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Abstract. Defective murine cytomegalovirus (MCMV) antigen-specific proliferation, induced 
by treatment of MCMV-infected mice with either antilymphocyte globulin (ALG), prednis- 
olone, or both agents, was eventually restored following the cessation of immunosuppression. 
At 100 and 278 days following the end of immunosuppressive therapy splenic lymphocytes 
from infected and subsequently immunosuppressed mice responded significantly in vitro to 
soluble MCMV antigen after having lost this response immediately upon initiation of im- 
munosuppression. Circulating specific antibodies and mitogen-induced blast transformation 
were comparable between infected mice and infected mice that also were immunosuppressed. 
At 278 days following the cessation of immunosuppression splenocytes from infected mice 
that had been treated with ALG yielded greatly increased background proliferation. Nylon- 
wool adherence was used to obtain enriched populations of T cells, and B cells and monocytes 
from MCMV-infected mice. While T cells alone did not respond in vitro to MCMV antigen, 
recombining B cells and monocytes with the T cells reconstituted in vitro proliferation. De- 
fective lymphocyte proliferation to MCMV for an extended period of time following the end 
of immunosuppressive therapy indicated a prolonged inability to respond to an active MCMV 
infection. Identification of the cellular basis for the proliferation defect might lead to the 
development of effective immunotherapy. 

Both cell-mediated (CMI) and humoral 
immunity play important roles in recovery 
from acute viral infections (l), although pa- 
tients with intact humoral immunity but de- 
ficient CMI are more susceptible to viral in- 
fections than are patients with deficient hu- 
moral immunity alone (2). Cytomegalovirus 
(CMV) is cell associated and may not be 
available to attack by extracellular antibody; 
therefore, CMI may be a more important 
host defense against this virus. Immunosup- 
pressed human allograft recipients suffer sub- 
stantial posttransplant morbidity and mor- 
tality due to CMV, despite evidence of se- 
rologic and cellular immunity prior to 
transplantation. Pollard et al. demonstrated 
a correlation between CMV-specific humoral 
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immunity and CMI in subjects presumed to 
be naturally immune (3). Immunosuppres- 
sion to prevent renal allograft rejection re- 
sulted in depression of in vitro mitogenesis 
and long-term abrogation of CMV-specific 
lymphocyte proliferation while levels of cir- 
culating CMV-specific complement-fixing 
(CF) antibodies were transiently reduced (4). 
The lack of demonstrable CMI to herpes sim- 
plex and varicella-zoster viruses correlated 
with susceptibility to these viruses in cardiac 
transplant recipients (5) .  

To help increase understanding of im- 
munity to CMV in the immunocompro- 
mised patient, we have been working with 
a mouse model involving murine CMV 
(MCMV) infection and have developed a 
method for evaluating MCMV-specific CMI 
(6). Using this procedure, we reported that 
immunosuppression of previously infected 
mice with either prednisolone or antilym- 
phocyte globulin (ALG) immediately de- 
creased lymphocyte proliferation in response 
to soluble MCMV antigen (7). 

We report here data that complete our 
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observations of the duration of depressed 
MCMV-specific lymphocyte transformation 
after cessation of immunosuppression. We 
also present results from experiments de- 
signed to identify the lymphocyte subpopu- 
lations responding in vitro to soluble MCMV 
antigen. 

(This paper was presented in part at the 
combined meetings of the Western Section 
of the American Federation for Clinical Re- 
search, Western Society for Clinical Re- 
search, Western Society for Pediatric Re- 
search, and Western Region Society for In- 
vestigative Dermatology, Inc., 6 February 
198 1, Carmel, Calif.). 

Materials and Methods. Mice. Six-week- 
old C57BL/6NCr 1 BR female mice were ob- 
tained from Charles River Breeding Labo- 
ratories, Bloomington, Massachusetts. The 
animals were kept in clean, dry cages and 
were fed water and Purina Laboratory Chow 
(Ralston Purina, St. Louis, Mo.) ad libitum. 

Virus. MCMV was originalry obtained 
from June Osborne, University of Wiscon- 
sin, Madison. A pool of MCMV was pre- 
pared from the homogenate of salivary glands 
taken from Swiss-Webster mice 14 days after 
infection with MCMV (9). The pool had a 
titer of 2 x 10' plaque-forming units (pfu)/ 
ml when assayed with secondary mouse em- 
bryo fibroblast cells. 

