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1. Since the inception of this contract in August 1978, research activi-
ties have been directed toward the development and definition of an anti-idio-
typic antibody (AIA) in the outbred primate, M. speciosa, the stump-tailed
macaque. Prior work at the Naval Medical Research Institute had demonstrated
that such an antibody could be raised in a chimpanzee model. OQur purpose was
to develop this antibody in a small, less expensive macaque model. In addition,
this model gave us an opportunity to (a) study the effect of various immuno-
suppressive agents on cell surface receptors and (b) aid in our understanding
of immune regulatory mechanisms,

2. As noted in the first 6 month report, equipment and supplies necessary
for cellular culture techniques and immunology cellular assay systems were
developed. By Febfuary 1979, the laboratory was quite functional and data
concerning the lymphocyte properties of M. speciosa were being defined. A care-
ful kinetic examination of the cellular immune response in this species to both
alloantigenic and mitogenic stimuli was performed. Results of these studies
are noted below:

a. Mitogens - mitogenic concentrations ranged through 3 log increments.

Mitogen studies included PHA(M) 0.01-5%, Concanavalin-A 1-1000pgm/ml,

Pokeweed 0.1-50pgm/mi and LPS (E. coli) 0.1-100ugm/ml. Peak CPM's and

time of maximum response are as follows:

MITOGENS CPM x 103 4 S.E. DAY
PHA 1% 190 + 2.5 4.5
Con-A Zspgm/ml 360 £ 4.1 4
Pokeweed 0.5ugm/m} 154 + 6.3 4.5
LPS 100ugm/m 154 1.2 4
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b. Alloantigens (MLR) - alloantigenic responses were studied in mixed
lymphocyte culture. Peak responses were noted on Day 5 % 0.5 with

23,794 £ 2,569 cpm.

c. Primed Cell Stimulation - primed cells were prepared as described in
the original contract proposal. Briefly, cells from responder monkey (A)
were co-cultured with irradiated cells from the stimulator monkey (Bx)

for 10 days. On the 10th day these cells were harvested and re-stimulated
with the original cell (Bx). As noted below we clearly demonstrate the

ability of these "primed" cells to respond in a secondary MLC.

FRESH FROZEN
PRIMED UNPRIMED UNPRIMED
RESPONDER RESPONDER RESPONDER
cpm £ S.E. cpm + S.E. cpm + S.E.
Day 2 16,322 + 1,534 7,432 * 306 3,197 £ 424
Day 3 8,717 *+ 374 6,175 £ 195 5,603 + 623
Day 4 13,235 + 2,200 2,419 + 502
Day 5 26,149 + 1,649 12,908 £ 636

d. Despite the ability to produce primed cells responsive to specific
alloantigens, we were unable to produce the quantity (>109) of these cells
for immunization and subsequent boosts. This was a critical limiting

step in the experiments since we were never able to harvest enough cells
for immunization in this small macague model. Unlike the chimpanzee

where we could use a cell-separator and harvest large quantities of 1ympho-
cytes, the selective immunosuppression by anti-idiotypic antibody in the
non-human primate stump-tail produced responsive but 1imited numbers of

cells. The result was that no anti-idiotypic antibody was produced.




3. In Vitro Effects of Pharmacologic Agents on Lymphocyte Subpopulation:

Because this study involved the production of specifically primed 1ympho-
cytes, experiments were performed to examine the effect of various immunophar-
macologic agents on primed cells and other lymphocyte subpopulations. The
results of these studies have been published under this contract in separate
Jjournals and the results presented at two international congresses and one
national meeting. (See Publications.)

Our studies provide evidence that 1ymphocytes primed against specific
alloantigenic cells in the presence of the potent immunosuppressive agent,
Cyclosporin-A, lost their ability to respond in an accelerated manner to the
same primary alloantigens. A commonly used immunosuppressive agent, hydro-
cortisone, had no effect on the response of the primed cell in secondary cultures.
The experiments suggest that the constant presence of the compound, Cyclosporin-A,
may interfere with celi surface receptors in the recognition phase of the immune
response. This action may be responsible for a portion of its immunosuppressive
actions. Suppressor cells, however, do not seem to be effected by Cyclosporin-A,
neither in the generation phase or in the function. This drug did not, however,
induce the formation of suppressor cells.

These pilot studies have helped clarify the mechanism of this immunosup-

pressive agent.
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Effects of Cyclosporin A on the Generation of Primed
Lymphocytes In Vitro

S. B Leapman R S Filo, E. J. Smith, and P. G. Smith

YCLOSPORIN A (CY-A). a new anti-

lymphocytic drug. has been described as
a potent immunosuppressive agent.' * This
compound has been studied in multiple
species with various experimental models, yet
the mechanisms of its immunosuppressive
actions remain unknown. In vivo, CY-A-
treated rats have had successful engraftment
of bone marrow across AgB-incompatible
barriers without the development of graft-
versus-host disease.‘ In man. the drug has
modified the acute skin reactions commonly
seen in graft-versus-host disease.* Survival of
renal allografis in mongrel dogs has been
prolonged by CY-A treatment. In chinical
trials with CY-A, Calne et al. have reported
some success in patients that have received
renal allografts.® Jamieson and colicagues
found that CY-A without additional immuno-
suppressants was insuficient to ensure long-
term allograft survival in a primaic cardiac
model. They also noted thar shori-term
administration of the drug with subsequen:
discontinuance did not permit long-term graft
survival. These results are contrary to those
reporied by Green and Allison.’ They found
that CY'-A alone was able to induce long-term
renal allograft survival in rabbits and that the
animals became tolerant to other organ trans-
plants from the original donor, but not from
third-party donors." Furthermore. the toler-
ance persisted in their animals even after all
immunosuppressive therapy had been with-
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drawn (up to 70 days carlier). Dunn, White,
and Wade® reported similar results, but indi-
cated less specificity in that 66% of third-
party donor allografts survived for prolonged
periods even after the withdrawal of CY-A.

Experiments have also been performed in
vitro to clarify the mechanisms of this drug.
Proliferation of porcine lymphocytes were
inhibited with CY-A in a dose-dependent
manner when challenged by phytohemagglu-
tinin (PHA) or alloantigenic stimulation.
Inhibition was significantly higher if the drug
was added at the beginning or soon after the
initiation of the culture. but not at the end of
the culiure period. T-cell proliferation was
inhibited with S-100 times less drug than was
B-cell proliferation.'” Leoni and colleagues"
studied the response of human lymphocytes in
culture to CY-A and reported that this drug
inhibits blastogenesis in a dose-dependent
manner when cells were stimulated by PHA,
conconavalin A, or pokeweed mitogen. Lym-
phoblasts were the target of CY-A activity
and resting cells were not effected.

In order to further elucidate the antilym-
phocytic mechanisms of CY-A in vitro, a
mode! using normal human lymphocytes was
designed to answer the following questions:
(1) Will initial CY-A treatment affect the
memory of lymphocytes primed 1o specific
alloantigens when challenged by the alloan-
tigens in secondary cultures? (2) Will those
same cells be responsive in secondary cultures
10 third-party alloantigens? (3) Does CY-A
have different effects on primed lymphocyies
than hydrocortisone (HC). a known immuno-
suppressant? The results of these experiments
form the basis of this report.

MATERIALS AND METHODS
Preparation of Primed Lymphocyies

Peripheral blood was donated by healthy volunteers
Mononuclear cells were separated using a Ficcll-Hypa-

Trae Pr cngs. Vol Xii. No. 2 (June}, 1980

mans gk PP e e
— T WD IR .

