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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. Our 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 February 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 l-lOOpgm/ml,

Pokeweed 0.l-50ygm/ml and LPS (E. coli) O.l-lOpgm/ml. Peak CPM's and

time of maximum response are as follows:

MITOGENS CPM x 103 ± S.E. DAY

PHA 1 ; 190 ± 2.5 4.5

Con-A 25ygm/ml 360 ± 4.1 4

Pokeweed 0.5pgm/ml 154 ± 6.3 4.5

LPS 1O0j gm/ml 15 ± 1.2 4

.... p.
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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 (>10) 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 macaque model. Unlike the chimpanzee

where we could use a cell-separator and harvest large quantities of lympho-

cytes, the selective immunosuppression by anti-idiotypic antibody in the

non-human primate stump-tail produced responsive but limited numbers of

cells. The result was that no anti-idiotypic antibody was produced.
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3. In Vitro Effects of Pharmacologic Agents on Lymphocyte Subpopulation:

Because this study involved the production of specifically primed lympho-

cytes, experiments were performed to examine the effect of various im-unophar-

macologic agents on primed cells and other lymphocyte subpopulations. The

results of these studies have been published under this contract in separate

journals and the results presented at two international congresses and one

national meeting. (See Publications.)

Our studies provide evidence that lymphocytes primed against specifiL

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 cell 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.

a-..
4r
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Effects of Cyclosporin A on the Generation of Primed

Lymphocytes In Vitro

S 13 Leapman. R S Fila. E. J. Smith. 11nd P. G. Smith

S-YCLOSPORIN A (CY-A). a neC anti- drawn (up to 70 days earlier). Dunn. White.
- lymphocytic drug. has been described as and Wade' reported similar results, but indi-
a potent immunosuppressive agent." This cated less specificity in that 66% of third-
compound has been studied in multiple part% donor allografts survived for prolonged
species with various experimental models, yet periods even after the withdrawal of CY-A.

- " the mechanisms of its immunosuppressive Experiments have also been performed in
actions remain unknown. In vivo. CY-A- vitro to clarif% the mechanisms of this drug.
treated rats have had successful engraftment Proliferation of porcine lymphocytes were
of bone marrow across AgB-incompatible inhibited with CY-A in a dose-dependent
barriers without the development of graft- manner when challenged by phytohemagglu-
versus-host disease.' In man. the drug has tinin (PHA) or alloantigenic stimulation.

. modified the acute skin reactions commonl) Inhibition was significantl) higher if the drug
seen in graft-versus-host disease.5 Survival of was added at the beginning or soon after the
renal allografts in mongrel dogs has been initiation of the culture, but not at the end of
prolonged b CY-A treatment. In clinical the culture period. T-cell proliferation was

- trials with CY-A. Caine et al. have reported inhibited with 5-100 times less drug than was
- - some success in patients that have received B-cell proliferation." Leoni and colleagues"

renal allografts.' Jamieson and colleagues' studied the response of human lymphocytes in
found that CY-A without additional immuno- culture to CY-A and reported that this drug
suppressants was insufficient to ensure long- inhibits blastogenesis in a dose-dependent
term allograft survival in a primate cardiac manner when cells were stimulated by PHA.
model The% also noted that short-term conconavalin A. or pokeweed mitogen. Lym-
administration of the drug with subsequen phoblasts were the target of CY-A activity

"- discontinuance did not permit long-term graft and resting cells were not effected.
survival. These results are contrar% to those In order to further elucidate the antilym-

A reported b% Green and Allison , The) found phocytic mechanisms of CY-A in vitro, a
that CY-A alone was able to induce long-term model using normal human lymphocytes was
renal allograft survival in rabbits and that the designed to answer the following questions:
animals became tolerant to other organ trans- (1) Will initial CY-A treatment affect the
plants from the original donor, but not from memor) of lymphocytes primed to specific

" third-partN donors.' Furthermore. the toler- alloantigens when challenged by the alloan-
ance persisted in their animals even after all tigens in secondary cultures? (2) Will those
immunosuppressive therap) had been with- same cells be responsive in secondary cultures

... .- to third-party alloantigens? (3) Does CY-A
- - -have different effects on primed lymphocytes

Fron, the Depariments ofSuper ,Tramplanaiton, than hydrocortisone (HC). a known immuno-
"" and ediCn e .ephrnlv oglt. Indiana !. nveru,,, Medicaf suppressant? The results of these experiments

-- - Cenge, Indinnapohi. lid

Supported hi O.,R ContracN ,- 14l-(-041' form the basis of this report.
Reprint leque~tt shodd be. addre.sed It S 5 Leap-man. A D )eparintment of Surgert and Aedicinc MATERIALS AND METHODS

Indiana t(nireu MedicaI C6enter. Inditnalo:is. bid Preparation of Primed Lymphoctes

IQAU hi Gr ,n, A Stratton Im Peripheral blood was donaied by healthy volunleers
0041 134.5/(4'".-0wS0 00/0 Mononuclear cells were separated using a FicI-Hypa-

246 Trmnapantaton Procadi. Vol Xi1. No. 2 (June). 1980
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EFFECTS OF CY-A ON PRIMED LYMPHOCYTES 247

que discontinuous gradient procedure (specific gravity hydrocortisone were made with the standard control
1.078). Lymphocytes were primed in vitro by culturing medium.
16 x 10' cells from responder "A" with 16 x I0V
(si-irradiated. 2500 rads) from stimulator -B." Concen-
trations of responder and stimulator cells were each SecondarY Phase Cultures
maintained at 4 x lO'/ml with the appropriate RPMI All secondar) cultures were performed in control
1640 culture media as described belowl Cultures were RPMI1 1640 media without CY-A. HC. or DM50. Fresh
incubated in 2' sq cm ur,.ght flasks at 374C insa 5% CO2  stimulator cells were irradiated with 2300 rads and
humidified atmosphere for 10 days. After the fourth dal, designated as B, (original reference cell), or C. or D.
of incubation. fresh medium was added to the cultures atI (third-party stimulators). The responding primed lym-
2- 1-da'. intervals. Primed cells. were harvested on the phocyses (K'B., 5 x 10' cells/mI were cultured with 10'

serum to remove debris, and then washed again. Cells were t0one in quadruplicate. Equal volumes of responder
were counted and prepared for secondary phase cells and stimulator cells (total 0.2 tril 'were added to
cultures microliter wells and incubated from 0 1., days. At the

end of these predetermined periods, each microculture

~' Preparation of Media /was puise-labeled with 1.0 uCi tritiated thymidine (iH.
Tdr. Schwartz/Mann. Inc.. Orangeburg. N.J.; specific

Control media Four separate culture media (2 activity. 6 Ci/mM) and allowed so incubate an additional
- controls. I cyclosporin A. and I hydrocortisone) were 12-18 hr. Cells were harvested onto glass-fiber filter

used in the experiment Control media were prepared as paper with a MASH unit and 'H-Tdr incorporation
RPM 1 1640 with Hepes (25 mM), bicarbonate (2 g/lit- subsequently counted in a Packard liquid scintillation
er). I -plutamine (2mM liter). gentamycin (80 mg/liter), counter,
and 10, pooled AB human plasma Because dimethl-
sulfoxide (DMSO) was used as a solvent for the CY-A. it
was necessary to use a control for this agent ThereforeREUT
DMSO. 1,, s/s. was added to the above RPMI 1640 Primed LymphocYte Recover), Rates
media, and this preparation served as the DMS0 control

