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Summary. Mice infected i.v. with high doses of lympho- 
cytic choriomeningitis virus (LCMV; 105-106 plaque- 
forming units) 8-10 days prior to challenge with the 
methylcholanthrene-induced fibrosarcoma tumor cell line 
MC57G or the melanoma cell line B 16 tumor cells showed 
an enhanced tumor susceptibility with respect to both 
growth kinetics of the tumor and the minimal dose neces- 
sary for tumor take. After transient initial growth, MC57G 
tumor cells were all rejected by uninfected C57BL/6 mice 
by day 14. Mice preinfected i.v. with LCMV 3 weeks 
before or at the time of tumor challenge, hut not those 
infected 2 months before or 7 days after, showed increas- 
ing tumor growth, the tumor take being 100% for 106, 50% 
for 105 and 37% for 104 MC57G tumor cells injected into 
the footpad compared with resistance to 106 cells in normal 
mice. B16 melanoma cells also grew more rapidly in 
LCMV-preinfected mice and by day 40 tumors were estab- 
lished with about 100 times fewer cells, i.e. about 103 
compared with 3×104-3x105 for uninfected mice. Analy- 
sis of the growth of tumor cells in normal and in LCMV- 
carrier mice revealed that the latter mice were not more 
susceptible to LCMV-infected than to uninfected MC57G. 
Since LCMV-carrier mice fall to mount LCMV-specific T 
cell responses, these results suggest that anti-LCMV-spe- 
cific T cells may be responsible for acquired immunodefi- 
ciency hampering immune surveillance against the tumors 
studied. 

Introduction 

There are several examples where an immune response 
against a tumor was enhanced by introducing strong for- 
eign antigens either by chemical modification [3, 16], virus 
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infection [5, 19, 30, 35-37, 52] or mutagenesis of cellular 
antigens [48]. In an attempt to induce virus-mediated heter- 
ogenization or xenogenization of tumor cells, we infected 
tumor cells with lymphocytic choriomeningitis virus 
(LCMV) to enhance resistance of mice against the tumor 
[7, 20, 22, 36]. Unexpectedly, infected tumor cells or sub- 
sequent tumor cell challenges into preinfected mice were 
not only n o t  rejected but, in contrast, progressed more 
efficiently and more rapidly when compared to uninfected 
tumor cells in normal mice. Such enhancement of growth 
of LCMV-infected tumors has been seen before [20, 47, 
53]. It also has been known for some time that mice infect- 
ed with certain isolates of LCMV exhibit a more or less 
severe immunodeficiency [16, 20, 23, 27, 34, 42] that 
depends upon a variety of parameters, such as virus dose, 
virus isolate, mouse strain and time of infection [27, 42]. 
Immune suppression mediated by LCMV-WE is probably 
also responsible for both the failure of mice infected with 
high doses of virus to clear virus rapidly and their suc- 
cumbing to choriomeningitis [7, 20, 22, 46]. This acquired 
immune suppression is probably not caused by the virus 
itself, since LCMV-carrier mice are known to respond 
immunologically within normal ranges [7, 20, 22, 23, 27, 
38]. Recent studies have revealed that anti-LCMV-specific 
cytotoxic T cells appear to be responsible for the immune 
suppression; their elimination by treatment with antibodies 
against CD8+ T cells prevents immune suppression and 
immune suppression can be adoptively transferred by 
LCMV-specific cytotoxic T cells [27]. In the present study 
we analyzed the basic parameters of acquired, LCMV-trig- 
gered impairment of immune surveillance against tumors. 
This model situation may offer some insight into the patho- 
genesis of tumors in patients with acquired immunodefi- 
ciency syndrome [8, 12, 18, 29, 40, 41, 43]. 