AP Ll ke . R = MPP T - ey




LG8

EFFECTS OF CY-A ON PRIMED LYMPHOCYTES

que discontinuous gradient procedure (specific gravity
1.078). Lymphocytes were primed 1n vitro by culturing
16 x 10* cells from responder “A™ with 16 x 10°
(x-irradiated, 2500 rads) from stimulator *B." Concen-
trations of responder and stimulator cells were each
marntamed at 4 x 10*/m! with the appropriate RPM)
1640 culture media as described below. Cultures were
incubated in 29 sq cm up-.ght flasks at 37°C in a % CO,
humidified aitmosphere for 10 days. After the fourth day
of incubation. fresh medium was added to the cultures at
2- 3-day intervals. Primed cells were harvested on the
tenth day. washed with medium. layered over fetal calf
serum to remove debris, and then washed again. Cells
were counted and prepared for secondary phase
cultures

Preparation of Media !

Control media  Four separate culture media (2
controls. 1 cyclosporin A, and | hydrocortisone) were
used in the experiment. Control media were prepared as
RPMI 1640 with Hepes (25 mM), bicarbonate (2 g/lit-
er). 1-glutamine (2mAM lier). gentamycin (80 mg/liter).
and 10% pooled AB human plasma Because dimethyi-
sulfoxide (DMSO) was used as a solvent for the CY-A., it
was necessary to use a control for this agent. Therefore
DMSO. 15 v/v. was added to the above RPMI 1640
media. and this preparation served as the DMSO control
medium

Cvclosporin A media (Sando:. Lid.. Basel, Switzer-
land:  CY-A medium was prepared by the addition of |
ml of DMSO 10 100 ug of CY-A. This was slowly added
to the CY-A medium with constant surring. Three CY-A
concentrations, 1.0, 0.5. and 0.1 ug/ml. were used during
the priming phase of the experiment All dilutions of
CY-A media were made with 1% DMSO control
medium

Hydrocortisone sodium phosphate media (HC:
Merke. Sharpe & Dohme. West Punt, Pay, HC was
read:ly soluble in RPMI1 1640 culture medium and used
in .1nal concentrations of 10, 5. and 1 ug/ml during the
primary culture phase of the experiment Dilutions of

247

hydrocortisone were made with the standard control
medium.

Secondary Phase Cultures

All secondary cultures were performed in control
RPM] 1640 media without CY-A, HC, or DMSO. Fresh
stimulator cells were irradiated with 2500 rads and
designated as B, (original reference cell), or C, or D,
(third-party stimulators). The responding primed lym-
phocytes (A'B,), S x 10° cells/m! were cultured with 10*
stimulator cells/ml in a microculture system. All cultures
were Jone in quadruplicate. Equa! volumes of responder
cells and stimulator cells (1otal 0.2 m)* were added 10
microtiter wells and incubsted from 0 .. > days. At the
end of these predetermined periods. each microculture
was pulse-labeled with 1.0 uCi tritiated thymidine (*H-
Tdr; Schwartz/Mann, Inc.. Orangeburg. N.J.; specifi
activity, 6 Ci/mM) and allowed 10 incubate an additional
12-18 hr. Cells were harvested onto glass-fiber filier
paper with a MASH unit and 'H-Tdr incorporation
subsequently counted in a Packard liquid scintillation
counter.

RESULTS
Primed Lymphocyte Recovery Raies

Lymphocyte viability was determined by
trypan blue exclusion. The yield of primed
lymphocytes compared 1o the original respon-
der population (16 x 10%) is noted in Table 1.
There was a 92% recovery of viable primed
lymphocytes in the control media. Unlike
controls, all DMSO-treated cultures (with or
without CY-A) had an extremely poor recov-
ery. ranging from 16% to 27%. Hydrocorti-
sone-treated cells yiclded intermediate recov-
ery of viable lymphocytes between 48% and
60%.

Table 1. Lymphocyte Recovery Retes From Priming Culture Media

Tota! Celis Viability Viabiity Percom Yl
Harvested » 10° (™) (Colls » 10* {Viable Cons:
Control 3 0% 47 92%
DMSO 1% vy 386 [ 13 31 19%
Cyclosponn A
Ot ug'm 43 2% 26¢ 8%
05 ug'ml 81 T0% 43 27%
10ug m 58 S4% 30 19%
Hydrocortisone
10 ug'mi 14 84t o8 80%
50 ug'mi 127 9% LY} 58%
100 up/mi [ X ] 80% 14 48%
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Primed Cell Response in
Secondary Cultures

Controlled media. Figure 1 illustrates
the response of control primed cells (A'B,)on.
DMSO-primed cells (A’'B,)puso- and un-
primed cells (A) to individual stimulator
populations {B,, C,. D,). There were 1emporal
and quantitative differences in the respective
responses. The [(A'B,).... + B,] response was
as expected on day 2 with a stimulation index
(S1) of 58 compared to an Sl of 1.22 for the
unprimed A + B, culture. (A'B,)puso cells also
demonstrated an augmented response on day
2 (S1. 40) 10 reference cell B,. while the peak
response to third-party control cells was much
lower. The response of [(A'B,)puso + B.] was
45,000 + 1810 cpm compared to 156,000 »
5479 cpm of [(A'B,)..n + B.] on day 2. This
lowe: response is not surprising since DMSO
is known to inhibit DNA synthesis. Thus, it
was necessary to compare CY-A-primed
Iymphocytes to the DMSO control media-
primed lymphocytes. while HC-primed lym-
phocytes were compared to the standard
control media-primed lymphocytes.

Cyclosporin A media. These experiments
were performed to see if lymphocytes in a
primary mixed lymphocyte reaction (MLR)
with various concentrations of CY-A would

LEAPMAN ET AL

Fig. 1. Eftect of standard control end DMSO
control primed celis on B,, C,, and D, stimulators.
8, is the original reference stimuiator cell. Also
noted is the response of unprimed A celis to B,,
C,. and D,. The stimulation index was csiculated
by dividing » mean experk tal P by a
mean control autologous response for each
appropriate media and time period.

Ax

have the ability to develop memory cells, i.e.,
primed lymphocytes. This was tested by
comparing the secondary response of these
cells (A'B,)cy.4 with B, C,, or D,. to the
secondary response of (A'B,)pmso to those
same stimulators. The (A'B,)¢y.4 cells did not
respond to stimulator cells, neither reference
(B,) nor third-party cells (C, or D,) ondays 1.
2. or 3. (Fig. 2). Despite this early unrespon-
siveness, there was definite activity of
(A’B,)cyv.a by day 5. This response was appar-
ent in all CY-A concentrations and was not
dose dependent in the range tested.
(A'B,)pmso cells did exhibit an early second-
ary primed response to reference stimulator
B, but not to C,. or D,. The mean response of
(A'B)¢cyv.a to B, on day 5 was equal in
magnitude (48.508 + 4366 cpm) to the early
primed response (45,302 = 1810 cpm) secn
with (A'B,)puso on day 2. Also the (A'B,)¢y .«
response was 4.5 times greater on day § than
the unprimed cells (A + B,) noted in the
routine MLR. This indicates that (A'B,)(, .
maintained the ability to respond de novo in
secondary cultures as long as CY-A was not
present in the medium.