Preparation of viral antigen. MCMV an- 
tigen for the in vitro humoral immunity and 
lymphocyte proliferation assays was pre- 
pared as described previously (6). Briefly, sec- 
ondary Swiss-Webster mouse embryo fibro- 
blasts were grown to confluence in 1000-cm2 
roller bottles. Each bottle was then inocu- 
lated with lo6 pfu of MCMV (a multiplicity 
of infection of 0.01). When the cytopathic 
effect involved 80 to 90% of the monolayer, 
approximately 5 days after MCMV inocu- 
lation, adherent cells were scraped off the 
glass into the medium and the medium was 
harvested, frozen at -70", and thawed to re- 
lease intracellular virus. The tissue culture 
medium ( 1000 ml) was clarified of cell debris 
by centrifugation for 20 min at 48008 in a 
Beckman 5-2 1 ultracentrifuge. The super- 
natant was carefully decanted and centri- 
fuged for 60 min at 32,296g in a Beckman 
L5-50 ultracentrifuge. The resulting pellet 
was resuspended in 40 ml of Hanks' balanced 

salt solution and centrifuged in an SW-27 
rotor for 60 min at 13 1,453g and then was 
resuspended in a final volume of 2 ml (a 500- 
fold concentration). The pellet suspension 
was titrated for infectious virus as described 
previously (6) and contained 7.7 X lo5 pfu/ 
ml. Protein content was 2000 pg/ml as mea- 
sured by the Lowry method (10). The virus 
suspension was heat inactivated for 60 min 
at 56", after which no infectious virus was 
detectable in cell culture, and then stored at 
-70" until use. A control antigen was also 
prepared and processed as described above 
from fibroblasts not infected with MCMV. 

Cell prolifeation assay. The cell culture 
technique that we utilized has been described 
previously (1 1). Mice were sacrificed and 
their spleens were removed aseptically. 
Splenic lymphocytes were suspended in 
RPMI 1640 medium containing 10% heat- 
inactivated fetal calf serum, 100 U of peni- 
cillin/ml, and 100 pg of streptomycin/ml. 
Erythrocytes were removed from the cell sus- 
pension by the Ficoll-Hypaque technique of 
Boyum (12). For all experiments 2.5 X lo5 
cells in 0.1 ml of medium were seeded in 
individual wells of microtissue culture plates 
(Linbro 76-003-05, Flow Laboratories, Inc., 
Rockville, Md.) and 2-mercaptoethanol was 
added to the incubation medium at a final 
concentration of 0.05 mM. One microgram 
(Lowry protein) of MCMV antigen or con- 
trol antigen was added in 0.1 ml of medium 
to replicate wells for each group of animals 
assayed, and the plates were incubated for 6 
days at 37" in a 5% C02 atmosphere. Blast 
transformation experiments were conducted 
as described previously (8). One microgram 
of concanavalin A (Con A, Sigma Chemical 
Co., St. Louis, Mo.), 0.5 pg of phytohemag- 
glutinin (PHA purified; Burroughs Wellcome 
Co., Research Triangle Park, N.C.) or 2.0 
pg of Escherichia coli 026:B6 endotoxin li- 
popol ysaccharide (LPS, Difco Laboratories, 
Detroit, Mich.) was added in 0.1 ml of me- 
dium to triplicate wells that contained 2.5 
X lo5 spleen cells. The cultures were incu- 
bated for 48 hr at 37" in a 5% C02 atmo- 
sphere. For the last 6 hr of incubation of the 
proliferation assays, 1 pCi of [methyl- 
3H]thymidine (sp act, 6.7 Ci/mmole) was 
added to each well. The plates were frozen 
at -20" at the end of incubation and then 
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thawed before individual wells were har- 
vested on glass fiber filter paper with a Ska- 
tron cell harvester (Flow Laboratories, Inc., 
McLean, Va.). The radioactivity of the in- 
dividual wells was determined as counts per 
minute (cpm) by liquid scintillation counting 
with a Beckman LS-3 133T scintillation 
counter. Results were expressed as the mean 
and standard error of replicate cultures. 

MCMV CF antibody. Mice were bled at 
sacrifice from the axillary artery and vein and 
the blood was transferred with Pasteur pipets 
into glass tubes. Sera were separated, heat 
inactivated for 30 min at 56", and stored at 
-70" until all samples had been collected. 
CF antibody titers were measured in a mi- 
crotiter system by the standard method of 
our diagnostic virology laboratory ( 13). The 
assay was done by using 4 U of the MCMV 
antigen, 1 % sensitized sheep erythrocytes, 
and 2 U of guinea pig complement. Results 
were expressed as reciprocal titers. 

Immunosuppression. Mice were immu- 
nosuppressed for 13 days with intraperito- 
neal injections of (i) 0.5 mg (25 mg/kg) of 
prednisolone, (ii) 5 mg (250 mg/kg) of ALG, 
and (iii) both prednisolone and ALG. The 
mouse ALG was prepared in horses by Ri- 
chard Condie of the Minnesota ALG Pro- 
gram. 

