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Abstract:

The nature of the target cell for the virus in the Friend virus complex remains unclear. The Friend virus
complex was assayed for its capacity to induce splenic foci or splenomegaly in thymus deficient (nude)
mice and neonatally suppressed B-type Balb/c mice. Following challenge with either B or NB-tropic
virus, nude mice developed typical symptoms of Friend leukemia. No overt symptoms were evident in
nude mice challenged with N-tropic virus 30 days or more after birth, unless they were injected with
relatively high doses of virus. This refractory state could be overcome by supplementing the Friend
virus with Moloney leukemia virus. Anti-u suppressed mice remained totally refractory to the disease
process when challenged with N-tropic virus, while mice challenged with NB-tropic virus were
partially refractory to the disease. On the other hand, anti-p suppressed mice challenged with B-tropic
virus exhibited typical symptoms of Friend virus leukemia. Mice neonatally suppressed with
anti-immunoglobulin (devoid of anti-p) were partially refractory to the disease when challenged with
N-tropic virus, but not NB-tropic virus. In addition to distinguishing virus tropism, these results support
the hypothesis that the target cell for one of the virus in the Friend virus complex is an
immunoglobulin-bearing B-lymphocyte or its precursor. The B-lymphocyte appears to be the target cell
for the helper component of the Friend virus complex.
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ABSTRACT

The nature of the target cell for the virus in the Friend virus
complex remains unclear. The Friend virus complex was assayed for
its capacity to induce splenic foci or- splenomegaly in thymus. defi-
cient (nude) mice  and neonatally suppressed B-type Balb/c mice. Fol-
lowing challenge with either B or NB-tropic virus, nude mice deve-
loped typical symptoms of Friend leukemia. No overt symptoms were
evident in nude mice challenged with N-tropic virus 30 days or more
after birth, unless they were injected with relatively high doses of
virus, This refractory state could be overcome by supplementing the
Friend virus with Moloney leukemia virus. Anti-j suppressed mice
remained totally refractory to the disease process when challenged
-with N-tropic virus, while mice challenged with NB-tropic virus were
partially refractory to the disease.  On the other hand, anti-p
suppressed mice challenged with B- -tropic virus exhibited typical
symptoms of Friend virus leukemia. Mice neonatally suppressed with.
anti-immunoglobulin (devoid of &anti-p) were partially refractory to  "
the disease when challenged with N-tropic virus, but not NB-tropic
virus. 1In addition 'to distinguishing virus tropism, these results’
support the hypothesis that.the target cell for one of the virus in
the Frlend virus complex is an immunoglobulin-bearing -B- -lymphocyte
or its precursor. The B-lymphocyte appears to be the target cell
for the helper component of the Friend virus complex.




INTRODUCT ION

In 1957, Charlotte Friend described the development of a leukemia
in Swiss mice'féllowing'an inoculation with cell free extracts of Er=-
lich acites carcinoma (34). DeHarven and Friend (38) later described
the presence oflvirus-iike particles in the spleen, bone marrow, and
liver of leukemic mice. This report was followed by a detailed des-
cription of the morphology of the virus and its identification as fhe
etiologic agent of the leukemia (39). The neoplastic process initia-
ted by the'Friend virus is characterized by splenomegaly, resulting
from a proliferation of reticulum cells, and erythroblastosis (60).
In the terminal phases of the disease there is massive enlargemenF of
the liver and spieen.and infiltration of the bone marrow with resultant
failure of normal hematopoeisis (5). |

It has been demonsfréted by several laboratories (5, 21, 22,'24,
29, 56, 68, 7i) that Friend virus is a complex that contains at least
two‘distinct virus which hdve been named on the basis of their patho-
genic properties, spleen f;cus forming virus (SFFV) and' lymphatic leu-
kemia virus (LLV). An investigation of fhe reiationship between LLV
and SFFV iﬁdicated that SFFV is helper dependent for spleen'fécus for-
mation (5). SFFV appears incapable of carrying out its entire infec-.
tious cycle and of inducing erythroleukemia in the absence of coinfec-
tion with LLV. Thus LLV servés a helper function, supplying factors
missing from the SFFV genome which permits the producfion df.infectious

virions (25,54).
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Specific host genes have a marked influence on the virus-induced
oncogenesis iﬁ mice (53). The host range of Friend virus has beeﬁ in-
vestigated extensively and ﬁany studies have been pérformed to déter-
mine the genetic factors that control suscgptibility‘and.resistance to
.Friend virus. These studies have bheen well summarized by Lilly (54)
and reviewed by Lilly and Pincus (55).

The disease induced in mice by Friend virus is a model of a neo-
plastic condition, suséeptibility to which is a multiple-gene trait .
(54). There are at least eight genes‘that are known which govern the
susceptibility to Friend virus (53). Of these, two are major loci,

.Fv-1 and Fv-2, which govern the response to the virus. Suseeptibility

)

to SFFV is regulated by Fv-2 while Fv-1 influences susceptibility to

the helper component of the Friend virus complex. An additional gene,
Rgv-1, associated with the H-2 locus, plays a modifying role during
" the late stages of the disease. Rgv-1 influences the disease by af-
fecting quantitﬁtively the splenomegaly response to éntigens associated
with virus infection. The remaining five genes that are known include
two additional histocompatibility genes, H-4 and H-7; and thrée genes
which affect erythropoiesis, W, -Sl, and f (53). |
Naturally occuring.Muriné leukemia viruées may be classified in;o
three groupé according to their ability to replicate in NIH Swiss and
Balb/c ‘mouse embryo culéures (82). fhe difference in response in the

two cell lines 'is not absolute, but relative, being of the order of
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"100 to 1000-fold (79). Strains of virus repiicating best in each cell
line are termed N and B-tropic, respectively., Strains of.virus which
replicate équally well in both cell lines are termed NB-tropiéy"NB-
tropic Friend virus complexes arise afte;vfofcéd passage of either ﬁ
or N-tropic virus through mice strains which afe restricti&é for that
-strgin of virus (37). The ability of the cell lines to support repli~
cation of the three types-of virus is genetically determined. The gene
responsible for susceptibility of in vitro cultures appears to be iden-
tical to the Fv-1 iocusl(67). This gene determines sus;eptibility to -
LLV, whereas SSFV susceptibility is governed by the Fv=-2 loci (54, 64).

In man, the ciinical hematological and physiopatbological data
that are presenfly available in chronic granulocytic leukemia, polycy-
themia vera, and the erythroblastic component of erythroleukemia are
compatible with the Friend physiopathological model (43). The general
interest in this disease as a model for human leukemia p?ompted the
present research into the nature of the target cell for Friend virus

'induced leukemia.