Materials and methods 

Mice. Male C57BL/6 mice, 6-12-weeks old were obtained from the 
breeding colony of the Institut für Zuchthygiene, Tierspital Zürich, 
Switzerland. 
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Virus. The LCMV-WE strain [7, 20, 22] was originally obtained from 
Prof. F. Lehmann-Grube, Hamburg, FRG. Virus stocks were grown on 
L-929 cells and reached an approximate fiter of 5×106 plaque-forming 
units (pfu)/ml. The fiter was determined by plaque formation on L cells 
[24, 25]; one mean infectious dose for 50% (IDs0) of the animals corre- 
sponded to about 0.3-0.1 pfu [25]. Virus dilutions were made in mini- 
mal essential medium (MEM) containing 1%-5% heat-inacfivated fetal 
calf serum (FCS). LCMV-carrier mice were induced by injecfing new- 
born C57BL/6 mice during the first 18 h after birth with 105 pfu LCMV- 
WE i.p. [20, 22]. Their carrier status was monitored 6 weeks after birth 
and at the time of tumor challenge. 

Tumor cells and their infection with LCMV. Methylcholanthrene-induced 
MC57G cells (H-2 b) [1] had been obtained originally from Dr. B. B, 
Knowles, Wistar Institute, Philadelphia. Melanoma B16 cells [14, 15] 
had been obtained from Dr. G. Klein, Karolinska Institute, Stockholm, 
These cells were cultured in MEM (5% FCS) at 37°C and 5% CO2, 
Stocks of both tumor cell lines were prepared after one or two in vivo 
passages with subsequent in vitro culture. The cell culture stocks were 
monitored for mycoplasma and were found to be negative. Both tumor 
cell lines were readily infected by LCMV-WE by adding 103 pfu LCMV- 
WE to subconfluent cell monolayers in 75-cm 2 Falcon flasks for 48 h. 
More than 95% of the cells were infected, as estimated by immuno- 
fluorescence [27]. Cell dilutions for injection were prepared in MEM 
without FCS. Cells were inoculated into the foodpad (i. f.) in a total 
volume of 30 bd. 

Antibodies. The rat IgG 2b, monoclonal antibodies YTS 169.4.2 (anti- 
CD8) and YTS 191.1.2 (anti-CD4) were a gift of Dr. H. Waldmann, 
Cambridge, and were prepared as described by Cobbold et al. [9]. The 
ascitic fluids from tumor-bearing pristane-primed (LOU x DA)F1 rats 
were partially pnrified by precipitation with 50% (NH4)2SO4. The pre- 
cipitates were redissolved in phosphate-buffered saline (PBS) to yield 
protein concentrations of about 15 mg/ml containing 2-3 mg acfive 
antibodies. 

T ceU subset depletion. Thymectomized mice were given two in- 
travenous (i. v.) injections of monoclonal antibodies YTS 169.4.2 or YTS 
191.1.2 (approximately 1 mg active antibody) 2-4  days apart. 

Monitoring of T cell subsets. Efficiency and specifity of the depletion 
treatment were monitored by an immunofluorescence assay [9]. Air- 
dried blood smears were fixed on glass microscope slides with acetone 
and ethanoL Before staining, the smears were washed in PBS containing 
1% bovine serum albumin. Either anti-CD4 or anti-CD8 antibody was 
added to each slide at a concentration of 0.02 mg/ml in PBS containing 
1% bovine serum albumin. After incubation and washing with PBS, 
fluorescein-isothiocyanate-labeled mouse anti-(rat IgG 2b) antibody was 
added at a concentration of 0.01 mg/tal in PBS containing 1% bovine 
serum albumin and 1 mg/tal propidium iodide. After additional washing 
steps, slides were mounted with glass coverslips using 90% glycerol, 
10% PBS, and 1 mg/tal p-phenylenediamine and monitored in a fluores- 
cence microscope. Depletion was >95%. 

Measurement of tumor growth. The thickness of footpads was measured 
with a spring-loaded caliper (Kröplin, Schluchtern, Hessen, FRG) after 
injection of tumor cells every day or every second day. In experiments 
with B16 melanoma cells, the occurrence of a black spot in the footpad 
was also registered. Preliminary experiments had shown that tumors that 
caused footpad thickmess greater than 5 mm were not subsequently re- 
jected. Mice were killed when feet with tumors had reached a diameter of 
7 -  8 mm at a time when they still were comfortable. 

