
(CANCER RESEARCH 36, 3851-3853, October 1976]

Brief Communication

A Viral Immunodepressive Factor Associated with Experimental
Mouse Tumors1

Anna M. Iorio,2 Anna Barzi, Paola Rivosecchi Merletti, Abraham Goldin, and Enzo Bonmassar

Institutes of Hygiene(A. M. I., P. R. M.Jand Pharmacology(A. B., E. B.), Universityof Perugia,06100Perugia, Italy, and Laboratoryof Experimental
Chemotherapy,Drug Researchand Development,Divisionof CancerTreatment,NationalCancerInstitute, NIH,Bethesda,Maryland20014

SUMMARY

An immunodepressive factor (IDF) capable of inhibiting
the rejection of allogeneic lymphomas in mice was detected
in a number of transplantable mouse tumors. The allognaft
reactivity of the host was impaired for at least 10 months
after IDFadministration. No clinical evidenceof bacterial or
viralinfectionwas detectedin IDF-tneatedanimals.Sena
collected from mice at various intervals after injection of IDF
showed a great increase in the IDF titer. The IDF persisted in
mouse senafor at least 3 months, whereas no IDF activity
was found in sera of rats given injections of the factor. 1DF
was capable of replicating in vitro in mouse embryo cells,
but not in matembryo on HeLa cell cultures. IDF was macti
vated in vitro by heat (65Â°for 30 mm), ultraviolet light, on
ether, but not by ethyl alcohol. These studies indicate that
1DF is a virus capable of producing a long-lasting asympto
matic infection specifically interfering with the host's allo
graft reactivity. In several instances a close association
between the lactic dehydrogenase virus and IDF was found.
Nevertheless no conclusion was reached on the identity or
nonidentity between the two viruses.

INTRODUCTION

A paradoxical increase of tumor incidence obtained by
reducing the number of transplanted cells has been found
in our laboratory with radiation-induced lymphomas trans
femred into allogeneic mice incompatible for the K-I-S me
gions of the H-2 complex (5).

The phenomenon was called â€œdilutionescapeâ€•(5), and
further studies suggested that in this experimental model
the escape of small inocula of allogeneic lymphoma cells
was caused by IDF,3 released by tumor cells capable of
inhibiting the host's allogmaft reaction (3). Large inocula of
allogeneic neoplastic cells were rejected as a consequence
of prompt allognaft reaction elicited before 1DFcould inhibit
thehost'simmune system.
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Preliminary experiments (8) suggested the possibility that
IDF was of viral nature. Additional evidence for the viral
origin of IOF is presented here, although no identification of
the virus has been made.

MATERIALSAND METHODS

Animals. inbred mice of the congenic-resistantstrains
C57BL/lOScSnCn (hereafter called BlO, H-2Â°,H-1@'),B10.129
(5M) Cr (H-2'@,H-1'@),B10.A Cr (H-2Â°),and B10.A(5R) Cr (H-21);
inbred C57BL/6Cn (H-26) and BALB/c Cr (H@2d)mice; and
BALB/c x DBA/2 F1 (hereafter called CD2F1, H@2d/H@2I)
hybrids were obtained from the Mammalian Genetics and
Animal Production Section of the National Cancer Institute.
Mice of both sexes, 4 to 6 months old (congenic resistant)
or 3 to 4 months old (C57BL/6Cn,BALB/cCr, and CD2FI),
were used.NoninbmedWistarmale rats,produced inour
laboratory,were alsoused.

Tumors. Radiation-induced lymphomas LAF-17 of B10.A
originand L5MF-22 ofB10.129(5M)origin(4,9)were main
tamed in syngeneic mice, by i.v. injection of tumor cells
obtained from grossly enlarged spleens, following dispen
sion in Medium 199. Ascitesleukemias L1210-Crand L1210-
Ha of DBA/2 origin (3) were propagated by i.p. inoculation.
Mortality of mice was recorded for 60 days after tumor
challenge, and deaths with generalized lymphoma or as
cites leukemia were verified by gross autopsy. Data for
other tumors tested for the presence of IDF are reported in
the footnotes of Table 1.

Irradiationof TumorCellsin Vitro.A Hot-SpotMK-IV60Co
irradiator (Harwell, Didcot, England) was used. Suspended
tumor cells were exposed to 5500 mads(2200 rads/min) in
vitroinsealedglassvialsatroom temperature.

Indirect Determinationof LDV. The presenceof LDV in
various materials was determined following injection into
LDV-fnee BlO mice. The serum was collected 3 days after
inoculation, and its lactic dehydnogenase activity was deter
mined by the procedureof Wroblewskiand La Due (14)
using reagentsobtained from BoehningerMannheimGMBH
Biochemica (Mannheim, West Germany). The reciprocal of
the greatest dilution of LDV preparation capable of elevat
ing the lactic dehydrogenase activity in recipient mice was
considered to be the titer of the preparation in units/mI.

