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Interleukin-1p partially alleviates cyclosporin A-induced suppression of IgG1 isotype
response to thyroglobulin in BALB/c mice in vivo

S. K. DALAI, B. MIRIYALA & S. K. KAR Centrefor Biotechnology, Jawaharlal Nehru University, New Delhi, India

SUMMARY

Cyclosporin A (CsA) at 120 mg/kg body weight when injected subcutaneously into BALB/c mice
along with thyroglobulin emulsified in incomplete Freund's adjuvant (IFA) was found to suppress
antigen-specific IgG titre by 86%. Isotyping revealed that both IgGI and IgG2a titres were
suppressed by 87% and 57%, respectively. But under identical conditions when complete Freund's
adjuvant (CFA) was used, the suppression of antigen-specific IgG, IgGI and IgG2a titres was
50%, 51% and 55%, respectively. Injection of anti-IL-13-neutralizing hamster monoclonal anti-
bodies along with thyroglobulin and CsA emulsified in CFA increased the suppression of antigen-
specific IgG titre. Under such conditions the IgGl titre was suppressed more than the IgG2a titre.
Recombinant human interleukin-l receptor antagonist (rhuIL-Ira) also enhanced the suppression
caused by CsA in the presence of CFA but control hamster immunoglobulin had no such effect.
Recombinant human IL- 1O, when administered along with thyroglobulin and CsA emulsified in
IFA, alleviated the suppression of antigen-specific IgG titre and the IgGI titre was alleviated
more than the IgG2a titre. Under identical conditions, rhuIL-Ira did not alleviate CsA-induced
suppression. Lymphocytes from the lymph nodes of thyroglobulin-sensitized BALB/c mice when
stimulated in vitro by thyroglobulin in the presence of CsA, secreted very little interferon-y
(IFN-,y) and IL-4, but on addition of an optimal dose of rhuIL- 13, IFN-y and IL-4 secretion was

partially restored.

INTRODUCTION

The nature and magnitude of the immune response an antigen
elicits in vivo after its entry into a host are determined to a
great extent by the cytokine milieu in which it encounters the
antigen-specific naive CD4' T cells and B cells. While naive
CD4' T cells undergo priming by their specific antigen to
develop into effector cells, they require interleukin-2 (IL-2) as
a growth factor,' but if other cytokines, such as IL-4 or
interferon-y (IFN-y), are also present they exert a cross-
regulatory effect.2-6 Therefore, any agent which can alter the
cytokine milieu by directly affecting cytokine gene expression
when administered along with antigen, is expected to modulate
the immune response significantly. Cyclosporin A (CsA) can
inhibit both the humoral and the cell-mediated immune
response by formation of a CsA-Cyclophilin complex which
inhibits the phosphatase activity of calcineurin, thereby affect-
ing dephosphorylation of nuclear factors of activated T cells
(NFAT), required for expression of IL-2 and other cytokine
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genes.7-" Therefore, in the presence of CsA, production of
IL-2 is inhibited and all IL-2-dependent cell proliferations are
blocked. Thus coinjection of CsA along with antigen would
affect the nature of antigen-specific effector T-helper cells that
would be generated in vivo. While a significant amount of
information is available about the effects of CsA on the cellular
immune response, we found that very limited data are reported
about its effect on the nature of different isotype antibodies
generated in vivo against any antigen. Antigens, when adminis-
tered emulsified in incomplete Freund's adjuvant (IFA), are
much less immunogenic in comparison to when administered
emulsified in complete Freund's adjuvant (CFA) because IFA
cannot activate antigen-presenting cells effectively and induce
secretion of enough cytokines.12 Therefore, we felt that it
would be interesting to study the effect of CsA on the nature
of antibody isotypes induced, when antigen is administered
along with CsA emulsified in a weak adjuvant like IFA and
compare it with the antibodies generated when the antigen is
administered along with CsA emulsified in a strong adjuvant
like CFA.

We found that coinjection of an immunosuppressive dose
of CsA (120 mg/kg body weight) along with thyroglobulin
(antigen) emulsified in IFA into BALB/c mice caused suppres-
sion of the antigen-specific IgGI and IgG2a response by 87%
and 57%, respectively. Under identical conditions, coinjection
of CsA with thyroglobulin emulsified in CFA caused
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suppression of the antigen-specific IgGI and IgG2a response

only by 51% and 55%, respectively. This suppression was not

enhanced even when a higher dose of CsA ( 160 mg/kg body
weight) was administered along with antigen emulsified in
CFA. Thus when the antigen was emulsified in IFA, CsA
affected the IgGI response much more than when it was

emulsified in CFA.

MATERIALS AND METHODS

Mice
Female BALB/c mice, 4-6 weeks old, obtained from the
National Institute of Nutrition, Hyderabad, were used in
our study.

