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Interleukin-1 (IL-1) is the main endogenous trans-
mitter of both the acute-phase reaction and the im-
mune response [8]. /r vivo administration of IL-1
leads to the stimulation of nonspecific protective re-
actions and to the activation of immunocompetent
cells. At the same time, an important component -of
the complex biological effect of IL-1 is its action
upon the neuroendocrine system, resulting specifically
in a rise of the glucocorticoid hormones in the blood
plasma [3,6]. High concentrations of glucocorticoids
are capable, in turn, of depressing immune reactions
[10]. This is may be the pathway by which the im-
mune response is regulated by negative feedback;
however, the mechanism of its realization remains
unclear. .

This paper is a study of the IL-1-glucocorticoid
interaction in the regulation of the immumne response
in vitro and in vivo.

MATERIALS AND METHODS

Purified human recombinant 1L-1 was used in this
study. The activity of the preparation evaluated in the
test of costimulation of mouse thymocyte prolifera-
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tion, was 10® IU/mg protein [1,9]. Heat-inactivated
recombinant IL-1B (90°C for 1 h) was used as a
control preparation in in vivo eXperiments. Heat-in-
activated IL-1B lacked costimuiating mitogenic activ-
ity in the cell culture.

CBA mice received in the morning a single
intraperitoneal injection of IL-13 or hydrocortisone
suspension (Gedeon Richter, Hungary). At various time
after injection the animals were sacrificed by cervical
dislocation, and peripheral blood, thymus, and spleen
were taken. The serum was aspirated after blood clot-
ting, centrifuged at 7000g, and stored at -20°C.

The. serum concentration of corticosterone was
measured by radioimmunoassay.Isolated thymocytes and
spleen cells were cultured for 18 h in order to esti-
mate the spontaneous proliferation or for 72 h in the
concanavalin A (Con A)-induced proliferation assay, in
96-well microplates (Flow) in the presence of 5%
CO,, as described earlier [2]. The production of IL-2
by the spleen cells stimulated with Con A for 36 h,
was evaluated using the IL.-2-dependent CTLL-2 cell
line [2]. The proliferation level was assessed by meas-
uring *H-thymidine incorporation, for which purpose
the cells were transferred to glass fiber filters (Flow)
with a cell harvester (Titertech) and the radioactivity
was measured in a scintillation B-counter.

In the course of immunization, mice were chal-
lenged intravenously with 2Xx107 sheep erythrocytes
(SE). IL-1B was injected simuitaneously with SE. On
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TABLE 1. Effect of Recombinant IL— 1B and Hydrocortisone on the Proliferation Level (cpm/min)j of Con A (6,5 mg/ml) — Stimu—
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lated Mouse Thymocytes (M*m)

IL-18 concentration Hydrocortisone concentration (ug/kg)
(1U/ml) 0 0.1 1 10
100 30015=1722* 14509=+973* 5864+328" 2327+183
10 255362237 12293=+1031* 4143+4517 1408=117
1 17386+=1498" 10722==720" 3530+286" 1807+212
0.1 9310726 5693=%=739 2301=137 1934=%=126
Control 7342692 4179+410 2109+176 1928=104

Note: Here and below an asterisk indicates values differing reliably from the control (p<0.05).

the S5th day the titer of SE-hemagglutinating antibod-
ies in the serum and the number of antibody-produc-
ing cells (APC) in the spleen were evaluated [7].

RESULTS

The addition of hydrocortisone to the mitogenic
lectin-stimulated lymphocytes in vitro drastically in-
hibited proliferation. IL-1B abrogated the gluco-
corticoid-induced inhibition (Table 1). The recom-
binant IL-1f preparation under study proved to sti-
mulate T- and B-lymphocyte proliferation andto
increase IL-2 production and IL-2 receptor expres-

sion [9], whereas glucocorticoids inhibit lymphocyte -

proliferation precisely due to the reduced production
of specific growth factors (such as IL-2, etc.) by the
cells. This is probasbly the mechanism of the IL-1
and glucocorticoid competitive interaction in their
influence on lymphocyte proliferation in vitro. As
may be judged from the results presented, IL-1 and
glucocorticoids behave as antagomists in the regulation
of lymphocyte proliferation in vitro.