Morphological transformation of as yet unidentified target cells
occurs in vivo after infection of susceptiblé mice by Friend virus.
Several lines of‘evidence suggest that a B lymphocyte may be the tar-
get cell for Friend virus infection. Infection 6f mice with Friénﬁt
'Leukemia virus results iﬁ a marked immunologic impairment (4, 8-15,

19, 33, 44, 69, 70, 78, 80). Previous studies showed that the immune
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response to sheep erythrocytes as well as to other antigens such as
E. coli LPS, was severely depressed in Friend virus infected mice (49,

13). Ceglowski and co-workers (13) have shown that a marked suppres-

sion of humoral immune responses to unrelated antigens is a predict-

able consequence of virus induced leukemogenesis. It has beéome clear
that the immuﬁosuppreésive event occurs quite early in the disease prd-
cess and is observed shortly after infection of a susceptible host (13),
The precise mechanisﬁ'by which leukemia viruses mediate their immuno-
suppressive effecg has not,.as yet, been elucidated. However, a num-

ber of studies concerning the mechanism of Friend virus induced immuno-

suppression in mice pointed toward the antibody precursor cells derived

from the bone marrow as a major target for the immunodepressive proper-
ties of the virus (9, 16-18, 35, 40, 41, 49,'62, 73). In addition,
other studies showed thag virus~-like particles are present in lymphoid
cells presumed to coﬁtain or secrete antibodies (48). This agrees
with later studies (45) which used electron microscopy to show virus
particles budding from the lymphocyte surface and those studies which
showed the presence of virus-like particles in Plaque-forming cells
(PFC's) (47). It has been postulated that onlyhcells that are infec-
ted by virus at an early stage are arrestea in their function and ma-
turation, whereas mature antibody-form{ng cells may be infected but not
affected, and thus maintain their normal funétions (33,.62). It has

not been shown at exactly what stage of development or maturation the
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potential antibody-forminé cell may be infected with the virus.- How-
ever,-Manntng et al, (57) report that neonatally initiated anti-p sﬁp-
pression will render mice refractory to infection with‘Friend virus,

The effects of neonatally initiated injection of anti-y hes been
well reviewed by Manning (58). Briefly, this treatment suppresses ‘the
formation of IgM, IgGl, and IgG2 in both conyeﬁtionally reared and
germfree mice, - Production of IgA suppression requires soﬁewhat higher
dosages of suppressi#e antibody and.is a rather unstable condition
tending toward recovery. Similar panspecific-immpnosuppressive eftects
" of anti- antibodies have been observed in mouse eell cultures as well
as’ in eell culture and in vivo systems for several other species, More
reeently? Manning éE gl; (59) have shown that neonatally initiated in-
jectioﬁ of anti-y aetiserum in mice also supbresses the formation of
reagenic antibodies, These observations support the hypotheéis that
immunoglotulin producing cells of all classes arise from IgM bearing
precursors. The mechanism whereby anti-p exerts its suppreésive effect
remains unknown. |

The results repofted by Manning et al, (57)'woe1d suggest'thét the=
target cell for Fr1end virus 1nfection is a lymph01d cell whlch has.
dlfferentlated to at least the IgM bearlng state. It .is presumed that
viral repllcatlon and cellular transformatlon depend upon lymphocyte
" differentiation to the stage of immunoglobulin productlon. .

T lymphocytes are not infected with Friend virus (16, 18,‘36);
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'howevéf,'T lymphocyte function may be depressed (32).>'Prolonged ékin
‘graft survival times were observed in Friend virus infected mice, even
when donor mice differed at the major histocompatibility locus (H-2).
Quantitative in vitro assays for cell-mediatéd immunity revealed a
marked impairment of cellular immunity for Friend virus infected
ﬁice (32). Thus both B and T lymphocyte functions appear to be af-
fected by Friend virus infection, though perhaps not by_the same mech-
anism or to the same degree.

' In studies in which T lymphocyte deficient mice were infected -
with Friénd virus, conflicting results have been reported. Sfutman
and Dupuy (74) using ALS and Axelrad et al, (3) using ATS have shown
that T cells may function to inhibit or even destroy lymphoid cells
having undergone malignant transformation. In agreement with these
observations, Steeves and Grundke-Igbal (73); reported that the nude
mouse, described by Flanagan (30) and shown to be congentially thymus
" deficient (66), is at least as susceptible to Friend virus infection
as its phenotypically normal littermates. However, Kouttab (50) re-
ported that the nude mouse remains refractory to the typical sympfoms
éf leukemia when challenged with Friend virus.

Although a pronounced immune depression follows Friend virus in-
. fection and evidence is available to suggest fhg lymphoid nature of
£he target cell, substantial evidence indicates that the primary

target for Friend virus infection is not a lymphoid precursor but a
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hematopoeitic stem cell of the erythrocytic lineage (31,'75,-77).
Thus the immune defect may be a secondary event following infecti&n
of hematopoeitic e}ements. |

Because of thé incomplefeness and the frequent discrepancies
present in previous work on the nature of the target for Friend vi-
rus infection, studiés reported here were initiétéd in anh attempt to
more conclusively define the nature ofﬂthe target cell for F?iend vi-
rus. Of primary interest was to quantitatively assess thé lymphoid- . .
nature of the target cell u;ing selectively suppressed B céll def;cient
mige. in addition, a reassessment of the inféction charactéristiés.of
Friend virus in thymus deficient (nude) mice Qas.undérﬁakeﬁ. These
studies were done for'all three knéwn.strainé-of Frién& vi;us;‘

The results éf this s£udy ;onfirm that the ta;éet celi for at
ieaS£ one of the virus in the Friend virus complex is a lymphoia cell_
of the B cell line or its precufsor. Evidence is also preéented which
suggest that the lymphocyte is the target cell for the helper component

of the virus complex.




MATERIALS AND METHODS
Animals

Inbred conventionally reared Balb/c male and femalg mice were
used, These mice were originally obtained in 1966 from Baylor Medical
Schooll(Houston, Texas) in the specific pathogen frée sEate and Wére
conventionalized'in 1967. They have since been maintained by ranaom
'brother;sister'maping in. our laboratory. The homozygous nude (nu/nu)
mice and their phenotypically normal liftermates (+/nu and +/+) were
the.offspring of heterozygous (nu/+) animals obtained by crossing nude
males with females from our Balb/c colony. The nude gene is now in its-
tenth and eleventh cross-intercross generation onto the Balb/c back-
ground,

The nﬁde mice and littermates were housed in a clean environment
with individual filter cap cage isolation. All mice received ste;ili-
zed Wayne léboratory anim#l chow and acidifiedfchlorinated'Water (63),
ad libitum. All mice were weaned 21-24 days after birth., Mice were
4-8 weeks.old at the start of experiménts and groups of mice were age
and sex matched within a particular experiment,

Viruses

Friend virus complexes of the three known tropisms were used,
The NB-tropic (FV-NB) and B-tropic (FV-B) virus were a gift from Df.
Bruce Chesebro and were originally obtained from tﬁe stock of Dr. Frank

Lilly. The passage history was such to maintain the stated.tropism.
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The N-tropic virus (FV-N) was obtained from Dr. A, Howard Fieldsteel
in 1968'without prior passage histor?. It has since been maintained
in our laboratory by frequént mouse passage. For experimeﬁtal work,
a virus ‘stock was ﬁrepared for each virus by passage in Balb/c mice.
Spleen homogenates (20%) were prepared in phosphate-buffered saline
(PBS) 14-30 days following virus infection. The crude homogenate was
clarified by centrifugation ét 1500 RPM at 4° C for 10 minutes and
stored at -70° C in 1-2 ml aliquotes. Each virus preparation was tit-
rated in Balb/c mice using the focus-forming assay described by Axelrad
and Steeves (2). In addition, the mean infec£ive dose (IDSO) as deter-
" mined by spleen weight increase 24 days postinfection was calculaéed
using thé method of Reed and Muench (52).

The N-tropic chara;teristics of-the virus preparation designated
N-tropic were maintained even after passage in the B-type Balb/c mice.
This was confirmed by Dr. Chesebro by'simﬁltaneous titration of the
virus preparation in both N-type (CFW) and B-type (Balb/c) mice. The
titer (FFU/ml) of the virus preparation was 100-500 fold greater in the
N-type mouse than in the B-type mouse.

