INFECTION AND IMMUNITY, Oct. 1980, p. 316-319
0019-9567/80/10-316/04$02.00/0

Vol. 30, No. 1

NOTES

Impaired Resistance to Bacterial Infection After Tumor
Implant Is Traced to Lactic Dehydrogenase Virus

PETER F. BONVENTRE,* H. CURT BUBEL, J. GABRIEL MICHAEL, anp ALLEN D. NICKOL
Department of Microbiology, University of Cincinnati Medical Center, Cincinnati, Ohio 45267

A BALB/c mouse-passaged methylcholanthrene-induced fibrosarcoma tumor
caused severe impairment of resistance to systemic listeriosis. Depressed resist-
ance expressed immediately after tumor implantation was traced to inadvertent
association of tumor with lactic dehydrogenase virus. Tumor cured of virus was

totally inactive.

The lactic dehydrogenase-elevating virus
(LDV) is a ubiquitous biological agent which
establishes chronic, asymptomatic infections in
mice (10, 13, 15). The inconspicuous presence of
the lactic dehydrogenase agent is relevant to a
broad range of biological investigations because
it may be unknowingly transmitted with mouse-
passaged materials such as body fluids, trans-
plantable tumors, and oncogenic virus prepara-
tions (1, 5, 9, 12, 19). Thus, the varied and
significant alterations which LDV may induce in
the host pose an interpretive hazard in murine
experimental systems under scrutiny. A letter to
the editor recently published in Science (14)
cautioned investigators that the virus may alter
many immunological and physiological param-
eters and urged that the presence of LDV in
mouse-passaged materials be monitored.

During the initial stages of an investigation
designed to evaluate the impact of a growing
solid tumor on the native resistance of athymic
(nu/nu) and heterozygote (nu/+) mice to bac-
terial and viral infections, we became aware of
the potential effects that LDV may have on the
interpretation of our findings. Preliminary ex-
periments suggested that subcutaneous implan-
tation of a methylcholanthrene-induced fibro-
sarcoma (Meth A) into mice caused a rapid and
significant loss of resistance to challenge with
the facultative intracellular bacterium Listeria
monocytogenes. In view of several previous re-
ports which indicated that implanted tumors
may modify host defense mechanisms (4, 8, 16-
18), we considered our observations to be con-
firmatory rather than novel. Analysis of the
phenomenon, however, revealed that the tumor
per se was without measurable effect and that
depressed resistance to systemic infection was
the direct result of LDV which had inadvertently

become associated with the tumor during mouse
passage.

The Meth A tumor was maintained in ascites
form in BALB/c mice by weekly serial transfers.
Solid tumor growth was initiated by injection of
10’ Meth A cells subcutaneously in the dorsum
of the animal. Mice challenged intravenously
with 10* colony-forming units of L. monocyto-
genes 1 day after tumor implantation were se-
verely impaired in native resistance, as esti-
mated by numbers of viable units in the liver 48
h after challenge (Fig. 1). This assay provides an
accurate index of resistance to listeria infection
(7, 8), and we have confirmed that the number
of colony-forming units in the livers of mice 48
h after challenge is directly correlated with 50%
lethal dose values determined at 7 days after
challenge. Thus, BALB/c, heterozygote, and
athymic mice were severely compromised 1 day
after the tumor inoculation, and differences in
liver colony-forming units in tumor-bearing mice
suggested a 100- to 1,000-fold increase in suscep-
tibility to listeria infection. These data are com-
parable to those reported previously in which
the rapid loss of host resistance after injection
of tumor cells into syngeneic mice was attributed
to a low-molecular-weight substance of tumor
cell origin (8). On the basis of the observations
to be described, there is a strong possibility that
the effect was in fact caused by inadvertent
presence of LDV in the tumors used in those
studies. On the other hand, as noted previously,
immunosuppressive factors derived from tumor
cells have been described by several investiga-
tors, and thus suppressive substances of tumor
cell origin cannot be discounted. It would be
wise in our judgment, however, for investigators
to repeat such experiments with tumors proven
to be free of LDV.
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F1G6. 1. Decrease in resistance of immunocompe-
tent and athymic mice to L. monocytogenes 1 day
after Meth A tumor implantation. BALB/c-derived
Meth A tumor, obtained originally from Alan Ka-
plan, Medical College of Virginia, Richmond, was
maintained by ascites passage in BALB/c mice. Solid
tumors were initiated by subcutaneous injection of
10" viable, washed ascites-derived tumor cells in a
volume of 0.1 ml of phosphate-buffered saline. Tumor-
bearing and non-tumor-bearing control animals were
challenged intravenously with 2.0 X 10* colony-form-
ing units of L. monocytogenes 24 h after tumor im-
plantation. Spleens and livers of 48-h-infected ani-
mals were excised aseptically, homogenized, and as-
sayed for viable organisms. Resistance is expressed
as the difference in log\o viable bacteria per gram of
organ between infected non-tumor-bearing animals
and infected tumor-bearing animals + standard
error of the mean. The origin (0) represents the nor-
malized log\o viable bacteria in infected, non-tumor-
bearing animals. The histograms, spleens (open bars)
and livers (crosshatched bars), indicate greater num-
bers of bacteria in the organs of tumor-bearing mice
as compared to non-tumor bearers.