Cytokines, cytokine kits and anti-IL-i/I-neutralizing antibodies
IL-1p and IL-I receptor antagonist (IL-Ira) were obtained
from the National Institute for Biological Standards and
Control (NIBSC), Hertfordshire, UK. Monoclonal hamster
anti-mouse IL- 1P-neutralizing antibody, Intertest-4 and
Intertest-'y kits for IL-4 and IFN-y assays, were obtained from
Genzyme (Cambridge, MA).

Determination ofimmunosuppressive dose of CsA for BALB/c
mice
The dose of CsA [Sandimmune, Sandoz (India), Bombay,
India] needed for maximal suppression of antibody response

in BALB/c mice was determined by subcutaneously injecting
different doses of CsA (40-250 mg/kg body weight) along
with thyroglobulin (50 jig/mouse) emulsified in IFA or in CFA
into different groups of animals on day 0 and day 21 and
bleeding them on day 28 and assaying antibody titres. The
minimum dose to cause maximum immune suppression was

found to be 120 mg/kg body weight of CsA. This dose was

used as the experimental dose of CsA.

Antigen and immunization
BALB/c mice (10 in each group) were immunized subcutane-
ously with 50 jg thyroglobulin (Sigma, St Louis, MO) per

mouse, emulsified either in IFA (group-1) or in CFA (group-2)
as control groups. The third and fourth groups of mice were

immunized as for groups 1 and 2 but with an experimental
dose of CsA. The fifth and sixth groups of mice were immun-
ized with antigen emulsified in IFA and an optimal dose of
human IL-1p (NIBSC; 1000 IU/mouse), without or with CsA.
The seventh and eighth groups of mice were immunized with
antigen emulsified in IFA and an optimal dose of IL-Ira
(NIBSC; 20 IU/mouse), without or with CsA. The ninth and
tenth groups of mice were immunized with antigen emulsified
in CFA in the presence of an optimal dose of hamster anti-
IL-i 1P-neutralizing antibody (Genzyme; 15 jg/mouse - at 0 hr,
24 hr, 48 hr), without or with CsA. The eleventh group of
mice were immunized with antigen emulsified in CFA contain-
ing CsA and normal hamster immunoglobulin (15,g/mouse)
as control. The twelfth group of mice were immunized with
antigen emulsified in CFA with IL-Ira (20 IU/mouse). The
thirteenth group of mice were immunized with antigen emulsi-
fied in CFA with CsA and IL-Ira. Optimal doses for IL-I1,
IL-Ira and anti-IL-i neutralizing antybody were determined
by separate experiments. A booster dose, as per the previous
immunization protocol, was given to all the respective groups

(groups 1-13) on day 21 and blood was collected from
individual mice from each group on day 28. Sera were then
prepared and stored at -70°.

Enzyme-linked immunosorbent assay (ELISA)
Thyroglobulin (1 jig in 100 Il of 0 05 M carbonate/bicarbonate
buffer, pH 9-5 per well) was coated to ELISA plates (Nunc,
Roskilde, Denmark), then blocked with 1% bovine serum

albumin (BSA) in the same buffer. ELISA was performed by
using serially diluted antisera from different groups. Isotyping
of antibodies was done following the published protocol.'3

In vitro stimulation oflymph node cellsfrom sensitized BALB/c
mice
Lymph node cells (2 x 10' cells in 200 Il of medium/well)
from thyroglobulin-sensitized BALB/c mice (I I days after
sensitization) were cultured in medium [RPMI-1640, 10% fetal
calf serum (FCS) with optimal concentration of thyroglobulin
(10 jig/ml)] and with optimal suppressive dose of CsA
(100 ng/ml) or optimal concentration of human IL-13,
(100 IU/ml), or optimal concentration of IL-Ira, (10 IU/ml)
at 370 in a humid chamber containing 5% CO2. All the optimal
doses were first determined by separate titrations. Supernatants
were taken after 24 hr and 36 hr, two early time-points at
which a maximal amount of IL-4 and IFN-y, respectively,
were found to be secreted and stored at - 700 for quantifi-
cation. For measuring lymphocyte proliferation, lymph node
cells were cultured for 48 hr with or without CsA and pulsed
with ['H ]thymidine (1 jCi/well) for 24 hr. Cells were washed
and then lysed with 1% sodium dodecyl sulphate (SDS) and
put in Cocktail-T. Counts per minute (c.p.m.) was read in a

1-scintillation counter.

Sandwich ELISA for cytokine assay

To quantify IL-4 and IFN-y in culture supernatants, Genzyme
Intertest-4 and Intertest-y kits, respectively, were used. Briefly,
capture antibodies (hamster monoclonal anti-IL-4 or anti-
IFN-,y) at 2 jg/ml in 0-1 M carbonate/bicarbonate buffer,
pH 9-6 were coated to ELISA plates (Nunc) and culture
supernatants along with cytokine standards were used to
quantify IL-4 and IFN-,y by sandwich ELISA.

