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In this communication we reveal differential inhibitory effects of cyclo-
sporine A (CsA) on generation of the cellular and humoral immune respon-
ses to sheep erythrocytes (SRBC) in mice. For the analysis of the regulatory
effects of CsA, we analyzed the results of 45 separate experiments performed
in recent years where CsA served as a reference drug for our research on
various immunoregulatory compounds. The humoral immune response was
determined as the number of plaque-forming cells (PFC), and the delayed
type hypersensitivity (DTH) was measured by foot pad swelling. We demon-
strated that treatment of mice intraperitoneally (ip) with a dose of 100 �g of
CsA/mouse, 2 h after immunization resulted in a differential pattern of inhi-
bition of these two types of the immune response depending on the magni-
tude of the response in a given experiment. In the case of the antibody re-
sponse (mean number of PFC 2312 median 2200), high PFC numbers were
inhibited stronger than low ones; mean values in respective quarters and
inhibitory actions were the following: 1552 (42.3%), 2049 (52.4%), 2441
(61.2%) and 3042 (62.5%). In consequence, high, medium and low respon-
ses were down-regulated to approximately the same level. Another inhibi-
tory pattern was observed in the DTH model (mean 10.35 units, median 10.8
units), i.e. low DTH responses were suppressed more strongly than high
ones. The mean DTH responses and suppression effects in respective quar-
ters were: 7.4 (58.2%), 10.1 (52.7%), 11.8 (51.8%) and 13.1 (38.8%). As the
result of such CsA action, the DTH response profile was parallel to that of
the control response. In summary, the humoral immune response was down-
-regulated by CsA proportionally to the immune response observed in control
mice, while DTH response was inversely proportional. The possible mecha-
nisms of the observed regulatory CsA actions are discussed.
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Abbreviations: CsA – cyclosporine A, DTH –
delayed type hypersensitivity, GVHD – graft versus
host disease, PBMC – peripheral blood mononu-
clear cells, PWM – pokeweed mitogen, RES – re-
ticuloendothelial cell system, SRBC – sheep red
blood cells.

INTRODUCTION

Cyclosporine A (CsA) is an immunosuppres-
sant widely used to prevent rejection of allografts
and treat some autoimmune diseases [15]. The exact
mechanism of the suppressory CsA action, involv-
ing binding to cyclophilin and antagonizing the
Ca'' calmodulin-dependent protein phosphatase
2B or calcineurin, has been elucidated [18]. CsA
exerts its suppressory action by inhibiting activity
of a panel of cytokines such as: IFN-�, GM – CSF,
IL-2, 4 and 5 [1, 10, 15]. A generation of antigen-
specific suppressor T cells by CsA has been also
implicated in the action of CsA [4]. CsA induces
not only suppression of the immune response but
may also induce autoimmune diseases and synge-
neic graft versus host disease (GVHD) [2, 13]. CsA
was also shown to prevent apoptosis in several
models [3, 6, 12] and superantigen-induced periph-
eral blood T cell deletion [19].

CsA is not only used in medical practice but
also as a reference drug for studying suppressory
action of new compounds in both in vivo and in
vitro immunological assays. In our investigations,
CsA was parallely used for studying suppressory
properties of various compounds in the models of
sheep red blood cells (SRBC)-induced humoral and
cellular immune responses in mice. Analyzing the
data, collected over several-year study, we noticed
an interesting phenomenon which reveals differen-
tial behavior of CsA in the of inhibition of humoral
and cellular immune response to SRBC. Presenta-
tion of the data and attempt to explain the basis for
that phenomenon are the subjects of this report.

MATERIALS and METHODS

Animals

CBA and 129/Iiw female mice were supplied
by the Inbred Mice Breeding Centre of the Institute
of Immunology and Experimental Therapy, Wro-
c³aw, Poland. Mice were used for experiments when

8–12 weeks old. The animals were fed a standard
granulated food and tap water ad libitum.