Hydrocortisone media. The effect of
hydrocortisone on lymphocyte priming is
noted in Fig. 3. (A’B,)y responsitivity to B,.
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PRIMED CELLS (A'Bx)
Vs
ALLOANTIGENS Bx,Cx,Dx

CYCLOSPORIN A MEDIA
50 -~ D

30 —
1.0 ugm/ml
20 —

10 =

50 -

40 —

INDEX

20 — 0.5 pgm/m}

STIMULATION
(-]
]
>
»

50 = Bx
40 —de

30
T 0.1 pgm/mi
20 —

0 T T T 11
1 2 3 4 5

DAYS

Fig. 2. Response of cyclosporin-A-primed cells in

secondary cuiture to original stimulator 8, or third-party

timul sC,.D,. C of CY-A were used only
during the priming phase and not in secondsry cultures.

C,. D, was delayed by 24 hr, compared to
(A’B,)com- The peak response to reference
stimulator B, was seen on day 3 instead of day
2. There was no inhibition of the response
with (A’B,)y¢. in fact, the response was
augmented. The memory of (A'B,)yc was
unaffected since the stimulation of these cells
to reference cell B, was earlier and more
vigorous than to C, or D, stimulators.

As noted in Fig. 4. (A’B,)cy., is inhibited
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PRIMED CELLS (A'Bx)
VS
ALLOANTIGENS Bx, Cx, Dx
HYDROCORTISONE MEDIA

250 —
200 -
150 —
10 pgm /mi
100 —
50 —

250 —
200 —

150 —f

INDEX

5 pugm/ml
100 —

50 =

STIMULATION

ISOj

200 —

150 —

100 — 1.0 ugm/ml
50 —
L

) x
Ax
1 2 3 & 5
DAYS

Fig. 3. Response of hydrocortisone-primed cells in
secondary cuiture to original stimulator B, or third-party
stimulators C,. D,. Concentrations of HC were used only
during the priming phase and not in secondary cultures.

early in the culture system, but this inhibition
is lost by day 5. The inhibition is most marked
(96%) apgainst reference cell B, but
(A’B,)cy.a also responded less to C, and D,
over the same time period. (A'B, )y cells were
found to show no preferential inhibition to
reference cell B, or third-party stimulators C,
or D,. Unlike CY-A, therefore. HC did not
interfere with lymphocyte priming.
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CYCLOSPORIN A . { INHIBITION

Bx =m

A'Bx +Cx

Ox

0.1 ugm/mt
z

o 106~

-
©

x 0.5 pgm/mi
z
Lt
z
3
(&)
-3
'Y
-8

DAYS

Fig. 4. Inhibition of cyclosporin-A-primed celi re-
sponses to specific sti tors in dary cuitures.
| ion was cak ted as:

cpm Exp.  cpm Media
% Inhibition - 1 p P s - »
cpm Control  cpm Media

where Exp. mean response of (A'B,).,, Of (AB,) tO 8
stimulator cell: Control - mean response of (A'B,Jouso Of
(A'B,)em 10 & stimulator cell; Media - spontaneous *W-Tdr
uptake.

DISCUSSION

We chose to examine the mechanism of
CY-A in a pnimed lvmphocyte culture model.
1t is known that Ivymphoid cells from two
unrclated individuals, when mixed together.
will undergo blastogeneses.”"'" The recogni-
tion of antigenic determinants on the stimula-
tor population will lead to a gencration of
lymphoid cells that have specific memory for
those determinants.'* ' These memory cells,
when cultured in the secondary phase mixed
lymphocyte reaction (MLR) with their

LEAPMAN ET AL

primary reference stimulator cell, will re-
spond rapidly and vigorously usually within
the first 48-72 hr of culure. Unprimed cells.
however, will respond in a more routine
manner, generally developing a maximum
response at day S rather than day 2 or 3.

If CY-A inhibits onl- blastogenic cells in
MLR. we hypothesized that it might inhibit
the formation or the response of primed
(memory) cells. We also reasoned that other
lymphocytes not responding to the reference
stimulator in the priming culture would
respond in a routine fashion to third-party
alloantigens in a secondary culwre. The
results have confirmed our hypothesis since
(A’B,)v.4 cells did not respond to reference
stimulator B, in a primed fashion in the
secondary culture on days 1 or 2. HC had no
such effect on the primed cells, since (A'B, )
responded in a primed manner to B, the samc
as controls did. Also, the primed response
noted by (A'B,)uso 10 B, on day 2 makes it
certain that the solvent DMSO is not respon-
sible for the failure of (A'B,)¢, 4 to develop a
primed response. In addition. (A'B,)(y .
responded at day 5 1o the original reference
cell and third-party stimulators. indicating
the CY-A effect was gone at this time. A
disturbing finding in the experiment was the
lack of a dose response 1o CY-A, since other
in vitro studies with this drug have shown
dose dependence.

It might be argued that the data are a
conseq't. ace of inadequate washing of CY-A
during the transfer of cells from priming to
secondary cultures. If this were the case and
CY-A was bound to the cellular membranes
or present in the cyvioplasm. we would expect
continuous suppression of these cells from day
0 through 5. Leoni and colleagues'' reported
that "*I-CY-A was rapidly taken up by
lymphocyvies. whether resting or stimulated.
However, complete elimination of the drug
was obtained in as little time as 6-7 hr., if the
cells were cultured in a CY-A-frec medium.
They also reported that if CY-A-treated cells
were first washed and then resuspended in
medium lacking the drug. but containing
PHA. they would show considerable mito-

T




EFFECTS OF CY A ON PRIMED LYMPHOCYTES

gemic recovery within the first 48 72 hr.
Furthermore. data from our laboratory.
(unpublished) have shown that MLR s
suppressed with CY-A at a 30 inhibition
(1D ) of 0.5 wg’ml Whitc and collcagues'
have found similar results They reported that
porcine-primed cells were inhibited with CY'-
A at an 1D, of 1.0 ug'ml in the secondary
phase cultures Since our initial concentra-
tons of CY-A ranged between 0.1 and 1.0
ug/ml, it is highly unlikehy. after the multiple
wushings, that enouph CY-A was carried over
to cffect the secondary phase cultures signifi-
cantly

Although the mechanisms of immunosup-
pression remain unclear. several in vitro and
in vivo studies have now shown that this agent
inhibits thymus-dependent humoral and T-
cell immune responses ' In addition. T-cell
responsiveness to PHA and Con-A mitogene-
sis 1s inhibited in a dose-dependent manner
with an 1D, of 0.5 ug/ml and 0.1 ug/ml.
respectively {unpubhished data). Clearly. the
agent suppresses only blastogenic cells and
has httle effect on unsamulated cells.

From the in vive and in vitro observations,
three theories regarding mechanisms have
been proposed The first s a speculation that
CY-A completely ehiminates clones of cells
and thus c¢reates tolerance in certain
spectes T Our results would tend to disprove
this concept. since we found that (A'B)y o
cells were able to respond o both original
reference stmulator and third-party stimula-
tors by the fifth day in secondary culture
This suggests that CY-A must be continually
present to inhibit cellular responses to alloan-
tigenic siimulation. and total elimination of
the cells did not occur. Second. Gordon and
Singer” infer that the mechanism of CY-A
may be an nhibition 10 the T “helper™ cell
population  Qur expenmental model
unable to define which subpoputation of T
cells was inhibited by CY-A However, the
continued presence of the drug was necessary
to obtain the resulis Finally, an interesting
concept regarding the mechanism of CY-A
has been rased by Tutschha and colleagues?
They speculate thatthe tolerance inferred by
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CY-Ainarat bone marrow model may be the
result of an accelerated appearance of a
T-suppressor cell population. Our results
would not support this concept, since onc
would have expected any nonspecific suppres-
sor cell activity 10 be operative throughout the
secondary phase cultures. Also. the signifi-
cant loss of cells after 10 days of primed
cultures makes it unlikely that the mechanism
of this drug 1s acuivation or stimulation.

