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INTRODUCTION 

The role of macrophage activation in Leishmania major infections in 

Balb/c mice is studied as a possible model for human disease. Previous work 

in our lab has shown that normal, uninfected Balb / c mice express a low per

centage of macrophages bearing la, while infected animals have the develop

ment of progressively higher levels of Ia on their peritoneal macrophages (1,2). 

This activation in infected animals may lead to severe disease rather than pro

tective immunity. Cyclosporine A (Cs A), a new immunosuppressive drug has 

been shown to prophylactically protect Balb / c mice from severe infection with 

Leishmania major (3). We studied the effect of Cs A treatment on the ex

pression of Ia on peritoneal macrophages in infected Balb / c mice over time. 

In addition, we also followed other parameters of L. major infection in treat

ed and non-treated mice by following foot pad lesion size, spleen weight, po

pliteallymph node weight, and isolation of L. major from spleen cultures over 

time. We have found that not only does Cs A treatment reduce many of the 

disease parameters in infected mice, but it also reduces Ia expression to a level 

at or below that of normal mice. This research leads us to conclude that Cs 

A may be able to beneficially alter the Balb/c mouse's immune response in

volving macrophage activation in such a way as to prevent an over-activated 

state which exacerbates the disease process. 
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MATERIALS AND METHODS 

:MICE. A group of approximately 40, 6-8 week old, male, Balb/c mice (haplo

type lad), were used to compile the data in the study presented. All of the 

Balb / c mice used were either bred in our own breeding facilities or were pur

chased from Harlan-Sprague Dawley, Inc. (Indianapolis, IN). 

INFECTION \\TITH LEISHMANIA. The Leishmania maJor used were iso

lated from the spleen of an infected mouse and grown in Medium 199 (Sigma 

Co.) with 20% fetal calf serum (FCS). The culture had been passed fewer 

than ten times prior to use. The mice were injected with an inoculum of sta

tionary phase Leishmania maJor promastigotes subcutaneously in the left 

hind footpad. This stage has been shown to be the most infective one for the 

Balb/c mice (4). The culture was diluted in PBS to a concentration of 

2x107/ml and 0.05 ml injected. Both the control and experimental groups were 

infected to establish baseline readings and to observe the effect of the Cyclos

porine A (Cs A). 

TREATMENT WITH CYCLOSPORINE A. Groups of at least 12 6-8 week 

old male Balb/c mice were treated with Cs A (Sandoz Company, Switzer

land). Treatments were given for seven sequential days beginning one day be

fore infection with L. maJor. The injections of Cs A, at 5 mg/ml, were given 

subcutaneously at 100 mg/kg daily, on alternating sides of the mouse's lower 

back end, through day +5. Powdered Cs A was diluted in g5% ethanol 

(13%), Tween 80 (7%), and PBS (80%). 
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P ARAFORMALDEHYDE FIXATIVE. 1% paraformaldehyde was used to fix 

the adherent peritoneal cells after incubation. This was made fresh before use 

from 4% stock paraformaldehyde solution, diluted in a phosphate buffer solu

tion before each trial. The 4% solution was made every two weeks by dissolv

ing 2 grams of paraformaldehyde in 47.5 ml of 0.1 M FD4 buffer (pH 7.3) solu

tion. This was done by heating the solution to 70 degrees Celcius with con

tinual stirring, then adding 2.5 ml of 0.001 M CaCI 2 • The solution was cooled 

and filtered through a long-stemmed funnel with filter paper. After filtering, 

another 5 ml of 0.1 M FD4 buffer solution was added. This 4% solution was 

then refrigerated and diluted on the trial with additional FD4 buffer. 

MONOCLONAL ANTIBODY. Monoclonal anti-lad was graciously provided 

by Dr. E. Unanue's laboratory and was used in order to detect Ia expression 

on the macrophages. The anti-lad antibody is specific to the lad haplotype 

found in Balb /e mice used in our experiments. Previous experiments in our 

lab had shown that the anti-lad did specifically detect the Ia of Balb/c mice. 