Erythrocytes

SRBC were supplied by the Laboratory of Gene-
ral Chemistry, Institute of Immunology. SRBC were
stored in Alsever’s solution for at least 3–4 days
before use.

Immunization of mice for the studies of humoral

immune response and determination of plaque-

forming cells

CBA mice were immunized intraperitoneally
(ip) with a single 0.2 ml dose of 10% SRBC sus-
pension in 0.9% saline. After 4 days the spleens
were isolated, a single cell suspension was prepared
and the number of plaque-forming cells (PFC) was
determined according to Mishell and Dutton [11]
and expressed as the PFC number per 10( viable
spleen cells.

Immunization of mice for the studies of delayed

type hypersensitivity (DTH) to SRBC

129/Iiw mice were immunized intravenously
(iv) with a small dose of SRBC (5 × 10!) as descri-
bed elsewhere [7]. After 4 days a challenging dose
of SRBC (10)) was administered subcutaneously
(sc) into hind foot pads and the reaction was meas-
ured after 24 h using a caliper. Control mice were
not sensitized but challenged with the antigen to
reveal background, non-specific responses, which
was subtracted from the responses of sensitized
mice. The response (foot pad swelling) was ex-
pressed in DTH units (1 unit = 0.1 mm).

Cyclosporine A (Sandoz, Switzerland) was gi-
ven to mice ip at a dose of 100 �g/mouse, 2 h fol-
lowing immunization.

RESULTS

CsA-induced inhibition of the humoral

immune response to SRBC in mice

The effects of the ip administration of 100 �g of
CsA on anti-SRBC-evoked humoral immune re-
sponse in 45 experiments in mice are presented in
Figure 1. The results are presented as dependence
between PFC numbers in control mice in a given
experiment and the effect of CsA expressed as per-
cent inhibition. The distribution of individual data
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revealed that lower immune responses were inhibited
to a lesser degree than higher ones. To get a better
insight into the nature of the inhibition, the individ-
ual PFC values were divided into 4 quarters, repre-
senting increasing immune responses with the fol-
lowing respective PFC mean values: I-1552, II-2049,
III-2441 and IV-3042. Interestingly (Fig. 2), the in-
creasing inhibitory effects of CsA (42.3, 52.4, 61.2
and 62.5%) resulted in attaining comparable PFC
numbers in respective quarters (896, 975, 947 and
1140).

CsA-induced inhibition of DTH to SRBC

in mice

Analogous presentation of CsA-mediated inhi-
bition was prepared for DTH (Fig. 3). The individ-
ual data from 46 experiments are presented, show-
ing dependence of CsA action on DTH response,
expressed in DTH units. Contrary to the humoral
immune response, it appeared that low DTH reac-
tions were more strongly inhibited than higher
ones. The analysis of respective quarters revealed
that, unlike the humoral immune response, DTH
was not suppressed to the same level. Mean inhibi-
tion was as follows for increasing DTH responses:
7.4 (58.2%), 10.1 (52.7%), 11.8 (51.8%) and 13.1
(38.8%). The resultant, inhibited responses in these
quarters remained, however, still differentiated:
3.09, 4.77, 5.68 and 8.02 DTH units. Thus, the ef-
fects of CsA on the DTH, differed from those ob-
served in the humoral response.

DISCUSSION

In this report we describe inhibitory properties
of CsA given to mice (ip) on SRBC-elicited humo-
ral and cellular immune responses. The study was
based on a large number of experiments (45) per-
formed during last 5 years, which included about
450 mice for determination of the humoral, and 630
mice for cellular immune response. In each experi-
ment the effects of CsA were statistically signi-
ficant, independently of the degree of inhibition.
The variability of the humoral immune response to
SRBC between experiments was significant despite
use of the same strain and dose of antigen. The kind
of biorythm in the immune response to SRBC was
described by us before [21]. This study indicates
that the variability of the immune response may
also occur in the cellular immune response to SRBC.