In conclusion. the data provide evidence
that lymphocvtes. primed in vitro against
specific alloantigens in the presence of CY-A.
lost their ability to respond in an accelerated
or primed manner to those same alloantigens
in a secondary culture. This was not true of
cells primed in vit'o> with hvdrocortisone
However, CY-A cells were able to respond to
original alloantigens by the fifth day in a
secondary culture. These data suggest that
the constant presence of CY-A is necessary to
exhibit its antilvmphocytic activity.
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IN VITRO EFFECTS OF CYCLOSPORIN A ON LYMPHOCYTE
SUBPOPULATIONS

1. SUPPRESSOR CELL SPARING BY CYCLOSPORIN A'
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Departments of Surgery (Transplantation) and Medicine (Nephrology). Indiana Unuwversity Medical Center. Indianapolis.

SUMMARY

The fungal metabolite, cvclosporin A, is a potent immuno-
suppressive compound. Experiments were performed in vitro
with both human and nonhuman primate peripheral blood
Iymphocytes to study the effect of this agent on suppressor cell
activity Cvclosporin A did not affect the generation or function
of concanavalin A-induced suppressor lvmphocytes as mea-
sured by their ability to suppress thymidine uptake of lympho-
cvtes 1n secondary cultures. No evidence of suppressor cell
induction was noted by incubation of lymphocytes with only
cyvclosporin A. We conclude that, although cyclosporin A does
not generate or induce suppressor cell lymphocytes, it does
spare them. while inhibiting other subpopulations. This effect
may\ create an imbalance in the immune system which results
in profound suppression.

Those cells responsible for the induction of the immune
svstem are the lvmphocyvtes. It is now established that these
immune responses are modulated and regulated by subsets of
lymphocytes, specifically. the thymus-derived (T) cells which
can either suppress or augment humoral or cellular immune
reactions ( I-31. In addition to the autoregulatory mechanisms,
certain pharmacological and biological agents can profoundly
eftect the activity of these Ivmphocyvtes, creating immunosup-
pressive or immunoenhancing milieus. Such an immunosup-
pressive agent 15 cyvclosporin A (CS-A), an antifungal, cyclic
endecapeptide with a unique amino acid (4).

This compound has been reported to be antilvmphocytic (5-
7h, but its effect on specific subpopulations of lymphocytes has
received hittle attention Our laboratory has been interested in
thi~ compound and in vitro assays have been used to probe its
immunosuppressive mechanisms. We recently reported the ef-
fect of CS-A on memory cell function and its ability to suppress
primed lvmphocytes against specific alloantigens (8). Gordon
and Singer (9) have inferred that CS-A may inhibit helper T
cell populations while Tutschka et al. (10) suggest that toler-
ance induced by CS-An a rat bone marrow model may be the
result of an accelerated appearance of the T suppressor cell
population To better understand the influence of this agent on
suppressor cell populations, 1n vitro experiments were designed
to answer the following questions. (1) Does CS-A inhibit the
generation of concanas afin A (Con A)-induced suppressor cells?
12) Can CS-A inhibit the function of these suppressor cells”? (3)
Will CS-A alone simulate the formation of suppreasor cells?
{4y is the effect of CS-A on Con A generated suppressor cells
dose dependent? The results of these experiments form the
basis of this report

“This work was supported by ONR Grant Contract N(XX14-78-C-
(1412 Presented at the Sixth Annual Meeting of the American Society
of ‘I ransplant Surgeons, Chicago, Hhinos, May 29 to 31, 1980

Indiana 46202

MATERIALS AND METHODS

Mononuclear Cell Preparation

Peripheral blood was obtained by venipuncture from healthy
human volunteers. Mononuclear cells were isolated by Ficoll-
Hypaque discontinuous gradients (specific activity, 1.078). All
cells were washed with RPMI 1640, counted, and cultured as
noted below. In some experiments, specifically noted, peripheral
blood lymphocytes (PBL) were obtained from healthy stump-
tailed macaques { Macaca speciosa) and processed the same as
human cells.

Preparation of Suppressor Cells

Primary culture. Medium used in these experiments was
RPMI 1640 with 10% pooled human or monkey plasma supple-
mented with HEPES (25 mm), bicarbonate (20 g/liter), L-glu-
tamine (20 mg/liter), and gentamycin (80 mg/liter). Con A (10
to 25 ug/ml; Sigma, St. Louis, Missouri) alone or in combination
with CS-A (0.1 ug/ml; Sandoz, Ltd., Basel, Switzerland) was
added to the above culture medium. Control cells (nonacti-
vated) were incubated in medium only. Since CS-A is insoluble
in water, it was dissolved in absolute ethyl alcohol to a final
concentration of 0.2%. This concentration of alcohol was present
in all culture media and did not effect lymphocyte responsive-
ness. In one experiment using lymphocytes from M. speciosa.
only CS-A (0.1 ug/ml) was added at the beginning to the
primary culture to determine if this agent would stimulate
generation of suppressor cells. In a second set of experiments
macaque lymphocytes were stimulated with Con A and various
dose dilutions of CS-A (0.0] to 1.0 ug/ml). These mitogen-
stimulated lymphocytes (suppressor cells) were cultured in 25-
cm’ flasks at 1 x 10" cells/ml. Incubation was carried out in a
5% CO. humidified atmosphere for 72 hr at 37 C. At the end of
3 days, these cells were harvested, washed two times with 75
mM a-methyvi-pD-mannoside, and twice with RPMI 1640. All
cells were counted and viabilitv was assessed by trypan blue
exclusion. Functional viability of these primary cultured cells
was determined by plating aliquots of control, Con A, or CS-A
+ Con A cell cultures into microtiter wells. These aliquots were
labeled with 1.0 uc of tritiated thymidine {'H]TdR (Schwarz/
Mann, Inc., Orangeburg. New York; specific activity, 6 c/mm)
for an additional 12 to 18 hr. Cells were harvested onto glass
filter fiber paper with a MASH unit and [ "H]TdR incorporation
was subsequently counted in a Packard liquid scintillation
counter. These day 0 responses were necessary to examine the
inhibitory effect of CS-A on the Con A-treated cells. The
remaining primary cultured cells were irradiated with 2,500 1o
4,000 rad and subsequently placed in secondary cultures to
assay for suppresion.

Secondary cultures. Fresh cells from the human volunteers
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or the macaques were obtained and separated as described
above These cells were then cultured in microtiter wells (1 x
10 welh with phytohemagglutinin (PHA) (1%), Con A (25 ug/
mir or pokeweed (0.5 ug/ml) mitogens for 3 days. For certain
experiments cells were stimulated with irradiated (2,500 R)
alloantigeneic or autologous lymphocytes as 8 mixed lympho-
cvte culture (MLC) for 5 davs.