-. - medium Lymphocyte viability was determined b)
Cs ctospormn A media (Sando:. Ltd.. Basel, S%-it:ep'- trypan blue exclusion. The yield of primed

land, CY-A medium was prepared b% the addition of I lymphocytes compared to the original respon-
ml of DM5S0 to 100 0A5 of CY-A. This was slo%%l added drpplto 1 0)i oe nTbeI
to the Cs-A medium with constant stirring. Three Cs'-A Thrwaa92 reo ry fvibepmd
concentrations. I 0. 0.5. and 0. 1 mglml. were used during Teewsa99 eoeyo ibepie
the priming phase of the experiment All dilutions of lymphocytes in the control media. Unlike
C's-A media were made with 1,, DMSO control controls. all DMSO-treated cultures (with or

S medium without CY-A) had an extremely poor recov-
H idrocortisone sodium phosphate meiaWC. erv. ranging from 16; to 2717. Hydrocorti-

Afe. le. Sharpe d LDolme. West Point. Pa iHC was sn-rae el ile nemdaerc~
rcadil% soluble in RPMAI 1640 culture medium and used sn-rae el ile nemdaercv

___in inal concentrations of 10. 5. and I ug/ml during the ery of viable lymphocytes between 48% and
- -. primar culture phase of the experiment Dilutions of 6~

T Table 1. Lymphocyte Recovery ttle From P"~Ing Culture Media

70181 coils 5'.mity vaD.Si Pew.. vowc

Control 163 90-k 47 92%,
OMSO1% V'V 361 66%k 3 1

-' CyclosarinA 2 6

~ ~ ~ A II ~ 0,gmiCi7041 43 27%
0~~m 60 8: 4% 30 lost

Hs'drocorlesiogge

1 0 0g'i 11 4 84% 96 00%
50 09'ti 12 7 69% so 5541

l00'm 09f" 6 60% 7 7 411%
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PRIMED (A'Bx)

vs

PRIMED (A'Bx) Bx Cx Dx

VS DMSO MEDIA

UNPRIMED A Bx Cx Dx
60 - vs CONTRO MEDIA

Bx Cx Dx

X 5 0 m x
'60

0
-.30

-, OxOx
_ 20 x

- -. - FIg. 1. Effect of standard control and DMSO
t7 .control primed cells on B,. C., end D, stimulators.

1
-  

" C 0, Is the original reference sUmuiator c ell. Also

AxAx noted Is the response of unprimed A calls to B..
A Ax C,. end D,. The stimulation Index wee calculated

0 2 4 0 2 4 0 2 0 by dividing a mean experimental response by a
mean control eutologous response for each

DAYS approprita media and tma period.

Primed Cell Response in have the ability to develop memory cells. i.e.,
Secondary Cultures primed lymphocytes. This was tested by

-_Controlled media. Figure I illustrates comparing the secondary response of these
---- f-oo the response of control primed cells (A'B),,. cells (A'B,)c., with B,. C,, or D, to the

DMSO-primed cells (A'B,)Dmso. and un- secondary response of (A'B,)DIso to those
primed cells (A) to individual stimulator same stimulators. The (A'B,)c.A cells did not
populations B,. C,. D,). There were temporal respond to stimulator cells, neither reference
and quantitative differences in the respective (B,) nor third-party cells (C, or D) on days 1.
responses. The (A'B,).... + B,] response was 2. or 3. (Fig. 2). Despite this early unrespon-
as expected on day 2 with a stimulation index siveness. there was definite activity of

.-m - (SI) of 58 compared to an SI of 1.22 for the (A'B,)cv.A by day 5. This response was appar-
unprimed A + B, culture. (A'B,)DAso cells also ent in all CY-A concentrations and was not
demonstrated an augmented response on day dose dependent in the range tested.
2 (SI. 40) to reference cell B, while the peak (A'B,)DMso cells did exhibit an earl,* second-
response to third-partN control cells was much ary primed response to reference stimulator
lower. The response of [(A'B,)Dmso -B,] was B, but not to C,. or D, The mean response of
45.000 ± 1810 cpm compared to 156,000 - (A'BjC.A to B, on day 5 was equal in
. .5479 cpm of [(A'B,) . B,] on day 2. This magnitude (48.508 ± 4366 cpm) to the earl%

lower response is not surprising since DMSO primed response (45.302 t 1810 cpm) seen
is known to inhibit DNA synthesis. Thus, it with (A'B,)DMs on day 2. Also the (A'B,)(.. 4

I was necessar, to compare CY-A-primed response was 4.5 times greater on da. 5 than
I lymphocytes to the DMSO control media- the unprimed cells (A + B,) noted in the

primed lymphocytes. while HC-primed lym- routine MLR. This indicates that (A'Bh
phocytes were compared to the standard maintained the abilit, to respond de novo in
control media-primed Jymphocytes. secondary cultures as long as CY-A was not

S "-- Ctclosporin A media. These experiments present in the medium.
were performed to see if lymphocytes in a Hdrocortisone media. The effect of
primar) mixed lymphocyte reaction (MLR) hydrocortisone on lymphocyte priming is
with various concentrations of CY-A would noted in Fig. 3. (A'B,)O responsitivit) to B,.

I-



EFFECTS OF CY-A ON PRIMED LYMPHOCYTES 249

PRIMED CELLS (A'Bx) PRIMED CELLS (A'Bx)

vs VS

ALLOANTILENS BxCxDx ALLOANTIGENS Bx. Cx, Dx

CYCLOSPORIN A MEDIA HYDROCORTISONE MEDIA
SO D

40-Bx 250 B~

30 -

1. 0 ligmim I
20 - 10 Pgn/mI

100

10 x

CAx so-
xx 

s o _ x . 5

zxz 30 - 200

Z ex 0. 5 ligm /ml t0 20 
0

1 0 
o10 0

Cx<
-j - x x

Dx A7 jmm

,F,, 50 Bx 10 .xgnm. . .. so-e 250 -

40 -
2001

30 -

20 - too . /ml

10

0C x 50 -Dx
0- x A~I I I I I "

1 2 3 5

DAYS
DAYS

Fig. 2. Response of cyclosporin-A-primod cells In
- -- secondary culture to original stimulator B, or third-party Fig. 3. Response of hydrocortisone-prlmed cells In

stimulators C.. 0,. Concentrations of CY-A were used only secondary culture to original stimulator 0, or third-party

during the priming phase and not in secondary cultures. stimulators C,, D,. Concentrations of HC were used only
during the priming phase and not In secondary cultures.

C,, D, was delayed by 24 hr, compared to
- (A'B,),,,,. The peak response to reference early in the culture system, but this inhibition

stimulator B, was seen on day 3 instead of day is lost by day 5. The inhibition is most marked
2. There was no inhibition of the response (967) against reference cell B,. but
with (A'B,)H(. in fact, the response was (A'B)c.,A also responded less to C, and D,
augmented. The memory of (A'B,)Hc was over the same time period. (A'B,)Hc cells were
unaffected since the stimulation of these cells found to show no preferential inhibition to
to reference cell B, was earlier and more reference cell B, or third-party stimulators C,
vigorous than to C, or D, stimulators. or D,. Unlike CY-A. therefore. HC did not

As noted in Fig. 4. (A'B,)cy., is inhibited interfere with lymphocyte priming.
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CYCLOSPORIN A % INHIBITION primary reference stimulator cell, will re-

100 spond rapidly and vigorously usually within
A'8"-,3~ the first 48-72 hr of culture. Unprimed cells.80 A'Bx "CA :o X however, will respond in a more routine

60 manner, generally developing a maximum

40 0.1 ugV'"I response at day 5 rather than day 2 or 3.