Results 

Normal  mice reject LCMV-WE-in fec ted  tumor cells less 
efficiently than uninfected tumor cells 

In an attempt to heterogenize tumor cells by infection with 
L C M V  to improve their rejection by the host, the fol lowing 

growth patterns were observed in normal C57BL/6 mice or 
in mice preimmunized with a low (103 pfu) dose of  L C M V  
4 weeks before tumor cell challenge (Fig. 1). Except  for a 
very early transient swelling (on day 3) immune mice 
showed no tumor growth for up to 50 days when 3×105 
LCMV-infected  tumor cells were injected into the footpad; 
normal mice challenged with 3x105 infected tumor cells 
exhibited tumor growth. Only a transient variable tumor 
growth was seen with 3x105 normal (uninfected) MC57G 
cells between days 3 and 12; 3x106 cells grew in both 
L C M V - i m m u n e  and normal mice. Thus infected tumor 
cells exhibited enhanced rather than reduced growth in 
normal hosts. This result suggested that the high dose of  
L C M V  released by infected tumor cells may cause an 
immune suppression [23, 34, 51] enhancing tumor growth. 

The swelling reactions observed in normal mice inocu- 
lated with uninfected tumor cells usually exhibited two 
phases dependent upon the dose of  cells inoculated. In the 
first phase, tumor cells may grow to some measurable or 
not measurable level up to days 8 - 1 2  then they are re- 
jected completely (e. g. Fig. 1, top panel left, or Fig. 2, first 
panel); alternatively they continue to grow (Fig, 1, bottom 
panel left). The footpad swelling in normal mice, which 
was caused by growth of  infected tumor cells, was a com- 
posite of  two distinct swelling reactions: the first swelling 
was caused mainly by LCMV-speci f ic  T cells mediating a 
delayed-type swelling reaction; the subsequent swelling 
was due to tumor growth [7, 20, 22]. Therefore tumor 
growth was assessed usually after day 12. Mice were killed 
when the footpads reached a thickness of  7 0 - 8 0  mm. 

To demonstrate that enhanced tumor growth was 
caused by effects of  systemic L C M V  infection in mice and 
was independent of  tumor cells being infected themselves 
with LCMV,  the fol lowing experiments were perfonned.  
Tumor  cells were titrated in uninfected C57BL6  mice and 
in mice infected 8 days previously with a high dose of  
L C M V - W E  (106 pfu) i. v. The latter mice exhibited a dras- 
tically increased susceptibility to tumor growth (Table 1): 
normal mice rejected 106 uninfected MC57G cells, where- 
as three of  eight infected mice exhibited tumor growth after 
injection of  104 tumor cells by day 30. 

Time dependence o f  tumor growth enhancement  and 
L C M V  infection 

The time dependence of  the effect of  L C M V  infection on 
growth of  normal  tumor cells was assayed in the following 
experiments: mice were infected with 103 or 106pfu 
L C M V - W E  i.v. and were challenged with 105 MC57G 
cells into the footpads (Fig. 2). Preinjection with low or 
high doses of  L C M V - W E  i.v. enhanced the growth of  
uninfected tumor cells if the virus was injected 8 days 
before or on the same day as the tumor cells, but not if it 
was injected on day 7 after tumor cell challenge. Low 
doses of  L C M V  enhanced tumor growth if injected on day 
- 8  but less consistently so if injected on day 0. If  mice had 
been infected with L C M V  50 days previously, uninfected 
tumor cells grew rapidly in mice preinfected with high 
doses of  L C M V  (106 pfu, apparently still causing some 
immune suppression) but were rejected in mice immunized 
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Fig. 1. Tumor growth in normal or LCMV-im- 
raune mice: C57BL/6 mice were immunized 
with lymphocytic choriomeningitis virus 
(LCMV; -28  days, 2x10 ? pfu i. v,, 0 )  and nor- 
mal mice (C)) were challenged on day 0 with un- 
infected or LCMV-infected MC57G (either 
3x105 or 3x106 cells) into the right footpad only. 
Three individual mice were tested per group at 
each time point. Mice with tumors causing feet 
to swell to more than 70 m m  were killed 

with a lower dose of 103 pfu LCMV. Thus the tumor- 
growth-enhancing effects of LCMV were systemic and 
dependent on both time and dose. 

