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In Vitro Immunosuppressive Effects of FK506 in
Combination With Other Drugs

A. Zeevi. R. Duquesnoy, G. Eiras, H. Rabinowich, S. Todo, L. Makowka. and T.E. Stary

HE IN VITRO immunosuppressive ac-
tivity of the newly described drug
FK506 (FK) is several hundredfold greater
than that of cyclosporine A (CsA)."? The
strong inhibitory effect of FK can be demon-
strated in primary mixed lymphocyte culture
{MLC) and in secondary proliferation of
alloreactive T cells generated from mixed
lymphocyte response (MLR) cultures or pro-
pagated from organ transplant biopsy speci-
mens.'” The inhibitory effect of FK on lym-
phocyte proliferation appears to be mediated
by blocking of interleukin 2 (IL2) release.'?
Our in vitro studies showed a synergism
between the immune suppressive effects of FK
and CsA’ on both primary and secondary T
lymphocyte activation. In addition. effective
prolongation of graft survival in dogs and rats
was achieved by using combination therapy
with low doses of FK, CsA, and steroids.**
We describe here the in vitro immunosup-
pressive effects on human MLR proliferation
of combinations of low doses of FK, CsA, and
azathioprine (Aza). These studies may have
clinical application in that nontoxic low doses
of drug combinations may provide effective
immunosuppressive treatment.

MATERIALS AND METHODS
MLC

Human peripheral blood lymphocytes were isolated
from heparinized blood by the Ficoll-Hypaque gradient

From the Divisions of Pathology and Surgery, Univer-
sity of Pittsburgh, School of Medicine.

Supporied in part by Grants No HL-36416 and Al-
23467 from the National Institutes of Health and a grant
JSrom the American Heart Association, Western Pennsyl-
vania Chapter.

Address reprint requests to A. Zeevi, PhD. University
of Pitisburgh, Department of Immunopathology. One
Children’s Place, Room 5711, Pittsburgh. PA 15213-
3417.

© 1988 by Grune & Stration, Inc.

0041-1345/88/2001-1082503.00/0

method Unidirecuional MLR cultures were sey up w
10° respander and 10" irradiated (2000 R) stimyps
cells in a volume of 200 ul tissue culture mﬁdiuq
supplemented with 10% human serum for 6 days. Prolif.
eration was assessed by the degree of ’H-thymid,m
incorporation during the final 20 hours of incubatjgp ¢

Drug Sources

FK was kindly supplied by Fujisawa Pharmaccuniq]
Co. Osaka, Japan. as a crystalline powder. j way
dissolved in methano! and kept at -4°C. Aza wag pur.
chased from Sigma Chemical Co. St Louis. and wg
dissolved in a minimal amount of dilule NaOH. CsA wy
obtained from Sandoz (Hanover. NJ) and was dissolveq
in ethanol.

Dose Effect of FK, CsA, and Aza on
Lymphocyte Proliferation

The immunosuppressive effect of FK, CsA. and Aza op
MLR reactivity was measured at different concentrations
of drugs ranging from 0.01 to 1,000 ng/mL. The resulis
were expressed as percent inhibition by using the follow-
ing formula: percent inhibition « [1 - (cpm with drugs/
cpm without drugs)] x 100.

RESULTS
Effect of Low Doses of FK and CsA on MLR

We have previously shown that FK induced
a significant inhibition of the MLR and that
this effect was observed at concentrations of
drug that were 500-fold lower than those of
CsA .’ Combinations of low doses of FK and
CsA are illustrated in Fig 1. It may be seen
that a significant inhibition of 60% was
achieved by adding to the lymphocyte culture
FK and CsA at concentrations of 0.05 and 10
ng/mL, respectively. On the other hand, at
these low concentrations neither drug was
effective. Our data also suggest that the syner-
gistic effect between CsA and FK is primarily
dependent on the concentration of the latter.
For instance, the addition of 0.05 ng/mL of
FK to lymphocyte cultures in the presence of
various concentrations of CsA (1 to 10 ng/
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4. Effect of low doses of FK and CsA on MLR.
Fo .ns of MLR in the presence of different concen-