- - If CY-A inhibits onl. blastogenic cells in

; 0MLR, we hypothesized that it might inhibit

0 the formation or the response of primed

I (memory) cells. We also reasoned that other
.0- lymphocytes not responding to the reference

W 60- stimulator in the priming culture would
0. -respond in a routine fashion to third-parts

- -- ... "- 0 - 0. 5 Igmml

"- . .. alloantigens in a secondary culture. The
|] results have confirmed our hypothesis since

(A'B,)(-,.A cells did not respond to reference
stimulator B, in a primed fashion in the

, 00 usecondary culture on days I or 2. HC had no
responded in a primed manner to B, the same

O 60 as controls did. Also, the primed response

40 j 1.0 ug,., t noted by (A'B,),MSO to B, on day 2 makes it
204 .certain that the solvent DMSO is not respon-
0 11sible for the failure of (A'B,)( to develop a

primed response. In addition, (A'B,) ,,
2 responded at day 5 to the original reference

DAYS cell and third-party stimulators. indicating

Fig. 4. Inhibition of cyclosporin-A-primed cell re- the CY-A effect was gone at this time. A
sponsos to specific stimulators in secondary cultures. disturbing finding in the experiment was the
Inhibition was calculated as: lack of a dose response to CY-A. since other

cpm Exp. cpm Media in vitro studies with this drug have shown
% Inhibition (1cpm Control cpm Media) 10 dosc dependence.

whore Exp. moan response of (AB,,,, or (AB._ to a It might be argued that the data are a
stimulator call: Control • mean response of (A's,.).. or conseq'..'ce of inadequate washing of CY-A
IA'S,),_ to a stimulator cell; Media - spontaneous 'H-Tdr during the transfer of cells from priming to

- .- . uptak, secondarN cultures. If this were the case and

CY-A %as bound to the cellular membranes
DISCUSSION or present in the cytoplasm. we would expect

c chose to examine the mechanism of continuous suppression of these cells from da

CY-A in a primed lymphocyte culture model. 0 through S. Leoni and colleagues' reported
J= ,It is known that lymphoid cells from two that '"I-CY-A was rapidly taken up b%

unrelated individuals, when mixed together. lymphocytes. whether resting or stimulated.
iwill undergo blastogcncse.,,' ', The recogni- However, complete elimination of the drug
tion of antigenic determinants on the stimula- was obtained in as little time as 6-7 hr, if the
tor population will lead to a generation of cells were cultured in a CY-A-free medium.
lymphoid cells that have specific memorN for They also reported that if CY-A-treated cells
those determinants." " These memor% cells. were first washed and then resuspended in
when cultured in ch secondarN phase mixed medium lacking the drug. but containing
lymphocyte mection (MLR) with their PHA. they would show considerable mito-

---
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genii, recoser,. %ithin the first 48 72 hr. CY-'A in a rat bone marro%% model mas be the
Furthermore, data from our laborator%. result of an accelerated appearance of a
(unpublished) have shown that MLR is T-suppressor cell population. Our results
suppressed %kith ('N -. '\% at a 51', inhibition would not support this concept, since one
II1) ), of 0.5 mg,'ml White and collcagues' would havc expected any nonspecific suppres-

*hao c found siilar resuilts The% reported thai sor cell activity to be operative throughout the
pocnc-primed cells \here inhibited \&ith CYN- secondarN phase cultures. Also, the signifi-

A atin ID_, of 1 0 jugiml in the secondar\ cant loss of cells after 10 days of primed0haph cultures Since our initial concentra- cultures makes it unlikels thai the mechanism
ins of C*iY-A ranged bet\&een 0.1 and 1.0 of this drug I s activation or stimulation.

mg /ml, it is high]\ unlikely, after the multiple In conclusion, the data provide evidenceAb ~ \ahings. that enou'h (Y-) :_ carried over that I~mphoctes. primed in vitro against
to effect the secondlary phase cultures stgnifi- specific alloantigens in the presence of CY-A.

- --- -cant]\ lost their abilitN to respond in an accelerated
Although the mechanisms of immunosup- or primed manner to those same alloantigens

-- -pression remain unclear, several in vitro and in a secondar\ culture. This vsas not true of
in %iso studies have nosA sho%%rn that this agent cell% primed in vit -) uth hsdrocortisone
nhibits thy mus-dependent humoral and T- However. CY-A cells were able to respond to

-~cell immune responses In addition. T-cell original alloantigens b\ the fifth day in a
responsisencss to PHAX and C on-A mitogene- secondary culture. These data suggest that
sis is inhibited in a dose-dependent manner the constant presence of CY-A is necessar\ to

_ %ith an ID,,, of 0.5 mg'ml and 0.1 mglmI. exhibit its antil~mphocvtic activit\.
respectively (unpublished data). Clearly, the
agent suppresses only blastogenic cells and REFERENCES
hais little effect on unsimulated cells.. I C.IIIW RY IR(S Mcd Sci 6 44., i9's

1 rorn the in vis o and in vitro observations, 2 Borel .11. F-curcr C Gublcr lit . ei al Agent,

three theories regarding nechanismns have Aclirns (.16. 965n\ actIII ' '
-been proposed The first is aI speculation that 4i Tuischki PtI. Bcschorner ~A t Allison AC. c i ail

CN -A cornpleicl eliminates clones of cells Naiure 2N14K. i9'9

-and thus creaites tolerance in certain 5Po~lcs RI.i link Ht. Sloinc .1. ctil .0 aneci 2 13-'.

pcts "Our results Aould tend to disprove 19-h
6 ( ,ilnc RN . Thiru S. Mi,Iacr P. ei al Lane:ct

k -I N ~~this concept. stice s"c found that (.), 233
cells sscrc able to respoind to both original -'jamicson SA . Burion N A. Hicbcr ( 11, et i! Laincet
referenc stimulator and third-party stimula- I i S'SI

tiirs b\ the fifth das\ in secondary culture h(Grecn ( J, Allisn A( . Prccitus S tI ncci 2' 123.

4) -This .suggests thait ('N -A must be continually 197Q~
9 D~unn I)( . ~A hitc D-1. V5 idt: I tR(S M ed So

- ~ -present to inhibit cellular responses to alloan- 6,4(A647N~

tigenic stimulaition, and total elimination of t0 Whl t) (i Plumsb SM P-0cc, (, ci al it.in'-

-the cells did not occur. Second. Gordon and planitatiin 27 4S, 1914

Singer" infer that the mechanism of CY-A Iimno IcnP I,ur. 141S lsnSt i.0. i 0
mas be an inhibitiiin ito the T -helper** cell t2mHn~i B . ias'M.IS c~cn 1 j-)N
populat ion Our experimental model %kas 6

unableto define \%hch subpopulaion of T I I iI It. thrhorn K Sccn~c 14,t isje%4

cotne-rsneo h drug \Aas necessar\ 18S 11"l. 1 ql

ito obtain the results, Finall\, an interesting I ' Hiritnian R.t1 issuc \mig~cn, I 132(0;. IQ-14
coneptregrdig te mchaismof Y\ It, Singii DP Trainsplaint Prkx 'itS. 1-~
concpt rgaring he mchaism f ('-A 7 Bornl JI . \k csinger t). (,ubicr lit tur J Rheum

has been raised by Tutschka and colleagues..' 237. 1978
They speculate that'lhc tolerance inferred by is Gordon MN . Singer J~k Nuiurc 27Q 433. t'C
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IN VITRO EFFECTS OF CYCLOSPORIN A ON LYMPHOCYTE
SUBPOPULATIONS

1. SUPPRESSOR CELL SPARING BY CYCLOSPORIN A'

STEPHEN B. LEAPMAN, RONALD S. FILO, EDWIN J. SMITH, AND PATRICIA G. SMITH

Iepartments of Surger. (Transplantation) and Mediwne (Nephrolog. . Indiana Unirersiti Medical Center. Indtanapolth.
Indiana 46202