When Meth A-tumor-bearing and non-tumor-
bearing mice in our animal colony were screened
for plasma lactic dehydrogenase levels, a 5- to
10-fold increase in enzyme levels occurred only
in mice bearing the tumors. Groups of normal
BALB/c mice previously screened as being free
of LDV were injected with either the Meth A
tumor or with undiluted stock LDV (obtained
from the American Type Culture Collection).
Serum from such mice was transferred to LDV-
free recipients, and these were subsequently
monitored for serum lactic dehydrogenase activ-
ity. Since both the LDV-infected and the tumor-
bearing mice yielded sera which caused elevated
lactic dehydrogenase enzyme levels in recipient
mice, we concluded that the Meth A tumor had
become contaminated with the lactic dehydro-
genase-elevating viral agent during serial pas-
sage.

The buoyant density of the virus (1.168 g/
cm®) associated with the Meth A tumor is con-
sistent with that of LDV (2), but attempts to
visualize the agent by electron microscopy were
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unsuccessful. Further studies were conducted to
differentiate the effects of LDV on host resist-
ance from those induced by the tumor per se.
The virus-contaminated Meth A tumor was cul-
tured in vitro for 6 weeks to eliminate the virus.
The capacity of the cured tumor to impair host
resistance to listeria infection was ablated (Fig.
2). Inoculation of LDV into mice which were
subsequently challenged after 24 h with L. mon-
ocytogenes resulted in a depression of host re-
sistance comparable to that obtained with the
virus-contaminated Meth A tumor. Tumor cell
extracts and serum from mice receiving the vi-
rus-contaminated tumor also depressed resist-
ance to listeria infection. Virus-free materials
were without measurable effect on host resist-
ance. As a definitive experiment to show that
the lactic dehydrogenase-elevating agent was re-
sponsible for the lowered resistance of mice, we
reconstituted the cured Meth A tumor with the
LDV viral isolate and determined the effect of
the reassociated complex on resistance to L.
monocytogenes (Fig. 3). The data show unequiv-
ocally that reassociation of tumor with the trans-
missible lactic dehydrogenase-elevating agent
reestablished the capacity to impair resistance
to listeria. Depression of host resistance was
evident for 2 days subsequent to implantation of
virus-associated tumor or inoculation of LDV in
absence of tumor. Thereafter normal resistance
to listeria infection was restored.

Several conclusions may be drawn from these
data: (i) the Meth A tumor used in our early
experiments had become inadvertently associ-
ated with a transmissible agent with character-
istics of LDV; (ii) implantation of the virus-con-
taminated Meth A tumor caused a rapid, severe
depression of resistance to L. monocytogenes in
both immunocompetent (BALB/c and hetero-
zygote) and athymic mice; (iil) the capacity to
elevate serum lactic dehydrogenase and to de-
press host resistance was lost after in vitro cul-
ture of the Meth A tumor; (iv) inoculation of an
LDV of known origin (American Type Culture
Collection) depressed host resistance to L. mon-
ocytogenes in a manner indistinguishable from
the original virus-contaminated tumor; (v) the
capacity to elevate serum lactic dehydrogenase
and depress host resistance to infection was re-
stored when the cured tumor was reassociated
with the transmissible viral agent; (vi) LDV is
responsible for the marked impairment of host
defense and susceptibility to systemic bacterial
infection. The Meth A tumor per se is without
measurable effect.

The basis for the LDV suppression of resist-
ance observed is most likely an impairment of
macrophage-mediated antibacterial immunity.