On the other hand, two hours following recom-
‘binant IL-1B8 injection (10 pg/kg) injection into the
mice, the serum corticosterone level rose in a dose-
dependent manner, the maximum being reached with
an IL-1B dose of 100 pg/kg. The detailed time-

TABLE 2. IL—1p— and Hydrocortisone —Induced Changes in
Mouse Thymus: Spontaneous Cell Proliferation in Vitro and Cell
Count of Thymus from Mice Having Received Either or Both
Preparations 24 Hours Previously (M=*m)

Number of Level of
Dose of agent cells per spontaneous
thymus, proliferation,
X 10§ cpm X 103
IL—-18,

100 pg/kg 112" 4654 =307
10 pg/kg - 1927 10184 +683*
1 pg/kg 424 161591128
0.1 pg/kyg 483 192731075
Hydrocortisone, 1 mg/kg 61" 2983=207"

Hydrocortisone + IL—1,
{10 pg/kg) S=1* 1526=123"
Control 516 189701028

course analysis revealed that the serum corticosterone
level rose significantly just 20 min after injection of
10 mg/kg IL-1B, reached the maximum one hour
later, and slowly dropped thereafter. On the second
day after IL-1B challenge no increase of the corti-
costerone level could be registered in the mouse sera.
Heat-inactivated recombinant IL-1B failed to induce
corticosterone secretion.

IL-1 challenge induced considerable alterations in
the thymus. Twenty-four hours after a single injection
of IL-1, a significant decrease in the thymus cell count
was observed, as well as a reduced level of spontane-
ous proliferation of thymocytes in vitro. These indexes
resembled those obtained in the hydrocortisone-treated
animals. The combined administration of both agents
resulted in an additive effect (Table 2). The observed
changes persisted for 2 to 3 days following IL-1 injec-
tion; complete thymus repopulation was accomplished
only on the 5th-7th day.

This biological action of IL-1 is apparently me-
diated via the induction of endogenous corticosterone
synthesis and is related to the high level of prolif-
erative activity in the thymus. Glucocorticoids dras-
tically diminish the proliferating immature thymocyte
population due to their marked antiproliferative ac-
tivity and as a result lead to thymus depletion. How-
ever, unlike glucocorticoids, which induce accelerated
Iymphocyte death in the thymus, IL-1 can prevent
apoptosis development in thymocytes [11]. Therefore,
despite its corticosterone-inducing properties, 1L-1
may promote increased longevity of the T-lympho-
cytes and contribute to their recruitment for carrying
out protective functions.

Analysis of the influence of IL-1 and hydro-
cortisone on mature lymphocytes of mouse spleen re-
vealed no changes similar to those in the thymus.
Neither hydrocortisone nor IL-1 treatment affected the
spleen cell count. On the contrary, mice having re-
ceived IL-1 manifested spleen lymphocyte activation
and stimulation of the immune response. Twenty-four
hours after a single IL-1B injection the polyclonal
mitogen-induced proliferative response and IL-2 pro-
duction by the spleen lymphocytes were enhanced (Ta-
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ble 3). As is shown in Table 4, IL-1 administration
simultaneously with the antigen (SE) markedly in-
creased the number of APC per spleen and raised the
titer of serum hemagglutinin antibodies. These effects
of IL-1 were dose-dependent and were registered pre-
cisely in the dose range which caused a marked rise
of the serum corticosterone level.

The immunosuppressive properties of gluco-
corticoid hormones are well established [10]. One
might assume that the IL-1-induced corticosterone
could act as a negative regulator of the immune re-
sponse, since the serum corticosterone level of 8§00
ng/ml achieved bytreatment with high doses of IL-1
is similar to the hormone concentrations sufficient to

.effectively inhibit lymphocyte proliferation in vitro-

(see Table 1). However, this is not what takes place

TABLE 3. Recombinant IL— 1B —Induced Changes in Mouse

. Spleen Cells: Con A —Induced Proliferation and IL—2 Produc—
tion in Vitro by Spleen Cells from Mice Having Received 1L~
1 24 Hours Previously (M=*m)
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TABLE 4. Effect of Recombinant IL— 1f on the Number of An—
tibody — Producing Cells and Level of Antibody in Mice Im—
munized with SE