Experimental design. Animals that re- 
ceived virus were injected intraperitoneally 
with 2 X lo5 pfu of wild-type MCMV. Im- 
munosuppression was initiated on Day 18 
following virus injection and continued 
through Day 30. Prednisolone was admin- 
istered daily and ALG was administered ev- 
ery other day; a control group of virus-in- 
fected mice did not receive immunosuppres- 
sion. Two to three animals from each group 
were sacrificed at each time point and tested 
for MCMV-specific immunity and mitogen- 
induced blastogenesis. The data presented 
here are for time points that occurred at sev- 
eral months following the cessation of im- 
munosuppression. For the nylon-wool sep- 
aration experiments, mice were injected in- 
traperitoneally with 2 X lo5 pfu of wild-type 
MCMV. At 18 days after infection, the time 
at which peak MCMV immune responses 
developed (6), the animals were sacrificed 
and their Ficoll-Hypaque purified spleno- 
cytes were separated into nylon-wool-adher- 

ent and nonadherent subpopulations. The 
separated subpopulations and the subpopu- 
lations recombined in different proportions 
were assayed for mitogen-induced and 
MCMV-specific lymphocyte transformation. 

Separation of lymphocyte subpopulations. 
Ficoll-Hypaque purified splenocytes were 
enriched for B cells and monocytes (14) or 
for T cells (1 5) by passage through nylon- 
wool columns. Briefly, nylon wool was ob- 
tained from a Leucopak (Fenwall Labora- 
tories, Inc., No. LD-1, Morton Grove, Ill.), 
washed extensively in deionized water, and 
dried. Each column consisted of a 20-cc sy- 
ringe barrel packed with 1.4 g of washed 
nylon wool; the columns were autoclaved 
separately from the syringe plungers. A three- 
way sterile, nonpyrogenic stopcock (Pharm- 
seal, Inc., No. k-75, Toa Alta, Puerto Rico) 
was added to the column to control the flow 
of media. Prior to application of the cells the 
column was washed with Hanks' balanced 
salt solution, then filled with media contain- 
ing serum and incubated at 37" in a 5% COz 
atmosphere for 60 min, dislodging air bub- 
bles as much as possible. A maximum of 3.0 
x lo8 cells at a concentration of 7.5 x lo7 
cells/ml were added to each column and the 
cells were allowed to adhere by incubation 
at 37" in a 5% C02 atmosphere for 60 min. 
The nonadherent cell population was ob- 
tained by carefully washing the column with 
media. The adherent cells were obtained by 
compression of the nylon wool with the sy- 
ringe plunger. 

Treatment of splenocytes with anti-theta 
antiserum and complement. Ficoll-Hypaque 
purified splenocytes from MCMV-infected 
mice were incubated for 30 min at 37" in 
medium containing a 1/32 dilution of rabbit 
anti-mouse brain antiserum, Balb/c adsorbed 
(Thy 1.2, Litton Bionetics, Inc., No. 8301- 
04, Kensington, Md.), and a 1/5 dilution of 
guinea pig serum (M.A. Bioproducts No. 30- 
9565, Walkersville, Md.) as the source of 
complement. Following this treatment, the 
remaining cells were washed and resus- 
pended in medium and were assayed for 
MCMV-specific in vitro proliferation and 
compared with the response of untreated 
splenoc ytes. 

Fluorescence microscopy. Smears of un- 
separated and separated splenocytes were 
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made, air dried, fixed with acetone for 5 min, 
and stored at -70" until they were stained. 
The slides were rinsed with phosphate-buff- 
ered saline after thawing. T cells were iden- 
tified by staining with fluorescein-conjugated 
rabbit anti-mouse brain, Balb/c adsorbed 
(Thy 1.2, Litton Bionetics Inc., No. 830 1-64, 
Kensington, Md.), at a final dilution of 1/20, 
and B cells were identified by staining with 
the fluorescein-conjugated IgG fraction of 
rabbit anti-mouse IgG (Cappel Laboratories 
No. 041 1-1222, Cochranville, Pa.) at a final 
dilution of 1/20. The slides were rinsed for 
60 min after staining, then viewed at 160X 
in a Zeiss microscope equipped with trans- 
mitted light phase contrast and reflected light 
fluorescence specific for fluorescein excita- 
tion. Quantification of fluorescing cells was 
achieved with the aid of an ocular grid mi- 
crometer by counting the total number of 
cells in the field using phase-contrast illu- 
mination and then counting the number of 
fluorescing cells with incident blue light il- 
lumination. Several fields were counted for 
each group of stained cells and the percentage 
showing positive fluorescence determined. 