Another gift from Dr. Chesgbro‘were the helper virus preparations,
Tennant virus (B/T-L) and Moloney leukemia virus (MLV).- MLV was pre-’
pared as tissue culture supernatants from clone 1 cells. These cells
produced MLV with a titer of 1-2'X 106 PFU/ml. Tennant virus was pré-

pared as 10% organ supernatants from leukemic mice which had received
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B/T-L at birth. The titer of this prebaration was 0.5-1.7 X 103PFU/ml,

Virus Inoculation

Viruses from 207 spleen homogenatés wéré thawed at_'37O C and
reclarified by low speed centrifugation as above. The supernatant was
diluted in PBS and 0.25 of 0.50 mi was injectéd into the lateral tail
vein of each mouse., Assay for spleen focus-forming activity was done
in mice after intravenous . inoculation of the varioué dilutions of the
virus. Spleens were removed nine days later, fixed in Bouin's solu-
tion, and the macroscopic white foci visible ﬁnder the spleen,capsple.
were counted directly,

Preparation of Antigen

The antigen used to induce anti-p production in rabbits ﬁas pre-
pared using a modificgtion of the procedure described by Krdll and
Andersen (51). Briefly, mouse sera were reacted in gel diffusion ag-
ainst monospecific antisera di;ected toward the heavy chain, i1y of
mouse IgM. Precipitin bands were allowed to form for 72 hours at room

temperature, then the bands were cut out and the excess unreacted pro-

‘tein was removed by washing with several changes of PBS. The remaining

precipitin bands and gel were then homogenized and lyophilized., Each
injection consisted of the amount of protein that was contained in
seven complete bands,

The anti-p initially used to form the precipitin Bands had been

prepared in goats and was purchased from Meloy Laboratories (Spring-
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field, Va.). This antiserum was used at-a 1:2.5'dilutioﬁ.. All subsé-.
quent antigen preparations were made using adsorbed antisera harvested
. from rabbits which had responded to challenge with the brimary antigen.
This wés done to avoid stimulation of a humoral response to goat anti=~
gen or to as yet unseen mouse antigens. A similar procedure was fol-
lowed for preparation of antigens for the remaining classes of immuno-
globulins, however, tﬁe respective class-spe;ific antisera were suﬁ-
stituted for anti-p.

Preparation of Antisera

Antisera were prepared by subcutaeous injection of rabbits with

the above described antigens. Each aniﬁal received two weekly injec-
tions in complete Freund's adjuvant (GIBCO, Grand Island, N.Y.), then
weekly injections in incomplete Freund's adjuvant until serum preci-
pitin titers ceased to rise. Thereafter injections were at ten-day
intervals in incomplete Freund's adjuvant., Rabbits were bled by car-
diac puncture also at tén-day intervals, but staggered by five days
from the injection schedule. All antisera were routinely adsorbed with
mouse erythrocytes thrice at a 2-3% concentration of packed and washed
'cells; Light chain specificity and antibodies directed toward mouse
serum factors other than IgM were removed by passing the rabbit sera

over affinity-binding columns. These columns had conjugated to them se-

rum harvested from mice which had been suppressed with anti-j from birth

to age 42 days. This adsorbant contained all mouse protein except IgM.
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Thé ligand was conjugated to Sepharose 4-B (Pharmacia, Pisca-
téway, N.J.) usiﬁg.a modification of the procedure described by Bing
(6). Briefly, activation was achieved by adding CNBr at a concentra-
tion of 100mg/ml of pécked beads to well-washed Sepharose 4~B which
had been suspeﬁded in an equal volume of distilled water., The entire
solution was maintained ‘at pH 11 using 4 N NaOH until the reaction was
éomplete (ca. 10 minutes).'.The temperature was maintained at 20° ¢ by
the slow addition of-ice as required., When the reaction was gomplete,
the solution was cooled rapidly by the addition of ice. The béads wefe
theq/washed with 7-10 volumes of cold borate buffer (pH 9).. Ligand

which was suspended in the same borate buffer was mixed with an equal

.volume of activated Sepharosé beads immediately after washing. Coup=-

liﬁg was allowed to proceed for 16-24 hours in the cold or 2-4 hours
at room.temperature with constant gently agitation., Unreacted ligand
w;s removed by washing the coupled beads with PBS until the 280 adsor-
bancy of the wash was 0.02 or lesé.

Specificity of all adsorbed antisera was checked By immunoelec~
trophoresis and Ouchterlony gel diffusion using commercial (Melo&)
class~specific antiserum standards, Multiple passageé through the
column were made until no other specificity could be Aetected. Spe=-

cific activities of the antisera were evaluated in Ouchterlony gel

" diffusion plates (65). 'The antisera used for suppreésion were capable

of producing precipitin bands at dilutions of 1:32 or greater when
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reacted against normal mouse sera diluted 1:4 or purified IgM standard

(0.3 A units/ml). Similar procedures were followed for each of

280 nm

the other immunogIobulins.

Suppressive Treatment

Each litter of mice was divided into three groups of two mice
each, One group received anti-; injections iﬁtraperitoﬁeally, another
was similarly treated with normal rabbit sera (NRS) while the third
group received no treatment. Neonatally treated aniﬁals were injec-
ted with 0,05 ml of antisera within 24 hours -of birth (day 0). " The
size of subséquent injections, given at'2-4 day intervals, was in-
creased slowly until the total desired dose was achieved. At no'time
did a single injection exceed 0.50 ml. 'A simila? schedule was followed
for suppression with anti~Ig antibodies. ,Tﬁese antisera contained an-
tibodies directed toward the major immunoglobulin classes except IgM.
No specificity other- than immunoglobulin coula be detected in these-

preparations,

Humoral Immunological Assays

Serum immunoglobulin levels were determined and antibody-forming"
' cells elicited by a specific'antigen, sheep erfthrocytes-(SRBC),-were
enumerated in groups of mice which had received:the various treatments,
Antib§dy'forming cells were enumerated using a slide modification of
the Jerne plaque Assay (61). For animals suppressed with anti-p, only -

- direct PFC's were determined whereas; both direct and facilitated PFC's
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weré determined for those animals suppressed for immunoglobulins other
tﬁaq IgM. The meéan number. of PFC's was eﬁpressed as either the num-
ber of PFC's / 106 ﬁucleated cells or number pf PFC's per spleen;

Serum immunoglobulin levels were determined using the semiquan-
titative serial dilution Ouchterlony technique of Arnason, et al, (1).
These levels were reported as the reciprocél pf ;he highest twoffold‘
serum dilution producing a distinct band against a constant dilution
of commercial (Meloy) cléss-specific antiserum., Mean serum le?els of
groups were calculated as simple numerical averages of the 'individual
values.

Assay for Direct Effect of Anti-y on Friend Virus

To test the direct:effect of anti-p on Friend virus, both in

vivo and in vitro, tests:wére performed. To test the direct effects

of anti-y in iiEEQ! one ml of Friend virus suspension (FV-NB) was incu-
bated with one ml of anti-j (titer 1:64) at 37° ¢ for 4 hours. Serial
ten-fold dilutions were then prepared in PBS and the virus titer was
determined in Balb/c mice. This procedure was repeated substituting
‘either NRS or PBS for anti-p. - EE vivo effects of anti-y direéfiy upon
Friend virus were determined by challenging mice with virus after the

mice had been treated from birth with a sub-sﬁppressive level of anti-y,

Effect of Helper Virus on Friend Virus Infection in Nude Mice
Thymus deficient (nude) mice were challenged with N-tropic Friend

virus then injected with either Tennant or Moloney leukemia virus.
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Each of these viruses have the capacity to act as helper for the éFFV
component of the Friend ?irus complex (24,27-29,76). Friend virus ino-
culation was as previouély described. A 1:10 dilgtibn of £he original
Tennant virus preparation was made in PBS and 0.25 ml of this was in-
jected intrapertoneally into each mouse immédiately following challenge
with fV-N. Mice were similarly treated with FV-N then challenged in-
travenously with a 1:12 dilution of MLV twelve hours 1ate¥. Niné days
later the mice were killed, the sﬁleens fixed in Bouin'g solution, and
the number of macros;opically visible foci on the spleen surfaces was
determined.