Macrophage culture and IL-iI# assay

BALB/c mice were injected intraperitoneally with IFA, CFA,
or phosphate-buffered saline (PBS) (250 jl/mouse), respect-
ively. They were killed after 72 hr by cervical dislocation and
peritoneal macrophages were isolated and cultured separately
at 370 in a 5% CO2 atmosphere in 24-well flat-bottom plates
at 1 x 106 cells/well in RPMI-1640 medium with 5% FCS
following a published procedure.'4 Culture supernatants were

collected after 24 hr and IL-i was assayed by ['H]thymidine
incorporation using the IL-i1-dependent DIO.G4.1 cell line."
Briefly, serial dilutions of recombinant standard IL-i (Sigma)
and culture supernatants were incubated with 1 x 104 DIO.G4.1
cells in 96-well plates for 72 hr. Pulsed with ['H]thymidine
(1 jCi/well) for 24 hr. Mean c.p.m. values from triplicate
cultures were converted into pg/mi by fitting values with the
standard curve obtained using recombinant IL- 13B. Similarly,
the effect of a suppressive dose of CsA on the ability of
macrophages activated by CFA or IFA to secrete IL-13 was

measured by injecting into the peritoneum of another group
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of BALB/c mice an immunosuppressive dose of CsA
(120 mg/kg body weight) at 0 hr along with CFA or IFA and
then CsA alone at 48 hr. Collecting the peritoneal macrophages
at 72 hr, culturing them as described above and quantifying
secreted IL- 1p.

RESULTS

Differential suppression of thyroglobulin-specific antibody
response by CsA when coinjected with antigen emulsified in WFA
or CFA

The antigen-specific IgG end-point titres after two immuniza-
tions were 22+2 x I03 and 36+3 x I03 in group 1 and 2 mice,
respectively (Fig. IA, a and b). Under identical conditions
when an immunosuppressive dose of CsA (120 mg/kg body
weight) (Table 1) was injected, the antigen-specific IgG end-
point titres were suppressed to 3 + 0 5 x I03 and 18 + 2 x I03 in
group 3 and group 4, respectively (Fig. 1A, c and d). In the
presence of IFA, CsA induced 86% suppression of antigen-
specific IgG titre, but in the presence of CFA the suppression
was only 50%.

CsA in the presence of IFA suppressed the antigen-specific
IgGI response by 87%, but when CFA was used there was

only 51% suppression (Fig. IB, c and d). The antigen-specific
IgG2a isotype titre was reduced by 57% when IFA was used
as compared to 55% when CFA was used (Fig. IC, c and d).
Thus CsA caused a greater percentage suppression of antigen-
specific IgGI isotype response in the presence of IFA than in
the presence of CFA. But the percentage of suppression of
antigen-specific IgG2a titres induced by CsA in the presence

of IFA or CFA were not very much different.

Enhanced secretion of I1L-1p by peritoneal macrophages
activated by CFA compared with that activated by IFA and
effect of CsA on IL-1p secretion

When the peritoneal macrophages activated in vivo by CFA
or IFA were cultured in vitro for the secretion of IL- 1I, the
cells activated by CFA were found to secrete a higher quantity
of IL-1I (1500 pg/ml) than those activated by IFA (580 pg/ml)
(Table 2). In the presence of CsA, secretion of IL-1I by the

Table 1. Suppression of antigen-specific total IgG response to thyrog-
lobulin (Ag) in vivo by injection of different doses of CsA emulsified
in IFA or CFA. Results are arithmetic mean of anti-thyroglobulin
IgG titres of 10 mice+ SD, giving data of one representative experi-

ment of two conducted

End-point antibody titre + SD x IO-
CsA
(mg/kg body weight) Ag in IFA Ag in CFA

0 (20 0+3 0) (35 0+2 5)
40 (15-0+2-0) (30 0+3 0)
80 (10 0+2-5) (26 0+2 0)
120* (30+1 0) (200+30)
160 (2-8±+15) (19-0+40)
200 (27±+0 5) (20 0+2 0)
250 (28+06) (180+30)

* 120 mg/kg body weight of CsA was determined to be the optimal
dose for suppression of the humoral response to thyroglobulin.
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Figure 1. End-point titres of antigen-specific total IgG (A), IgGI (B)
and IgG2a (C) isotype response of BALB/c mice to thyroglobulin
antigen after two immunizations as measured by ELISA. Results are

arithmetic mean of antibody titres of 10 mice+SD, giving data of
one representative experiment out of three conducted. CsA dose used
was 120 mg/kg body weight. a, antigen in IFA; b, antigen in CFA; c,
antigen +CsA in IFA; d, antigen + CsA in CFA.

macrophages activated by CFA was reduced from 1500 pg/ml
to 1400 pg/ml, whereas under identical conditions the same

was reduced more drastically from 580 pg/ml to 350 pg/ml in
the case of macrophages activated by IFA (Table 2).