Results. Mice immunosuppressed follow- 
ing MCMV infection. Lymphocytes from 
MCMV-infected and subsequently immu- 
nosuppressed mice responded strongly in vi- 
tro to MCMV antigen at 100 days after the 
cessation of immunosuppression when com- 
pared with uninfected mice (30,725 f 5923 
cpm vs 3509 k 789 cpm, P < 0.001) (Table 

I). Prior to that time lymphocytes from sim- 
ilarly treated animals did not respond to 
MCMV in vitro. Uninfected mice never 
yielded significant MCMV-induced lympho- 
cyte transformation throughout the duration 
of these experiments. Infected but unim- 
munosuppressed mice responded positively 
in vitro to MCMV antigen when compared 
with uninfected mice ( 15,435 f 3 182 cpm vs 
3509 f 789 cpm, P < 0.001) (Table I) de- 
spite the 4-month time since primary infec- 
tion. In subsequent experiments mice which 
had been infected for a relatively short time 
were used as an additional control. All 
MCMV-infected animals, whether or not im- 
munosuppressed, had a CF titer of 16 at 100 
days after cessation of immunosuppression, 
while none of the uninfected animals had 
measurable circulating MCMV-specific CF 
antibodies. Mitogen response data were not 
obtained at 100 days after completion of im- 
munosuppression. 

Splenocytes from MCMV-infected and 
subsequently immunosuppressed mice also 
responded in vitro to MCMV antigen at 278 
days following the end of immunosuppres- 
sive treatment (Table 11). Mitogen-induced 
proliferation was comparable for uninfected, 
infected, and infected-immunosuppressed 
groups of mice at that time (Table 111). 
MCMV-specific proliferation in mice that 
had been infected nearly 10 months before 
was greater than that of uninfected controls 
(10,227f2051 cpm vs 5156k911 cpm, 

TABLE I. MCMV ANTIGEN-SPECIFIC PROLIFERATION OF SPLENOCYTES 100 DAYS AFTER CESSATION 
OF IMMUNOSUPPRESSION FOLLOWING MCMV INFEaIOf l  

Group 
Reciprocal CF 

Control antigen MCMV antigenb antibody titer" 

1. Uninfected, not immunosuppressed 1379 f 171d 3,509 f 789 <2, <2 

3. Uninfected immunosuppressed 1076 f 142 2,712 f 602/ <2, <2 
2. Infected only 1436 f 196 15,435 f 3182' 16, 16 

4. Infected immunosuppressed 2490 f 421 30,725 f 5923' 16, 16 

a Mice were infected with MCMV then immunosuppressed from Days 18 to 30 after virus i n f d o n  with daily 
injections of 0.5 mg prednisolone and with 5.0 mg ALG on the first and every other day. Mice were sacrificed and 
their splenocytes assayed on the 100th day following the end of immunosuppression (130 days after MCMV 
infection). 

Murine cytomegalovirus. 
' Complement-fixing antibody titer of individual mice. 
dcpm k SE. 
' P -= 0.001 compared with Group 1 .  
P < 0.001 compared with Group 2. 
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TABLE 11. MCMV ANTIGEN-SPECI~C PROLIFERATION OF SPLENOCYTES 278 DAYS AFTER CESSATION 
OF IMMUNOSUPPRESSION FOLLOWING MCMV INFECTIOP 

Group Control antigen MCMV antigen 

1.  Uninfected, not immunosuppressed 6998 f 1433b 5156 f 911 
10,227 f 2051 2. Infected only, 308 days after infection 

3. Infected only, 44 days after infection 56,692 f 7685' 
4. Infected, ALG immunosuppressed 53,239 k 19,351 82,440 f 7379' 
5. Infected, prednisolone immunosuppressed 8708 f 1918 16,533 f 3723 
6. Infected, ALG and prednisolone immunosuppressed 17,073 f 2416' 

6000 f 534 
5385 k 522 

11,227 f 1391 

Mice were infected with MCMV then immunosuppressed from Days 18 to 30 after virus infection with either 
daily injections of 0.5 mg prednisolone or 5.0 mg ALG on the first and every other day, or with both agents. Mice 
were sacrificed and their splenocytes assayed on the 278th day following the end of immunosuppression (308 days 
after MCMV infection) except for Group 3 which had been infected 44 days before this experiment (264 days after 
infection of Groups 2,4,  5, and 6 and 234 days after the end of immunosuppression). 

bcpm f SE. 
P < 0.00 1 compared with Group 1.  

P < 0.025) (Table 11), while cells from mice 
infected 44 days prior to assaying yielded a 
strong MCMV-specific response (56,692 
f7685cpmvs5156 f 9 1 1  cpm,P<0.001). 
Infected animals treated with ALG alone or 
in combination with prednisolone yielded a 
significant in vitro response to MCMV an- 
tigen when compared with uninfected mice 
(82,440 f 7379 cpm and 17,073 f 2416 cpm 
vs 5 156 f 91 1 cpm, P < 0.001 and P < 0.001, 
respectively). Infected animals that were 
treated only with prednisolone had a lower 
response to MCMV antigen than did the 
ALG-treated animals when compared with 
the uninfected group (16,533 f 3723 cpm vs 
5 156 f 91 1 cpm, P < 0.01); this observation 
was duplicated in a separate experiment at 
282 days following the cessation of immu- 
nosuppression (data not shown). Cells from 
MCMV-infected and ALG immunosup- 
pressed mice also proliferated significantly in 
response to control antigen when compared 
with the two infected but not immunosup 
pressed groups (53,239 f 19,35 1 cpm vs 
6000 k 534 cpm and 5385 k 522 cpm, 
P < 0.01 and P < 0.005, respectively). 