Spleen Index Determination

Induction of splenomegaly by Friend virus was determined using a
spleen weight assay. Since different groups may have exhibited spleno-
megaly due to treatment, .a spleen index (51) was calculated using the

following mathematical relationship:

Experimental Spleen Weight / Experimental Body Weight
Control Spleen Weight / Control Body Weight

SI =

Infection was considered evident when é spleen index exceeded that
index calculated for a control group which éxhibited ma#imum variation
in spleen weight.

The spleen index assay has its value in that it accounts for in-
dividual variation within a group. Also, the iﬁdex is a direct reflec-
tion of the degree of splenomegaly. For example, a spleen index of 2

would reflect a doubling in spleen weight.
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Presentation of Data and Statistical Methods

~The results are presented as the actuéltindividual ﬁumber of
foci present on the spleen surface or as.fhe arithmetic of the spieen
weights within a treatment group. The non-parametric distribution-
free test.(Kruskal-Wallis) (42) was used to determine if sigﬁifiéanf
differences among treatment groups were evident. Differences were con-
sidered to be significant when probability (p) values less than 0.10

were obtained,




RESULTS

Relationship Between Focus~Forming Assay and Spleen Weight Assay

Friend virus infectivity titers have been reported to be measur-
able by several methods including spleen weight increasé and spieen
focus formation. Axelrad and Steeves (2) repﬁrted that Friend &irus,,
when inoculated intravenously into mice, induces discrete ﬁacroscppi-
cally visible foci in the intact spleen within nine days of infeqfion.
Their results showed that the mean number of foci indﬁced per spleen is
.direct;y proportional to the dose of virus administered., In addition,
they showed that hoidiﬁg animals longer than nine days resulted in in-
creased formation of foci which were then too ﬁuﬁerous to count_ér they
~ became confluent. Chirigos, gi al, (20) have shown that three measur-
able parameters, foci, splenomegaly, and death are relateA'to virus
dose. They also have shown thét spléen weight and the number of foci
progréssively increase with time.

The results of the present study presented in Table 1 are not un-
like those reported for previous investigations. The FFU titer is di-
fectly proportional to the ID50 titer for ali virus strains studied.
The nine day FFU titer represents only a fraction of the:end point,mean
infective dose.

| The susceptibility of Balb/c mice to infection was a functiom of
the virus strain, regardless of the assay probedure. The ability of
the assay methods to resolve differencés ip virus titer is réproducible“

within a factor of two or better (2,20). Therefofe, the relative suscep-
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Table 1. Relationship between spleen'focus-forming units (FFU) and

mean infective dose (ID..) of three strains of Friend virus.

50

a b '

VIRUS _ FFU/ml 1Dy /ml ID,,/FFU

FV-N 4.8 X 10° 7.5 X 10% ' 15.6
FV-NB 2.4 X 10‘5 3.6 X 10° ' o150
FV-B : 2.1 X 10° 2.8 x 10° 13.5

.aKnown Qilﬁtions of virué preparations from 207 spleen extracts were
.iﬁjepted i.v. into groups of 5-10 Balb/é mice. Nine days later thel
mi;e were killed, thé spleens fixed in Bouin's fluid, and the mac?o-_
sopically visible foci on the spleen surface of each spleen-were coun~
ted. One FFU is that amount of virus required to induce the formation

of one focus per sbleen; on the average, in a specified host.

bKnown dilutions of virus preparations were injected i.v. into groups

of 5-6 Balb/c mice. Twenty-four days later the mice were killed and

the spleen weights were determined. A spleen weighing more than 0,25 gm.
50

was considered infected. The ID., was calculated using the method of

Reed and Muench.
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tibility of Balb/c mice repofted here indirectly verifies that viruses
‘of different tropism were used. Balb/c mice exhiBi;ed an approximate
50-fold greater susceptibility to eitﬂer B or NB-tropic virus than to

N-tropic virus.

" Effect of Antl-u Suppression on Friend Virus as Determined by Per1-

pheral Nucleated Cell Count

Manﬁi@g; et al, (57) have presented éviéence that neonatally
initiated immuno;uppression‘of Balb/c mice with raBbit anti-y anti-
bodies renders them refractory to Friend virus 1éukemia. They showea
that mice so treatedvfailed to develop typi;al léukemia leukocytosié,
splenomegaly,ror splenic foci upon injection of 2.2 IDs0 déses of
Friend leukemia virﬁé. It is now known that the virus used in their
studieé was a cémplex which exhibits N-tropic characteristics, It is
this'virus preparafion that has been designated N-tropic for the pre=-
sent study., Our initial experiments were designed to repeat the obser-
vation that anti-ﬁ suppressed mice remain refractory to challeﬁge with
low doses of Friend virus, and to determine if the refractory étafe was
also evident for-virus df)B or NB-tropism.

The results obtéined fréﬁ the present stuay (Tabfe 2) substantiate
those reported earlie? by Manning and coworkérs; Neonatally initiated
injection of anti-y an;ibodies to Balb/c mice rendered the mice refrac-
tory'to infection with low doses of N/tropic Friend virus. In addition,
the results indicate that the refractory state is induced for NB-tropic

virus as well as N-tropic’ virus. This refractory state is present even
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Table 2. ~Mean absolute peripheral nucleated cell count and spleen weight of neonatally anti=-y - ;

suppressed and control mice following challenge with low doses of Friend virus.®

|
[

* TREATMENT
Challengé. No.. Nucleated . Spleen No. Nucléated '~S§1een N;. 'Nubleated:Spleén
-Vi?us Dose (IDsol Mice Qell Count. Weight Mice Cell:.Count "Weight Mice Cell Count Weight
FV-N 1.9  0/4 11,464 0.12  2/3 25,861 - 0,96 4/7 10,859 0.52
FV-NB 9.0 0/6 14,741 0.15 3/4 54,132 .o.go+ 7/7 ° 81,285 1.50
Fv-B 7.0 2/4 42,823 - 0.71 2/4 50,507 ot 178 8,162% 0,12
N ‘ (25,671) (0.53)

None 0.0 0/5 - 11,550 0,20 N_T. 0/t1 8,195 0.10

a

trations of N, NB, or B-tropic Friend virus. ‘
the spleen weights determined. Nucleated cell counts were performed at weekly intervals
and are reported as the mean of 4-6 mice in thousands per cubic millimeter.

+ Mean of survivors only,

% Mean calculated omitting the one infected mouse,

calculated with the one mouse included.