Assay for suppressor acticits. Each population from the
primary cultures was assaved for suppressor activity in the
secondary cultures described above. These putative suppressors
were added to the secondary cultures at 1 x 10" cells/well. Al
responding cells 1in the secondary culture system were autolo-
gous with the suppressor cells. At the end of the respective
culture period. the cells were pulse labeled with [ ‘H]JTdR 12 to
1% hr, harvested. and counted in a Packard liquid scintillation
counter

Tasrr } Human PBL recovery rates and [ 'H]TdR incorporation
after 72 hr of primary culture

] cells re ['HITdR incorporation

Cells incubated cavered from % vutlw.lr
wih ongnal culture cells cpm t SEM % suppres.
sion

Nonadin ated 3] 92 8425
Con A 152 7 49,625 = 474 86
Con A« (S A 135 & 7171 2 216
Nona vsted “ 9N 256 = 14
Lo A 148 Ny 33.619 = 1185 5t
Cot A - (N A Ll 94 14861 = 280
Nonactivated 6) 90 12029
Con A 2 86 78,448 = 1,790 65
Con A« U8 A LA 87 27.676 2 839
Nona hvated Py 94 62 = 10
Con A [1C w4 40,028 = 445 56
Con A = O~ A i L 17576 = 756
Niha “ivated 9n 95 271 x 40
Cor A 1w Gt 16,569 2 184 76
Con A = (Us A 107 ko] 3932 2 234
Nona thated 54 L.y 482 = 10
Cor A 10 92 34.950 = 867 60
Con A = U8 A 4" 92 14.047 2 TR
Nona 1vated L) 91 12183 = 26K
Con A 144 94 60,625 £ 3.971 72
Con A S USA T Ll 16,725 2 4bh

i SEM =672 11

Ioirermuned be trvpat bide exciuson
Nubipression 1s ket of Con A« UN A (0] ug'mb compared 10 Con A-

B aed e
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Data and statistics. Data from mitogen-stimulated experi-
ments are expressed as mean cpm t SE of quadruplicate
cultures. Percentage of suppression was calculated as

% suppression = 1—(cpm NA/cpm Exp) x 100

where cpm Exp = cpm of secondary cultures with Con A or
Con A + CS-A cells and cpm NA = cpm of secondary cultures
with cultured but nonactivated control cells.

Alloantigen stimulated responses are expressed as stimula-
tion indices (Sls). The Sl is a ratio of the allogeneic stimulated
response divided by the autologous stimulated response. The
percentage of suppression in these experiments were done as
follows:

% suppression = 1—(SI experimental/SI control) x 100

where S| experimental = allogeneic responses with Con A or
Con A + CS-A added cells and S! control = allogeneic response
with cultured but nonactivated control cells present in the
secondary culture. The significance of the suppression as de-
scribed above was tested by Student’s one-tailed ¢-test or an
analysis of variance (F).

RESULTS
Effects of Con A or CS-A on Primary Cultured Cells

Table 1 shows the recovery rates and proliferative responses
of human lvymphocytes in primary cultures as determined by
viable cell counts. After 72 hr there was a mean recovery rate
of 126% in Con A-cultured cells compared to the original
number of cells placed in culture. The combination of CS-A
and Con A resulted in a 91% recovery rate compared to an 84%
recovery rate of the cells cultured but not activated. A signifi-
cant suppression, 67 * 11%, in [*H]JTdR uptake was noted in
those cultures containing Con A + CS-A when compared to
Con A cultures. This inhibitory response is similar to previous
experiments done in this laboratory where the dose of 0.18 ug
of CS-A per ml was necessary to create a 50% inhibitory
response (ID..). We also observed that Con A-stimulated cul-
tures were nearly 100~ blasts while Con A + CS-A cultures had
less than 10% blasts.

Tantr 2 Suppressor actinities of Con A or Con A + CS-A-stimulated human Iymphocytes on the mitogenic responses of autologous
lvmphocytes

("H]TdR incorporation sumulated with

Addition of nonact

}‘”“"l' rvated Con A orton A PHA Con A PWM
fwh - (N A SuUppressors - T T
cpm = SEM % suppression” cpm = SEM % suppression cpm = SEM S suppression
i Nonat tivated 222,311 = 10.379 189,453 £ 5,112 65.30] = 2427
Con A 176,870 £ 9,533 21 167,163 = 8,310 12 81.872 2 7,038 0
Con A« S A 173.532 + 8417 22 174.512 £ 4,135 8 67.206 2 3.835 0
2 Nonactivated 147,897 £ 10,055 149,194 £ 2 666 85,842 = 3,715
Con A 130,588 £ 11,086 12 123,151 £ 4.207 17 58,280 + 1,465 32
Con A+ CS-A 132,045 £ 19,911 11 112910 £ 4,921 24 63.176 & 3.087 26
] Nonactinated 235,687 £ 685K 212,430 % 42249 108,800 = 2,407
Con A 194,217 2 3.037 18 171,818 £ 2,158 19 90,483 2 2979 17
Con A+ CSA 272,145 £ B97Y 181,474 £ 5,071 15 85,874 2 2,675 21
4 Nanactivated 278,225 £ 1,321 125,517 £ 3.266 138,597 = 2.2R]
Con A 262,885 = 4,156 6 121,269 = 4,902 4 121,057 £ 2,802 13
Con A+ CSA 268,280 £ 8,104 4 111,677 £ 6,598 1 133,588 + 2,395 4
x2SEM Con A 14223 13023 1556
Con A + USA 924 14523 12726

“Con A and Con A + CS. A suppression is significant by the one-tailed Student's {-test ( P < 0.05) when corﬁpmd to responses of nonactivated
cubtused sells However, Con A compared to Con A + CS-A suppression do not differ from each other when tested by a one-tailed Student’s t-test

(F 00
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Effects of NA, Con A-, or Con A + CS-A-treated Cells on the
Proliferative Responses of Autologous Cells

Mitogenic responses. The suppression conferred on PBL
mitogen-induced proliferation is shown in Table 2. The sup-
pression demonstrated by both Con A and Con A + CS-A-
treated cells was similar for all three stimulatory mitogens. The
degree of suppression comparing Con A to Con A + CS-A
suppressor cells was not significantly different in these experi-
ments. It 1s important to note that the proliferative responses
in these secondary cultures are from the responding autologous
cells and not from the added suppressor cells since thev had
been irradiated prior to addition to the secondary culture. Also,
there was no carrvover of Con A or CS-A into the secondary
cultures since uptake of ['H]TdR of nonactivated, Con A, or
Con A + CS-A suppressor cells were not different in unstimu-
lated cultures containing these cells only.

Allogeneic responses. Suppressor cells were added to mixed
lymphocyte reactions. The results in Table 3 demonstrate sig-
nificant suppression by both Con A and Con A + CS-A cells.

Vol. 30, No 6

There was a 64% mean suppression induced by the Con A cells,
compared to the 83% noted by the Con A + CS-A suppressors.
These responses are statistically different as determined by an
analysis of variance, F = 7.58 (P < 0.05). Suppression was more
pronounced with the more specific allogeneic stimulation than
with the more potent but less specific mitogens.

CS-A Dose Responses in Primary Cultures (M. speciosa)

These experiments were performed with PBLs from M. spe-
ciosa. We have previously shown that these celis respond to
mitogens, alloantigens, and CS-A in vitro similar to human
cells. A dose response curve through 2 log increments was
performed. Figure ] illustrates that CS-A in doses from 0.01 to
1.0 ug/ml had no effect on the generation of Con A suppressor
cells and that these cells were able to suppress an allogeneic
response in MLR by 50%. Doses higher than 1.0 ug/m] were
not done, however, and it is possible that an increased concen-
tration could decrease Con A-induced suppressor cell activity.