Anti-theta antiserum and complement 
treatment of splenocytes from MCMV-in- 
fected mice. Splenocytes from MCMV-in- 
fected mice responded in vitro to MCMV 
antigen at 18 days after infection [ 12,572 
f 3674 (standard error) cpm vs 531 f 11 1 
cpm for control antigen, P < 0.051. Anti- 
theta antiserum and complement treatment 
of a portion of those splenocytes resulted in 

a complete loss of MCMV-specific prolifer- 
ation (961 f 304 cpm vs 329 f 53 cpm for 
control antigen, P < 0.20). 

Nylon- wool separation of splenocytes from 
MCMV-infected mice. Separation of sple- 
nocyte subpopulations that were enriched for 
either T cells or B cells and monocytes was 
achieved using nylon-wool columns. Follow- 
ing separation 90% of the nonadherent cells 
were theta bearing and 5% were IgG bearing. 
The nylon-wool-adherent population was 
85% IgG bearing and 14% theta bearing, as 
shown by quantitative immunofluorescent 
microscopy. Con A stimulation of adherent 
and nonadherent cells and several recombi- 
nations of those subpopulations resulted in 
uniformly decreasing tritiated thymidine in- 
corporation as the proportion of nonadher- 
ent cells was decreased (Table IV). One 
hundred percent nonadherent cells re- 
sponded the most to Con A (246,877 
f 10,569 cpm) and enriched B cells re- 
sponded the least (90,738 f 3967). LPS stim- 
ulation of the recombined cell populations 
resulted in an increasing blastogenic response 
as the proportion of nonadherent cells was 
decreased. However, 100% adherent cells re- 
sponded less (272,439 f 22,348 cpm) than 
the population of 80% adherent and 20% 
nonadherent cells (402,22 1 f 4 189 cpm) 
(Table IV). Following PHA stimulation, non- 
adherent cells responded the most (267,O 17 
f 10,196 cpm) (Table IV) and adherent cells 
the least (100,555 f 1766 cpm). As the pro- 
portion of nonadherent cells was decreased 
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in vitru, PHA-induced proliferation de- 
creased, but not uniformly in that the pop- 
ulation composed of 40% nylon-wool-non- 
adherent cells incorporated more radioiso- 
tope (215,191 f 30,178 cpm) than did the 
population made up of 60% nonadherent 
cells ( 186,387 f 14,540 cpm). Prior to nylon- 
wool separation MCMV-specific transfor- 
mation was significant compared with con- 
trol antigen (73,338 f 7345 cpm vs 9699 
f 2379 cpm, P < 0.001) (Table V). Nonad- 
herent cells alone did not proliferate in re- 
sponse to MCMV antigen when compared 
with unseparated splenocytes (4645 f 1639 
cpm vs 73,338 f 7345 cpm, P < 0.001). Re- 
combining the nylon-wool-adherent and 
-nonadherent cells resulted in restoration of 
the MCMV-specific response to levels com- 
parable to unseparated splenocytes. When 
the in vitru population was composed of 20% 
adherent and 80% nonadherent cells MCMV- 
induced proliferation was readily apparent 
(50,17 I net cpm) (Table V). Net tritiated thy- 
midine incorporation was greatest when the 
recombined cells were 60% nonadherent and 
40% adherent (92,040 net cpm) and as the 
proportion of recombined nonadherent cells 
was decreased from 60 to 0% the net MCMV- 
induced proliferation declined. 

Discussion. Using viral antigen-induced 
lymphocyte proliferation as a measure of 
MCMV-specific cellular immunity, we 
showed that MCMV-specific CMI is even- 
tually restored following the cessation of im- 
munosuppression. Restoration of the 
MCMV-specific response occurred well after 
the time at which mitogen-induced lympho- 
cyte proliferation had returned to normal lev- 
els (8) and at a time when the primary re- 
sponse of infected but unimmunosuppressed 
mice had declined to a low level. The data 
presented here extend our observations of the 
effect of immunosuppression on immunity 
to MCMV infection. 

Utilizing the same lymphocyte prolifera- 
tion procedure, we showed that pretreatment 
of the cells with anti-theta serum and com- 
plement abrogated MCMV-specific transfor- 
mation as did removal of nylon-wool-adher- 
ent cells. Readdition of nylon-wool-adherent 
cells to the nonadherent cells restored viral 
antigen-induced proliferation. 