Balb/c mice, untreated or treated with anti-p or NRS were injected i.p. with known concen-

Sixty days later survivors were killed and

Numbers in parentheses are the means
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60 days post infection. Equivical resulté were ;btained when anti-y
suppressed mice were challgnged with B-tropic virus. Despite the size
of the challenge dose, few of the mice developed symptoms of leukemia.
However, at no time was there any indication that anti-y sﬁppression

altered the disease process induced by B-tropic virus. -

Direct Effect of Anti-y Antisera on Friend Virus
It is possible that éome contaminating antibody or-even anti-y

itsélf exerts a direct anti-viral effect on Friend virus, or that
anti-j may stimulate in vivo production of an anti-viral substance.
To test the first of these possibilitiés, Friend virus ﬁas incubated in
vitro in the presence of anti-p, NRS, or PBS. These suspensions were
then titrated in Balb/c mice after a four hour incubation pefiod at
37° C. The results presented in Tables 3 and 4 clearly indicate that
the anti-p éntibodies or rabbit sera have no direct anti-viral acéivity
for Friend virus. Although an exact end-point for FFU was not reached
(Table 3) the number of mice showing evidence of splenic foci was equal
for all three treatmeﬁt groups. In addition, so significant difference
is evident among the spleen indices of the three groups (Table.4).'

| .To test the possibility that anti-y antibodies stimulate anti-
viral responses in vivo, mice were treated with anti-p at a levél which
was not totally suppressive; The mice were then challenged with concen-

trations of virus, either N or NB-tropic. In neither case was evidence

obtained that indicated an anti-viral substance produced in response to




Table 3. Effect of in vitro incubation on Friend virus in the presenée of anti-y, NRS, or

PBS as determined by spleen focus formation in Balb/c mice.?

TREATMENT
Anti-y NRS o PBS
Virus No. Positive FFU No. Positive - FFU No. Positive  _FFU
Dilution No. Challenged Spleen No. Challenged Spleen No. Challgnged Spleen
107t 6/6 - TNTCP 5/5 TNTC 5/5 " INTC
1072 5/5 TNTC 5/5  TNIC 5/5 TNTC
1073 3/4 0,T,T,TC 3/5 0,0, 3/5- 0,0,
T,T,T 3 T,T,T
None . 0/5 0,0,0, . 0/5 0,0,0, 0/5" 0,0,0,
0,0 - 0,0 0,0

& One ml of an NB-tropic virus preparation was incubated with one ml of anti-p (titered
1:64), NRS or PBS. After four hours incubation at 37° C., known dilutions of the éuspen-
sions were injected i.v., into Balb/c mice. Nine ‘days later the mice were killed, the
spleens fixed in Bouin's fluid, and the number of macroscopically visible foci on the
spleen’ surfaces were determined. -

b TNTC indicates all spleens within the group had too numerous foci to accurately count.

c

‘T indicates the number of foci on one surface of an individual spleen exceed 50, which
was considered too numerous to accurately count.

e




Table 4. Effect of in vitro incubation of Friend virus in the presence of anti-y, NRS,

and PBS as determined by the splenomegaly respomse in Balb/c mice.?

TREATMENT
Anti-y _ : MRS PBS
Average Average Average Average Average Average
Virus Body Spleen  Spleen Body Spleen  Spleen  Body Spleen  Spleen

Dilution Weight Weight Index Weight Weight . Index Weight “Weight Index

-1

10 19.89  1.16 8.94 22,08  1.16 8.05 21,95  1.03 7.19
1072 21,12 0.34 2.47 23.33 0,37 2.43 20.74.  0.29 2.14
1073 20.80  0.17 1.25 20.39  0.20 1.50 19.75  0.19 1.47
‘None ,. | , 20,78  0.13 1.00°

+ 0.04 + 0.34

One ml of an NB-tropic virus preparation was incubated with one ml of anti-y, NRS, or
PBS. After four hours incubation at 370 C, known dilutions of suspensions were injected
i.v into groups of 4-6 Balb/c mice. Nine days later the mice were killed and the spleen

. weights determined.

Experimental Spleen Weight / Experimental Body Weight
Control Spleen Weight / Control Body Weight

Spleen Index =

Infection was considered evident when a spleen index exceeded that index calculated for

~a control group which exhibited maximum variation in the spleen weight,

€T
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anti-; injections. Regardless of treatmént, mice remained equally
susceptible to infection when challengea with either,NB-troéic (Table
5) or N-tropic virus (Tables 6 and 7). In both cases there is an ap-
parent slight décfease in spsceptibility to virus infection in the
anti- t;eated animals., This may be an indication that an anti-viral
substance is inducé in vivo following injections of anti-p° 'Sincé
the effect is only'miﬁor, it is suggested that the aﬁti-u treatment
did cause a slight decrease in the number of available £argef cells '
for virus infection and multiplication.

Humoral Immunological Competence of Mice Treated with
Subsuppressive Levels of Anti-y

Neonatally initiated anti-j treatment has been shown to lower

the levels of all serum immunoglobulins as well as render mice unre-

spoﬁsive to a specific antigenic challenge. To insure that the mice

.were not totally suppressed for humoral immunity, the serum immuﬁoglo-

bulin levels as well as specific antibody forming cells to é'specific
antigen (SRBC) were enumerated. Immunoglobulin levels of all cl;sses
were equal to those levels of control groups (Table 8) and the mice
were equally capable of responding to a specific antigenic challenge
(Table 9). It was concluded that the anti-; treatment schedule was
insufficient to totally suppress the humoral immunity in mice.

The level of anti-rabbit precipitins is substantially lower in

_anti-p treated and untreated mice as compared to NRS treated mice.




Table 5. The development of foci in the spleens of mice treated with subsuppressive levels

of anti-p then injected with an NB-tropic Friend virus complex.a

TREATMENT
Anti-p NRS None
Challenge No. Positive FFU No. Positive -_FFU No. Positive FFU
Dose (FFU) No. Challenged Spleen No. Challenged Spleen No. Challenged Spleen
500 NTP NT 5/5 _TNTCS 5/5 TNTC
50 3/3 TNTC 4/5 TNTC 4/5 TNTC
5 1/2. 0,35 5/5 4,16,16, 2/5 0,0,0,
21,T 4,T
None 0/6 0,0,0, 0/4 0,0,0,0 0/2 0,0
0,0,0
a

Balb/c mice, untreated or treated with subsuppressive levels of anti-; or NRS were injec-

ted with known concentrations of NB-tropic Friend virus, Nine days later the mice were

killed, the spleens fixed in Bouin's fluid and the number of macroscopically visible foci
on the spleen surfaces was determined. .

-

NT indicates test group was not included.

TNTC indicates all spleens within a group had too.numerous foci to accurately count.

qc




Table 6, The development of foci in the spleens of mice treated with subsuppressive levels

of anti~-p then injected with an N-tropic Friend virus-complex.a

TREATMENT
Anti=p NRS None
Challenge No. Positive FFU No. Positive FFU _ No. Positive FFU
Dose (FFU) No. Challenged Spleen No. Challenged Spleen No. Challenged Spleen
100 44 e 3/3 INTC 2/2 TNTC
10 3/4 0,2, 3/3 6,22,T¢ 5/5 3,5,20,
19,25 L 27,T
None 0/2 © 0,0 0/4 0,0,0,0 - 0/6 0,0,0,
0,0,0
a .Balb/c m1ce, untreated or treated with subsuppressive levels of anti-y or NRS were injec-
ted with known concentrations of N-troplc Friend virus. Nine days later the mice were
killed, the spleens fixed in Bouin's fluid, and the number of macroscopically visible
foci on the spleen surface was determined.
TNTC 1ndlcates all spleens within the group had too numberous foci to accurately count,

T indicates the number of foci on an individual -spleen exceeded 50 which was considered
too numerous to accurately count.

