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Phenytoin promotes Th2 type immune response in mice
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SUMMARY

The effects of chronic administration of phenytoin, a common anticonvulsive drug, on immune
responses were studied in mice. Anti-keyhole limpet haemocyanin (KLH) IgE antibody response after
KLH-immunization was enhanced in phenytoin-treated mice. Proliferative responses of spleen cells
induced with KLH, concanavalin A (ConA), lipopolysaccharide and anti-CD3 antibody were reduced in
phenytoin-treated mice. Accessory function of spleen adherent cells on ConA-induced T cell
proliferative response was reduced in phenytoin-treated mice. KLH-induced IL-4 production of spleen
cells was enhanced, while IFN-y production was reduced in phenytoin-treated mice. In addition,
production of IL-1«, but not IL-6 and IL-12 by spleen adherent cells from phenytoin-treated mice was
reduced. Natural killer cell activity was reduced in phenytoin-treated mice. These results suggest that
phenytoin treatment preferentially induces a Th2 type response. We also observed that plasma ACTH
and corticosterone levels were increased in phenytoin-treated mice, and speculated that phenytoin might
act directly and indirectly, through HPA axis activation, on the immune system to modulate Th1/Th2

balance.
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INTRODUCTION

Phenytoin is one of the common anticonvulsive drugs used for the
prevention of seizure [1]. However, phenytoin has diverse adverse
effects such as gingival hypertrophy, lupus-like phenomenon,
bone marrow suppression and idiosyncratic hypersensitivity reac-
tions in which immunological mechanisms participate [2—4].
Moreover, immune functions affected by chronic administration
of phenytoin also have been elucidated in humans and rodents
both in vivo and in witro [5-9]. Some animal studies have
suggested that the chronic administration of phenytoin reduced the
immune response against infectious and malignant diseases
[10,11], but the mechanism of phenytoin-induced immune
suppression is not clear. Recent studies have clarified the
existence of Th1/Th2 CD4™ T cell subsets which were function-
ally heterogeneous populations with specific profiles of cytokine
production. Thl cells produce interferon (IFN)-y and tumour
necrosis factor (TNF)-B and participate in cell-mediated im-
munity, while Th2 cells produce interleukin (IL)-4, IL-5 and IL-
10 and participate in humoral immunity [12]. Since Thl type
cytokines augment natural killer (NK) cell activity and delayed-
type hypersensitivity (DTH), reduction of innate immune function
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in phenytoin-treated mice may be associated with an altered
Th1/Th2 balance that shifts to Th2 dominant immune response.
On the other hand, some studies have suggested that the
hypothalamic-pituitary-adrenal (HPA) axis modulates immune
functions [13,14]. Phenytoin has also been demonstrated to
modulate the HPA axis to increase plasma corticosterone levels
in mice in vivo [15,16]. Previous investigators demonstrated that
corticosteroid promotes the Th2 cytokine response [17-20].
Therefore, in order to elucidate the mechanism of phenytoin-
induced immune modulation, we studied the Th1/Th2 balance and
plasma level of adreno-corticotrophic hormone (ACTH) and
corticosterone in mice chronically administered with phenytoin in
this study. Here we show evidence that chronic administration of
phenytoin promotes Th2 type responses, which is accompanied by
the increased plasma levels of ACTH and coticosterone.

MATERIALS AND METHODS

Animals

Male C3H/HeN mice (25-30 g body weight, 8—10 weeks of age)
were used in all studies. Animals were housed in a constant
temperature room (22 °C) animal facility (12 h of light, 12 h of
darkness; lights on at 0700 h) of the University of Occupational
and Environmental Health, Japan (UOEH). They had continuous
access to water and laboratory chow. All animal experiments were
performed according to the guidelines for the care and use of
animals approved by UOEH.
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Treatments

