regardless of the CCR4. CD4"
T cell blasts generated after culturing them with
the Th2-polarizing condition which exhibited the
Th2 phenotype could be recognized as CXCR 3-
negative and CCR4-positive cells. As CCR4 was ex-
pressed in both Thl and Th2 cells, it could be de-
duced that expression of CXCR3 was a key factor to
discriminate in vitro induced Thl and Th2 cells. It
seemed likely that CXCR3-negative cells in the Thl-

phenotype CD4" T cell blasts and CXCR 3-positive
cells in the Th2-phenotype CD4" T cell blasts were
responsible for the slightly detected IL-4 and IFN-y
production.

The present study was able to explain why CD4*
CD45RO" T cells were not vulnerable to the Thl-
and Th2-polarizing conditions. Unsensitized APB
CD4"CD45RO" T cells were considered to contain
both cells expressing CXCR3 alone, which exhibited
Th1 phenotype and cells expressing CCR4 alone,
which exhibited Thl and Th2 phenotype according
to the report by Kim et al cited before. Actually
CD4" T cell blasts resulted from in vitro culture of
CD4°CD45RO™ T cells in the Thl- and Th2-
polarizing conditions are composed of two fractions,
CXCR3-positive and CXCR3-negative, the ratio of
which changed according to the Th1l- and Th2-
polarizing conditions.

A report showed that human Thl and Th2 cells
that were obtained around 20 days after the initial
in vitro stimulation acquired the opposite pheno-
types when re-cultured under the polarizing condi-

*  Another re-

tions opposite to the initial conditions
port showed that the reversibility of phenotypes of
murine Thl and Th2 cells was lost after a long-term

stimulation®”

. On the other hand, a report showed
that the reversibility of phenotypes was different
between Thl and Th2 cells: murine Th1 cells could
be converted into Th2 cells when re-cultured in sec-
ond ThZ2-polarizing stimulation, but Th2 cells could
not be converted into Th1 cells when re-cultured in
second Thl-polarizing stimulation®. It will be ex-
amined in our future studies whether Thl and Th2
cells induced in the present experiments would
change their phenotype when cultured in the oppo-
site polarizing conditions.
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b b CD4" THIFAD X —/N—HEIC & 3 Thl, Th2 type AN DR

'HRZTFEMNARE EFE BEYE (BT R AERE
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RBISEICEER&E % D CDA NV — THIMIZ 2204 7€y b (Thl, Th2) %% Y, Thl/Th2 /N5 »
ADERY, BALREBROBRICKESHEESELTWAI LEPHLLIZ R TE. TRET, ATHRREWYE
THHPLCD3 PR EE2FWT invitro EBRRTRIAIL Y72 b Thl fife e Th2 Mia% > 7V %182 F Tl 4
BRI EEERPLETH o7, AFETIIEHARBREICB VT b THBEOMN 25 bHE T 2 B A —
SN—HURE Vv, IR Thl Mg s Th2 MileZ2 FECX A2 ERI AT A2 L72. & b T MO RIEVESSHE
T % CD4'CD45RA T Mifid 1AM LIC Thl ML Th2 ML 2 % TF 72, —FF, EMIMERIE T filas
B T3 % CD4"CD45RO* T MIfix Thl/Th2 RIAFIBII L CHEIM AR L. ¥ EHA VLT ¥ —HBOM
HrCid, TERDFE & FFRIC CD4'CD4SRA T Mg A & & S /2 Thl MiBLIX CXCR3BEMETH 0, Th2 MikaiE
CXCR3 BBt & /R BUEAYME Sz, £72, Thl/Th2 RIAHIELZ %1772 CD4'CD45RO T MlLIZ, W FhizBwn

Td CXCR3 FtEfiie & CXCR3 MM ASRAE L Tz,
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