Control experiments demonstrated (not shown) that
the applied immunization protocols generated only
marginal immune responses of the opposite type so
that the analyzed responses were homogenous.

Statistical evaluation of the data revealed that
the inhibitory action of CsA on antibody production
and cellular response were different. Before attemp-
ting to provide even a speculative interpretation of
these findings we have to realize that the action of
CsA in our experimental system was probably only
restricted to the inductive phase of the immune re-
sponse (CsA given 2 h following immunization).
The sites of antigen degradation and processing
should be different depending on immunization
protocols, i.e. at ip antigen administration the peri-
toneal macrophages and possibly Ly1' B cells [20]
may act as antigen presenting cells, on the other
hand, for iv immunization, splenic macrophages B,
cells and dendritic cells may be involved [9]. Never-
theless, both, macrophages and B cells, may be ef-
fective in generation of TH1 and TH2 type reac-
tions [17]. Moreover, it seems that the initial degra-
dation process by macrophages may not be affected
by CsA since most functions of reticuloendothelial
cell system (RES) are resistant to CsA action [8].
The relatively slow biodegradation of CsA [5],
with a half life between 24–36 h, indicates that suf-
ficient concentration of CsA still occurs during
commitment of helper T cells to TH1 and TH2
lineages [16]. Although suppressory action of CsA
on early precursors of T helper cells for both types
of the immune response may result from inhibition
of IL-2-mediated signals, quite different patterns of
inhibition in humoral and cellular immune respon-
se have probably a different basis. For example, it
is possible that the weaker inhibition of high DTH
responses may be associated with the phenomenon
of CsA-mediated prevention of anergy in T cells
[19]. It is accepted that TH1 cells, which mediate
also autoimmunity, are particularly susceptible to
apoptosis [16] and CsA may enhance TH1-media-
ted autoimmunity. Prevention of anergy to certain
CsA doses was described with respect of superanti-
gen-treated peripheral mouse T cells [19]. Those
doses corresponded to the doses of CsA used in our
studies (equal or lower than 6.25 mg/kg of body
weight, i.e. about 100 �g/mouse. We also observed
(not shown) alterations in the CsA-mediated inhibi-
tion of the SRBC immune response at 10 �g/mouse
dose. Those changes were, however, less marked as
compared to 100 �g dose.
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The stronger immunosuppression of high hu-
moral immune response to SRBC may be explained
by a preferential inhibition by CsA of IL-4 produc-
tion as compared to IL-2, a phenomenon previously
observed with ConA-stimulated lymphocytes [1].
At the concentration of 1045 M CsA did not affect
IL-2 production, whereas IL-4 was almost totally
inhibited. In this way, the development of TH2,
antigen-specific clones would be particularly sup-
pressed. Our studies indicate (to be published) that
pokeweed mitogen (PWM)-induced generation of
antibody-forming cells in human peripheral blood
mononuclear cells (PBMC) cultures was inhibited
by CsA at 10 �g/ml by 98–99% which is consistant
with the observed preferential inhibition of TH2
type cytokine activity. On the other hand, the phe-
nomenon of anergy inhibition in immature B cells
by CsA [3] may also contribute to the weaker sup-
pression of the low antibody response by CsA pro-
vided that CsA may increase the pool of antigen-
reactive B cells. So, in the case of the humoral im-
mune response, two types of CsA effects (on T and
B cells) may play a role in the resultant CsA action.

In summary, the presented data suggest that
other signals, than those mediated by IL-2 receptor
are also affected by CsA as suggested by others
[14]. Our findings should be taken into considera-
tion at interpretation of laboratory data where CsA
is used as a reference drug. In addition, differential
suppressory action of CsA on the humoral and cel-
lular immune response should be considered at
evaluation of its therapeutic functions in the treat-
ment of diseases with a mixed type of immunity
and response to allografts.
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