OCTOBER 1976 3851

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2395244/cr0360103851.pdf by guest on 19 M

ay 2023



Effects of !DF on antilymphoma allograft reaction of incompatible
mice challenged on Day 0 with 10@cells of LAF-17 lymphoma of

B10.AoriginPretreatment

with IDF Recipientmiceâ€•Day

be- B10.A(5A? B1O@
Material (0.2 fore chal

ml i.p.) lenge MSTd D/T MSTD/TNone

2/12 1/10
CFF(1:108@ â€”3 6 6/6 7 5/6
CFF(1:10) â€”3 1/6 2/6
CMC(+Y -3 NT 6 8/8
CMC(â€”)â€• -3 NT 0/8
L5MF-22(FTY' â€”69 5.5 6/6 NT
LAF-17 (lrr)1 â€”120 6.5 8/8 NT
L5MF-22 (irr) â€”120 6 8/8 NT
CFF(1:103) â€”153 NT 7 11/12
ASBM-1@ â€”315 NT 85/5LAF-17

(10@cells

Recoveryof IDF from blood of 810 mice or Wistarratsinoculatedi.p.
with 1 or 10â€•IDF units, respectively, at various intervalsafterIDF

administration1DF
titer in blood (units/mi)

Day after 1DP ad
ministration BlO male mice Wistarrats1

5x10303
>5x105NV10

NT030
NT090

>5x105 NT

A. M. !orioeta!.

Cell Culture. Primary culture of BlO mouse onWistar mat
embryocellswereobtainedbytrypsinizationand platingof
10- to 15-day-old embryos in glass bottles. Medium 199
(DifcoLaboratories,Inc., Detroit,Mich.) containing 10%
inactivated calf serum was used as the culture medium
throughout the experiments for primary cultures and for
growth of human HeLa cells.

1DFSourcesand Standardization.Tumorcells (10@/mI)
(LAF/17, L1210-Ha lymphomas) were frozen and thawed 3
times, centrifuged at 2000 x g for 20 mm, and filtered
through a sterile Millipome (100-nm-pore) membrane (Milli
pore Co., Bedford, Mass.)under positive pressure. The IDF
potency of each preparation of CFF was titrated in order to
determine the greatest dilution still capable of inhibiting the
antilymphoma allograft reaction of B10.A (5R) male mice
challenged with K-I-S-incompatible LAF-17 lymphoma (10w
cells). The lymphoma was injected i.v. 3 days after the i.p.
administration of 0.2 ml of CFF preparation. The reciprocal
of the greatest dilution in units/mi showing activity was
considered to be the titer of the solution. In some expeni
ments frozen-thawed or irradiated tumor cells were used as
IDF sources.

RESULTS

inhibition of Allograft Reactions. Various tumor cell
preparations (frozen-thawed or irradiated) on filtrates were
injected i.p. into recipient BlO or B10.A (5R) Cr mice, fol
lowed by challenge at various intervals with 10@cell i.v. of
allogeneic LAF-17. The results of Table 1 indicate that a
number of transplantable tumor lines of various origin were
IDF positive. In addition, 5 tumors obtained 5 months after
the s.c. injection of 180 @gof methyicholanthrene into IDF
carrying BALB/c mice were IDF positive. On the other hand
5 tumors obtained with the same carcinogen injected into
IDF-fnee BALB/c mice were IDF negative. According to the
data reported in Table 1, it was also found that the IDF
induced depression of allogmaft reactivity could persist in
mice for at least 10 months after IDF administration.

To study the capacity of in vivo replication of IDF, BlO
mice or ratswere giveni.p.injectionsof 1 or 10@unitsof
IDF, respectively. Blood was collected at various intervals
and diluted in Medium 199, and its IDF activity was deter
mined by injectionintoBlO recipientmice thatwere chal
lenged with LAF-17 (10w cells i.v.) 3 days later. The data
reported in Table 2 indicate a rapid rise in IDF blood titer in
BlO mice inoculated with IDF, whereas no IDF activity was
found inratbloodatany timeafter1DFadministration.

Replicationof IDF and LDVin Vitro. Primaryculturesof
BlO mice and rat embryos or long-term cultures of HeLa
cellswere infectedfor1 hrwitha CFF preparationcontain
ing both 10@units of IDF and LDV. The cells were washed 5
times with Medium 199and fresh medium was added. The
supemnatant was collected 1 or 48 hr later. The IDF and LDV
contents of the supernatants were determined by injecting
0.2-mialiquotsintoBlO micesubjectedtobloodcollection
for lactic dehydmogenase titration 3 days later, followed by
challenge with LAF-17 (10w cells i.v.) 5 days later for IDF

Table 1

a All syngeneic B10.ACr mice challenged with
i.v.) died on Day 6.

b Incompatible for K-I-S regions of H-2, with LAF-17 (3).
C Incompatible for the entire H-2 complex with LAF-17 (3).

d MST, median survival time; D/T, dead mice over total mice

given injections of the tumor; NT, not tested.
r CFF, free filtrate from LAF-17 cell. The data indicate that the

highest dilution still active is 1:10@;therefore the IDF titer of CFF is 5
x 10@ units/mI.