Mice received an intraperitoneal (i.p.) injection of phenytoin
(130—140 mg/m? of body surface, Dainippon Pharmaceutical Co.,
Osaka, Japan), dissolved in saline at pH 11 at a concentration of
10 mg/ml for 4 weeks. The control mice received the same
volume of saline for the same length of time. The phenytoin
dosage administered here was decided according to the report of
Okamoto et al. [10] in which the dose used in this study could
achieve a serum concentration of phenytoin (ranged from 10 to
20 pg/ml) equivalent to that of human epilepsy patients treated
with phenytoin. To evaluate the toxicity of the chronic adminis-
tration of phenytoin, we investigated the body weight and total
cell counts of splenocytes of the phenytoin-adminstered mice and
compared them to the control mice. The phenytoin-adminstered
mice showed normal behaviour and no body weight reduction
compared to the control mice (phenytoin-adminstered mice
322 = 0-15 g, n = 10; control mice 334 = 0-12 g, n = 10).
There was no difference between total cell counts of splenocytes
of phenytoin-adminstered mice (8-8 + 0-29 x 107 cells, n = 10)
and control mice (8:9 = 0-16 x 107 cells, n = 10). To evaluate
inflammatory responses in phenytoin administered mice, the mice
were decapitated and truncal blood samples were harvested to
prepare sera 12 h after single i.p. injections of lipopolysaccharide
(LPS: 50 wg/mouse, Sigma Chemical Co., St Louis, MO, USA).
To study antigen specific immune responses, mice were also
immunized with kyehole lympet haemocianin (KLH: 100 wg/
mouse, Sigma Chemical Co.) emulsified in Freund’s complete
adjuvant (FCA, Difco laboratories, Detroit, MI) by i.p. adminis-
tration twice, on the 14th and 21st day during phenytoin treatment
and sera were harvested on the 28th day. Treatments were
performed between 0900 and 1000 h.

Splenocytes and blood sample preparation

On the 28th day of phenytoin treatment, mice were sacrificed by
cervical dislocation and exsanguinated between 0900 and 1000 h
to avoid circadian variation, and the serum and plasma samples
obtained were stored at — 80 °C. At the same time, spleen cell
suspensions were prepared by teasing spleens in ice-cold phos-
phate buffered saline pH 7-4 (PBS). For proliferative responses,
splenocytes (2 x 10%ml) were resuspended in Eagle Hanks
Amino Acid (EHAA) medium [21] supplemented with 10% heat-
inactivated fetal calf serum (FCS, Bio Whittaker, Walkersville,
MD, USA), 2 mM L-glutamine, 100 U/ml penicillin, 100 pg/ml
streptomycin (Dainippon Pharmaceutical Co.). For NK cell assay
and cytokine production studies, splenocytes (2 x 107/ml) were
resuspended in RPMI 1640 medium (Nissui Pharmaceutical Co.,
Tokyo, Japan) supplemented with 10% heat-inactivated FCS,
2 mM L-glutamine and penicillin-streptomycin (RPMI-10% FCS).
To prepare accessory cells and T cells, splenocytes from control
and phenytoin-treated mice were incubated in culture dishes
(Falcon #3002) at 37 °C for 2 h. T cells were purified from
nonadherent cells passed through nylon-wool columns (Wako Co.,
Tokyo, Japan) [22]. Purified T cells were composed of more than
95% Thy-1 (+) cells detected by flow cytometry (data not
shown). After 4 rinses, the adherent cells were scraped off from
culture dishes using a rubber policeman and used as accessory
cells. Adherent cells were composed of more than 80% MHC
class II antigens (+) cells, less than 10% Ig (+) cells and 10%
Thy-1 (+) cells detected by flow cytometry, respectively. Cell
viability was estimated by the trypan blue dye exclusion test.

Splenocyte proliferation assay

Splenocytes (2 x 10° ) were cultured with KLH (50 wg/ml,
100 wg/ml), concanavalin A (ConA; 10 wg/ml, EY Laboratories,
San Mateo, CA, USA), LPS (10 pwg/ml) or anti-mouse CD3
monoclonal antibody (1 wg/ml, Biosource, Camarillo, CA) in
0-2 ml of EHAA-10% FCS medium in wells of flat-bottomed
microtitre culture plates (Falcon #3072, Becton Dickinson Co.,
Lincoln Park, NJ, USA) at 37 °C for 72 h in 5% CO, and 95%
humidified air. To evaluate accessory cell function, spleen adherent
cells (5 x 10%), which were treated with 100 wg/ml mitomycin C
(Kyowahakko. Kogyo Co., Tokyo, Japan) at 37 °C for 30 min and
then washed 4 times with PBS, and T cells (2 x 10°) from control
and phenytoin-treated mice were cocultured with or without ConA
(5 wg/ml). The cells were labelled with 0-5 wCi of & H]-thymidine
(Amersham plc, Buckinghamshire, UK) for the last 18 h and were
harvested by a semiautomated cell harvester (Abekagaku Co.,
Chiba, Japan). [3H]-thymidine incorporated into the cells was
counted by a liquid scintillation counter (Aloka Co., Tokyo, Japan)
[23]. The results were expressed as the mean = SE of
the stimulation index of 3-5 independent experiments in which
the [*H]-thymidine count of the stimulated group was divided by the
[*H]-thymidine count of the control group.