TaBLE 3 Suppression of allogeneic responses of normal human lymphocytes by Con A or CS-A + Con A pretreated autologous cells

Arl;;;ondmx cell Surmulator Suppressor cell cpm = SEM il % suppression’
A Ax Ana' 180 11 1.0 -
Bx Aun 23.002 £ 2,946 127.8 —_
Cx Ana 36,718 + 2,679 203.0 —_
A Ax ACon A 156 x 46 1.0 -
Bx ACon A 6,302 + 994 404 68
Cx ACon A 10.244 + 493 65.7 68
A Ax ACon A+ CSA 301 % R8 1.0 —_
Bx ACon A+ CS.A 11.240 % 615 37.3 |
Cx ACon A + CS-A 17.620 2 59 58.5 71
B Ax Baa 43914 £ 5924 106.1 -
Bx Bna 4142 33 1.0 —_
Cx Bxa 60,111 * 6,309 145.2 -
B Ax BCon A 20,628 £ 247K 214 80
Bx B Con A 964 + 235 1.0 -
Cx B Con A 23.863 £ 1,528 248 83
B Ax B Con A+ CS-A 36.210  3.404 45 9%
Bx B Con A+ CS-A T.9680 £ 1,710 1.0 —
Cx B Con A + CS-A 46,985 t 4,088 58 96
C Ax Caa 116,449 = 7922 1014 —
Bx Caa 101,253 £ 2,937 88.2 -
Cx Can 1,148 £ 518 1.0 —_
C Ax CCon A 93.134 % 4,553 65.0 46
Bx CConA B&,186 £ 2,920 521 41
Cx CCon A 1,692 1 410 1.0 —
C Ax CCon A+ CS-A 31,619 = 1,356 262 74
Bx CCon A + (CS-A 29,176 £ 1,210 242 73
Cx CCon A+ CS.A 1.205 2 115 10 -
D Ax Dna 16,321 £ 1,020 53.3 -—
Bx Daa 36,752  3.826 1201 -
Dx Daa 306 = 37 1.0 —
D Ax D Con A 5643 ¢ 1,128 15.8 !
Bx D Con A 17.081 x 3813 48.0 60
Dx D Con A 356 ¢ 56 1.0 -
D Ax D Con A + CS-A 7.480 £ 1,012 32 94
Bx D Con A + CS-A 26,382 + 1.44) 114 91
Dx DCon A+ CS.A 2318 + 403 10 —_
i 2 SEM Suppression % ..Con A 64625 Con A + CS-A 83214

cpm sllogeneic response
cpm autologous response
Sl experimental wppmnora) x 100
SI NA suppressors
‘ NA are nonactivated but cultured cells in primary culture.

“Sl =

"% suppression = 1 —(

“ Percentage of suppression is significantly different between Con A and Con A CS-A as judged by an analysis of varisnce (F = 7.58),
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Generation of Suppressor Cells by CS-A Alone in Primary
Cultures

Since it was feasible that CS-A alone could generate sup-
pressor cells, this series of experiments was performed. Table 4
ilustrates that in general CS-A-treated primary cells do not
show suppressor activity. One animal, however, did develop
suppressor cell activity against mitogen responses which was
equal to that induced by Con A suppressors. None of the other
ammals tested, however. were able to suppress significantly an
aliogeneic response and we conclude that these experiments
demonstrate the inability of CS-A to generate suppressor cells.
These experiments also indicate that there was no carryover of
CS-A from primary cultures, since the secondary culture re-

‘50-1

125 =
|00-J

75 =

9% SUPPRE SSION

15 =~

T

(-3} 0.1 1.

CYCLOSPORIN A ugm'mi

FicURrr | Dose response curve of CS-A (means + SE) added to a
constant concentration of 25 ug of Con A per ml in primary culture.
There was no difference in percentage of suppression between 0.01 and
1 0ug of CS. A per m! when these cells were tested in secondary cultures
for suppressor activity M. speciosal.
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sponses with the addition of these cells were at least equal to or
greater than the addition of nonactivated but cultured cells to
a secondary culture.

DISCUSSION

Although the mechanism of immunosuppression by CS-A
remains unclear, several in vivo and in vitro studies in multiple
species have now shown that this compound inhibits thymus-
dependent (T cell) humoral and cell-mediated immune re-
sponses (4-6, 11, 12). Its actions may be augmented in vivo,
however, by the sparing of suppressor cells, thereby enhancing
the relative number of these cells as a result of a diminished T
helper cell subpopulation.

Shou et al. (13) reported on a population of cells present in
the peripheral blood of normal humans that could be induced
by Con A to manifest suppressor cell function. These cells,
whether autologous or allogeneic, inhibited blast transforma.
tion and [*H]TdR incorporation by untreated lymphocytes in
both mixed lymphocyte reactions and mitogenic or antigenic
stimulated situations. It was further demonstrated by these
investigators that the effect occurred without evidence of cy-
totoxicity. Others (14) have reported, however, thai cytotoxic
effector cells can be activated by Con A incubation under very
specific in vitro conditions. Sakane and Green (15) concluded
that those cells induced by Con A to suppress cell to cell
reactions were thumus (T) cell dependent and that Con A.
stimulated B cells did not exhibit suppressor activity. Further
separation of these cells by discontinuous bovine serum albumin
gradients indicated that high but not low density T cells pro-
duced marked suppression, yet this fraction of cells incorpo-
rated little thymidine when exposed to Con A. This finding is
in agreement with experiments (16) done with murine cells
where suppressors (Ly-2,3) were found in a blast cell fraction
and their induction was not inhibited by prior treatment with
irradiation or mitogens (16).

This study examined the in vitro effects of CS-A on a sup-

TaBLF 4 Effect of CS-A-pretreated cells in secondary cultures with autologous responders stimulated by either mitogens or alloantigens ( M.

speciosa)
A Mitogen. .
["HITdR incorporation in resp to gens stimulated with
CS-A pretreat
bxperniment ment from pn PHA Con A PWM
mary culture
cpm = SEM % suppression cpm + SEM % suppression cpm = SEM % suppression
] - 42,542 + 924 29,037 £ 657 126,872 £ 7,601 L
“+ 35.644 x 943 16 23,401 £ 761 19 99,984 = 3.038 21
2 - 53,307 = 2,314 43,680 = 1,748 40,988 + 1302
+ 50,680 + 543 5 44,785 = 1,801 0 43,826 = 1,216 [}
k} - 131,426 £ 2,121 175477 + 2,755 157,243 x 5,344
+ 145470 £ 1,922 0 364.300 £ 462 (1} 176,205 + 8415 0
B Alluantigens
Response to alloantigens when stimulated by irradiated lymphocytes
N CS-A pretreat-
Baven o fompn R Bs Ce Dx
man culture 7 . % sup- % sup- % sup-
cpm = SEM St pression cpm = SEM 81 pression cpm = SEM Sl pression
4 - B 2,491 + 228 10 5917 = 816 238 6,775 = W7 272
+ 1,770 z 185 1.0 0 7,188 ¢ 532 4.06 0 13,462 = 190! 761 0
H - C 18,528 £ 2,903 - -1.29 2,540 = 465 1.0 21,767 = 2,543 8.57
+ 24,185 £ 1,873 10.66 0 2.268 = 223 10 0 30,948 1 4,459 13.50 [}
[ - D 26,784 £ 1,727 8.53 22,454 £ 1330 7.15 3,139 t 356 1.0 0
+ 22,245 £ 2,043 6.02 29° 18,923 + 1,638 5.39 25 3,696 + 661 1.0