Enhancement of CsA-induced suppression of antibody response
to thyroglobulin in the presence of CFA by anti-IL-1-
neutralizing antibody and IL-lra

The suppression of antigen-specific IgG response to thyroglob-
ulin by CsA in the presence of CFA as adjuvant was further
enhanced from 50% to 86% by injecting hamster anti-IL-i13
neutralizing monoclonal antibodies ( 15 ,ug/mouse) at 0 hr,
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Table 2. Secretion of IL-1p by peritoneal macrophages activated
in vivo by PBS, IFA, CFA, or CFA/IFA in the presence of CsA

Activating agent(s) IL-l I (pg/ml)

PBS 184+15
IFA 580 +45
IFA + CsA (0 hr & 48 hr) 350 +25
CFA 1500+100
CFA+CsA (O hr & 48 hr) 1400+50

Results are arithmetic mean values of triplicate wells ±SD, giving
data of one representative experiment of three conducted.

D10 cell lines used in this IL-1i assay were cultured in vitro for
72 hr followed by 24-hr pulse with [3H]thymidine.

24 hr and 48 hr into group 10 mice (Fig. 2A, d and e). Injection
of normal hamster immunoglobulin into group 11 mice under
identical conditions did not enhance suppression (Fig. 2A, d
and f). When IL-Ira (20 IU/mouse) was injected, suppression
increased from 50% to 93% in group 13 mice (Fig. 2A, d and
g). Injection of anti-IL1P antibodies or IL-Ira in CFA also
induced suppression of antigen-specific IgG response by 36%
and 33% in group 9 and group 12 mice, respectively (Fig. 2A,
b and c).

Anti-IL-i13-neutralizing hamster monoclonal antibodies
enhanced the suppression of IgG1 response from 51% to 85%
(Fig. 2B, d and e) but normal hamster immunoglobulin had
no such effect (Fig. 2B, d and f) and IL-Ira showed enhance-
ment of suppression from 51% to 93% (Fig. 2B, d and g). The
antigen-specific IgGI isotype responses were also suppressed
by 30% and 28%, respectively, when anti-IL-13 antibodies or
IL-lra alone were injected with CFA (Fig. 2B, b and c). The
antigen-specific IgG2a response was further suppressed as was
the IgGI response by IL-13-neutralizing antibodies from 55%
to 67% (Fig. 2C, d and e) and by IL-Ira from 55% to 95%
(Fig. 2C, d and g). But normal hamster immunoglobulin did
not enhance suppression (Fig. 2C, d and f). The antigen-
specific IgG2a isotype responses were also suppressed by 44%
and 33%, respectively, when anti-IL-13 antibodies or IL-Ira
alone were injected along with CFA (Fig. 2C, b and c).

Partial alleviation of CsA-induced suppression of antibody
response to thyroglobulin by IL-1p
The suppression of antigen-specific IgG response to thyroglob-
ulin by CsA in the presence of IFA was alleviated by 42% by
injecting an optimal dose of recombinant IL-13
(1000 IU/mouse) with the antigen into group 6 mice (Fig. 3A,
d and e). But under identical conditions, IL-Ira (20 IU/mouse)
alleviated suppression only by 5% in group 8 mice (Fig. 3A,
d and f). Injection of IL-13 alone with IFA increased the
antigen-specific IgG response by 48% in group 5 mice (Fig. 3A,
a and b), while IL-Ira alone injected under the same conditions
into group 7 mice suppressed the antigen-specific IgG response
by 9% (Fig. 3A, a and c). Analysis of the antigen-specific
IgGI isotype response showed that IL- 1P alleviated the sup-
pression of the IgG1 response by 35% (Fig. 3B, d and e)
whereas IL-Ira alleviated the response by only 3% (Fig. 3B, d
and f). The antigen-specific IgGi isotype response was
enhanced by 39% when IL-13 alone was injected with IFA
but injection of IL-Ira alone under similar conditions sup-
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Figure 2. End-point titres of antigen-specific total IgG (A), IgGI (B)
and IgG2a (C) isotype response of BALB/c mice to thyroglobulin
antigen after two immunizations as measured by ELISA. Results are
arithmetic mean of antibody titres of 10 mice ±SD, giving data of
one representative experiment out of four conducted. CsA dose used
was 120 mg/kg body weight. a, antigen in CFA; b, antigen in CFA
with anti-IL-10~-neutralizing antibodies; c, antigen in CFA with IL-i
receptor antagonist; d, antigen +CsA in CFA; e, antigen +CsA in
CFA with anti-IL- I P-neutralizing antibodies; f, antigen + CsA in CFA
with normal hamster immunoglobulin; g, antigen + CsA in CFA with
IL-l receptor antagonist.