Several clinical and experimental obser- 



CYTOMEGALOVIRUS AND IMMUNOSUPPRESSION 57 

TABLE IV. MITOGEN RESPONSES OF UNSEPARATED, AND NYLON-WOOL-SEPARATED AND 
RECOMBINED SPLENoCYTES FROM MCMV-INFECTED MICE' 

Cells PHA Con A LPS 
~ 

100% nonadherent 267,017 f 10,196b 246,877 f 10,569 135,519 f 17,603 
80% nonadherent 
20% adherent 206,339 f 18,569 219,774 f 16,441 301,323 f 12,752 

60% nonadherent 
40% adherent 186,387 f 14,540 208,690 f 37,137 321,397 f 4,883 

40% nonadherent 
60% adherent 215,191 f 30,178 181,940 f 15,512 342,837 f 20,287 

20% nonadherent 
80% adherent 202,872 f 7,2 12 157,840 f 19,416 402,22 1 2 4,189 

100% adherent 100,555 f 1,766 90,738 f 3,967 272,439 f 22,348 

a Mice were infected intraperitoneally with 2 X lo5 pfu of wild-type MCMV 19 days prior to sacrifice. Nonadherent 

bcpm -I- SE. 
(T cells) and adherent (B cells and monocytes) cell populations were obtained using nylon-wool columns. 

vations have indicated that CMI may be a 
more important host defense than humoral 
immunity against herpes group virus infec- 
tions. Patients with cell-mediated immune 
defects are subject to severe virus infections 
(2). Also, CMV-infected renal allograft recip 
ients suffer morbidity and mortality despite 
demonstrable circulating specific antibodies 
(4, 16). CMV is a cell-associated virus and 
as such may not be accessible to attack by 
serum antibody (17). Notkins showed that 
the spread of herpes simplex virus in a fibro- 
blast monolayer was prevented by immune 
lymphocytes but not by antibody (1  8). In 
addition, Ho demonstrated the protective 
effect of passively transferred MCMV-spe- 

cific cytotoxic lymphocytes and loss of that 
protection by pretreatment of the cells with 
anti-theta serum and complement (19). 

In a study of persons presumed to be nat- 
urally immune, none of those seronegative 
to CMV and 90% of those seropositive to 
CMV demonstrated significant in vitro an- 
tigen-induced proliferation (3). Following 
renal transplantation, humoral immunity 
and CMV-induced blastogenesis became dis- 
sociated (4). Lymphocyte proliferation to 
CMV was absent for up to 3 years following 
cardiac transplantation and immuno- 
suppression (3). Since there is little relation- 
ship between CF antibody titer and protec- 
tion from CMV infection (16), immuno- 

TABLE V. MCMV ANTIGEN-SPECIFIC PROLIFERATION OF UNSEPARATED, AND NYLON-WOOL-SEPARATED 
AND RECOMBINED SPLENoCYTES FROM MCMV-INFECTED MICE= 

Cells Control antigen MCMV antigen Net 

Unseparated 9,699 f 2379' 73,338 f 7345 63,639 
100% nonadherent 463 f 67' 4,645 f 1639' 4,182 
80% nonadherent 
20% adherent 36,396 f 123 18 86,567 k 9550 50,171 

60% nonadherent 
40% adherent 9,308 f 1327 101,348 f 11,330 92,040 

40% nonadherent 
60% adherent 15,897 -t 1564 103,801 f 7885 87,904 

20% nonadherent 
80% adherent 15,093 f 1985 93,620 f 4979 78,527 

100% adherent 10,358 f 654 35,872 f 2987 253 14 

' Mice were infected intraperitoneally with 2 X lo5 pfu of wild-type MCMV 19 days prior to sacrifice. Nonadherent 
(TFells) and adherent (B cells and monocytes) cell populations were obtained using nylon-wool columns. 

cpm f SE. 
' P < 0.001 compared to unseparated cells. 



58 CYTOMEGALOVIRUS AND IMMUNOSUPPRESSION 

suppression following transplantation with 
its attendant effect on CMV-specific CMI 
may render the recipient incapable of re- 
sponding to either exogenous or endogenous 
CMV infection. In this regard, the use of an- 
tithymocyte globulin (ATG) has been cor- 
related with loss of the in vitro lymphocyte 
response to CMV antigen and ATG-treated 
renal transplant recipients had more frequent 
viremia and CMV-related illnesses than did 
recipients that did not receive ATG (20). 