N Percenu;; o;'_luppreuion for experiment 1 is significant as judged by Student's one-tailed ¢-test (P < 0.05). Suppression in experiment 6 is
not ssignificant
* Sl calculations described in Materials and Methods.
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pressor cell population in both human and nonhuman primate
cultured cells The results indicate that Con A-induced sup-
pressor cells are uneffected by coculture with CS-A despite a
marked inhibition (67% 2 11%) of [ 'H]TdR uptake in those CS-
A + Con A cultured pnumary cells The addition of CS-A to the
primary culture also reduces the number of blast cells present
at the end of the incubation period. The remaining cells still
suppressed mitogenic responses in secondary cultures equal to
those suppressor cells induced by Con A alone and significantly
more suppression was noted by these cells in allogeneic re-
sponses It would seem reasenable to conclude that CS-A had
no detrumental effect on the generation of suppressor cells and
enhanced thetr acuvity in suppressing the alloantigeneic re-
sponses. However . Kinetic studies that examine the peak day of
suppressor activity were not done and it is possible that CS-A
sumply shifted the peak day of response. Another reservation
concerning this conclusion is that dose response studies to
determune the optimum concentration of suppressor cells was
not performed. Nevertheless, the findings are suggestive that
CS-A is suppressor cell spanng and may even enhance suppres-
Sor activity

Spaning of the suppressor cell population was not adversely
affected by increasing concentrations of CS-A as measured by
{ H]TdR uptake. We have previously found that 1.0 ug of CS-
A per m! will routinely inhibit DNA svnthesis up to 90% in both
human and A speciosa peripheral blood lymphocyvtes. How-
ever. even this dose was not high enough to inhibit the gener-
ation of suppressor cells in these experiments. It is possible that
larger doses. 1.e.. greater than 1.0 ug/ml could be inhibitory.

It 1» 1mportant to note that in these studies CS-A alone was
unable to generate suppressor cell activity in peripheral blood
v miphocvtes Except for one animal who did significantly sup-
pre-- mitogenic responses (but not alloantigeneic responses), no
1ot CN.A-cultured cells demonstrated suppressor activity.
These findings would disagree with the concept proposed by
Tur~chka et al. (101 who have suggested that CS-A may create
an accelerated appearance of suppressor cells. Our experiments
indicate that after CS-A treatment, some lvmphocytes are
spared and continue their phyvsiological immune function, per-
hap~ unaltered Although we were unable to determine specif-
wallv whether CS-A enhanced suppressor cell activity and/or
eiimnated or inhibited T cell helper populations, our results do
supprt the concepts of Gordon and Singer (9). They have
pertormed 1n vitro experiments with CS-A and have inferred
that the mechanism of CS-A may be an inhibition of the T
helper cell population 19). Deeg et al. (5) using an in vivo dog
skin gratt model were unable to demonstrate a suppressor cell
mechanism with MLC in vitro. They postulated that CS-A
iself 15 the “suppressive principle” acting on cell surfaces,
perhaps blocking antigen recognition or interfering with cell to
cell interactions. Impressively, they were able to demonstrate
that ("S-A was capable of interfering in vivo with the action of
sensitized Ivmphocyvtes. They may represent another subpop-
ulation of Ivmphocvtes upon which CS-A is active.

Our laboratory has previously noted that lymphocytes,
primed 10 vitro against specific alloantigens in the presence of
CS-A. lose their ability to respond in an accelerated or primed

manner to those same alloantigens in a secondary culture.
These lvmphocytes did, however, respond normally by the 5th
day in a secondary culture. These data suggested that CS-A
does not induce tolerance by eliminstion of clones of cells
reactive to specific alloantigens. In addition. the constant pres-
ence of CS-A was necessary to exhibit its antilymphocytic
activity (7). Homan et al. (17) have reported that CS-A given
to rats in doses up to 10 mg/kg for 14 days failed to suppress
cell-mediated cytotoxicity (a T cell phenomenon) but did in-
hibit the humoral responses as measured by lymphocytotoxins
appearing in recipient serum. These studies give further evi-
dence that CS-A may exert its immunosuppressive potential on
the T helper subpopulations and leave unhindered T suppressor
cell activity. If further experiments bear this out, this compound
will also prove to be an extremely useful tool in the laboratory
to separate T lymphocyte subpopulations.

In conclusion, CS-A seems to spare and in certain instances
enhance Con A-generated suppressor cells and their function in
the two species examined. This sparing effect was present up ‘o
1.0 ug of CS-A per ml. However, CS-A was unable to induce the
generation of suppressor cell activity from penipheral blood
lymphocytes without the additional presence of Con A. The
immunosuppressive mechanism of this unique compound may
result from inhibition or killing of T helper subpopulations and
sparing of T suppressor cell fractions resulting in an imbalance
of immunoregulation that culminates in profound suppression.
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Differential Effects of Cyclosporin-A on
Lymphocyte Subpopulations

S B teapman R. S Filo. E J Smith. and P G. Smith

HE  fungal mcetabolite. cevclosporin- A

CY-A) s i umgue oyelic polyvpeptide
nat has potent biologic properties. These
<tvites include @ remarkable immunosup-
ressine effect on Iymphocytes without any
agmbcant myelotovieny ' ° The suppressive
Aects of CY-A on hvmphoeyies may involve
mihyv speaific hymphocyvte  populations or
subsets of these populianions To clucidate the
difterentuial effects of CY-A on pormal
human peripheral blood Iy mphocyte subpopu-
Littons. the following studies were designed

MATERIALS AND METHODS

Peripheral blood was obtyined by vempuncture trom
healthy volunteers Munanuclear cells were separated on
Brooll Hypague discontinuous gradwents and prepared tor
cuhture as deseribed previoushh * T ymphoctes were then
tested Tor responsineness by three assay awstems ()
mitegen and alloantipen stmulation. €21 Ivmphooyte
memaery by cvaniming primed ivmphoci e responsivencess
to reterence of Third party atioantigenic stimulagtors, and
LU lvmphoovie supprossian by Con- A induced suppressor

cell acomany

Miuragen and Aoanngeme Stimulation

I vmphocvies were cultured in varving concentrationa
al Y A Since CY A s insoluble i water. 1 was
dissobved 0 dimethssalfoade (DMSO) - AN cells were
cultur=d with 19 DMSO at o concentration of 1 x 10"
tvmphacstes in round botiom mucrotier wells Mitogen
stimulaton was carned ot with phytohemagglutin
(PHA) (1'%), concanavahn-A (Con-A) (25 ug/ml). or
pokewced mitogen (PW M) (0 0% wg 'ml) for 72 hours

At the end of this culture period | uCrof *H-TAR was
addod 1o cach well and the celis were incubated for an
additional 121X hours The lvmphocvtes were harvested
onto glass-hiber hilter paper with @ MASH umit and
radioactive incorporation counted 1n g Packard Santilla-
thion C ounter

The effect of CY-A on alloantigenic responses were
evanuned by cultuning responding lymphocytes (1 x 10°
cetls wellh with irradisted (2S00R) alloantigeme shmu-
lators for S diavs in the presence of CY-A The pereent
suppresston was calculared for both mitogens and alloan.
hgens as follws percent suppressiun (1 ¢pm Fap/
cpm Control) = 100, where cpm Bap counts, mun

) F dngs. Vol XIll. No. 1 (March), 1981

CY-A cultured Ivmphocytes and cpm Control - counts
per minute cultured lymphacyies without CY-A

Memuory Cell Function

The effect of CY-A on memory cell activity was
examined by studving primed fymphocyic responses o
specific or nonspecific alloanugens after those cells had
been primed 10 a spevihie reference stimulator an the
presence ot CY-A or hydrocortnone  Detaths of the
memury cell scheme have been reported elvewhere *
BrieMy . peripheral blood Jymphocytes (PBL ; were incu-
bated with a speaific irradiated stimulator for 10 days in
control. CY-A. or hydrowortisone media and  then
harvested These primed cells were then stimulated in
secondaury cultures with either the ongimal alloantigemic
stimulator or third party stmulators (Fig 1) Ay dass
1 Sthe cultures were hanvested and ['H]TAR incorpora-
ton measured in g liquid sannllation counter