9¢




Table 7. The development of splenomegaly in mice treated with subsuppressive levels of

anti-p then injected with an N~tropic Friend virus complex.a

TREATMENT
Anti-y NRS ] None
Average Average . Average Average Average Average

Challenge  Body Spleen Spleenb Body Spleen  Spleen Body Spleen  Spleen

Dose (FFU) Weight Weight Index Weight Weight Index Weight Weight Index

100 17.82  0.26 1.83 - 19.15 0.3l 2.14 23.49  0.23 1.57
10 19.26  0.15 0.98 19.09  0.19 1.31 22,51 0.19 1.35
None 21.33 17 1.00 19.80 0,15 1.00 20,78 0.13  1.00

.10+ 0.59 + 0,07 + 0.47 +.0.04 +0.34

a

Balb/c mice, untreated or treated with subsuppressive levels of anti-p or NRS were injec-
ted with known concentrations of N-tropic Friend Virus. Nine days later the mice were
killed and the spleen weight was determined for groups of 4-6 mice,

Experimental Spleen Weight / Experimental Body Weight
Control Spleen Weight / Control Body Weight

Spleen Index =

Infection was considered evident when a spleen index exceeded that index calculated for
a control group which exhibited maximum variation in spleen weight,

LT




Table 8. Serum immunoglobulin levels of mice injected with subsuppressive levels of anti-y.

IMMUNOGLOBULIN CLASS®

No. _ Free Anti
Treatment Mice IgM IgA IgGl_ IgG2 Anti-y Rabbit
Anti-y 14 11 + 8 11 + 8 969 + 533 302 + 177 0 26 + 21
NRS 3 9+ 6 6+ 6 853 + 296 192 + 111 0 85 + 37
None 3 8+ 0

19+12 . 256 +0 256 + 0 0 0

Numerical average of highest individual reciprocal serum dilutiom, + variance, produ-
cing pricipitin band in Ouchterlony gel diffusion test to detect serum immunoglobulin
level, free anti-p, and antibodies specific for normal rabbit serum.

8¢
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Table 9. Direct plaque forming cells of mice injected with subsup-

s

. . a
pressive levels of anti-|.

DIRECT PLAQUES

No.

Treatment Mice PFC's/lO6 : : o PFC's/Spleen

Anti-p 3 195 + 74 39,793 + 5,559'
NRS 6 339 + 126 . 86,420 + 30,982
None 3 233 + 193 - 43'6I,666 + 31,832
Nome 2 | 0.65 + 0.18 .. 88 F 18

4Balb/c micé untreated or treated with subsuppressive levels of anti-y
or NRS were immunizéd with 0.25 mls. of a 10% Sheep eryhtrocyte (SﬁBC)
suspension. Five days later the mice were assayed for SRBC-specific °
plaque-forming cells. Results are expressed as the number of direct

IgM producing PFC's/lO6 and PFC's/spleen.
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Therefore, it is sugges;ed that the suppressive schedule wﬁs‘Such that
a Slight degree of unresponsiveness was échieved. These results sup-
port the hypothesis put forth earlier to account for the slight de-
‘crease in FFU in anti-y injected mice when challenged with Friend Qirus
(Tables 5 and 6).

These data supporf the hypothesis that the effect of anti-; on-
Friend virus infection must be mediated through its effect upon the

host and not upon the virus complex itself.

Effect of Anti-y, Suppression on Friend Virus Infection in Mice

Thus far; our datalsuggest4that anti-p treated and suppréssed
mice are rendered reffactdry to infeciion with low doses of N and Nﬁ-
.tr0pic Friend virus but not to B-tropic virus. Also,-tﬂis éffect %s
mediated through an effect on the host rather than a direct effect of
the antisera on the virus compléx. The next series of experiments was
designed to determine at what level of virus challengg anti-) suppres-
sed mice remain refractory to typical Friend leukemia symptoms, and to
determine more conclusively the effect of anti-y suppression upoﬁtB-
tropic Friend virus. Suppressed and control animals were injecfed with
variable known doses of.virus of each known tropism, and the FFU and
splenomegaly responses were determined nine days following virus-éhal;
lenge. The results of these studies are presented ip the followihg six
tables (Tables 10;15). These data éupporf the infectivity characteris-

tics indicated in our initial experiment and the studies reported by'
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Manﬁing, et al. Anti-j suppressed mice remain refrécfory to typical
Friend leukemia symptoms when chéllenged with N-éropic Friend virus.
This refractory state is e?ident using ‘two different criteria for in-
fection, spleen focus formation(Table 10) aﬁd spleeﬁ wéight increase.
(Table 11).

From the results shown in Table 10, experiment 2, it .appears the

" .

refractory state can be overcome when larger doses of N-tropic virus
complex are injected, The mice that e%hibited symptoms of infection,
however, had residual levels of serum IgM indicating suppressién was
not achieved. This was true for all mice showing symptoms of infegtion
with the exception of one mouse, which had only three foci oﬁ the spleen
surfacé. Chirigos, et al, have reported that a few spleens from normal
mice have been observed to contain 1 to 3 foci (20). They propose that
the foci observed in the spleens of norﬁal mice represent occassional
groups of reticulum cells present in the subcapsular areé of the spleen;
Also, the foci observed in the one éuppressed spleen may be the result
of a subclinical abortive infection. Therefore, we conclude that if
mice are rendered devoid of serum IgM and lymphocytes capable .of pro-
dﬁcing antibody to a specific antigenic challenge, they are alsé ren-
dered refractory to the development of typical Friend leukemia symbtoms
by N-tropic virus, This refractory state is evident even at relatiyely-

large challenge doses of virus.

The data presented in Tables 12 and 13 clearly show that anti-p-




Table 10, The development of foci in the spleens of anti-j suppressed mice following

. - . . X . a
intravenous injection of an N-tropic Friend virus complex.

EXPERIMENT 1 FFU/SPLEEN EXPERIMENT 2 FFU/SPLEEN

Challenge . Challenge
Dose (FFU) Treatment Dose (FFU) Treatment

Anti-y NRS  Nome | ' Anti-yP NRS None
100 0,0,0 TNTC®  TINTC 750 0,0,T,Té, TNTC ~ TNTC

. T .
10, 0,0,0 2,8,16, 0,2,4, 75 0,0,0,0, INTC  TNTC
18 18 3,7,T

1 NT® 0,0,0 0,0,0,2 7.5 0,0,0,0,  2,3,5 5,8,10
. . : 0,0,0 :
a

Balb/c mice, untreated or treated with anti-p or NRS were injected i.v. with known

-concentrations of Friend virus. Nine days later the mice were killed, the spleens

fixed in Bouin's fluid and the number of macroscopically visible foci on the spleen
surfaces was determined.

With the exception of one mouse, all mice showing ev1dence of infection also exhlblted

residual levels of serum IgM indicating suppression was not achieved.
TNTC indicates all spleens within the group had too numerous foci to accurately count,

T indicates the number of foci on an individual spleen-exceeded 50, which was consi-
dered too numerous to count.,

NT indicates test group not 1ncluded

ze




Table 11. The development of-spleﬁomegély in anti-y suppressed mice féllowing intravenous

e s . . . a
injection of N-tropic Friend virus complex.

TREATMENT
Anti-, NRS ' None
Average Average . 'Average"Ave;age : Avéragel Average - ‘
Challenge  Body Spleen  Spleen Body -  Spleen Spleen  Body Spleen  Spleen

Dose (FFU) Weight Weight Index  Weight Weight  Index Weight Weight Index

750 20,03 0.28 = 1.74  17.63  0.42  3.14 N NT - NT

75 . 18.30  0.15 1.02 16.68  0.19  1.50  18.82 .0.19 . - 1.6l
7.5 15.81  0.13 1,02 16,07 0.1l . 0.91 18,87 ° 0,14 ~ 1.19
. None 16.14 0,13 1.00° 19.80 0.15 . 1.00 - 20.78 . 0.13 .00
' . + 0.04 + 0.31 74+ 0.07 4 0.47 +°0.04 4 0,34
a

Groups of 3-8 Balb/c mice, untreated or t;eateﬁ with anti-y or NRS, weré injected intra-
venously with known concentrations of a Friend virus complex. Niné. days later the .mice.
were killed and the spleen weights were determined, - o EER

b, ¢ see Table 4.