pressed the response by 4% (Fig. 3B, a and b, and a and c).
The antigen-specific IgG2a suppression was alleviated by 13%
when mice were injected withIL-o 13 along with gsA in IFA
(Fig. 3C, d and f) but injection of IL-Ira increased the
suppression from 57% to 71% (Fig. 3C, d and f). The antigen-
specific IgG2a response was enhanced by 100% when IL-13
alone was injected along with IFA but injection of IL-ira
alone suppressed the response by 14% (Fig. 3C, a and b, and
a and c).
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Figure 3. End-point titres of antigen-specific total IgG (A), IgGI (B)

and IgG2a (C) isotype response of BALB/c mice to thyroglobulin

antigen after two immunizations as measured by ELISA. Results are

arithmetic mean of antibody titres of 10 mice +SD, giving data of

one representative experiment out of three conducted. CsA dose used

was 120 mg/kg body weight. a, antigen in IFA; b, antigen in LEA with

IL-10f; c, antigen in LEA with IL-i receptor antagonist; d,

antigen +CsA in LEA; e, antigen +CsA in LEA with IL-113; f,

antigen + CsA in LEA with IL- receptor antagonist.

Alleviation of CsA-induced suppression of secretion of IL-4 and

LFN-y by in thyroglobulin-primed lymphocyte cultures

When lymphocytes from lymph node cells of thyroglobulin-

sensitized BALB/c mice were cultured in the presence of an

optimal dose of thyroglobulin (10 gtg/ml) IL-4 and LFN-y

were secreted at 25 pg/mi (Fig. 4A, a) and 5500 pg/mi, respect-

ively (Fig. 4B3, a). In the presence of an optimal dose of CsA

(100 ng/ml) (Table 3) the secretion of IL-4 and IEN--y were

reduced by 50% (Fig. 4A, a and d) and 71% (Fig. 4B3, a and

d), respectively. When the cells were cultured in the presence

of antigen, CsA, and optimal dose of IL-1Pf (100 IU/mi)

a b C d e f

Figure 4. In vitro secretion of IL-4 (A) and IFN-y (B) by the
lymphocytes from thyroglobulin-sensitized BALB/c mice stimulated
with thyroglobulin (Ag). Results are arithmetic mean values of
triplicate wells +SD, giving data of one representative experiment of
three conducted. CsA dose used was 100 ng/ml. a, Ag only; b,
Ag+IL-13; c, Ag+IL-1 receptor antagonist; d, Ag+CsA; e,
Ag + CsA + IL-1 13; f, Ag + CsA + IL-I receptor antagonist.

Table 3. In vitro suppression of T-cell proliferation by different doses
of CsA

Culture condition c.p.m. +SD x i0- % Suppression

Medium only (1 50+0 05)
Ag only (1009+100)
Ag+CsA (1) (7 45±+050) 30 0
Ag+ CsA (25) (5-75 +±020) 50 0
Ag +CsA (50) (4 05 +±025) 70 0
Ag+CsA (100)* (1-93±+035) 95-0
Ag+CsA (150) (2-35±+010) 900
Ag+CsA (200) (2 18±+020) 92 0
Ag+CsA (400) (2 01±+050) 94 0
Ag+CsA (500) (2 02+0 15) 94 5

Results are arithmetic mean c.p.m. values of triplicate wells + SD,
giving data of one representative experiment of three conducted. CsA
used in the range of 1 ng/ml to 500 ng/ml.

Lymph node cells from BALB/c mice sensitized with thyroglobulin
(Ag) were cultured in vitro for 48 hr followed by 24 hr pulse with
[3H ] thymidine.

* 100 ng/ml was determined to be the optimal dose CsA for the
suppression of T-cell response in vitro.

1998 Blackwell Science Ltd, Immunology, 95, 83-89

35

30

25

20

15

10

5

0

0
-tq

.8

S

w_



88 S. K Dalai et al.

Table 4. Alleviation of CsA-induced suppression of T-cell proliferation
in the presence of different concentrations of IL-i fI

Culture condition c.p.m. +SD x 10-3

Medium only (100±+010)
Ag only (9 00+0 92)
Ag+CsA (100 ng/ml) (1 80±+020)
Ag+CsA+IL-103 (10) (3 01±+050)
Ag+CsA+ IL-1I3 (20) (4 00+0-30)
Ag+ CsA + IL-1I3 (50) (7-07 +0-20)
Ag+CsA+IL-103 (100)* (8 00±+050)
Ag+CsA+ IL-1p3 (250) (6-10+0 25)
Ag+ CsA+IL-lI3 (1000) (5 01 +040)

Results are arithmetic mean c.p.m. values of triplicate wells + SD,
giving data of one representative experiment of three conducted. IL-iI
used in the range of 10 IU/ml to 1000 IU/ml.

Lymph node cells from BALB/c mice sensitized with thyroglobulin
(Ag) were cultured in vitro for 48 hr followed by 24 hr pulse with
[3H]thymidine.

*100 IU/ml was determined as the optimal dose of IL-1p for
alleviation of CsA-induced suppression of T-cell response in vitro.