Briefly, the specificity of the reaction with anti-Ia and the fluorescein la

belled (Fab'h anti-Ig was determined in the following manner. Resident peri

toneal macrophages from C57/black (haplotype lab) and Balb/c mice were 

stained with both anti-lab and anti-lad. Results of this trial showed that the Ia 

positive peritoneal macrophages of C57/black mice stained only in the pres

ence of anti-lab while the macrophages of the Balb/c mice stained only when 

in the presence of anti-lad. The (Fab'h by itself did not non-specifically stain 

the cells as only a very small percentage of the macrophages present 
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fluoresced when treated with the fluorescent-tagged antibody alone. 

The anti-lad used for each trial was diluted fresh on the day of each trial. 

25 J.ll anti-lad was diluted in 225 JL I rabbit serum diluent to a concentration of 

100 JL g/ml. The rabbit serum diluent contains 10 mg/ml Bovine Serum Albu

min and 10% normal rabbit serum in RPMI 1640 medium (Sigma Co.). 

(Fab'h CON,ruGATE. An FITC (Fluorescein Isothiocyanate) conjugated anti

body fragment (Fab'h directed toward the Fc portion of the monoclonal anti-Ia 

was also provided by Dr. E. Unanue's laboratory. As mentioned above, the 

(Fab'h did not stain cells nonspecifically. The conjugate was diluted fresh on 

the day of each trial. 25 JL I of (Fab'h conjugated were diluted in 225 JL I of rab

bit serum diluent to a concentration of approximately 100 JL g/ml. 

PROCEDURE FOR REMOVAL AND STAINING OF PERITONEAL EX-

UDATE CELLS. The following procedure is a modification of the staining 

technique used previously in our lab by Stein (2). For each trial, 2 infected 

mice, 2 treated mice, and 1 normal mouse were sacrificed by asphyxiation 

with CO 2 , The peritoneal exudated cells (PEC's) were collected by lavage us

ing 7 ml RPM[ 1640 medium supplemented with 5% FCS. The cells were 

spun in a centrifuge a 2100 rpm for 12 minutes. They were then collected 

and raised in RPMI 1640 plus 5% FCS, counted, and adjusted to approxi

mately 1.5x106 
- 4.0x106 /ml. Coverslips (Bellco Labs) were placed in a 24-well 

micro-titer plate (Falcon 3047 multiwell tissue culture plate) and 1 ml of the 

1.5x106 
- 4.0x106 /ml cell suspension was placed in each well (generally 2 wells per 

mouse were set-up to provide for duplicate results). The micro-titer plate was 
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then spun for 5 minutes in the centrifuge at 1000 rpm to aid in the adherence 

of the cells to the coverslips. The plate was then placed in an incubator for 2 

hours at 37 degrees Celsius and 5% CO 2 • 

The staining process used was that of Beller, et. al. (5) which was amend

ed slightly. Briefly, the plate was removed from the incubator and each 

coverslip was washed well with saline. The coverslips were then placed in 

clean wells with 1 ml of 1% paraformaldehyde for 15 minutes at room temper

ature. (The 1(/6 paraformaldehyde treatment did not affect detection of Ia 

and acted to fix the cells on the coverslips) (5). The coverslips were again 

washed well with saline and then placed cell-side downon a depressed-hanging 

drop slide containing 20 fL I of anti-lad or PBS as a control. These slides were 

set on ice for 30 minutes. They were once again washed with saline and 

placed cell-side down on clean depressed hanging-drop slided containing 19 fL I 

of anti-(Fab'h conjugated FITC dye. The hanging drop slides were set directly 

onto the ice again for 30 minutes. The coverslips were again washed with sa-

line and each was placed cell side up seperately in wells of a fresh 24-well 

micro-titer plate with 1 ml of PBS and refrigerated until the cells could be ex-

amined under a Zeiss Fluorescent microscope. At that time, the coverslips 

were placed cell-side down in approximately 18 fL I of PBS in the depression of 

a hanging drop slide. Each field of macrophages was counted first under 

white light and then under UV light. The number of fluorescing macrophages 

in each field was then counted. Fields were counted until between 400-600 

macrophages were studied. The coverslips were then replaced into the PBS in 

the micro-titer plate. This examination was performed within 24 hours of the 
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completion of the staining procedure. 