I@ viable cells of a sarcoma obtained in BALB/c male mice
inoculated with CFF (1:1O@,0.2 ml i.p.) and 3-methyicholanthrene
(180 @.tgs.c.) 5 months before collection. Tumor preparations of 4
other sarcomas obtained in similar conditions gave the same me
suits.

a@ viable cells of a BALB/c sarcoma induced by 3-methylchol

anthrene,asdescribed in Footnotef, in mice not treated with CFF.
Tumor preparations of 4 other sarcomas obtained in similar condi
tions gave the same results.

h Frozen-thawed tumor, 10@ cells i.p.

I Irradiated (5.500 rads in vitro) tumor, 10@ cells i.p.

J Dimethylbenzanthracene-induced sarcoma of BlO origin, 10@

cells i.p.

Table2

a The source of IDF was CFF from LAF-17 cells.
b NT, not tested.

determination. The data of Table 3 indicate that both IDF
and LDV were capable of replicating in mouse embryo cells,
but not in rat embryo on HeLa cell cultures.

Inactivation of IDF and LDV by Physical Agents. IDF
filtrate containing 10@units of both IDF and LDV per ml were
completely inactivated at 70Â°for 30 mm on by exposure to
Uvorether.Ontheotherhand,exposureto 56Â°for30mm
on to ethanol did not destroy their activity (Table 4).
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Replication of IDF andLDV in celIs cultivated invitroCells

in culturelhr 1DPLDV48hrIDFLDVMouse
embryd'

Aatembryo
HeLa50

5
550

5
55x

106
@y
05x

1o'
0
0

Effect of physicaI or chemical agentsof IDF andLDVactivitrAgentTreatmentTimeIDFLDVHeat

Heat
Heat
uV
UV
Ether, 25%
Ether, 20%
Ethanol, 10%
Ethanol, 15%56Â°

70Â°
80Â°

30-wattexposure1@
30-watt exposure

4Â°
4Â°
4Â°
4Â°30

mm
30mm
30 mm
45mm
90 mm
24 hr

45 mm
24 hr
24 hr@b

â€”

â€”

â€”
â€”

â€”
â€”

+
+â€”

â€”
â€”

â€”

â€”
â€”

+
+

Vira! !DF

Table3 asthe mousethymic virus and LDV(10)and the minute virus
of mice (6) have been shown to inhibit I-cells. IDF was
found to be specifically active in suppressing allognaft neac
tions without inhibiting the humonal responses (8). Studies
are now in progress to provide more information on the
biological properties of IDF and to establish its influence on
immunological parameters. The chronic infection (possibly
for the entire life of the infected recipients) and the associ
ated depression of allognaft reactivity provide a unique
model for chronic impairment of an immune system that
might be involved in immune surveillance.
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a Units/mi (CFF from L1210 Ha).

b Of BlO strain.
I. The presence of virus activity associated with cultured cells,

without virus release in the supernatant, was ruled out using fro
zen-thawed cells instead of supemnatant.The material was still
negative for the presence of IDF and LDV.

Table4

a IDF from CFF of L1210-Ha origin (15 x 10@ units/mi).
b@ presence at the end of the treatment; â€”,absence at the end

of the treatment.
e Sixty mm from UV source.

DISCUSSION

The results of the experiments described in this report are
consistent with the hypothesis that IDF is of viral nature.
Replication in vivo and in cell culture and inactivation by
ether, heat, and UV provide evidence that this factor, asso
ciated with tumor cells from various strains of mice (3, 8), is
a non-strain-specific virus. in addition, in studies not me
ported here, horizontal transmission of IDF has been ob
served in male B10.A (5R) mice. Experiments on filtration
through Millipore membranes, not reported here, have pro
vided a preliminary estimate of the IDF size in the range of
25 to 50 nm.

The origin of IDF has not been identified. A long-lasting
immunodepression was evidenced in mice treated with
methyicholanthrene (13). Nevertheless no activation in vivo
of a possible latent 1DFwas observed in BALB/c mice
treated with the carcinogen (Table 1).

In the current experiments an association was observed
between IDF and LDV. The production of chronic 1DFinfec
tion in mice without clinical symptoms and lack of cyto
pathic effects in tissue culture, characteristic of LDV infec
tion, would seem to favor the hypothesis of identity of IDF
and LDV. However, the presence of LDV in tumor cell lines
negativefor IDF, previously reported (3, 8), would not be in
line with such a hypothesis. The possibility that IDF would
be a substrain of LDV should also be considered. A number
of immunodepressivevinusesof mice have been described
in the literature (1, 2, 7, 11, 12). Some have been found to be
active on humoral antibody responses(7, 11). Others such
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