Using naturally chronically infected wild 
mice, Gardner et al. observed systemic, dis- 
seminated MCMV infection following treat- 
ment of those mice with injections of rabbit 
anti-mouse thymocyte sera (2 1). Jordan et al. 
showed that ALG treatment of mice which 
had been latently infected with MCMV re- 
sulted in reactivation of the infection and 
that combining cortisone treatment with 
ALG resulted in reactivation and dissemi- 
nation (22). In our model, mice were im- 
munosuppressed shortly after virus infection 
at a time when infectious virus could be 
readily isolated in tissue culture from the sal- 
ivary glands (unpublished data). Histologic 
examination of stained tissue sections of sev- 
eral organs and tissue culture isolation tech- 
niques did not disclose a difference between 
infected and infected-immunosuppressed 
mice during the period of immunosuppres- 
sion and early during the postimmuno- 
suppression period (unpublished data). 

The data presented here revealed that 
while the MCMV-specific proliferation re- 
sponse (Table 11) of infected, ALG-treated 
mice (Groups 4 and 6) was significant, the 
primary responses of mice infected at the 
same time but that were not immunosup 
pressed (Group 2) or that were treated only 
with prednisolone (Group 5) were not sig- 
nificant. These results may have provided 
evidence that ALG immunosuppression al- 
tered lymphocyte responses to the extent that 
the primary MCMV infection did not resolve 
until months after cessation of immunosup 
pressive therapy. Further support for the per- 
sistent alteration of immune function by 
ALG administration was the high backi 
ground counts (Table 11, Groups 4 and 6; and 
Table 111, Group 4) obtained from infected 
mice that had been treated with ALG. While 
in vitro virus replication and incorporation 
of the radioactive label into viral DNA might 

account for the increased background cpm, 
this seems unlikely since Booss and Whee- 
lock found that the presence of infectious 
MCMV suppressed in vitro DNA synthesis 
by spleen cells (23). Also, microscopic ex- 
amination of the lymphocyte cultures at the 
time of radioisotope addition revealed many 
clones of cells in the wells that yielded high 
background cpm but not in the wells showing 
a lower, more normal background cpm. We 
have previously reported increased in vitro 
proliferation of unstimulated splenocytes 
during the first 10 days following MCMV 
infection (6) ,  and Wu and Ho (24) as well 
as Osborne and Walker (25) demonstrated 
that viremia and virus dissemination oc- 
curred during the first 10 days after experi- 
mental MCMV infection. Therefore, the 
high background proliferation observed in 
the present study for MCMV-infected mice 
subsequently treated with ALG may have 
been evidence of prolonged virus dissemi- 
nation to which the mice were immunolog- 
ically responding at the time of sacrifice 9 
months after cessation of immunosuppres- 
sion. 

Having identified a prolonged but revers- 
ible in vitro MCMV-specific immune defect 
induced by immunosuppression, we turned 
our efforts toward identifying the lymphocyte 
subpopulation(s) responsible for intact 
MCMV-specific proliferation by nylon-wool 
separation of splenocytes from MCMV-in- 
fected mice. While T cells (nylon wool non- 
adherent) enriched by this technique re- 
sponded to PHA, Con A, and LPS (Table IV), 
they did not respond to MCMV antigen (Ta- 
ble V). MCMV blastogenesis was restored by 
readdition of adherent cells to the nonadher- 
ent cells and levels of radioisotope incorpo- 
ration were similar over a wide range of pro- 
portions of adherent and nonadherent cells. 
Pass et al. observed a similar effect on CMV- 
specific proliferation when human mono- 
nuclear cells were fractionated using adher- 
ence to plastic and then recombined (20). 
Following nylon-wool separation, adherent 
cells were able to respond significantly to 
MCMV antigen. Treatment of splenocytes 
from MCMV-infected mice with anti-theta 
antiserum and complement completely 
ablated the MCMV-specific response, sug- 
gesting that the response to viral antigen of 
the nylon-wool-adherent cells was due to the 
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presence of theta-bearing cells. Our data in- 
dicated that while nylon-wool-adherent and 
-nonadherent cells both may contribute to 
intact MCMV-induced proliferation, neither 
T cells alone nor B cells and monocytes alone 
could support significant antigen-specific 
proliferation. 

Defective CMV-specific lymphocyte trans- 
formation following immunosuppression of 
allograft recipients could facilitate reactiva- 
tion of CMV and prevent the host from re- 
sponding to active infection. Identification 
of the defective immune component could 
result in the development of specific im- 
munotherapy. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Bloom BR, Rager-Zisman BB. Cell-mediated im- 
munity in viral infections. In: Notkins AL, ed. Viral 
Immunology and Immunopathology. New York, 
Academic Press, pp 1 13- 1 36, 1975. 
Wheelock EF, Toy RS. Participation of lymphocytes 
in viral infections. Advan Immunol 16: 123- 184, 
1973. 
Pollard RB, Rand KH, Arvin AM, Merigan TC. 
Cell-mediated immunity to cytomegalovirus infec- 
tion in normal subjects and cardiac transplant pa- 
tients. J Infect Dis 137541-549, 1978. 
Linnemann CC, Jr, Kauffman CA, First MR, Schiff 
GM, Phair JP. Cellular immune response to cyto- 
megalovirus after renal transplantation. Infect Im- 
mun 22: 176-1 80, 1978. 
Rand KH, Rasmussen LE, Pollard RB, Arvin A, 
Merigan TC. Cellular immunity and herpesvirus 
infections in cardiac transplant patients. N Engl J 