NT indicates test gfoup was not-included.
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Table ‘12, The development of foci in the-spleens of anti-| suppressed mice following

. e s ‘ s . a
intravenous injection of an NB-tropic Friend virus complex.

TREATMENT
. Anti-y . MBS | - None
Challenge _No. Positive FFU No. Positive FFU . No. Positive FFU

Dose (FFU) No. Challenged Spleen. No. Challenged Spleen No. Challenged Spleen

500 44 TNTC 3/3 INTC 3/3 “TNTC
s . 2/3 0,37 4/a 23,1,1,1° 303 ™TC
5 - ..:0/3 . 0,0,0" S 2/2 5,12 | | 2/2 4,5
None | ' B 0/2- .o,o To0/2 o,d | "0/2 0,0

2, bandc seé*Tébie 10,

e




Table 13. The development of splenomegaly in anti-j suppressed mice following intravenous

injection of NB-tropic Friend virus complex.a

TREATMENT
Anti-y NRS None

Average Average Average Average Average Average
Challenge  Body Spleen  Spleen Body Spleen  Spleen Body Spleen  Spleen
Dose (FFU) Weight Weight Index Weight Weight "Index ~ Weight Weight Index
500 21.57 0.60 3.49 19.58 0.69 4,65 22,71 1.10 7.74
50 16,50 0.11 0.84 21,70 0.23 1.40 18.75 0.21 1.79
5 20,23 0.14 0.87 25,35 0.16 0.84 120,76 0.13 1.00
None 21.33 0.17 1.00° 19.80 0.15 1.00 20.78 0.13 1.00

: © + 0,10 + 0.59 + 0.07 .+ 0.47 : + 0.04 + 0.34

a, b, and ¢

see Table 11,

G¢
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suppressed mice remain refractofy to infection when challenged with
léw doses of NB-tropic Friend virus. A significant reduction‘or total
élimination bf foci on the spleen surfaces was evideﬁt in suppressed
mice as compared to both Nﬁé and untre;tgd cont;ols; 'Also inéicated
is that this refractqry state may be overcome when thé éhéllenge dose
of virus is increased by a factor of ten or more.

As our earlier studies had indicated, at no time were anti-y
suppressed mice refractory to infectioﬁ with B-trbpic Friend virus
(Tablés 14.and 15). No significant difference Qas evident in the num-
ber of splenic foci among the vérious treatment groups, even at 1§w vi=-
rus challenge. The splenomegaly induced by B-tropic virus, as reflec-
ted in the épleén index, was consistantly smalyer for fhe suppressed
mice than for control groupé when large doses were injected (Table 15).
No consideration wés given these values since spleen.indices for the
next iowef challenge dose were consistant. In ;ddition, the-FFU titers
were not significantly different.

Collectively,'tﬁé dafa presented in Tables 10-15 indicate réla-
tive degrees of susceptibility of anti-g suppressed mice to Friend vi-
rus infection. Anti-p suﬁpressed mice are rendered totally refra;tory
to infection with N=-tropic viruses, whefeas B-tropic viruses induce ty-
picél leukemia symptoms.. Of interest, is'the observation that NB-tropic
virus infection.charaétefistics in anti-p suppressed mice are intefme-'

diate between those of N-tropic and B-tropic Friend virus. It is




Table 14, The development of foci in the spleens of anti-; suppressed mice following

. . .. . . . . ' a
intravehous injection of B-~tropic Friend virus complex.

TREATMENT
Anti-y "NRS None
Challenge No, Positive FFU No, Positive FFU No, Positive FFU

Dose (FFU) No. Challenged Spleen No. Challenged Spleen No. Challenged Spleen

500 5/6 TP 7/9 TNTC 8/8 TNTC
50 5/8 0,0,0,3, 6/7 0,6,6,8, 5/6 0,14,14,
: 6,T,T,TC 20,26,T . T,T,T
5 . . 1/7 0,0,0,0, “1/4  0,0,0,10 6/8 0,0,2,4,6,
0,0,6 - 6,12,16

L€

a, b and ¢
see Table 10,




Table 15. The development of splenomegaly in anti-j suppressed mice following

. .. . . . . a
intravenous injection of B-tropic Friend virus complex.

TREATMENT
Anti-y _ NRS ' NONE
Average Average : Average Average Average Average

Challenge  Body Spleen Spleenb Body Spleen  Spleen Body Spleen  Spleen
Dose (FFU) Weight Weight  Index Weight Weight  Index Weight Weight Index

500 21.55 0.34 1.98' _18.66 0.97 6.86 19.23 l.44 11.97
-50 17.38 0.29 2,09 17.30 0.22 ' 1.68 21.48 0.31 2,31
’ 5 23.64 0.17 0.96 19.27- 0.12 0.82 19,33 Oll7~ 1.41
None, . 21.33 0.17 1.00° 19.80 0.15 1.00 20,78 0.13 l.dO

. -+ 0,10 + 0.59 + 0.07  + 0.47 + 0.06 + 0.34

a, b, and ¢ see Table 11
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evident that thé B lymphocyte is a target cell for at least one of tﬂe
viruses in the Friend virus complex. Susceptibility is_dependeﬁt upon
the fropism of the.virus complex and ma?lbe a reflection of the.state‘
of maturatién of éhe 1ymphocytié target cell. |

Humoral Immunological Competence of Anti-y Suppressed Mice

To insure that a funcﬁionally B-ceil deficient state had been
induced in anti-| suppressed mice,'serum immunoglobulin'leéels as wéll-
as the mean PFC response to a specific antigen (SRBC) were détermined
in representative randomly selected mice from each treatment group.
These tests were generally conducted before virus challenged and those
mice which had been treated with anti-j and showed residual levels of
serum IgM were discarded. In one experiment anti-p treated animals
which had de;ectable IgM in their serum were'included. The results éf
this experiment are shown in Table 10, experiment 2. With one excep-
tion, all mice showing evidence of Friend virus leukemia also eghibited
residual levels of IgM. Because these are the only anti-p injected
‘ mice which had detectable levels of IgM, their immunogloﬁuiin titers are
not included in Table 16. At no time was a mouse considered suppressed |
if detgctable levels of serum IgM were present. Anti-y suppressedhmice‘
had no detectable serum IgM and a marked reduction in. the ievels of IgA
and Ing. The levels of serum IgGl were only slightly effected when
compared to untreated mice, but they were significantly less than those

of NRS treated mice. Also shown in Table 16 is the level of free aﬁti-p,




Table 16. Serum immunoglobulin levels of mice untreated or treated with anti-; or NRS.

IMMUNOGLOBULIN CLASS®

No.
Trgatment Mice
Agti-p 14
.NRS 5
None

IgM IgA
0 4+ 3

+ 272

+ 1788

i+

314

| Igg,

314 + 182
717 + 280

870 + 715

* Free Anti-

Anti-;; Rabbit

4 0
0 49 + 50
0 -0

see Table 8.

oY
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which is‘of rabbit origin, and the precipitin titer of mouse antibody
directed toward rabbit serum proteins. No anti-rabbis antibodies were
detected in the anti-; suppressed mice whereas NRS treated mice exhi-
bited high.levels. Generally, suppressed mice had detectable levels
of free anti-p in their sera.