(Table 4) the suppression of IL-4 and IFN-,y were alleviated
by 80% and 29%, respectively (Fig. 4A, d and e; Fig. 4B, d
and e). Under identical conditions when IL-Ira (10 IU/ml)
was used in place of IL-13 the suppression of IL-4 secretion
was alleviated only by 4% and no alleviation was observed in
the secretion of IFN-,y (Fig. 4A, d and f; Fig. 4B, d and f).
Addition of IL- 1O to cultures in the presence of thyroglobulin
enhanced IL-4 and IFN-,y secretion by 92% and 9%, respect-
ively (Fig. 4A, a and b; Fig. 4B, a and b). But IL-Ira under
similar conditions did not have any enhancing effect (Fig. 4A,
a and c; Fig. 4B, a and c).

DISCUSSION

When naive CD4' T (pTh) cells get activated by antigens,
they produce IL-2 as their first and major lymphokine.'6 Upon
subsequent antigen priming, these cells differentiate into either
Thl effector (eThl) or eTh2 cells secreting primarily IFN-y or
IL-4, respectively.2'6 In this process, IL-2 has been shown to
be not only needed as a growth factor but also as a differen-
tiation factor for acquisition of IL-4-secreting ability by eTh2
cells.2"6"7 Adjuvants create an immunogenic milieu for the
antigens emulsified in them by activating antigen-presenting
cells and generating cytokines.'8"9 Therefore, CFA, which
contains killed mycobacteria, is a better adjuvant than IFA.12
Since the potency of CFA as an adjuvant is related to its
ability to induce better cytokine secretion, CsA which inhibits
transcription of IL-2 and other cytokine genes is expected to
suppress the cytokine-mediated adjuvant effect of CFA more
effectively than that of less potent adjuvants like IFA. We
have studied the effect of coadministration of CsA (120 mg/kg
body weight) on the immune response of BALB/c mice against
thyroglobulin emulsified in CFA or IFA. We found that CsA
in the presence of CFA was much less immunosuppressive
than in the presence of IFA. The thyroglobulin-specific total
immunoglobulin (IgG) titre was reduced by 86% compared
to the control, when antigen along with CsA was admin-
istered emulsified in IFA. But when CFA was used, under
identical conditions, the reduction was only 50% (Fig. IA).

Concentrations of CsA higher than 120 mg/kg body weight did
not increase its immunosuppressive effect (Table 1). Analysis
of the antigen-specific IgGi and IgG2a titres (Fig. lB and C)
revealed that while the IgG2a titres were reduced to the same
extent in both cases, the IgGI titres were much more suppressed
by CsA in the presence of IFA than in the presence of CFA.

Production of IgGi isotype in mouse is influenced by Th2
cells.20 It has been reported that some Th2 cell clones require
IL-1 to proliferate in the presence of IL-4.21'22 It is quite likely
that CFA induces secretion of a much higher quantity of IL- 13
by activating macrophages.19 This has been demonstrated by
us to be so by taking peritoneal macrophages of BALB/c mice
activated by IFA and CFA separately and measuring the
quantity of IL-13 secreted by equal number of cells over a
24-hr culture period by using the DIO cell proliferation assay
(Table 2). If IL-i 1 is responsible for reduced immunosuppres-
sion by CsA in the presence of CFA then neutralization of
IL-13 by anti-IL-i1 antibodies or blocking its effect by using
IL-Ira should increase the observed suppression.

We find that optimal doses of anti-IL-i 13-neutralizing ham-
ster antibodies or IL-ir antagonist but not normal hamster
immunoglobulin increased the suppressive effect of CsA in the
presence of CFA in vivo. The suppression of the IgG response
was increased to the extent of 86% and 93%, respectively, of
the control in comparison to 50% when antigen was adminis-
tered emulsified in CFA in the presence of CsA (Fig. 2A). The
effect on IgG1 isotype response was also equally drastic
(Fig. 2B). The anti-IL-i 13-neutralizing antibodies and IL-Ira
when injected alone had also a suppressive effect on antigen-
specific total IgG and IgGi response (Fig. 2A, b and c;
Fig. 2B, b and c).