IL-1 dose Number of APC |Titer of hemagglu-
(ug/kg) per 10° spleen | tinating antibodies
cells {(-log,)
100 4283 10.7%+0.3"
10 241=11* 10=0
1 238+8* 10=0
0.1 2145 10=0
0.01 205=13 9.3+0.3
Control 197+12 9.7+0.3

IL-1B dose |Proliferation level,| IL-2 output,
(ng/kg) cpm IU/ml
100 351192843~ 342437
10 304212970 27.4=3.8*
1 21183=1562° 16.7=1.17
0.1 14274 +1239" 6.8+2.9
Control 90842647 3.8=13

in vivo. Despite the induction of endogenous corti-
costerone and the inhibition of thymic T-lymphocyte
proliferation, I1.-1 used in the very same doses causes
the activation of mature spleen lymphocytes and en-
hances the immune response, that is, the response to
T-dependentantigen (SE).

It should be pointed out that a single injection
of IL-1 in a dose range up to' 10 mg/kg induced no
signs of acute toxicity. The sera of treated mice did
not contain detectable amounts of tumor necrosis fac-
tor (data not presented), the appearance of which
serves as evidence of the development of high-dose
IL-1-induced toxic shock [12]. Evidently, both the
induction of corticosterone and immunostimulation

are normal manifestations of the biological effect of

IL-1 administered within the physiological dose
range. The IL-1-induced corticosterone rise is tran-
sient; it accompanies the development of acute-phase
reactions but does not interfere with the capacity of
IL-1 to activate the immunocompetent cells.

The IL-1-caused sharp rise of the corticosterone
level which occurs during the development of defense

reactions is probably more necessary for the limita-
tion of further endogenous IL-1 synthesis before toxic
concentrations are reached than for the realization of
a direct immunosuppressive effect. For instance, it
has been shown that adrenalectomized mice are more
sensitive to the toxic effect of IL-1, and, conversely,
lipopolysaccharide- and/or IL-1-induced lethality can
be overcome by treatment with glucocorticoid hor-
mones [5]. Moreover, the slight increase of the
glucocorticoid level observed for several hours fol-
lowing the phase of a markedly increased seram con-
centration may have an immunostimulatory effect, as
low concentrations of glucocorticoids have been
shown to induce IL-1 receptor expression by lym-
phocytes [4].

REFERENCES

1. 8. V. Kotenko, M. T. Bulenko, V. P. Veiko, et al., Dokl
Akad. Nauk SSSR, 309, Ned, 1005 (1989).

2. A. S. Simbirtsev, N. V. Pigareva, S. A. Ketlinskii, er al,,
Immunologiya [in Russian], Ne§, 39 (1990).'

3. E. G. Rybakina, K. Salai, E. A. Komeva, ef al., Problemy
Endokrinologii, 36, Ne2, 73 (1990).

4, T. Akahoshi, J. J. Oppenheim, and K. Matsushima,
J.Exp.Med., 167, Ne 3, 924 (1988).

5. R. Bertini, M. Bianchi, and P. Ghezzi, Ibid., 167, Ne 5,
1708 (1988).

6. H. Besedovsky, A. Rey, E. Soikin, et al., Science, 233,
Ne 4764, 652 (1986).

7. A. J. Cunningham and A. Szenberg, Immunology, 14, Ne

1, 599 (1968).

C. A. Dinarello, Blood, 77, Ne 8, 1627 (1991).

S. A. Ketlinsky, A. S. Simbirtsev, A. N. Poltorack, ef al,

Europ.Cytokine Netw., 2, Ne 1, 17 (1991).

10. D. N. Khansari, A. J. Murgo, and R. E. Faith,
Immunol. Today, 11, Ne 5, 170 (1990).

11. D. J. McConkey, P. Hartzell, S. C. Chow, ef al.,
J.Biol.Chem., 265, Ne 6, 3009 (1990).

12. S. Okusawa, J. A. Gelfand, T. Ikejima, er al., J.Clin.
Invest., 81, Ne 5, 1162 (1988).

13. K. A. Smith, Immunobiol., 161, Ne 1/2, 157 (1982).

O oo