Suppressor Celi Experiments

Suppressor cels were generated by incubating PB) v on
media contasning Concanayahn-A (10 28 ug mhfor 72
hours In some experiments PBI ~ were cultured i Con-
A media plus CY-A (0 ) gg mi) to determine the effect
of CY-A on the generation of Con-A suppressor cells
Control ce!ls were cultured 1n media contaming no Con-
A or CY-A The scheme of the experiments is illustrated
m b I After three dass of culture the primary cells
eontrol. Con-A or Con-A - CY-A) were hanvested,
irradiated (4000 rads). and added 10 secondary cuitures
Autologous responders 1n these secondary cuitures were
stimulated with either allosntigenie irradiated tympho-
cvies or mitogens {PH{A. Con-A.or PW M)} These secon-
dary cultures were then incubated for an additiona) 3
davs for mitogen studics or $ days for alloannigen studies
The cells were haniested and 'H-TdR uptahc was
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Fig. 1. Scheme of memory cell #xperiments.

measured Suppression conferred on these cultures by the
putative suppressor celly was then caleulited by the
following formula percent suppression (I cpm Exp/
opm NAY 100 Where opm Bap response in counts
per minute of secondary culture with Con-A or Con-A +
CY-A cells added to the culture and c¢pm
NA counts per minute of secondary culture with
cultured but nonactivated celis added to the culture.

RESULTS

Mitogen and Alloantigen Inhibition by CY-4

Figure 3 shows the dose response curves
generated with varying concentrations of CY-
A added to the culture media. A 507 inhibi-
tory dose (1D.,) of CY-A on mitogen stimula-
tion was found to be 0.31, 0.1%, and 0.05 ug
for PHA. Con-A, and PWM respectively. The
1D, for CY-A on allogencic responses was
025 ug/ml Pokeweed mitogenic responses
were the most sensitive in our series while

LEAPASAN ET AL

PHA was the least sensitive to CY-A treat-
ment.

Memaory Cell Function

Lymphocytes sensitized to specific alloan-
tigens in cither control, CY-A, or hydrocorti-
sone media were assayed for their subsequent
primed response to cither reference or third
party illoantigencic stimulators in a second
culture system. CY-A or hydrocortisone were
not present in any secondary cultures. Figure
4 illustrates the primed response of these
cells. Control cultures show that the primed
cells were stimulated by day 2 with reference
alloantigens as expected. This early response
was Jost in cells primed in the presence of
CY-A. However, these lvmphocytes were able
to respond in a normal MLR fashion to
alloantigenic stimulation. This etfect on the
primed cell response was not observed in
hydrocortisone treated primed lymphocy tes
although these primed cells did respond 24
haurs later than did controls.

Suppressor Cell Acrivity

Mitogenic responses.  The suppression
conferred on PBL. mitogen induced prolifera-
tion is shown in Fig. S. The suppression
demonstrated by both Con-A and Con-A -
CY-A treated cells was similar for all three
stimulatory mitogens. The degree of suppres-
sion comparing Con-A to Con-A + CY-A
suppressor cells was not significantly ditferent
in these experiments. It is important 1o note
that the proliferative responses in these
cultures are from responding autologous cells
and not from the added suppressor cells since
they had been irradiated (4000 rads) prior o
their addition to the secondary cultures.

Allogeneic  responses.  Suppressor cells
were added to mived lymphocyvie reactions.
Figure 6 demonstrates the suppression
induced by the addition of these cells to the
MLR. There was a 647 mean suppression
induced by Con-A cells compared 10 837 by
the Con-A + CY-A suppressor cells. These
responses were not significantly  different
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DIFFERENTIAL EFFECTS OF CY-A
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CONTROL CON A Usug m CON A LG r

Fig. 2. Scheme of suppres-
sor cell experiments.

indicating CY-A does not effect suppressor
cell activity once these cells are generated.
Suppression was more pronounced with the
mure specitic allogeneic stimulation than with
the more potent but less specific mitogens.
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DISCUSSION
Afthough the specitic mechanism of immu-
nosuppression by CY-A remains unclear.
several in vivo and in vitro studies have now
shown that this compound inhibits thymus

MEAN WITOCENIC STIMULATION MEAN ALLOCENIC STIMULATION
7T HR CULTURES (n &) 5 DAY CULTURES (n &)

O POREWELD

Fig. 3 CY-A dose-re
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Fig 4  Response of primed celis (control. CY-A or hydrocortisane) in secondary culture with original stimulator
Bx or third party stmulator, Cx. or Dx. Concentrations of CY-A or hydrocortisone were used only in the primary

cultures.

dependent (T-cell) humoral and cell mediated
immune responses.”  This inhibition. how-
ever, seems 1o be limited to certain subsets of
T-lymphocytes, ailowing full expression of the
unctfected subpopulation

CY-A » most elfective at suppressing
hmphocyte proliferation in response  to
mitogens or alloantigens. This suppression
occurs N a dose-dependent tushion to both
stimulators. Mavmal suppression was seen in
Pokeweed cultures where as PHA was the
least inhibited. As noted by others, MER was
inhibited by CY-A" It s unknown if this
mechamsm s a result of disruption of T:T
interactions or T:B recogmuion during the
early phase of MLR In this context it is
interesting thut CY-A had a detinite effect on

<
3

CON A TREATED CELLS

D CON A - (5 A TREATED CELLS

PERCENT ST PPRESS O

PHA LN A Pwar

Fig 5 Suppression of mitogenic stimulstion n
secondary cultures by the addition of Con A or
Con A - CY A pretrested suppressor lymphocytes.

primed lymphocyte responses in secondary
cultures.

These memory celis, primed to respond to «
specitic alloantigenic stimulator  (reference
cell) lost this ability to undergo blastogencesis
carlier and with greater magnitude if priming
occurred in the presence of CY-A, However,
these same cells were able 1o respond to the
original reference stimulator as well as third
party stimulators in a normal MLR manner,
Cells primed in hydrocortisone media in doses
much greater than CY-A only delayed the
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v
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Fig. 8. Suppr of ak 9 mul n

secondery cultures after the addition of Con A or Con
A . CY A pretreated suppressor lymphocytes
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DIFFERENTIAL EFFECTS OF CY' A

primed response by 24 hours. These data
would suggest that CY-A interfered with
memory  eell recognition in the secondary
«ulture but that this loss of recognrition was
<hort lived. This temporary loss of “memory ™
may be a result of T:B interference in the
recognition phase of MLR. Also. it would
uggest that specific clones of Jymphocytes
.re not eliminated after culture with CY-A.
Reports of suppressor cell sparing by CY-A
tave recemtly appeared in the literature® '
Our experiments have demonstrated that the
+ddition of CY-A to Con-A cultured PBL did
a0t effect the generation and subsequent
junction of suppressor activity in these
ymphocytes. This sparing of suppressor cells
was present over a wide range of concentra-
aons of CY-A in the primary  cultures.
t urther studies have shown that cells treated

409

only with CY-A do not induce the generation
of suppressor cells but rather allow for their
expression.

It is not unreasonable to hypothesize that
the mechanism of immunosuppression with
this unique compound may be a result of
inhibition of T-helper subpopulations or inter-
ference with T-B or T-T cell interaction
exclusive of T-suppressor activity. This would
result in an imbalance in immunoregulation
which favors suppressor activity and culmi-
nates in profound immunosuppression.
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