SPLEEN CULTURE. The spleen of the infected mice was removed sterilely 

after the PEC's were collected. The spleens were weighed and then ground 

between two glass slides into Hanks balanced salt solution (HBSS) and centri

fuged for 10 minutes. The supernatant was decanted and 10 ml of sterile 

HBSS was added to the precipitant and it was centrifuged again. Once more, 

the supernatant was decanted and this time Medium 199 with 20% FCS was 

added. This solution was left in the Corning centrifuge tubes to be incubated 

at 25 degrees Celcius. The cultures were checked daily for the presence of 

Leishmania major promastigotes by microscopic examination of a sample of 

the culture fluid. Negative cultures were re-incubated for a period of up to 

two weeks before being discarded. The number of days between culture and 

first appearance of Leishmania in the culture fluid was taken as a measure 

of the level of parasitization of the spleen by the parasitic protozoa. 

FOOTPADS. The infected footpads of all experimental and control mIce 

were measured on the day of the trial with a Vernier caliper gauge by measur

ing the width from top to bottom of the footpad. This was done to deter

mine rate of swelling of the infected foot and to establish normal levels using 

the measurements of the normal mice for a comparison. 

L YNlPH NODES. The left hind leg popliteal lymph nodes of the infected 

mice were removed and weighed to determine the level of lymphadenopathy 

that occurred during infection. 
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RESULTS 

ENLARGENlENT OF FOOT PADS. The degree of swelling of the infected 

left hind foot pad was used as an indicator of the progression of the leishma

nial infection or the effectiveness of the Cs A treatments. The bar graph (Fig. 

1) shows duplicate animals for each trial, using two Cs A treated (red bars) 

and two not treated (blue bars) Balb / c mice at each sacrifice. The horizontal 

line across the graph represents the average normal mouse foot pad size. The 

shaded area around this line represents two standard deviations above and 

below the mean. 

Both groups of mice displayed moderate foot pad swelling up to Day 29. 

By the fourth week, however, there was a definite difference between the two 

groups of Balb/c mice. Mice treated prophylactically with Cs A began to 

show a decrease in foot pad swelling beginning by week four. The non

treated group of mice, on the other hand, showed a definite increase in the 

amount of foot pad swelling, development of severe ulcerated lesions, and tis-

sue necrOSIS. 

ENLARGENlENT OF LYMPH NODES. In most infections, the lymphatic 

system operates to rid the body of foreign organisms. Located behind the 

knee and serving as a major draining site for the foot is the popliteal lymph 

node. The size and weight of the popliteal lymph node was used as another 

measure of the degree of parasite infection and lymphoproliferative response 

to the infedion. After infection with L. major in the left hind foot pad, both 

groups showed enlargement of the popliteal lymph node. However, the degree 
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of swelling in the Cs A treated mIce was less severe than the non-treated 

group of mice (Fig. 2). During the course of the experiment the lymph node 

weights of the non-treated animals rose significantly and although the nodes 

appeared to decrease somewhat in weight as the study progressed, their size 

remained significantly above normal for the entire study. The lymph nodes of 

the treated mice increased in weight, but to a lesser extent, and then ap

peared to regress earlier and to lower levels than the non-treated mice. The 

normal mice examined had no detectable lymph node enlargement. As before, 

the red bars represent the Cs A treated mice and the blue bars are the not 

treated mice, both done in duplicate. 