Titration of the increase of susceptibility to MC57G or of 
melanoma B16 tumor cells 

Susceptibility to MC57G was about 100 times increased in 
LCMV-preinfected mice. Since resistance to uninfected 
MC57G in normal C57BL/6 mice was usually very pro- 
nounced, this titration of an effective tumor cell dose did 
not reveal a greater factor of enhancement. To evaluate 
whether LCMV-induced enhancement of tumor growth 
was specific for MC57G, growth enhancement of suscepti- 
bility to the melanoma B 16 cell was assessed with the same 
protocols; comparable results were obtained. LCMV-im- 
mune mice efficiently rejected 105 LCMV-infected B16 
tumor cells whereas normal mice failed to do so (data not 
shown). Preinfection of mice with LCMV enhanced B 16 
tumor growth with respect to the time of appearance of 

black tumors in the footpad, overall growth of the tumor 
and tumor takes by day 37. Whereas normal mice injected 
with 3x103 B16 cells showed no tumor on day 37, 
LCMV(106 pfu i.v.)-preinfected mice exhibited visible 
tumor growth in three out of six injected footpads (Fig. 3). 

Effect of depletion o fT  cell subsets on resistance to tumor 
growth in normal or LCMV-preinfected mice 

Studies on the immunosuppressive action of LCMV infec- 
tion on antibody responses in mice had suggested that 
virus-specific cytotoxic T cells were instrumental in induc- 
ing the acquired immunodeficiency [27]. Therefore the 
effect of depletion of cytotoxic T cells on the observed 
tumor growth enhancement caused by LCMV was eval- 
uated (Fig. 4). Thymectomized C57BL/6 mice were infect- 
ed with lx106 LCMV-WE i.v. on day -8. A second test 
group was not pretreated with virus. On days -9 and-7 two 
groups of mice were treated either with anti-CD4 or anti- 
CD8 monoclonal antibodies. These treatments had pre- 
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Table 1. Titration of effective MC57G tumor cell dose in normal and LCMV-preinfected (106 pfu i.v. on day -8) C57BL/6 mice 

Dose of MC57G Numbers of feet with tumor growth/numbers of feet injected: 
time after tumor cell injection 

Day 12 Day 15 Day 30 

Uninfected mice LCMV-infected mice Uninfected mice LCMV-infected mice Uninfected mice LCMV-infectedmice 

106 8/8 8/8 0/8 8/8 0/8 8/8 
10 » 5/8 8/8 0/8 7/8 0/8 4/8 
104 4/8 4/8 0/8 3/8 0/8 3/8 
103 0/8 0/8 0/8 0/8 0/8 0/8 

viously been shown to deplete thymectomized mice of 
either helper T cells or cytotoxic T cells [26]. The control 
group was not treated. On day 0 all mice were inoculated 
with 3x105 MC57G cells into the footpad. Uninfected ani- 
mals that were not treated with antibody were able to reject 
the growing tumor (Fig. 4). Normal animals that had been 
treated with either anti-CD4 or anti-CD8 antibodies were 
not able to reject the MC57G tumor, although tumors grew 
more slowly than in LCMV-pretreated mice (Fig. 4, left 
part). Thus, both CD4 + and CD8 + T cells seemed to be 
involved somehow in immune surveillance of the tumor 
studied. The same treatments of LCMV-pretreated mice 
(lxl06 pfu, day -8) had no effects on tumor growth. Thus, 
depletion of cytotoxic T cells, including anti-LCMV cyto- 
toxic T cells, did not drastically reduce the tumor-growth- 
enhancing effects of LCMV MC57G. Unfortunately these 
effects cannot be judged properly because of the direct 
effects of depletion of T cell subsets on rejection of tumor 
cells. 