318 NOTE INFECT. IMMUN.
Treatment , Ec:fs'v?\;:d . S"(‘::nlsﬂ

LDV arce) NN
Meth A py) 0% 3030
Extract Meth A o) NN,
Serum Meth A oy M,
Meth A eq) 40
Extract Meth A (ed) 280

7] 480

Serum Me'h A(cuud)

3 2 ) 0
Log viable bacteria

FiG. 2. Effect of LDV, tumors, and tumor-associated preparations on host resistance to L. monocytogenes
and lactic dehydrogenase serum levels in BALB/c mice. Resistance to infection was measured, as descnf)ed
in Fig. 1, 24 h after treatment as follows. LDV (ATCC) was obtained from American Type Culture Collegt!on:
0.1 ml of undiluted stock was inoculated subcutaneously. Meth A (LDV) (our designation for the original
virus-contaminated tumor): solid tumors were initiated by subcutaneous implantation of 10" viable, washed
ascites-derived tumor cells. Extract Meth A (LDV) was prepared by sonication of a Meth A (LDV) cell
suspension to achieve total cell disruption; an extract equivalent to 107 cells was inculated subcutaneously.
Serum Meth A (LDV) was obtained from mice utilized as ascites tumor cell donors; the serum was diluted 1:
1,000, and 0.1 ml was inoculated subcutaneously. Meth A (cured) was obtained from Meth A (LDV) cultured
6 weeks in vitro to eliminate virus; the resulting Meth A (cured), readapted to ascites growth, was used for the
initiation of solid tumors and the production of extract Meth A (cured) and serum Meth A (cured). Liver and
spleen yielded similar results, but only data for the liver are presented. One day after inoculation of one of the
above preparations, mice were bled from the retro-orbital venus plexus, and 0.1 ml of serum diluted 1:1,000
was injected intraperitoneally into normal LDV-free, BALB/c mice. Serum lactic dehydrogenase was assayed
in these mice 3 days post-serum transfer accordirg to a quantitative ultraviolet procedure (kit no. 340-UV;
Sigma Chemical Co., St. Louis, Mo.) based on the spectrophotometric method of Wroblewski and La Due (20).
The concentrations of lactic dehydrogenase are expressed as international units.
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FiG. 3. The capacity to induce decreased resistance to L. monocytogenes is recovered after reassociation of
the Meth A (cured) tumor with the transmissible agent derived from the Meth A (LDV) tumor. Resistance was
measured 1 day after tumor implantation into BALB/c mice as described in Fig. 1. The agent derived from
the serum of a Meth A (LDV) tumor-bearing mouse was transmitted by serial transfer of serum. One-tenth
milliliter of serum diluted 1:1,000 was transferred daily for 5 days by subcutaneous injection in BALB/c mice
which were free of LDV. Reassociation of the viral agent and tumor was accomplished by a final subcutaneous
transfer of 0.1 ml of 1:1,000-diluted serum to mice simultaneously injected with 5 X 1 07 Meth A (cured) tumor

cells intraperitoneally. The resulting ascites tumor cells were used 7 days later for initiation of the reassociated
LDV-Meth A tumor complex.

L. monocytogenes is a facultative intracellular
pathogen, the growth of which is initially sup-
pressed by liver macrophages (7). This early
bacterial containment of Kupffer cells is of piv-
otal importance in the outcome of this infection
(6, 7). It is also established that LDV replicates
within macrophages in vitro (3) and in vivo (11).

Thus, it is likely that early events in LDV infec-
tion alter tissue macrophage functions and lead
to the observed impaired resistance. The fact
that the effect is transient in spite of continuing
high virus titers in the blood (9, 10, 13, 15)
represents an unresolved paradox. Indeed, our
recent observations show that establishment of
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chronic LDV infection of BALB/c mice confers
enhanced resistance to listeria infection. Failure
of athymic mice with chronic LDV infection to
develop heightened antibacterial resistance sug-
gests T-lymphocyte involvement (manuscript in
preparation).

This brief report establishes for the first time
that a lactic dehydrogenase-elevating contami-
nant of a mouse-passaged tumor is responsible
for suppression of native host resistance to bac-
terial infection. It is emphasized, however, that
the fundamental importance of the study is
within the wider context of the admonition con-
veyed by Riley et al. (14). Host alterations in-
duced by LDV, such as the one reported here,
may be ascribed erroneously to implanted tu-
mors and thus negate the validity of experiments
otherwise meticulously conducted. The ease
with which LDV becomes associated with tu-
mors serially passaged in mice must be appreci-
ated. It would appear unconscionable if investi-
gators failed to consider this agent as a potential
confounding factor.