In the presence of CsA, while synthesis of IL-2 and other
cytokines would be reduced, IL-I13 production by macrophages
will not be affected to that extent.23'24 We have demonstrated
this by culturing peritoneal macrophages of BALB/c mice
activated by CFA in the presence of suppressive doses of CsA
and quantifying the amount of secreted IL-13 by DIO cell
proliferation assay (Table 2). The IL- 13 thus produced by
macrophages even in the presence of CsA would induce
proliferation of certain Th2-type cells which would secrete
IL-4 that would help in the production of IgGI isotype
antibodies. By injecting IL- 1P-neutralizing antibodies or IL-Ir
antagonist it is possible to reduce the effect of IL- 1P and
therefore, under such conditions we observed enhanced sup-
pression. The observed immunosuppression by CsA in the
presence of IFA must therefore be partly caused by the
inability of IFA to activate macrophages effectively to secrete
IL- 13 in sufficient quantity. Therefore, if one would administer
an optimal dose of IL-i 1P along with antigen emulsified in IFA
in the presence of CsA, there will be less suppression. We find
that when an optimal dose of IL-13 was injected along with
antigen emulsified in IFA and CsA there was 42% alleviation
of suppression of the IgG response. Under similar conditions,
when IL-Ira was used as a control, it did not show much
alleviation (Fig. 3A). The effect of exogenously added IL-13
on alleviation of IgGI response was 35% and IL-Ira had very
little effect (Fig. 3B). The effect of addition of IL- 13 on IgG2a
response was very marginal (Fig. 3C). Addition of IL- 13 to
thyroglobulin emulsified in IFA increased its immunogenicity
as evidenced by increased antigen-specific total IgG and IgGi
response. But under similar conditions IL-Ira did not show
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any enhancing effect (Fig. 3A, b and c; Fig. 3B, b and c).These
observations support our conclusion that the differential
immunosuppression by CsA in the presence of IFA and CFA
is due to production of a higher quantity of IL-I13 by activated
macrophages in the presence of CFA. We have demonstrated
that peritoneal macrophages activated by CFA produce higher
amounts of IL- 1 than the ones activated by IFA (Table 2).
If IL- 13 is capable of inducing proliferation of Th2 cells which
secrete IL-4 even in the presence of CsA, it should be possible
to test it in vitro. By using different concentrations of CsA in
thyroglobulin-induced proliferation of primed lymph node-
derived T cells, we saw that 100 ng/ml of CsA caused 95%
suppression (Table 3). Then under this condition when increas-
ing amounts of rIL- 13 were added to the culture it was found
that 100 IU/ml of it could bring 86% alleviation of T-cell
suppression (Table 4). We found that lymph node cells taken
from thyroglobulin-primed BALB/c mice when stimulated
with thyroglobulin in vitro in the presence of an optimal
concentration of CsA produced very little IL-4 and IFN-y.
The optimal dose of IL- 13 when added to these cultures
alleviated the ability of lymph node cells to produce IL-4 and
IFN-,y. But the alleviation of IL-4 production was 80% whereas
that of IFN-,y was only 29% (Fig. 4 A and B). Thus, IL-1 O is
capable of inducing proliferation of Th2 cells even in the
presence of CsA. Earlier work had shown that macrophages
parasitized in vitro with Leishmania major can induce prolifer-
ation of Th2 cells through release of IL-1I5 and Th2 cells can
proliferate in the presence of CsA.25'26 There are reports that
IL-2 and IFN--y production by Thl cells is more sensitive to
inhibition by Cholera toxin, 8-BR-cAMP and CsA than IL-4
production by Th2 cells.16'27 Thus IL- 13 in the presence of
CsA alleviates IL-4 secretion (Th2 cell product) much better
than IFN-y secretion (Thl cell product). Therefore IL-13 in
the presence of thyroglobulin can stimulate proliferation of
thyroglobulin-specific Th2 cells in the presence of CsA and
this is reflected in the partial alleviation of antigen-specific
IgGI isotype response in vivo.

REFERENCES

1. POWERS G.D., ABBAS AK. & MILLER R.A. (1988) Frequencies of
IL-2 and IL-4 secreting T cells in naive and antigen stimulated
lymphocyte populations. J Immunol 140, 3352.

2. SWAIN S.L., WEINBERG A.D., ENGLISH M. & HUSTON G. (1990)
IL-4 directs the development of Th2-like helper effectors.
J Immunol 145, 3796.

3. FERNANDEZ B.R., SANDERS V.M., MOSMANN T.R. & VITETTA E.S.
(1988) Lymphokine mediated regulation of the proliferative
response of clones of T helper 1 and T helper 2 cells. J Exp Med
168, 543.

4. GAJEWSKi T.F. & FITCH F.W. (1988) Antiproliferative effect of
IFN-y in immune regulation. I. IFN-y inhibits the proliferation
of Th2 but not Thl murine helper T lymphocytes clones.
J Immunol 140, 4245.

5. SEDER R.A., LEGROS G.G., BEN-SASSON S.S., URBAN J.J.,
FINKELMAN F.D. & PAUL W.E. (1991) Increased frequency of
interleukin-4 producing T cells as a result of polyclonal priming.
Use of a single-cell assay to detect interleukin-4 producing cells.
Eur J Immunol 21, 1241.

6. GAJEWSKI T.F., JOYCE J. & FITCH F.W. (1989) Antiproliferative
effect of IFN-y in immune regulation. III. Differential selection
of Thl and Th2 murine helper T lymphocyte clones using recombi-
nant IFN-y. J Immunol 143, 15.