Cytokine production in vitro

Splenocytes (5 x 10%ml) from KLH-immunized mice were
cultured with KLH (50 pwg/ml, 100 pwg/ml) in RPMI-10% FCS
for 18 h at 37 °C in 5% CO, and 95% humidified air in 24-well
tissue culture plates (Falcon #3047). To study cytokine production
of the accessory cells, spleen adherent cells (1 x 10%ml) were
cultured with 0-005% Staphylococcus aureus Cowan I (SAC)
(Calbiochem-Novabiochem Co., La Jolla, CA, USA) in RPMI-
10% FCS at 37°C for 18 h in 24-well tissue culture plates (Falcon
#3047). The supernatants were collected and stored at — 80 °C
until being used for cytokine assay.

Enzyme linked immunosorbent assay (ELISA)

The concentration of IL-1a, IL-4, IL-6, IL-12 and IFN-v in the
supernatants of splenocyte and adherent cell culture, and the serum
level of IFN-y were measured by sandwich ELISA. As capture
antibodies, rat anti-mouse IL-la, IL-4, IL-6, IL-12 and IFN-y
monoclonal antibodies (PharMingen, San Diego, CA, USA) were
used. As detection antibodies, biotinylated rat anti-mouse IL-1a,
IL-4, IL-6, IL-12 and IFN-y monoclonal antibodies (PharMingen)
were used, respectively. Briefly, 96-well flat-bottomed microtitre
plates (Maxisorp, Nunc, Denmark) were coated with capture
antibodies for 18 h, washed with PBS, and blocked with 1% bovine
serum albumin (Sigma Chemical Co.) solution in PBS (PBS/
1%BSA). The culture supernatants and standards were added to
each well, and plates were incubated at 37°C for 1 h. The plates
were washed with PBS, the detection antibodies were added to
each well, and incubated 37°C for 1 h. A 1/1000 dilution of
streptoavidin-conjugated alkaline phosphatase (Sigma Chemical
Co.) was added to each well. After incubation at 37 °C, plates were
washed and a developing solution consisting of 1 mg/ml p-nitro-
phenylphosphate (Zymed Laboratory Inc., San Francisco, CA,
USA) as substrate in 10 mm diethanolamine-0-5 mm MgCl, buffer,
pH 94, was added. Colour development was determined on a
Immunoreader NJ-2000 (Japan Intermed Co., Tokyo, Japan) at a
wavelength of 405 nm [24]. Serum level of KLH-specific IgG and
IgE antibody was also measured by ELISA. Briefly, 96-well flat-
bottomed microtitre plates (Maxisorp) were coated with 10 wg/ml
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KLH at 37 °C for 2 h and 4 °C for 18 h. After blocking with PBS/
1%BSA, serially diluted serum samples were added to the plates
and incubated at 37 °C for 2 h. After the plates were washed with
PBS, 1/2000 dilution of horseradish peroxidase-conjugated goat
anti-mouse IgG antibody (Binding Site Co., Birmingham, U.K.) or
rat anti-mouse IgE antibody (Serotec Inc., Oxford, U.K.) was added
to the wells. The plates were then incubated at 37 °C for 2 h.
After washing with PBS, o-phenylenediamine dihydrochloride
(55 x 10* M, Wako Junyaku Co., Kyoto, Japan) in 0-01%
H,0, solution was added as substrate, and incubated at 37 °C for
15 min. The reaction was stopped with 8N H,SO, and the optical
density (OD) at 490 nm was measured using an Immunoreader NJ-
2000 [24]. The results were expressed as antibody titre.