Tumor resistance in nude mice 

The experiments presented so far suggested that general 
immune surveillance was impaired in immunocompetent 
mice preinfected with LCMV. In a previous series of ex- 
periments we had shown that LCMV-triggered immuno- 
suppression, assessed by reduced antibody response to a 
T-cell-independent antigen, depended upon virus-specific 
T cells [27]; in those studies thymus and T-cell-deficient 
nu/nu mice infected with LCMV exhibited normal IgM 
respones. Therefore the influence of LCMV infection on 
tumor growth was assessed in nu/nu mice (Fig. 5). LCMV- 
infected MC57G exhibited slower tumor growth for 
MC57G doses of 105 or 104 when compared to uninfected 
tumor cells in nu/nu mice, probably signalling natural 
killer (NK) effects [21, 35, 50]. However, overall, nu/nu 
mice wer• considerably more susceptible to MC57G (and 
to B 16 as well, data not shown) as indicated by the fact that 
all mice showed tumor growth when injected with 104 
tumor cells irrespective of whether or not they wer• infect- 
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Fig. 3. Growth of melanoma B 16 in footpads of  uninfected or LCMV-in- 
fected C57BL/6 mice: mice were infected with L C M V (106 pfu i.v.) 
8 days prior to challenge with B 16 cells into footpads. Numbers indicate 
number  of  visible tumors per number  of  feet injected. The results repre- 
sent means  of six individual footpads, SEM were below 0.5 m m  for all 
measurements  below 4 m m  thickness, and below 1.0 m m  for values 
>4 m m  thickness 

ed. Thus both NK-like and T-cell-dependent mechanisms 
were involved in immune surveillance against the tumors 
studie& Since LCMV-induced NK-like resistance 
suppressed tumor growth, the results obtained in the previ- 
ous experiments suggested that NK activities may be 
suppressed in LCMV-infected normal mice. 

Unimpaired immune surveillance in LCMV-carrier mice 

To evaluate whether LCMV itself or rather the immune 
response to LCMV was responsible for impairment of 
immune surveillance, the following experiments were per- 
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Fig. 4. Effects of  depletion in vivo of T cells subsets on tumor growth: 
thymectomized C57BL/6 mice uninfected or LCMV-infected (-8 days, 
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03 
03 
uJ 
z 
0.9. 
-'r- 
l-- 

D.. 

la_ 

8 

6 

4 

2 

0 
, =0 0 10 2 3=0 

TIME AFTER INJECTION (DAYS) 

V¢¢er~ 
6 5 

[ ]  l x l o  UNINFECTED • l x l O  LCMV INFECTED 

• lx lOLCMV INFECTED O lx104 UNINFECTED 
/'~ lx10 UNINFECTED • lx10 LCMV INFECTED 

Fig. 5. Growth of  MC57G in nude mice: LCMV-infected or uninfected 
tumor cells were injected into footpads of  uninfected C57BL/6 nu/nu 
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formed. Neonatally infected LCMV-carrier mice [20, 22, 
46] and uninfected normal C57BL/6 mice were injected 
with LCMV-infected or uninfected MC57G cells. Tumor 
growth kinetics were monitored as shown in Fig. 6. 
LCMV-infected MC57G grew in LCMV-carrier mice 
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comparably to uninfected MC57G in either normal or car- 
rier mice. Therefore the presence of LCMV in carrier mice 
did not impair immune surveillance in contrast to the re- 
sponse in normal mice undergoing an acute LCMV infec- 
tion or recovering from it. 