ENLARGEMENT OF THE SPLEEN. Splenomegaly is a characteristic sign 

of leishmanial infections and several autoimmune diseases. It was therefore 

used as another measure for the degree of infection with L. major. Through

out the duration of the experiment, the size and weight of the spleen from the 

non-treated, infected animals progressively increased (Fig. 3). After 35 days of 

infection with L. major, the non-treated mice had spleen weights of 0.28 g 

and 0.31 g, which is a tripling in the spleen weight of normal, non-infected 

mice. While the spleens from the non-treated animals increased over time, 

the Cs A treated mice usually had spleen weights either slightly above or be

low that of a normal mouse. Oddly enough however, immediately following 

infection and treatment, the spleens of the treated animals were increased and 

slightly over the normal range. This elevated spleen weight continued for 

about a two week period. The spleen weight of the non-treated mice 
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remained within the normal range and did not increase in weight until about 

week two. The horizontal line on the graph represents the mean weight of a 

normal mouse spleen. The shaded area around the line represents two stan

dard deviations above and below the mean. This mean can be compared with 

the size of the Cs A treated mice (red bars) and the non-treated Balblc mice 

(blue bars). 

METASTASIS AND PROLIFERATION OF Leishmania IN THE SPLEENS. 

The metastasis of Leishmania into the spleen was determined by culturing 

the excised spleen for outgrowth of L. major promastigotes. The speed by 

which the culture became positive for promastigotes was taken as an indicator 

of numbers of amastigotes in the infected spleen. All spleen cultures that did 

not turn positive after 14 days of incubation were discarded and their results 

are displayed at the top of the graph directly under the black line. In both 

groups Leishmania appeared in the spleen very early after infection although 

it took a number of days for the cultures to become positive (Fig. 4). Where.

as after one week of infection, a Cs A treated animal had a positive culture 

after 14 days of incubation, no other cultures examined became positive that 

early in the infection. Generally as the infection progressed in both groups, 

the speed with which the cultures became positive increased indicating greater 

numbers of L. major amastigotes in the spleen. In general, however, promas

tigotes appeared earlier in spleen cultures from the non-treated animals than 

in the cultures from the Cs A treated animals. In weeks three and four, the 

only spleen cu1tures that did not turn positive after 14 days of incubation 
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were those from the Cs A treated mIce. In weeks three and four, the only 

spleeen cultures that did not turn positive after 14 days of incubation were 

from the Cs A treated mice. By week 5 of infection, the numbers of Leish

mania in the spleens of the treated animals seemed to have stabilized whereas 

the number of promastigotes in spleens of non-treated animals appeared to 

have increased substantially as promastigotes appeared as early as 48 hours 

after culture of the spleens. 

INCREASE IN PERCENT Ia POSITIVE MACROPHAGES. The amount of 

Ia expressed on the surface of the peritoneal macrophages increased progres

sively in the non-treated Balb/c mice. Macrophages of the Cs A treated 

Balb/c mice expressed Ia at or below normal, uninfected mouse levels 

throughout the infection period (Fig.5). Very early in the infection, the L. 

major caused a dramatic increase in the percent Ia expression, while levels in 

the Cs A treated mice remained within two standard deviation of the normal. 

Between days 13 through 35 post-infection all of the non-treated mice 

displayed levels of Ia expressions considerably higher than two standard devia

tions above the mean. Normal mice had a mean Ia peritoneal macrophage ex

pression of 6.45% as shown by the solid line across the graph. Normal ranges 

for positive Ia expression on a normal mouse were found to be between 2.47% 

and 10.4% as designated by the shading. 
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Table One 

Effect of Prophylactic Cyclosporine Treatment on Several Disease 
Parameters of Mice Infected with Leishmania mU1'or 

Day 7 Day 11 

N CsA+ Cs A- N CsA+ CsA-

Footpad 0.25 0.25 0.26 0.25 0.25 0.3 
Size 0.27 0.26 0.24 0.32 

(grams) 