NK cell assay

Splenic NK cell activity was measured in a standard 4-h
chromium release assay [25]. YAC-1 cells as targets were
radiolabeled by incubating 2 x 10° cells/ml in RPMI 1640—
10% FCS and 100 wCi of sodium [>'Cr] chromate (Amersham
Plc, Buckinghamshire, UK) in a culture tube (Falcon #2057) at
37°C for 60 min. After washing four times with PBS, the
concentration was adjusted to 1 x 10° cells/ml in RPMI-10%
FCS. Mixtures of 100 u1 of spleen cell suspensions (100 x 10
50 x 10* and 25 x 10% and 100 wl of labelled target cells
(1 x 10% were cocultured in 96-well round bottomed microtitre
culture plates (Falcon #3077) at 100:1, 50:1 and 25:1
effecter-to-target (E:T) ratios. Plates were incubated at 37 °C for
4 h in 5% CO, and 95% humidified air. Aliquots of 150 ul of
supernatants were recovered from each well, and the amount of
radioactivity was determined using a <y-counter (Aloka Co.).
Percent specific lysis was calculated using the following formula:

[(experimental S Cr release
— spontaneous SICr release)/(maximum ' Cr release
— spontaneous Ser release)] X 100,

where maximum release was obtained by incubating target cells in
0-1% Triton X 100 (Sigma Chemical Co.) and spontaneous release
was obtained by incubating target cells alone.

Assay of ACTH and corticosterone

The plasma level of ACTH and corticosterone was determined by
a commercial RIA kit following the manufacturer’s protocol
(ACTH: Mitsubishikasei Co., Tokyo, Japan. corticosterone: ICN
Biomedicals Inc., Costa Mesa, CA.).

Statistical analysis

The Mann—Whitney U-test was used for comparison of the mean
values. Pairs of means were considered statistically different at the
confidence interval of P < 0-05.

RESULTS

Effects of phenytoin treatment on antibody response

Mice were administered phenytoin i.p. every day for 28 days and
immunized with KLH in FCA twice on day 14 and 21. Anti-KLH
IgG and IgE antibody responses in the sera were determined on
day 28. As shown in Fig. 1, the KLH-specific IgE response was
significantly enhanced in phenytoin-treated mice, while the IgG
response was not changed. KLH-specific antibodies were not
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Fig. 1. KLH-specific IgG (a) and IgE (b) antibody responses in
phenytoin-treated mice. Phenytoin-treated and control mice were immun-
ized with KLH twice. The sera were individually collected and their
anti-KLH antibodies were assessed by ELISA. Each dot represents an
individual mouse. Results are expressed by dilutional number of sera as
antibody titre. The vertical bars represent mean = SE. *significantly
different.

detected in either control or phenytoin-treated mice, without
KLH-immunization.

Effects of phenytoin treatment on lymphocyte proliferative
response

Since antigen-specific IgE and IgG antibody responses are
dependent on T cell responses, KLH-specific T cell responses
were next studied in vitro. As shown in Fig. 2a, in vitro culture of
spleen cells from control mice immunized with KLH showed
potent proliferative responses to stimulation with KLH. However,
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spleen cells from phenytoin-treated mice immunized with KLH
did not respond to KLH. Spleen cells from KLH-nonimmunized
mice did not respond to KLH in both control and phenytoin-
treated mice. Nonspecific mitogenic responses induced by Con A
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and LPS were also impaired in spleen cells from phenytoin-treated
mice (Fig. 2b). This is consistent with a previous report [10].
Furthermore, T cell responses induced by a cross-linking of CD3
was also impaired in spleen cells from phenytoin-treated mice.
These results suggest that T cell functions are impaired by
phenytoin-treatment.

Effect of phenytoin treatment on accessory cell function

Since T cell proliferative responses to antigens and mitogens
require accessory cells such as macrophages, the accessory cell
function of spleen adherent cells from the control and phenytoin-
treated mice in ConA responses was studied. It was seen that the
accessory function of spleen adherent cells from phenytoin-treated
mice was significantly reduced as compared to the control mice
(Fig. 2¢). However, spleen adherent cells from control mice did
not restore the T cell response from phenytoin-treated mice to
control level. These results suggest that phenytoin affects both
T cell and accessory cell function.