Howard RJ, Mattsson DM, Seidel MV, Balfour HH, 
Jr. Cell-mediated immunity to murine cytomegalo- 
virus. J Infect Dis 138597-604, 1978. 
Mattsson DM, Howard RJ, Balfour HH, Jr. Imme- 
diate loss of cell-mediated immunity to murine cy- 
tomegalovirus upon treatment with immunosup- 
pressive agents. Infect Immun 30:700-708, 1980. 
Howard RJ, Mattsson DM, Balfour HH, Jr. Effect of 
immunosuppression on humoral and cell-mediated 
immunity to murine cytomegalovirus. Proc Soc Biol 

Howard RJ, Najarian JS. Cytomegalovirus-induced 
immune suppression. I. Humoral immunity. Clin 
Exp Immunol 18: 109- 1 18, 1974. 
Lowry OG, Rosebrough NJ, Farr AL, Randall RJ. 
Protein measurement with the Folin phenol reagent. 
J Biol Chem 193:265-275, 1951. 
Rytel MM. Humoral and cell-mediated immunity 
to cytomegaloviruses. Yale J Biol Med 49:63, 1976. 
Boyum A. Isolation of mononuclear cells and gran- 
ulocytes from human blood. Isolation of mononu- 

Med 296: 1372- 1377, 1977. 

Med 161:341-346, 1979. 

clear cells by one centrifugation and of granulocytes 
by combining centrifugation and sedimentation at 
1 g. Scand J Clin Lab Invest 21(S97):77-89, 1968. 

13. Benyesh-Melnick M. Cytomegaloviruses. In: Len- 
nette EH, Schmidt NJ, eds. Diagnostic Procedures 
for Viral and Rickettsia1 Infections. New York, 
American Public Health Association, pp70 1-723, 
1969. 

14. Handwerger BS, Schwartz RH. Separation of mu- 
rine lymphoid cells using nylon wool columns. Re- 
covery of the B cell-enriched population. Trans- 
plantation 18544-548, 1974. 

15. Julius MH, Simpson E, Herzenberg LS. A rapid 
method for the isolation of functional thymusde- 
rived murine lymphocytes. Eur J Immunol3:645- 
649, 1973. 

16. Balfour HH, Jr, Slade MS, Kalis JM, Howard RJ, 
Simmons RL, Najarian JS. Viral infections in renal 
transplant donors and their recipients: A prospective 
study. Surgery 81:487-492, 1977. 

17. Rinaldo CR, Jr, Black PH, Hirsch MS. Interaction 
of cytomegalovirus with leukocytes from patients 
with mononucleosis due to cytomegalovirus. J In- 
fect Dis 136:667-678, 1977. 

18. Notkins AL. Immune mechanisms by which the 
spread of viral infections is stopped. Cell Immunol 

19. Ho M. Role of specific cytotoxic lymphocytes in 
cellular immunity against murine cytomegalovirus. 
Infect Immun 27:767-776, 1980. 

20. Pass RF, Reynolds DW, Welchel JD, Diethelm AG, 
Alford CA, Jr. Impaired lymphocyte transformation 
response to cytomegalovirus and phytohemagglu- 
tinin in recipients of renal transplants: Association 
with antithymocyte globulin. J Infect Dis 143:259- 
265, 1981. 

2 1. Gardner MB, Officer JE, Parker J, Estes JD, Rongey 
RW. Induction of disseminated virulent cytomeg- 
alovirus infection by immunosuppression of natu- 
rally chronically infected wild mice. Infect Immun 

22. Jordan MC, Shanley JD, Stevens JG. Immuno- 
suppression reactivates and disseminates latent mu- 
rine cytomegalovirus. J Gen Virol 37:4 19-423, 
1977. 

23. Boos J, Wheelock EF. Role of viremia in the 
suppression of T-cell function during munne cy- 
tomegalovirus infection. Infect Immun 17:378-38 1, 
1977. 

24. Wu BC, Ho M. Characteristics of infection of T and 
B lymphocytes from mice after inoculation with 
cytomegalovirus. Infect Immun 24856-864, 1979. 

25. Osborn JE, Walker DL. Virulence and attenuation 
of murine cytomegalovirus. Infect Immun 3228- 
236, 1971. 

11~478-483, 1974. 

10:966-969, 1974. 

Received July 14, 1982. P.S.E.B.M. 1983, Vol. 172. 