Lymph TS TS om TS om 0.02 
Node TS 0.02 TS 0.02 0.01 

Weight 
(grams) 

Spleen 0.12 0.14 0.10 0.10 0.09 0.10 
Weight 
(grams) 

0.16 0.06 0.11 0.09 

Spleen Not + 14 >2 wks. Not +7 +6 
Culture Done > 2 wk. >2 wk. Done +6 
(+j-) 

% Ia 8.57 3.66 8.75 6.63 6.28 3.78 
Positive 1.57 15.15 1.96 13.13 

Macrophages 
-- ~- -

Legend: N is a normal Balbjc mouse 
Cs A + represents an animal treated with Cyclosporine A 
Cs A - represents a nonttreated animal 
These results are a combination of two experiments and 

each reading represents one animal 
> 2 wk. is the designation used if the culture did not 

turn positive after 2 weeks of incubation 
TS is a lymph node that was Too Small to extract 

Day 13 

N CsA+ Cs A-

0.23 0.26 0.3 
0.3 0.3 

TS 0.01 0.02 
TS 0.02 0.03 

0.11 0.16 0.09 
0.11 0.18 0.09 

Not +10 + 10 
Done + 10 > 2wk. 

6.25 7.65 17.5 
2.03 14.6 

Day 15 

N CsA+ Cs A-

0.25 0.33 0.40 
0.35 0.41 

TS 0.02 0.04 
0.03 0.02 

0.10 0.10 0.11 
0.11 0.08 

Not +8 +6 
Done > 2wk. +5 

7.21 5.44 21.64 
3.19 15.92 



Table One (continued) 

Effect of Prophylactic Oyclosporine Treatment on Several Disease 
Pa~n~C+n~~ of 1tf;~e Infectorl with L ma1'o" (cont'd) J. .10..1..1.1 lI\.d.'" .1 -,--a.\.. .1.L.L VV'-4' lJ .. U. .," , 

Dav 21 Sav 22 Dav 27 Day 29 

N OsA+ Os A- N OsA+ Os A- N OsA+ Os A- N OsA+ Os A-

Footpad 0.23 0.23 0.5 0.23 0.3 0.5 0.25 0.3 0.5 0.23 0.41 0.7 
Size 0.55 0.33 0.55 0.35 0.48 0.37 0.5 

(grams) 

Lymph TS TS 0.05 TS 0.04 0.07 TS 0.05 0.09 TS 0.06 0.12 
Node 0.08 0.06 0.06 0.07 0.09 0.06 0.11 

Weight 
(grams) 

-->. 

\..N 

Spleen 0.11 0.11 0.18 0.1 0.07 0.1 0.1 0.13 0.15 0.25 0.15 0.28 
Weight 
(grams) 

0.1 0.2 0.10 0.2 0.14 0.13 0.15 0.19 

Spleen Not Not +3 Not > 2 wk. +3 Not +5 +3 Not Not +2 
Oulture Done Done +4 Done +5 +3 Done +3 Done Done +2 

(+/-) 
I 

% Ia Not Not 6.97 Not 8.14 23.77 9.1 10.68 17.46 5.26 7.09 15.85 
Positive Done Done 7.89 Done 8.06 15.59 6.63 12.88 3.09 32.19 

Macrophages 
-------- -~ ------- ---



Table One (continued) 

Effect of Prophylactic Cyclosporine Treatment on Several Disease 
Parameters of Mice Infected with L. ma1'or (cont'd' 

Day 30 Day 35 

N CsA+ Cs A- N CsA+ Cs A-

Footpad 0.24 0.30 0.69 0.25 0.29 0.74 
Size 0.31 0.57 0.3 0.75 

(grams) 

Lymph TS 0.04 0.07 TS 0.04 0.08 
Node 0.02 0.05 0.04 0.08 

Weight 
(grams) 