SUMMARY MATERIALS AND METHODS
The fungal metabolite, cyclosporin A, is a potent immuno- Mononuclear Cell Preparation

suppressive compound. Experiments were performed in vitro
with both human and nonhuman primate peripheral blood Peripheral blood was obtained by venipuncture from healthy
lymphocyte.- to study the effect of this agent on suppressor cell human volunteers. Mononuclear cells were isolated by Ficoll-
activit. Cyclosporin A did not affect the generation or function Hypaque discontinuous gradients (specific activity, 1.078L All
of concanavalin A-induced suppressor lymphocytes as mea- cells were washed with RPMI 1640, counted, and cultured as
sured by their ability to suppress thymidine uptake of l mpho- noted below. In some experiments, specifically noted, peripheral
cYte- in secondary cultures. No evidence of suppressor cell blood lymphocytes (PBL) were obtained from healthy stump-
induction was noted by incubation of lymphocytes with only tailed macaques (Macaca speciosa) and processed the -ame as
cyclosporin A. We conclude that, although cyclosporin A does human cells.
not generate or induce suppressor cell lymphocytes, it does
spare them. hile inhibiting other subpopulations. This effect Preparation of Suppressor Cells
ma\ create an unbalance in the immune system which results Prmar- culture. Medium used in these experiments wasin profound suppression. Pia utr•Mdu sdi hs xeiet a

RPMI 1640 with 10% pooled human or monkey plasma supple-

Those cells responsible for the induction of the immune mented with HEPES (25 rm). bicarbonate (20 g/liter), L-glu-

s hstem are the lymphocytes. It is now established that these tamine (20 mg/liter), and gentamycin (80 mg/liter). Con A (10
to 25 Ag/ml; Sigma, St. Louis, Missouri) alone or in combination

immune responses are modulated and regulated by subsets of
lymphocyles. specifically. the thymus-derived (TI cells which with CS-A (0.1 Ag/ml; Sandoz, Ltd., Basel. Switzerland) was

can either suppress or augment humors] or cellular immune added to the above culture medium. Control cells (nonacti-
vated) were incubated in medium only. Since CS-A is insoluble

reacton 3. In addition to the autoregulatory mechanismsdolved in absolute eth alcohol to a final

certain pharmacological and biological agents can profoundly inewati was d is incabte eh alcohol tas pen
eftet te ati~t~ f teselympocyescretin imunoup- concentration of 0.2't. This concentration of alcohol was presentefrect the act of these Ivimiphoctes creating immunosup- in all culture media and did not effect lymphocyte responsive-

pres, sne agent is cyclosporin A (CS-A), an antifungal, cyclic ness. In one experiment using lymphocytes from M. speciosa,

endeapeptide with a unique amino acid (4). only CS-A (0.1 Ag/ml) was added at the beginning to the

This compound has been reported to be antilymphocytic (5- primary culture to determine if this agent would stimulate
a, but its efhect on specific subpopulations of lymphocytes has generation of suppressor cells. In a second set of experiments

71, t etion fmacaque lymphocytes were stimulated with Con A and various
re(v ied little attention Our laboratory' has been interested in dose dilutions of CS-A (0.01 to 1.0 Ag/rnl). These mitogen-
thi- compound and in vitro assays have been used to probe its stimulated lymphocytes (suppressor cells) were cultured in 25-immunoatuppressivecmechanisms. We recentlyerreportedethenef-
mmunosuppresve mechanisms. We recentlyv reported the ef- cm- flasks at I x 10" cells/m. Incubation was carried out in a
fect of ('S-A on memory cell function and its ability to suppress 5cr CO. humidified atmosphere for 72 hr at 37 C. At the end of
primed lynmphocytes against specific alloantigens (81. Gordonpriiedl~viphc~ts aaint seciic llontiens(8) Godon 3 days, these cells were harvested, washed two times with 75
and Singer 191 have inferred that CS-A may inhibit helper T mm 'o-methl--mannoside , and twice with RPMI 1640. A
cell populations while Tutschkacells were counted and viablity was assessed by trypan blue
an a indued b\ CS-A in a rat bone marrow model may be the exlsion. Funtion iabitv

exclusion. Functional viability of these primary cultured celLs
result (if an accelerated appearance of the T suppressor cell . fteepiayclue elpopuhlation betterudaperadtheiflunce of th is e su son e was determined by plating aliquots of control, Con A. or CS-A
population l" better understand the influence of this agent on + Con A cell cultures into microtiter wells. These aliquots were
suppres-or cell populains in vtro experiments were designed labeled with 1.0 Ac of tritiated thymidine ( 1H]TdR (Schwarz/
to ansetr the followin g questions (Ii Does CS-A inhibit the Mann. Inc., Orangeburg. New York; specific activity, 6 c/mM)
generation ooncanaaihn A (Con At-induced suppressor cells? for an additional 12 to 18 hr. Cells were harvested onto glass

Wll ('aS-A alone timulate the formation of suppressor cells? filter fiber paper with a MASH unit and [ H]TdR incorporation

(4) is the effect of ('S-A on Con A generated suppressor cells was subsequently counted in a Packard liquid scintillation
counter. These day 0 responses were necessary to examine the

dose dependent" The results of these experiments form the inhibitory effect of CS-A on the Con A-treated cells. Thebasiior efetof C-AthihsCn -trepd elsrTh
basis of this report remaining primary cultured cells were irradiated with 2,500 to

ihis work was supported bv ONR Grant Contract Nt(xK14.78.C. 4,00(0 rad and subsequently placed in secondary cultures to
(WU I'rtsentead at the Sixth Annual Meeting of the American Society asay for suppresion.
of 1 ransplant Surgeons., Chwago, Illinois, May 29 to 31, 19m) Secondarv cultures. Fresh cells from the human volunteers
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or ?he macaques were obtained and separated as described Data and statistics. Data from mitogen-itimulated experi-
abo% e These cells were then cultured in microtiter wells (0 x ments are expressed as mean cpm ± SE of quadruplicate
10 suell with phytohemnagglutinin (PHA) (M, Con A (25 $Lg/ cultures. Percentage of suppression wus calculated as
nil or pokeweed (0.5 pg,/mlh mitogens for 3 days. For certain'Tsprsin-)cm Ap Epx10
experiment~. cells were stimulated with irradiated (2,500 R) upeso -cmN/p x 0
alloantigeneit or autologous lymphocytes as a mixed lympho- where cpm Exp - cpm of secondary cultures with Con A or
cvte culture IMLC? for 5 days. Con A + CS-A cells and cpm NA - cpsm of secondary cultures

A~sni~ for s.uppressoir actirst.t Each population from the with cultured but nonactivated control cells.
primr% cultures %sa. assa ,yed for suppressor activity in the Alloantigen stimulated responses are expressed as stimnula-
sec ond ar. culltures described above. These putative suppressors tion indices (SIS). The SI is a ratio of the allogeneic stimulated
waere- added to the secondary' cultures at 1 x 10' cells/well. All response divided by the autologous stimulated response. The
responding cells in the secondary culture system were autolo- percentage of suppression in these experiments were done as
gtius with the suppressor cells. At the end of the respective fsollows:
culture period, the cells were pulse labeled with [ 'HJTdH 12 to %sprsin=1(Ieprmna/lcnrl 0
ll hr. harvested, and counted in a Packard liquid scintillation ~ s~rsin=l(Ieprmna/Icnrl 0
counter where SI experimental - allogeneic responses with Con A or