Effect of phenytoin treatment on cytokine production

Next we studied cytokine production of spleen cells from
phenytoin-treated mice. Spleen cells from control or phenytoin-
treated mice immunized with KLH were cultured in vitro with
KLH. The cytokines in the supernatant were then studied. As
shown in Fig. 3, IL-4 (Fig. 3a) was significantly enhanced, but
IFN-y (Fig. 3b) was significantly reduced in spleen cells from
phenytoin-treated mice. IL-2 was also reduced in spleen cells
from phenytoin-administered mice (data not shown). Spleen cells
from nonimmunized mice did not produce any cytokines. This
result suggests that T cells are polarized to the Th2 type in
phenytoin-treated mice and is consistent with the results that the
IgE antibody response is enhanced in phenytoin-treated mice, as
shown in Fig. 1. The reduced IFN-vy production was also observed
in vivo after LPS-administration in phenytoin-treated mice
(Fig. 3c). IL-4 could not be detected in vivo. IL-1a production
by spleen adherent cells after SAC-stimulation was also reduced
in phenytoin-treated mice as compared to the control mice
(Fig. 4). However, there was no significant difference in IL-6 and
IL-12 production between control and phenytoin-treated mice.

Effect of phenytoin-treatment on NK cell activity
NK cell activity was also studied in phenytoin-treated mice and
we found that splenic NK cell activity was significantly reduced in

Fig. 2. Effect of phenytoin treatment on splenocyte proliferative response.
a, KLH-specific proliferative response of splenocytes from phenytoin-
treated mice. Splenocytes (2 x 10°) were cultured with 50 or 100 wg/ml
KLH for 3 days. Control mice (n = 5, [J), phenytoin-treated mice (n = 5,
[71), control mice with KLH-immunization (» = 5, OJ), phenytoin-treated
mice with KLH-immunization (n = 5, B). b, Effect of phenytoin treatment
on splenocyte proliferative response to mitogens. Splenocytes from control
(OJ) or phenytoin-treated (H) mice were cultured with ConA, LPS or anti-
CD3 antibody for 3 days and their response was evaluated by [*H]-
thymidine incorporation. ¢, Effect of phenytoin treatment on accessory cell
funciton. Purified T cells (2 x 10°) and spleen adherent cells (5 x 10%)
from control (C) (n = 3) and phenytoin-treated mice (P) (n = 3) were
cultured with ConA for 3 days. The cells were labelled with 0-5 wCi [*H]-
thymidine for the last 18 h, harvested and [*H]-thymidine incorporated
by splenocytes was counted. Results are expressed as mean * SE of
stimulation index. *significantly decreased from the control group.
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phenytoin-treated mice as compared to the control mice (Fig. 5).
This is consistent with a previous report [10].

Effect of phenytoin-treatment on plasma ACTH and
corticosterone level

It is known that cellular immune function is affected by the HPA
axis. In particular, the cellular immune function was previously
reported to be suppressed by corticosterone and corticotropin-
releasing factor [26,27]. On the other hand, phenytoin is known to
act on the central nervous system to modulate neural activity. To
study the effects of phenytoin-treatment on the HPA axis, plasma
levels of ACTH and corticosterone were determined. Plasma
levels of ACTH and corticosterone were significantly higher in
phenytoin-treated mice than in the control mice (Fig. 6).

DISCUSSION

In this report, the effects of phenytoin on immune functions were
studied in mice. Chronic administration of phenytoin caused an
enhanced IgE antibody response and reduced T cell proliferative
responses. The reduced T cell proliferative response depended on
the impaired function of both T cells and accessory cells. In
addition, the cytokine profile was also altered in phenytoin-treated
mice in which the Thl type cytokine response (IFN-y) was
reduced and the Th2 type cytokine response (IL-4) was promoted.
Furthermore, NK cell activity in the spleen was reduced. Hence,
reduced NK cell activity by administration of phenytoin may
partly account for the reduced production of IFN-vy, as IFN-vy is
one of the important soluble factors which enhances NK cell
activity [28,29]. These results in this study suggest that chronic
administration of phenytoin inhibits Thl responses and promotes
Th2 responses which results in a suppressed cellular immunity and
in an augmented IgE response in phenytoin-treated mice.

Although there are variable studies concerning the effect of
phenytoin on immunoglobulin production in vivo [6,9,30,31],
phenytoin administration did not reduce the serum levels of total
IgG and IgE in this study (data not shown). This may be due to the
species and strains of animals used for experiments, administered
dose of phenytoin, and the antigen used for immunization.
However, this is the first report showing that phenyotin has a
different effect on antigen-specific IgG and IgE response and that
this difference is caused by the different effect of phenytoin on
Th1 and Th2 responses.