7. DAVID A.F., CLAUDE B.K., BARBARA E.B. & STEVEN J.B. (1992)
Calcineurin phosphatase activity in T lymphocytes is inhibited by
FK506 and Cyclosporin A. Proc Natl Acad Sci USA 89, 3686.

8. NEIL A.C. & GERAID R.C. (1992) Identification of calcineurin as
a key signalling enzyme in T lymphocyte activation. Nature
357, 695.

9. O'KEEFE S.J., JUN'ICHI T., RANDALL L.K., MICHAEL J.T. &
EDWARD A.O. (1992) FK506- and CsA-sensitive activation of the
interleukin-2 promoter by calcineurin. Nature 357, 692.

10. BRAM R.J., HUNG D.T., MARTIN P.K., SCHREIBER L. & CRABTREE
G.B. (1993) Identification of immunophilins capable of mediating
inhibition of signal transduction by cyclosporin A and FK506:
roles of calcineurin binding and cellular location. Mol Cell Biol
13, 4760.

11. SCHMID F.X. (1993) Prolyl isomerase: enzyme catalysis of slow
protein-folding reactions. Annu Rev Biophys Biomol Struct 22, 123.

12. SVENDSEN B.L., CROWLEY A., STODULSK G. & HAU J. (1996)
Antibody production in rabbits and chickens immunized with
human IgG. A comparison of titre and avidity development in
rabbit serum, chicken serum and egg yolk using three different
adjuvants. J Immunol Meth 191, 113.

13. ENGVALL E. & PERLMAN P. (1972) Enzyme Linked Immunosorbent
Assay, ELISA. III. Quantitation of specific antibodies by enzyme-
labeled anti-immunoglobulin in antigen-coated tubes' J Immunol
109, 129.

14. KINCY-CAIN T. & BOST K.L. (1997) Substance P-induced IL-12
production by murine macrophages. J Immunol 158, 2334.

15. CHAKKALATH H.R. & TITUS R.G. (1994) Leishmania major parasit-
ized macrophages augment Th2 type T cell activation. J Immunol
153, 4378.

16. SEDER R.A. & PAUL W.E. (1994) Acquisition of lymphokine-
producing phenotype by CD4+ T cells'. Annu Rev Immunol 12, 635.

17. BETz M. & Fox B.S. (1990) Regulation and development of
cytochrome C-specific IL-4 producing T cells. J Immunol 145, 1046.

18. HADJIPETROU K.L. & MOLLER E. (1984) Adjuvants influence the
immunoglobulin subclass distribution of immune responses in
vivo. Scand J Immunol 19, 219.

19. OPPENHEIM J.J., TOGAWA A. & CHEDID L. (1980) Components of
mycobacteria and muramyl dipeptide with adjuvant activity induce
lymphocyte factor. Cell Immunol 50, 71.

20. MOSMANN T.R. & COFFMAN R.L. (1989) Thl and Th2 cells:
different patterns of lymphokine secretion lead to different func-
tional properties. Annu Rev Immunol 7, 145.

21. CHANG T.L., SHEA C.M., URiosTE S., THOMPSON R.C., BOOM
W.H. & ABBAS A.K. (1990) Heterogeneity of helper/inducer T
lymphocytes. III. Responses of IL-2- and IL-4-producing (Thl
and Th2) clones to antigens presented by different accessory cells.
J Immunol 145, 2803.

22. GAJEWSKI T.F., PINNAS M., WONG T. & FITCH F.W. (1991)
Murine Thi and Th2 clones proliferate optimally in response to
distinct antigen-presenting cell populations. J Immunol 146, 1750.

23. SHEVACH E.M. (1985) The effects of Cyclosporin A on the immune
system'. Annu Rev Immunol 3, 397.

24. EMMEL E.A., VERWEIJ C.L., DURAND D.B., HIGGINS K.M., LACY
E. & CRABTREE G.R. (1989) Cyclosporin A specifically inhibits
function of nuclear proteins involved in T cell activation. Science
246, 1617.

25. HUBER M., RUTHERFORD A., MEISTER W., WEISS A., ROLLINGHOFF
M. & LOHOFF M. (1996) TCR- and IL-1-mediated costimulation
reveals an IL-4 independent way of Th2 cell proliferation. Int
Immunol 8, 1257.

26. SCHMIDT J., FLEISSNER S., HEIMANN-WEITSCHAT I. et al. (1994)
Effect of corticosteroids, cyclosporin A, and methotrexate on
cytokine release from monocytes and T cell subsets.
Immunopharmacology 27, 173.

27. MUNOZ E., ZUBIAGA A.M., MERROW M., SAUTER N.P. & HUBER
B.T. (1990) Cholera toxin discriminates between T helper 1 and
2 cells in T cell receptor-mediated activation: role of cAMP in
T cell proliferation. J Exp Med 172, 95.

© 1998 Blackwell Science Ltd, Immunology, 95, 83-89