TABIJIt Hunian V3,rcvrratesadIHTR noprto Con A + CS.A added cells and SI control - allogeneic response
after 7rof rimayd culIte ncrorl with cultured but nonactivated control cells present in the

afe 72onar hutue ofe sigifaanc culturepesin se

Cell, in, utiated sell, i, [ ibe I'HrrdHirprto scribed a bove was tested by Student's onse-tailed t-test or an
t,, iered fr 'kt _____________ secnary cultrne ThM in. cneo hesprsina eoginal culturi. c cpm ± SEM suprio nlyinfvrine()

Sona,,iied 81 92 842±5
t.A 15-1 7t4 49.625 ±t 47 8 RESULTS
(inA - C., A I T. 87 7.171 1 216

%,si -,bi~ I4 9ii 25j;6 14 Effects of Con A or C'S-A on Primar-s Cultured Cells

Arii Ase M 93 14.8 I ofb Table I shows the recovery rates and proliferative responses
Ci:,A72 8 78.44t, 1.7W 6 o human lymphocytes in primary cultures as determined by

C A - ('- A 4'- 87 27.676 ±839 viable cell count-,. After 72 hr there was a mean recovery rate
Non A"i~ li19 94 6.2~ ± 44 of 126ri in Con A-cultured cells compared to the original

Cosi. A - C, A 44 89# 17.576 ±75% number of cells placed in culture. The combination of CS-A
tin 95 21140adCnA eutdina9 s rcvr at oprd oa 4

(AIN' 94I* 16.5 6 9± 1841 76
(,A-C'- A 1()- 94 .92± 3 recoverv rate of the cells cultured but not activated. A signifi-

N... ,.t,,!i K.5 482 ± 10cant suppression, 67 ± 11%, in [3H]TdR uptake was noted in
4. A Is's 92 34.9504 1 867 604 those cultures containing Con A + CS-A when compared to
4.,A -C'-A 4- 92 14.0,17±78h

?1 41 12.iM 266 Con A cultures. This inhibitory response is similar to previous
inA144 44 60.625 1 3.971 72 experiments done in this laboratory where the dose of 0.18 Ag

4 A - 4A -7 89 16.725 1 4N, of Cs-A per ml was necessary to create a 50% inhibitory

I i. u r.-i. :r,tnwil hNu,.'rnri 7±I response (MD..). We also observed that Con A-stimulated cul-
-. 1 On.'. A C it)lgg mf compared it)n Con A. tures were nearly 100'r blasts while Con A + CS-A cultures had

annnI-.. less than 10r blasts.

liisi 2 Sulisrcv-r aiis it ie. of Con A or Con A+~ CS-A -stimulated human lymphocvtes on the mitogenic responses of autologous
lymphocytes

('H ]TdH' incorporation stimulated with

*,njri A rlrirA PHA Con A PWM

rpm ±. SEM % suppression" rpm ± SEM 9suppression rpm i SEM 1; suppression

I Nniiiai t Iat ed 222.311 ±t 10.379 189,453 ±: 5.112 65.301 ± 2.427
C'is .A 175.874) ± 9,5331 21 167,163 ± 8,310 12 81.872 ± 7.038 0
('(it A - CS A 173.532 ± 8,4.37 22 174,512.t 4.13.5 8 67.20ti± 3.&35 0

2 Nioriai tril 147.897 ± 10.055 149.1944 1 2.666 85.P42 ± 3.715
(iA 1:1.5K48 ±. 1,.086 12 123,151 ± 4.207 17 58.280 ±t 1.465 32
iiA - CS A 1:32.145 ± 19,(111 11 112.910 1 4,921 24 63.176 1 3.087 26

4 Nniiisi liiatedi 235,687 ± 6,858 212.4301 ± 4.224 108,8001 ± 2.407
('it A 144,217 ± 3.0137 18 171.818:± 2,158 19 90.483 ±t 2.979 171
Cwt,1 A - CS A 272.145 ± 8,979 181,474 ±: 5.1171 15 85,874 a: 2.675 21

4 Nmira. Is% aled 27M,225 ± 1.321 125.517.t 3,2f66 138.597 t 2.21
(til A 262,85 ± 4,156~ 6 121,269 ± 4.902 4 121.057 ±2.802 13
Coni A 4 CS-A 268,2X11 ± 8,1019 4 111,67 ± 6.548 11 133.5M8 2.395 4

is f.MA (oi A 14.2 ± 3 13.0 ± 3 15.5 ± 6
('lit A 4 C'S-A 9.2 ± 4 14.5 ±t 3 12.7 ±t 6

it A and ('(,i A + C'S-A niuppression is significant by the one-tailed Student's M-est (P < 0.051 when compared to responses of nonactivated
Ilt imtl , 0ll, Hlwiv er, (on A compared to Con A + CS-A suppression do not differ from each other when tesed by a one-tailed Student's f-est

' ... I



406 TRANSPLANTATION Vol. 30, No 6

Effects of NA, Con A., or Con A + cs.A-treated Cells on the There was a 64% mean suppression induced by the Con A cells.
Proliferatie Responses of Autologous Cells compared to the 83% noted by the Con A + CS-A auppresors

Mitogenic responses. The suppression conferred on PBL These responses are statistically different as determined by an

mitogen-induced proliferation is shown in Table 2. The sup- analysis of variance. F = 7.58 (P < 0.05). Suppression was more

pression demonstrated by both Con A and Con A + CS-A- pronounced with the more specific allogeneic stimulation than

treated cells was similar for all three stimulatory mitogens. The with the more potent but less specific mitogens.

degree of suppression comparing Con A to Con A + CS-A
suppressor cells was not significantly different in these expen- CS.A Dose Responses in Primary Cultures (M, speclosa)
ments. It us important to note that the proliferative responses
in the-e secondary cultures are from the responding autologous These experiments were performed with PBL from M. pe-
cells and not from the added suppressor cells since they had ciosa, We have previously shown that these cells respond to
been irradiated prior to addition to the secondary culture. Also, mitogens. alloantigens, and CS-A in vitro similar to human
there was no carryover of Con A or CS-A into the secondary cells. A dose response curve through 2 log increments was
cultures since uptake of [ 'H]TdR of nonactivated. Con A, or performed. Figure I illustrates that CS-A in doses from 0.01 to
Con A + CS-A suppressor cells were not different in unstimu- 1.0 g/n had no effect on the generation of Con A suppressor
lated cultures containing these cells only. cells and that these cells were able to suppress an allogeneic

Allogeneic responses. Suppressor cells were added to mixed response in MLR by 50,. Doses higher than 1.0 tag/mI were
iynphocyte reactions. The results in Table 3 demonstrate sig- not done, however, and it is possible that an increased concen-
nificant suppression by both Con A and Con A + CS-A cells. tration could decrease Con A-induced suppressor cell activity.