This work was supported by Public Health Service grant
CA-22957 from the National Institutes of Health.

We acknowledge a useful discussion with R. J. North of the
Trudeau Institute on the implications of the phenomenon we
describe in this paper. He has been warning investigators
verbally of the hazards of LDV contamination of murine
tumors for several years.

LITERATURE CITED

1. Adams, D. H,, K. E. K. Rowson, and M. H. Salaman.
1961. The effect of tumors, of leukaemia, and of some
viruses associated with them, on the plasma lactic de-
hydrogenase activity of mice. Br. J. Cancer 15:860-867.

2. Darnell, M. B, and P. G. W. Plageman. 1972. Physical
properties of lactic dehydrogenase-elevating virus and
its ribonucleic acid. J. Virol. 10:1082-1085.

3. Evans, R., and M. H. Salaman. 1965. Studies on the
mechanism of action of Riley virus. III. Replication of
Riley’s plasma enzyme-elevating virus in vitro. J. Exp.
Med. 122:993-1002.

4. Fauve, R. M., B. Hevin, H. Jacob, J. A. Gaillared,
and F. Jacob. 1974. Antiinflammatory effects of mu-

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

NOTE 319

rine malignant cells. Proc. Natl. Acad. Sci. U.S.A. 71:
4052-4056.

. Mahy, B. W. J., K. E. K. Rowson, M. H. Salaman, and

C. W. Parr. 1964. Plasma enzyme levels in virus in-
fected mice. Virology 23:528-541.

. North, R. J. 1973. Cell mediated immunity and the re-

sponse to infection, p. 185-219. In R. T. McClusky and
S. Cohen (ed.), Mechanisms of cell mediated immunity.
John Wiley and Sons, Inc., New York.

. North, R. J. 1974. T-cell dependence of macrophage

activation and mobilization during infection with My-
cobacterium tuberculosis. Infect. Immun. 10:66-71.

. North, R. J., D. P. Kirstein, and R. L. Tuttle. 1976.

Subversion of host defense mechanisms by murine tu-
mors. 1. A circulating factor that suppresses macro-
phage-mediated resistance to infection. J. Exp. Med.
143:559-573.

. Notkins, A. L. 1965. Lactic dehydrogenase virus. Bacte-

riol. Rev. 29:143-160.

Notkins, A. L. 1971. Enzymatic and immunological alter-
ations in mice infected with lactic dehydrogenase virus.
Am. J. Pathol. 65:733-746.

Porter, D. O., H. G. Porter, and B. B. Deerhake. 1969.
Immunofluorescence assay for antigen and antibody in
lactic dehydrogenase virus infection of mice. J. Immu-
nol. 102:431-436.

Riley, V. 1974. Persistence and other characteristics of
the lactate-dehydrogenase-elevating virus (LDH-virus).
Progr. Med. Virol. 18:198-213.

Riley, V., F. Lilly, E. Huerto, and D. Bardell. 1960.
Transmissible agent associated with 26 types of exper-
imental mouse neoplasms. Science 132:545-547.

Riley, V., D. H. Speckman, and G. A. Santisteban.
1978. The LDH virus: an interfering biological contam-
inant. Science 200:124-126.

Rowson, K. E. K., and B. W. J. Mahy. 1975. In S. Gard
and C. Hallauer (ed.), Lactic dehydrogenase virus. Vi-
rology monograph 13. Springer-Verlag, New York.

Snyderman, R., and M. C. Pike. 1976. An inhibitor of
macrophage chemotaxis produced by neoplasms. Sci-
ence 192:370-372.

Snyderman, R., and M. C. Pike. 1977. Macrophage
migratory dysfunction in cancer: a mechanism for sub-
version of surveillance. Am. J. Pathol. 88:727-740.

Snyderman, R., M. C. Pike, B. Blaylock, and P. Wein-
stein. 1976. Effects of neoplasma on inflammation: de-
pression of macrophage accumulation after tumor im-
plantation. J. Immunol. 116:585-589.

Tennant, R. W., and T. G. Ward. 1962. Pneumoniae
virus of mice (PVM) in cell culture. Proc. Soc. Exp.
Biol. Med. 111:395-398.

Wroblewski, F., and J. S. LaDue. 1955. Lactic dehy-
drogenase activity in blood. Proc. Soc. Exp. Biol. Med.
90:210-213.