~ 

-P>-

Spleen 0.09 0.07 0.10 0.10 0.10 0.28 
Weight 
(grams) 

0.09 0.08 0.10 0.31 

Spleen Contam- Contam- Contam- Contam- +7 +3 
Culture inated inated inated inated +7 +4 

(+/-) 

% Ia 7.62 10.86 16.92 4.58 11.06 13.6 
Positive 7.9 11.66 7.3 18.17 

Macrophages 
- ----
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~1igure 4 
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DISCUSSION 

The results of this investigation show that there is a definite difference in 

several disease parameters between Balb / c mice infected with L. major and 

those mice infected and treated with Cs A. In the non-treated animals, infec

tion with L. major led to severe foot pad swelling and lesion development, 

lymphoproliferation of the draining popliteal lymph node, splenomegaly, a 

significant increase in percent Ia expression, and increasing number of L. ma

jor in the spleen. The infections in animals treated prophylactically with Cs 

A, however, were considerably milder and significantly different from the im

mune parameters measured. 

The actual mechanism of Cs A's immunosuppressive activity is not com

pletely clear. CsA is a newly developed drug used as an immunosuppressive 

agent to combat rejection in organ transplant patients (6). Cs A apparently 

works to suppress or "turn off" the immune system by inhibiting lymphokine 

production by the activation of suppressor cells and possibly by the lowering 

of 1v1HC class II antigen expression (7). This immunosuppressive activity or 

inhibition of lymphokine production should theoretically not work to the 

host's advantage, since it would logically seem to make the animal even more 

susceptible to the infectious agent if the immune system was suppressed. In 

leishmanial infections in the susceptible Balb / c mouse, however, there is an 

early inappropriate immune response which leads to lymphoproliferation, 

splenomegaly, autoimmune antibodies and exacerbated disease (8). A subset 

of T lymphocytes of the L3T 4+ type have been implicated as the overreactive 
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lymphocyte type (g). Previous work in our lab has shown that there is an 

overexpansion of activated Ia bearing macrophages, during infection in the 

susceptible Balb/c mice but not in the resistant C57Blj6 mice (1). As T cells 

are dependent on antigen presentation by macrophages, it may be that these 

overactivated macrophages cause an inappropriate non-protective T cell re

sponse in the susceptible animals. Previous work in our lab has also shown 

that Cs A protects susceptible animals from severe disease (3). It may be that 

a detrimental, overactivated autoimmune-like response to infection is prevent

ed by the drug which allows the Balb/c mouses's immune system to respond 

to the Leishmania parasite in a protective, immunogenic manner similar to 

the resistant strain, the C57/BI 6 mice. 

Referring to Figure 1, mice protected with Cs A do not develop severe 

foot pad lesions following L. major infections. The treated mice show evi

dence of swelling, but do not develop severe lesions. This is in contrast to the 

non-treated infected mice. These mice showed early signs of swelling and by 

the fourth week their foot pad size was nearly double the mean foot pad size 

of normal animals. The intense swelling in the non-treated mouse was most 

likely due to the proliferation of Leishmania in the foot pad accompanied by 

immune infiltration and inflammation at the lesion site. Foot pad swelling 

size is one external indicator that was used to determine the effectiveness of 

Cs A treatments, which we found also correlates well with many of the other 

internal parameters of disease and immune response. 

Directly related to foot pad swelling is the degree of lymphoproliferation of 

L. major to the popliteal lymph node. Although both groups of animals de-
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veloped enlarged lymph nodes, the extent of enlargement was not as great in 

the animals treated with Cs A. The degree of lymph node swelling can be 

taken as a measure of metastasis of the parasite to the draining lymph nodes 

and lymphoproliferation in response to the parasite. It is possible that the 

lymph nodes do not enlarge as much in the Cs A treated animals because the 

immune response system to Leishmania is suppressed by the drug and fewer 

T cells and lymphokines are being produced in response to the parasite. 