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

IeSp.pndin cell Stmulator Suppressor cell cpm ± SEM SI l suppremon'

A Ax A%.' 180 ± 11 1.0 -
Bx AA, 23,002 ± 2.946 127.8 -

C1 Ar.. 36,718 ±. 2.679 203.0 -

A Ax A Con A 156 ± 46 1.0 -

Bx A Con A 6,302 ± 994 40.4 68
Cx A Con A 10.244 : 493 65.7 68

A Ax A Con A + CS-A 301 ± 88 1.0 -
Bx A Con A + CS-A 11.240 ± 615 37.3 11
Cx A Con A + CS-A 17.62a - 546 58.5 71

B Ax BS. 43.914 ± 5.924 106.1 -
Bx Br,, 414 ± 33 1.0 -

Cx BN A 60,11 :t 6.309 145.2 -

B Ax B Con A 20.628 ± 2.478 21.4 80

Bx B Con A 964 ± 235 1.0
Cx B Con A 23.863 t 1,528 24.8 83

I Ax B Con A + CS-A 36.210t ± 3.404 4.5 96

Bx B Con A + CS-A 7,980 ± 1.710 1.0
Cx B Con A + CS-A 46.985 ± 4,088 5.8 96

C Ax C%, 116.444 ± 7.922 101.4 -

Bx C%,. 101,253 ± 2.937 88.2
Cx C%, 1.148 ± 518 1.0 -

C Ax ( (on A 93.134 ± 4,553 55.0 46
Bx C Con A 88,186 1 2.920 52 1 41
Cx C Con A 1.692 ± 410 1.0 -

C Ax C Con A + CS-A 31.619 ± 1.3,56 26.2 74
Bx C Con A + CS-A 29.176 ± 1.210 24.2 73
Cx C Con A 4 CS-A 1,205 ± 115 1.0 -

I) Ax D. 16,321 : 1,020 53.3 -
Bx D,,. 36.752 ± 3.826 120.1 -

Dx ). 30 ± 37 1.0 -

D Ax V Con A 5.643±t 1.12$ 15.8 71
Bx D Con A 17.081 ± 3,813 480 60
Dx D C:on A 356 ± 56 1.0 -

SAx 1) Con A + CS-A 7,480 ± 1.012 3.2 94
Bx D Con A + CS-A 26.382 1 1,441 114 91
Dx D Con A + CS-A 2.3I8 ± 403 1.0 -

i ± SEM Suppresion 4 .Con A 64.6 ± 5 Con A + CS-A 83.2 ± 4

S- cpm allogeneir response
cpm autologous response

Ssuppre.ion -I_(Si expenmental suppressors x 10

suppessin - - S NA suppremom
NA are nonactivated but cultured cells in primary culture.
Percentage of suppression is significantly different between Con A and Con A CS-A as judged by an analysis of variance (F - 7.58).

. . .N ,
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Generation of Suppressor Cells by CS-A Alone in Primary sponses with the addition of these cells were at les equal to or
Cultures greater than the addition of nonactivated but cultured celIl to

Since it was feasible that CS-A alone could generate sup- a secondary culture.
pressor cells, this series of experiment, was performed. Table 4
illustrates that in general CS-A-treated primary cells do not DISCUSSION
show suppressor activity. One animal, however, did develop Although the mechanism of immunosuppression by CS-A
suppressor cell activity against mitogen responses which was remains unclear, several in vivo and in vitro studies in multiple
equal to that induced by Con A suppressors. None of the other species have now shown that this compound inhibits thymus-
animals tested, however, were able to suppress significantly an dependent (T cell) humoral and cell-mediated immune re-
allogeneic response and we conclude that these experiments sponses (4-6, 11, 12). Its actions may be augmented in vivo,
demonstrate the inability of CS-A to generate suppressor cells, however, by the sparing of suppressor cells, thereby enhancing
These experiments also indicate that there was no carryover of the relative number of these cells as a result of a diminished T
CS-A from primary cultures, since the secondary culture re- helper cell subpopulation.

Shou et al. (13) reported on a population of cells present in
ISO - the peripheral blood of normal humans that could be induced

by Con A to manifest suppressor cell function. These cells.
125 - whether autologous or allogeneic, inhibited blast transforma-

tion and [3 H]TdR incorporation by untreated lymphocytes in

100 -both mixed lymphocyte reactions and mitogenic or antigenic
z stimulated situations. It was further demonstrated by these

investigators that the effect occurred without evidence of cy-
totoxicity. Others (14) have reported, however, that cytotoxic
effector cells can be activated by Con A incubation under very

f 0o specific in vitro conditions. Sakane and Green (15) concluded
that those cells induced by Con A to suppress cell to cell

25 - = reactions were thumus (T) cell dependent and that Con A-
stimulated B cells did not exhibit suppressor activity. Further

0 separation of these cells by discontinuous bovine serum albumin
0 0 ' gradients indicated that high but not low density T cells pro-

duced marked suppression, yet this fraction of cells incorpo-
CYCLOSPORIN A ugm'mi rated little thymidine when exposed to Con A. This finding is

Fict R I Dose response curve of CS-A (means ± SE) added to a in agreement with experiments (16) done with murine cells
constant concentration of 25 pg of Con A per ml in primary culture, where suppressors (Ly-2,3) were found in a blast cell fraction
There wa-t no difference in percentage of suppression between 0.01 and and their induction was not inhibited by prior treatment with
1 u ug of CS, A per ml when these cells were tested in secondary cultures irradiation or mitogens (16).
for suppressor activity tM. spectosa i This study examined the in vitro effects of CS-A on a sup-

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

[:'HIrdR incorporation in response to mitogens stimulated with
CS-A pretreat

F.sperim-nt ment from pri PHA Con A PWM
mar%, Cullum

cpm ± SEM q suppresson cpm ±n SEM % suppression epm ± SEM t suppression

I - 42,542 ± 924 29,037 ± 657 126.872 ± 7.601
+ 35.644 ± 943 16' 23.401 ± 761 19 99.984 1± 3.038 21

2 - 53,307 ± 2,316 43.680 ± 1,748 40.988 ± 1.302
+ 50,680 ± 543 5 44,785 ± 1,801 0 43.826 ± 1.216 0
- 131.426 ± 2,121 175.477 ± 2,755 157,243 ± 5.344
+ 145,470 ± 1.922 0 364.300 ± 462 0 176.205 ± 8,415 0

B A/",aen,-
Response to alloantilens when stimulated by irradiated lymphocytes

-i (.- A pretreat. He Bit Ca Dit
me.nt men, from prl sponder

mar% ulture cpm ± SEM S11 % sup- cpm + SEM S l cpm± SEM S 1 sup
pression peion pression

4 B 2,491 ± 228 1.0 5,917 ± 816 238 6,77 ± 947 2.72
+ 1,770 ± 185 1.0 0 7,188 ± 532 4.06 0 13,462 ± 1,901 7.61 0

5 C 18,528 ± 2,903 - .7.29 2,540 1 465 1.0 21,767 12.543 8.57
+ 24,185 ± 1,873 10.66 0 2,268 ± 223 1.0 0 30,948 * 4,459 13.50 0
- D 26,784 ± 1,727 8.53 22,454 1 1,330 7.15 3,139 ± 355 1.0 0
+ 22,245 ± 2,043 6.02 2V 19.923 * 1,638 5.39 25 3,696 a 661 1.0

'erc ntage of suppression for experiment I is significant as judged by Student's one-tailed t-test (P < 0.06). Suppression in experiment 6 is
not signifiicant

"S1. calculations described n Materials and Methods.
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pressor cell population in both human and nonhuman primate manner to those same alloantigens in a secondary culture.
cult ured cell., The results indicate that Con A-induced sup- These lymphocyte did, however, respond normally by the 5th
pressor cells are uneffected b' coculture with CS-A despite a day in a secondary culture. These data suggestd that CS-A
marked inhibition (675 1 1 I of[ 'HjTdR uptake in those CS- does not induce tolerance by elimination of clones of ceils
A + Con A cultured primary cells The addition of CS-A to the reactive to specific alloantigens. In addition, the constant prs-
prunar' culture also reduces the number of blast cells present once of CS-A was necessary to exhibit its antilymphocytic
at the end of the incubation period. The remaining cells still activity (7). Homan et al. (171 have reported that CS-A given
suppressed nutogenic responses in secondary cultures equal to to rats in doses up to 10 mg/kg for 14 days failed to suppress
those suppressor cells induced by Con A alone and significantly cell-mediated cytotoxicity (a T cell phenomenon) but did in-

more suppression was noted by these cells in allogeneic re- hibit the humoral responses as measured by lymphocytotoxzin
sponses It would seem reasonable to conclude that CS-A had appearing in recipient serum. These studies give further evi-

no detrimental effect on the generation of suppressor cells and dence that CS-A may exert its immunosuppressive potential on
enhanced their activit% in suppressing the aloantigeneic re- the T helper subpopulations and leave unhindered T suppreesor
spons.es Howevei. kinetic studies that examine the peak daN of cell activity. If further experiments bear this out, this compound

suppressor activity were not done and it is possible that CS-A will also prove to be an extremely useful tool in the laboratory
simply shifted the peak day of response. Another reservation to separate T lymphocyte ubpopulations.
concerning this conclusion is that dose response studies to In conclusion, CS-A seems to spare and in certain instances
dete rmine the optimum concentration of suppressor cells was enhance Con A-generated suppressor cells and their function in
not performed Nevertheless, the findings are suggestive that the two species examined. This sparing effect was present up to