Concerning the molecular mechanism of the action of
phenytoin, it is reported that phenytoin acts on extracellular sites
of voltage-dependent sodium channels to inhibit Na* currents,
and lymphocytes and macrophages also have been shown to

Fig. 3. Effects of phenytoin treatment on cytokine production.
KLH-specific IL-4 (a) and IFN-y (b) production by splenoctyes from
phenytoin-treated mice. Splenocytes (5 x 10%ml) from control (CJ) or
phenytoin-treated (M) mice immunized with KLH were stimulated with 50
or 100 wg/ml KLH for 18 h and culture supernatants were harvested.
Cytokines were detected by ELISA. Results are expressed as mean * SE
of cytokines (pg or ng/ml) produced by 5 x 10° splenocytes (1 = 5).
*significantly different. ¢, Serum level of IFN-y in phenytoin-treated
mice. Control ((J) or phenytoin-treated (M) mice were injected i.p. with
LPS or PBS and their sera were harvested 18 h later. IFN-vy levels in their
sera were detected by ELISA. Results are expressed as mean * SE
(n = 5). * significantly different.
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Fig. 5. NK cell activity of splenocytes from phenytoin-treated mice.
Splenocytes from control () or phenytoin-treated (l) mice were cultured
with >'Cr-labelled YAC-1 cells at effector to target cell ratio of 100 : 1,
50:1 and 25: 1 for 4 h and released *'Cr was counted. Results are
expressed as mean = SE of specific cytotoxicity (n = 5). * significantly
different.

express voltage-dependent sodium channels [32-34]. Accord-
ingly, phenytoin may directly affect lymphocytes and macro-
phages. Therefore, we considered the direct effect of phenytoin on
immune cells by in vitro culture. In vitro culture of spleen cells
with phenytoin (10~® to 107® M) for 72 h did not have any
significant effect on mitogen-induced proliferation and cytokine
and immunoglobulin production (data not shown). These results
suggest that the effects of phenytoin on the immune system may
be an indirect action, although this acute in vitro model may be
not equivalent to the chronic administration of phenytoin in vivo.

In this study increased levels of plasma ACTH and cortico-
sterone were also demonstrated in phenytoin-treated mice. This is
consistent with previous studies confirming that the administration
of phenytoin to mice causes an increase in plasma corticosterone
levels [15,16]. Accordingly, we speculated that chronically
upregulated plasma levels of corticosterone played an important
role in shifting the immune system to a Th2 dominant response in
phenytoin-treated mice, because it has been reported that
corticosteroid acts on CD4™ T cells and antigen presenting cells
such as macrophages to promote Th2 type responses [17-20].
Recent studies have revealed the presence of direct immunom-
modulation by the nervous system, independent of the HPA axis
[35]. The increased levels of plasma ACTH suggest the presence
of upregulation of corticotropin releasing factor that has been

Fig. 4. Cytokine production of spleen adherent cells stimulated with SAC.
a, IL-1a; b, IL-6; ¢, IL-12 p70. Spleen adherent cells (1 x IOG/ml) from
control and phenytoin-treated mice were cultured with 0-005% SAC for
18 h and culture supernatants were harvested. Cytokines were detected by
ELISA. Results are expressed as mean = SE of cytokines (pg/ml)
produced by 10° spleen adherent cells (n = 6). * significantly different.
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Fig. 6. Serum level of (a) ACTH and (b) corticosterone in control ((J) or
phenytoin-treated (l) mice. Results are expressed as mean * SE of 5 mice.
* significantly different.

elucidated to activate the sympathetic nervous system in
phenytoin-treated mice [36,37]. Hence, there is a possibility that
phenytoin may have an effect on the immunological function
through the modulation of the neural pathway.

In conclusion, chronic treatment of phenytoin has an
inhibitory activity on Thl and accessory cell function, in which
ACTH and corticosterone may be involved, and results in Th2 cell

predominancy. Dysregulation of the Thl and Th2 balance by
phenytoin may play a role in the adverse effects in which
immunological mechanisms have been suggested. In addition,
these findings have an important therapeutic implication espe-
cially for allergic patients and tumour bearing patients who have
been receiving phenytoin for a long time, because the decreased
Th1 cytokine response and augmented Th2 cytokine response may
have unpleasant effects on disease course in these patients.
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