D i s c u s s i o n  

Mice acutely infected with LCMV-WE were, depending 
upon the virus dose, more susceptible to growth of ä fi- 
brosarcoma (MC57G) and a melanoma (B16) tumor cell 
line for some weeks after the infection. This enhanced 
susceptibility was not caused by the poorly lytic virus 
itself, since LCMV-carrier mice that are immunologically 
tolerant to LCMV were not more susceptible than unin- 
fected mice. Also, thymus-deficient nude mice infected 
with LCMV are not more susceptible than uninfected nude 
control mice to tumor growth; in these mice LCMV infec- 
tion seemed to increase resistance to MC57G (but also to 
B16; data not shown) slightly, most probably because of 
NK activity [21, 28, 35, 50]. Treatment of infected T-cell- 
competent mice with anti-CD4 or anti-CD8 antibodies 
could not reveal a T cell mechanism triggered by LCMV 
infection that could be made responsible for the enhance- 
ment of tumor growth, because such treatments impaired 
tumor cell rejection also in uninfected mice. Nevertheless, 
together with earlier experiments demonstrating that 
LCMV-specific cytotoxic T cells were involved in LCMV- 
triggered immune suppression, the data presented are com- 
patible with the view that T cell immunity and im- 
munopathology to LCMV cause an acquired immunodefi- 
ciency resulting an apparently generalized impairment of 

the immune surveillance mechanism, causing enhanced 
tumor growth. 

This model situation in mice recalls the enhanced 
Kaposi sarcoma tumor incidence in patients infected with 
human immunodeficiency virus (HIV) [8, 12, 18, 29, 40, 
41, 43]. HIV also causes an acquired immunodeficiency 
syndrome, though of considerably more chronic develop- 
ment than that induced by LCMV. In both examples, im- 
mune surveillance is apparently reduced and in both cases 
there is direct (for LCMV) or indirect evidence that the 
impairment of immune surveillance may be, at least in part, 
a result of immunopathological mechanisms rather than 
direct lytic effects of the virus (reviewed in [12, 44, 49, 55, 
56]). The comparison of immunologically T-cell-tolerant 
LCMV-carrier mice with acutely infected normal mice 
illustrates the point most clearly that presence of LCMV 
alone is not sufficient to cause enhanced tumor growth. 
This notion may be supported by the results in nude mice, 
suggesting that LCMV-triggered and probably interferon- 
triggered NK cell activity may actually slow tumor growth. 
These data, therefore, may indicate that NK-like mech- 
anisms are impaired by LCMV-induced immuno- 
pathology. Alteruatively these results suggest that the de- 
tectable suppressive effect on specific immune surveil- 
lance may actually be underestimated if NK effector mech- 
anisms are operational. 

This study cannot define the effector cells or mecha- 
nisms impaired by the immune response of mice against 
LCMV, Since both CD4 + and CD8 + T cells are apparently 
somehow involved in control of growth of MC57G [4, 13, 
17, 45, 54], it was not possible to define the pathogenesis 
of the observed enhancement in greater detail. Previous 
experiments on LCMV-induced immune suppression of 
antibody responses using comparable experimental condi- 
tions [27, 42], however, have revealed that LCMV-im- 
mune CD8 ÷ T cells seem to be involved in causing immune 
suppression. This mechanism may therefore also apply 
hefe, since most ofrthe acute immunopathological effects 
of LCMV studied so rar have been shown to be caused by 
antiviral CD8 + T cells [7, 10, 11, 20, 22]. Although the 
direct target of this T-cell-mediated immunopathology is 
not known, there are various possible candidates. Several 
members of the lymphohemopoietic cell pool, including 
macrophages, dendritic cells [31-33], T helper (CD4+) 
cells [2, 39], NK cells and possibly B cells, may be infected 
with LCMV and may, therefore, be destroyed by anti- 
LCMV CD8 ÷ T cells. Reduction in any of these cell com- 
partments, in particular NK cells, macrophages and den- 
dritic/antigen-presenting cells, may hamper immune 
surveillance against tumors by T cells, NK cells, mac- 
rophages and others, including interleukin-dependent 
mechanisms, directly or indirectly [4, 13, 17, 45, 54]. 
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