CS-A is suppressor cell spanng and may even enhance suppres- 1.0 Ag of CS-A per ml. However, CS-A was unable to induce the
.%or act t\ generation of suppressor cell activity from peripheral blood

Sparing of the suppressor cell population was not adversely lymphocytes without the additional presence of Con A. The
affetted h% increasing concentrations of CS-A as measured by immunosuppressive mechanism of this unique compound may
(H jTdR uptake We have previously found that 1.0 pg of CS- result from inhibition or killing of T helper subpopulations and
A per ml will routinely inhibit DNA synthesis up to 90% in both sparing of T suppressor cell fractions resulting in an imbalance

human and 3f specto.a peripheral blood l.y7nphocytes How- of immunoregulation that culminates in profound suppression
eer. even this dose was not high enough to inhibit the gener-
at ion of suppressor cells in these experiments. It is possible that Acknowledgments. We are indebted to Lola J Levinpton for her
larger doses. i.e.. greater than 1.0 Ag/mI could be inhibitory, excellent editorial and secretarial assistance in the preparation of this

It i. important to note that in these studies CS-A alone was manuscript We also thank Dr. Jean Borel from Sandoz, Ltd.. Base!.

u.nable to generate suppressor cell activity in peripheral Nood Switzerland. for supplying the CS-A used in these expenmenta
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''III fungal rncjbohilc. o~iioxrin- % ( V-A cultured losmiphoo.%tes and cpm ( onirol -count%Crlul 1111U T t N. - . is a unqu coiN i c' WII jwptdc per minute cultured l~mph~tesc without (V- A

brui t ho ti iti has rotent wasgo. r rs r i s h s

in I rtani .ti Ite nclude a remarkable immunosup- Aloonwi, Cell Funeli~m

O-ur result, -rcsstoc effect oil I ' mphoc:\t%:s voithout an\ The efiect kwf (V-A on memor% cell Acit% At s
ignli:,iil nc;e lotokct.%' The suppressive examined bN siud%.ing primed limphotto: respoonses to

'lls spof,( N -A on tp hoc ic s popul I n o lve sp c fcoro s e ii lo ntpco t e h~ e l a

,nlk peifi: lonihocklo:rx~ulaion or presence ,( ( V-A or hiodrourtioone lails of the
.ubsets ol'thcsv po~pulations To elucidate the mmr ell scme liat' been repivied elsewAhere'

dillerentiatl effects oit (Y-A tin normal Briels, peripheral WIWI~ losmrphoc.%les iPRI ;wiere Incu-
humon peiripheral blood lo mnphoc\ le subpoopu- baled with a specific rrmtdiaied %timulator for 10 dais in

(ic,,.I sLilitins. the lolloooktog studies sscre designed control. ( N -A. tit hodioc..rtisiinc media and then
Vc i., h n,,., harsesied These primed cell, wiere then %timulaie in

MATERIALS AND METHODS wcondair\ culture, with either the original alloantigeni,.
H-cr \\ timulator oir third part\ stimulators t I I At di\,

H Pc:riphksr.il blood ka, 'ibrainvd bs %efipunsiurk: trom 1 the culture, were harsesiecd and [ III7dk incirpora-

hecili %Antcr M %1,nnu.Jeii cell, were separiied in tion mecisured in a lti4tid sciniiilliion counterI::P. ~I 1-1 11% p.i.juo disciininuous vridicnt jnd prepa red lor
,u'iure I% dessribtd presiousis I %nrphkkc.Is were then
tested in11 TCesonsIienes b\s three ass.i\ ssIem% (1i .supprei wif ( I'l P" lopo'nriPul
mioelnind illmint sirumwtn. 1 271lsnmphwsiet Suppressor cell, were pencraited bt incubating POI ' in

in 011ir\ h% t:siniiv~ forimed I\iilphookcsie respoinsiocnes media contining ( oncinaiatin- N it 10 2jug ml i liir "2
rvercns c or i hird pins All~intigeni, stirniulator,. and hours In %time experiments P111 , wecre cultured in Con-

1i1t 1%isuh-st suppirc-ion h\s ( 'n- \induced suppressor A media plus (V. Y-l I0 1g nil) io determine the effect
isliS itsof ( N -\ Aon the generation of (otn-,A suppressor cells

iintirol Icls were cultured in media containing not (otn-
'p ,~' it,.ti~i i iihd llrd~I,'11 k Stimulation Ai kir ( N -A The schemec if t he csperimenis is illustrated

"o I s-rh-sics were sulitited n %acs ing concentrationo, in I g 2 Alter three dakos if culture the primna cell,

oI t \ ksn'i ( N ,isn,oltjlo: in %ater. it ooa conirol. ((rn-A tit (tin-A\ - A w ere harsested.
dis- k ,I i n dirniilisulf.,xidi I)MISI) Nll cells Aere irradiated 40(Wt radsl. Ind added to) ccondaro, tultures
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pokcweed mitogen (PWM) 400A up~ Iml for 72 hour% dpvs for mittopen studies or 5 dajo. for alloanttgen studies
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addirtinmil I ' IX hours The lsmph.x:stes were harvested
,Intoii -iltstier tiller patper ith a %i Sh1 unit and Front the Feraro ootxi Storge-r (Transplantatin
radtao~ice invoiruoraitton counted in a Packard Scintilla- anrd 4fiedwini tephoi Indiunwo I rosiersit oiedi, al

The clTct: if ( N'- A in alloantipcenic responses wecre Sippiried in pat: hI (1'%R (o)ntru~r%(t~J~
esamincd hoo culturing responding hmphooetes I I 10 W (-041.1
Lefts well w ith irradiated I 2SOOR ) allicintipenic, sttmu- Reprintt requem chou/d hiv addrt-sod to Dlr S R
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PHA was the least sensitive to CY-A treat-
merit

Alemo~rt Cell Ifl(Iitioll

~~%TR~-Vi U5'RA Imphocytes sensitized it) specific alloan-I0 O :I OFRI 1ft(((RT % igens in either control. (Y-A. or hlldrocorti- I
HAM ESY CELLS Il, 1- sone media were assa~ed for their subsequent
4 ~primed response ito either reference or third

X CALF SEL culture system. ('Y-A or hdrocortisone were

not present in anN secondar% cultures. Figure
~.ASED 24 illustrates the' primed response of' these

cells. Control cultures showk that the primed

I~. cells were stimulated b% das 2 with reference
CELLS COL%TED alloantigens as expected. This eark~ response

was lost in cells primed in the presence of
(V-A. flowever, these l~nmphocxtes wiere able

I ~to respond in a normal MI.11 fashion to
PL~rD "C".A, alloantigenic stimulation. This effect on the

s CL L- IA E primed cell response wias not observed in
A P11D h'.drocortisone treated primed lk mphoc~ tes

Ii .~. although these primed cells did 'respond' 24ff.I011 hours later than did controls.