Corresponding to the lymphoproliferation of the popliteal lymph node is 

the lymphoproliferation observed in the spleens of the infected, non-treated 

animals. Some autoimmune diseases as well as severe leishmanial infections 

are characterized by considerable amount of splenomegaly. Cs A treated 

mice, however, did not develop grossly enlarged spleens, whereas in the non-

treated mice, the spleen sizes nearly tripled over that of the Cs A treated ani

mals by the conclusion of the study (Fig. 3). Again, prophylactic treatment of 

these mice with Cs A apparently prevents the overactivated, lymphoprolifera

tive state which characterizes the infection in the non-treated Balb/c mouse. 

Along with measuring the actual weight of the spleen, the presence of L. 

maJ·or in the spleen was also determined as a sign of visceralization. In both 

groups of animals, Leishmania appeared very early in the spleen as deter-

mined by outgrowth from spleen cultures. However, it took up to 2 weeks for 

the promastigotes to increase in sufficient number in these early infection cul-

tures to be detected microscopically. This technique appears to be a very sen-

sitive one for detection of L. major in the spleen since other studies which re

lied on histological or limiting dilution analysis examination have claimed that 
22 



it takes longer for the parasite to reach the spleen in non-protected animals 

and that prophylaactically protected animals do not develop any L. major in 

their spleens (9, 10). In the non-treated group of Balb/c mice, it was observed 

that as the spleen enlarged during the third, fourth, and fifth weeks, the ap

pearance of promastigotes in the culture occurred earlier and earlier, indicat

ing a heavier parasite burden in the spleens (FigA). At the end of the study 

the spleen cultures of these animals became positive in 48 hours. In the Cs A 

treated mice which had spleen weights that all wavered within the normal 

range limits, the Leishmania burden in the spleen appeared to be less than in 

the non-treated group and stabilized during the infections as the time re

quired for the cultures to become positive was never less than 5-7 days. Well 

into the infection, some of the Cs A treated animals did not show positive 

spleen cultures at all. This response could be due to the Cs A inhibiting the 

metastasis of the L. maJ'or from the foot pad to the spleen and/or inhibiting 

the reproduction of the parasite in the spleen tissue. 

The last measure of Cs A effectiveness used was the percent Ia expression 

on peritoneal macrophages. The control mice used in this study began almost 

immediately to show some signs of Ia elevation. By day 13, their Ia expression 

was obviously above the normal range, and it dramatically increased to a 

significantly abnormal high percentage by the close of the study. In compari

son, mice that were treated prophylactically with Cs A did not exhibit an in

crease in Ia expression very far above or below the normal range throughout 

the infection period. 

23 



CONCLUSION 

Overall, there is a correlation between enhanced resistance as measured by 

various parameters of infection and lowered Ia expression on peritoneal macro

phages. It may be that this lowered, more normal level of macrophage activa

tion leads to a more balanced, protective immune response in the infected 

host. Indeed, T cells are highly responsive to levels of macrophage activation 

and the lowered level of Ia + macrophages induced by Cs A treatment of the 

infected animal may lead to a better control for the immune response by not 

allowing for exeessive T cell proliferation. As we observed a very early in

crease in Ia+ expression in infected Balb/c animals, this causative role may be 

the case. On the other hand, the lowered Ia+ expression of peritoneal macro

phages in these treated animals may simply be another result of the protective 

immune response induced by Cyclosporine A. The question of whether or not 

the high level of Ia expression on peritoneal macrophages is simply an indica

tor or cause of an inappropriate, overactivation of the immune system may be 

answered by treating animals prophylactically with a-Ia antibody in future 

studies. If animals thus treated have increased resistance to disease then it is 

likely that excessive Ia expression on lymphoid cells plays a causative role in 

the susceptiblilty and immunopathology of this disease in Balb/c mice. 
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