O FK (0.05 and 0.025 ng/mL] were 2% and 0%.
ively. (W), CsA + FK 0.05 ng/mi: {(Q). CsA ~+ FK

o5 ng/mi: (T CsA.

gL ) induced a significant inhibition of MLR
(43% 10 61%). On the other hand. a twofold
reduction of the FK dose (0.025 ng/mL)
sdded to the same concentrations of CsA (1 to
10 ng/mL) greatly diminished the synergistic
inhibitory effect of these drug combinations.

Effect of Low Doses of FK and Aza on MLR

Significant inhibition of the MLR (>50%)
was demonstrated in the presence of FK at
concentrations that were at least 10%fold
fower than those of Aza (data not shown). The
inhibitory effect of the combination of low
doses of FK and Aza was tested on primary
MLR proliferation. The two doses of FK (0.05
and 0.025 ng/mL) that alone showed no inhi-
bition of MLR were added to lymphocyte
cultures that contained Aza () 10 0.1 ug/mL).
Maximum inhibitory effect was achieved by
combining FK with Aza at concentration of
0.05 ng/mL and 1 pug/mL, respectively (Fig
2). The synergism between FK and Aza was
mostly affected by the concentration of FK in
the mixture, as previously demonstrated for
the FK-CsA combination (Fig 2).

These findings suggest that certain low
concentrations of FK and CsA or FK and Aza
have similar synergistic inhibitory effects on
primary T lymphocyte activation as measured
by the MLR test.

AZL w5 m

Fig 2. Effect of low doses of FK and Azs on MLR.
Inhibitions of MLR in the presence of different concen-
trations of FK (0.05 and 0.01 ng/mL) were 7% and 4%,
respectively. (B). Azs - FK 0.05 ng/mi. {O). Aza = FK
0.01 ng/ml: (O). Aza.

DISCUSSION

These results extend our original observa-
tions that low doses of FK and CsA exhibit a
synergistic immunosuppressive effect on lym-
phocyte proliferation’ This synergism was
observed not only between FK and CsA but
also in the combination of low doses of FK and
Aza.

Significant synergism was detected in the
presence of the maximum FK concentration
that showed no or minimal immunosuppres-
sive effect on lymphocyte proliferation. The
same pattern was observed for both combina-
tions, FK-CsA and FK-Aza. which suggests
that the presence of a certain amount of FK
was essential in achieving a significant syner-
gistic effect.

The effectiveness of any drug therapy must
consider the side effects that seem to be
associated with higher concentrations of the
drug. A clear advantage of using combination
of low doses of drugs. FK-CsA or FK-Aza to
prolong transplant survival is that there would
be a reduction of these complications.
Recently igwas shown that combination ther-

apy with low doses of FK, CsA, and steroids

may effectively induce prolongation of car-
diac allografts in rats and kidney allografts in
dogs.’

The mechanism of synergism between FK
and other drugs is not well understood. CsA
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and Aza exhibit their immunosuppressive
effects on lymphocyte proliferation through
different mechanisms. The inhibitory effect of
CsA is mediated by inhibition of 112 release.
whereas Aza interferes with DNA synthesis
of all dividing cells. However, both drugs show
a similar synergistic effect when used in low
doses in combination with FK. Recent studies
have shown that cellular uptake of *H-CsA is
enhanced when peripheral blood lymphocytes
are incubated in a medium containing FK.*

These findings may indicate that the syner-

2Eky, r "

gism between FK and CsA might be rejy,

lymphocyte membranc binding of thege dry L
Studies are currently initiated 10 inveg; .!-\. ;

the influence of FK on the uptake of Ol;h

drugs such as Aza and steroids. @

Furthermore. the development of 4 seng;
tive test to quantitate the amount of FK gp,
membrance v that bound intracellularly wil

enable us to obtain a better understanding o

the mechanism of synergism tzclween FK ang
other drugs.
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