~AA~I~ ,1. - .uppre.viior CIE l it itv

Fig 1.Schme f mmor cel epermens. Alitogenic res~ponses. The suppression
F..1 Shem o meorycel epermen5. conferred on PBL mnitogen induced prolifera-

tion is show4n in Fig. 5. The suppression Fig. 2.
mecj~ured Supprc.-ion conlerred on thec culture, b. the demonstrated b) both Con-A and ('on-A -O Goils
rutii~ uppre-o'r ell, % then calcula~ted by the CY-A treated cells lias similar for all three
lollo~aing formulatipercent suppre-sion (I c.pn t5xpI stimulator% ioes h ereo upe-idctj
cpnl 1% A) I) W here cprn F p re.%Ixn~e~cOJb-mtgn.Tedre of cuppres initt
per minute of sccondjtr culture with (on-A or CnA, sion comparing Con-A to Con-A -. YACell activ

Y-A. cell, added to the culture and cpm suppressor cells was not signiticantlN different Sprs
ANN count, per minute of ceconclari, culture with in these experiments. It is important to note morespe
culturcd but nonacti~jtcd celt* idded ito the culture. that the proliferative responses in these temr

RESULTS cultures are from responding autologous cells
and not from the added suppressor cells since %I Ai

Alitgenand~loatign Inibiion ir Y-A they had been irradiated 14000 rads) prior ito
F~igure 3 shows the dose response curves their itddition to the secondarN cultures.

generated Awith vary ing concentrations of CN*- .4Ihogeneic respons~es. S uppressor cells 9
A added ito the culture media. A 50'7r inhibi. were added to mixed lnmphocyte reactions.. -0
tory dose (lD 11) of CY-A on mitogen stimula- Figure 6 demonstrates the suppression s
tion was found to be 0.31. 0.1 X, and 0.05 ug induced bN the addition of these cells ito the j
for PIIA. (on-A, and PWM respctrively The MI.R. There %as a1 64'," mean suppression 1
ID, for (V-A on allogeneic responses was induced b% Con-A cells compared to 83'-, by
0 25 jug/ntl. Pokeweed mitogenic responses the Con-A +CY-A suppressor cells. These 10

were the most sensitive in our series while responses were not significantl 
% differentI
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Y-A treat- tO NIMATIUN M( S(.IPN SU (it I S

tfic alloan-
h~drOCorti-
subseyucent O7UC0AC0A
Cc or third CNR O
n a Second
I sofl% eCre AEy DIS

res. Figure
V of these I
[be primted

i eference 4I AS. Cf I L

hresponse
sresence of
% %4erc atble

la~hion it)

mphocN IcN

'pofid" 24

.0 LPPRE 6500

upp1.10So ALTQOCC7 S RESPONDER%
upro SI"LLATORS

uprciora Fig. 2 Scheme of suppres. OR5 L0NIEICL'7NC E

( on-.% . I lot call *xpetiments. HAR\,ES1 DAS 3 OR

-all three
)t s4)fres- indicating (AV-A does not effect suppressor DISCUSSION

- ( Y '\cell activit\ once these cell-. are generated. Although the specific mechanism of immu-
I\ different Suppress .Ion %%as more pronounced %kith the nosuppression b\ CY-A remains unclear.
int to note more specific allogeneic stimulation than %ith several in vivo and in %itro studies have nosk

in these the more potent but less specific mitogens. showkn that this compound inhibit% th~mus
ogous cells
cells since MIEAN W7TUC[NIC STIMULA7ION MEAN ALLOCENiC STIMULATION

III) prior to 72 HR CLLTuRES t,, bi 5 DAs CULTURES 0, 6I

ures.

*ssor cells tC ON A,

reactions, 7URLAL 0

oppression 11z

appression 10Fg 3 CY A do*@-to
to KY; bs 10 -I eoqm". curvesofhmnel

etid oulted wfth eithr MitoV11%.These TO 0 0 1 01 a 10 1 0 0 1 .01 0 9" or alo"I-0lm
different rI C VL LOS P0R I N A c~es.
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CONTROL. CULTURES CVCi.OSPOtt A IT I 9-1 i"rO*OCORT5ISOIIii primed
'00 0:55 would su

culture b
0 -1, - %0-short live,'

may be ii

.2 *0recognhitI

1 suggest
- are not el
I Report

* 2 ~ 2 -~have rec,
.1 T V I ..... ioOur expc

2 addition
b A I Snot effet

Fig 4 Response of primed calls (control, CV-A or hydrocartisono) in secondary culture with original stimulator function
Us or third party stimulator. Ca. or On Concentrations of CY-A or hydrocortisone, were used only in the primary INymphoc-
cultures. was pres

tions of

dependent IT-ccllI humoral atnd cltl mediated primed l~mphocvtc responses in secondarN Further
imimune responses.') This inhibition. hon4- cultures.
ciier. seems ito be limited to certain subsets of These rnemorN cells, primed to respond to a
T-lsiniphocitcs. Ailo~king full e\pressikon of the specific alloantigenic stimulator (reference I Borci

-. Actions 6 -unettected %ubpttpulation cell) lost this abiliti. to undergo blastogenesis2,Br
(Y-A. is most etliecti~e at suppressing earlier and % ith greater magnitude if priming 3 Bore

l~nmphoc'.te proliferation in response to occurred in thc presence of (N-A. H~owever, 1977
mitogens or alloantigens. This suppression these samne cells tere able 110 respond to the 4 La

occurs in a dose-dependent fashion ito both original reference stimulator as well as third Prix 122.
stimulators. Maximal suppression %as seen in part simulators in a normal \M[R manner 5Dc
Pokc~ced cultures where as PHIA %as the Cells primed in h~drocortisone mediai in dose%
least inhibited~ As noted b\ other,,. M1I R was much greater than (Y-A onl\ delayed the
inhibited bN ( Y-A. It is unknown if this
mechanism is a result of disruption of T;T
interactions or T:B3 recognition during the 100 -n 8

eark phase of MI.R In this context it is
interesting that (N - had a definite effect on in 7 n8

0%AS A T ijkATIO) . 10', L 5
z 2

S* fICON A CON -1 CS A,
A1. A A SUPPRESSORS SUPPRESSORS

Fig 5 Suppression of mitogenic stimulation in Fig. 6. Suppression of .lloantigenemc stimulation io
secondary cultures by the addition of Con A or secondary cultures after the addition of Con A or Con
Con A CV A pretreatsid suppressor lymphocytes. A CY A pretreated suppressor lymphocytes
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primed response bN 24 hours. These data only with CY-A do not induce the generation
,%ould suggest that CY-A interfered with of suppressor cells but rather allow for their
inemorN cell recognition in the secondar. expression.
,ulture but that this loss of recognition was It is not unreasonable to hypothcsize that
,hort lived. This tenporar% loss of "memor' the mechanism of immunosuppres.iion with
ma% be a result of T:B interference in the this unique compound may be a result of
":cognition phase of MI.R. Also, it would inhibition ofT-helper subpopulationsor inter-
,uggest that specific clones of I)mphocvtes ference with T-B or T-T cell interaction
.re not eliminated after culture with CY-A. exclusive of T-suppressor activity. This would

Reports of suppressor cell sparing bN CY-A result in an imbalance in immunoregulation
-.ave recenth, appeared in the literature.' " which favors suppressor activity and culmi-

= )ur experiments have demonstrated that the nates in profound immunosuppression.
.ddition of CY-A to Con-A cultured PBL did
iot effect the generation and subsequent AE

atmlirunction of suppressor activity in these ACKNOWLEDGMENT
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Aas present over a wide range of concentra- this manuscript We also thank Dr. Jean Borel and
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