The number of specific PFC's that could be induced upon challenge
with SRBC was also very low or even non-existant in those mice which
were injécted with anti-p antibodies (Table 17). These data offer
support to the contention that the mice treated with anti-y are in
fact deficient if not devoid of all immunoglobulin producing lympho-
cytes. The anti-y treatment results in a functionally B-pell'deficieﬂt

mouse.,

Effect of Anti-Ig (Devoid of Anti-y) Suppression on Friend Virus
Infection in Mice

Considering the immunosuppressive specificit& of each of the an-
ti-heavy chain antisera, Manning has constructed a model for clonal de-
velopment of immunoglobulin producing cells which proposes separate de-

velopment of IgM, IgGl,

IgGZ, and IgA producing cell lines from a com-
mon IgM-bearing stem cell, This model of B cell ontogeny rsquires

that all immunoglobulin bearing lymphocytes.must at one tiﬁe possess
surface.IgM. Since anti-p suppression,effectively reduced susceptibili-
ty to infection with‘NB-tropic Friend virus and rendered mice totally

refractory to N-tropic Friend virus, it was suggested that lymphocytes

bearing other surface immunoglobulin surface determinants may also be
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Table 17. Direct plaque-forming cells of mice untreated or ‘injected

with NRS or suppressive levels of anti-p.a

Treatment M?Zé PFC/lO6 PFQ/Spleen

Anti-y 10 0.27 -+ 0.51 G40 + 845
NRS 7 140 + 99 32,143 + 20,784 .
" None 6 200  + 64 41,896 + 24,204

aBalb/c mice, untreated and treated with NRS or suppressive levels

§f anti-; were immunized with 0.25 ml. of a 107% sheep erythrocyte
(SRBC) suspension, Five days later the mice were assayed for SRBC-
specific plaque~forming cells, Results are éxpressed as the number of

direct IgM producing PFC/lO6 and PFC/spleen + variance.
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required for maximum virus replication. To test this hypothesis the
following experiments were designed., Mice were rendered devoid of ly-
mphocytes bearing immunoglobulins other than IgM by neonatal initiated
injections of antisera which contained antibodies directed toward
mouse IgGl, ing, and igA, but was devoid of antibodies directed foward
IgM. These suppressed mice were then challenged with known concentra-
tions of either N or NB-tropic Friend virus and spleen weight increase
and- splenic foci were assayed nine days later, Since B-tropic virus
would induce typical leukemia symptoms in anti-p suppressed mice, there
was no reason to expect anti-Ig suppressed mice to be refractory to in-
fection. Therefore, no anti-Ig suppressed mice were challenged with
B-trobic Friend virus.

" The results‘presented in Tables 18-21 describe the results of
this study. Mice treated to render them devoid_qf immunoglobulin cells
of all classes except IgM are less susceptible to the pathologic effects
induced by N-tropic Friend virus. Not only are fewer mice infegted
but those that are infected show a significant reduction in the number
of splenic foci (Table 18)., We conclude from these data that immuno-
globulin bearing lymphocytes having differentiated or matured into IgA,
and IgG

IgG producing cells are also important targets for infection

1 2

and/or replication of N-tropic Friend virus.

Humoral Immunological Competence of Anti-Ig (Devoid of Anti-ul’
Suppressed Mice i

To show that the mice treated with anti-immunoglobulin (devoid




Table 18. The development of foci in the spleens of anti-iﬁmunoglobulin (devoid of ahti-u)

. . . . . ' . . . !
suppressed mice following intravenous injection of N~tropic Friend virus complex.

TREATMENT

NRS

None

e

Challenge _No. Positive FFU No. Positive FFU No. Positive FFU
Dose (FFU) No. Challenged Spleen No. Challenged Spleén No. Challenged Spleen
b c )

1000 5/5 TNTC NT NT NT NT

100 5/5 TNTC 5/5 TNTC 5/5 TNTC

10 "2/6 0,0,0, 5/6 0,2,3,4, 4/6 0,0,3,7,
0,1,4 6,30 32,33

1 0.3 0,0,0 0/3- 0,0,0 0/3 0,0,0

a, b, c

see Table 10.




Table 19. The development of splenomegaly in anti-immunoglobulin (devoid of anti-y)

AP . . . . . , . a
suppressed mice following intravenous injection of N-tropic Friend virus complex’

TREATMENT
Anti-Ig NRS . None
‘Average Average b Average Average Average Average

Challenge  Body Spleen  Spleen Body Spleen  Spleen =  Body Spleen  Spleen
Dose (FFU) Weight Weight Index Weight Weight Index Weight Weight Index
1000 17.79 0.73 5.15 19.69°  0.33 2.21 NTd . NT NT
100 18.25 0.26 1.79 18.25 0.17 = 1.23 - 20.35 0.19 1.49
10 17.97 0.15 1.05 21.20 0.14 0.87 . 18.53 0.13 1.12
None 21.33 0,17 1.00° 19.80 0,15 1.00 20.78 0,13 1.00

+ 0.10 + 0.59 -+ 0.07° 4+ 0.47 + 0.04 + 0.34

a, D and ¢ see Table 11,

NT indicates test groﬁp not included,

Y




Table 20. The development of foci in the spleens of anti-immunoglobulin (devoid of anti-p)

suppressed mice following intravenous injection of NB-tropic Friend virus

NT NT

com.plex.a
TREATMENT
Anti-Ig NRS. - None
Challenge No. Positive _FFU No. Positive FFU No. Positive FFU
Dose (FFU) No. Challenged Spleen No, Challenged Spleen No. Challenged Spleen
5000 - 3/3 TNTCb 3/3 TNTC 2/2 TNTC
500 - 3/3 TNTC 4/6 TNTC 4/4 TNTC
c d
50 2/2 30,T NT NT

a b,'c and d see Table 10.
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Table 21. The development of splenomegaly in anti-immunoglobulin (devoid of anti~p) sup—-

pressed mice following intravenous injection of NB-tropic Friend virus complex.a

. TREATMENT
Anti-Ig NRS None
Avérage Average b Average Average ' Average Average
Challenge Body Spleen Spleen Body Spleen Spleen Body Spleen  Spleen

Dose (FFU) Weight Weight Index Weight  Weight Index Weight Weight Index

5000 22.37 0.63  3.53 18.64 . 0.65 4.65 20.92 .0.98 7.49
500 15.07 0.4 1.17 ~ 17.25  0.28 2.14 16,07  0.28 ~  2.78
.50 2;.16 0.19  1.03° | n79 Nf_ ' NT o NT - NT QT
None - 121,33, 0.17 1.00°  19.80  0.15 ~1.00 " 20.78 0.13 1.00

a,.b, c, and d see Table 1l1l.

4 Nt indicates test group not included

LY
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of anti-y) were actually suppressed in their ability to respond with a
humoral response other than IgM, represenfative samples were randomly
selected from each treatment group. These mice were injected with
sheep ‘erythrocytes on day 0 and again on day 5. Five days following
the last SRBC injection the mice were killed and’the number Qf-speci-
fic antibody producing cells were enumerated using a modified heﬁolysis
in gel technique of Jerne. Mice were so tested just prior t§ chaiienge
with virus and again when the experiment was terminated. At no tiﬁe
did these mice receive a virus challenge.

Data presented in Table 22 clearly indicates that the anti-ig
treated mice were deficient of cells capable of producing antibodies
of a given specificity other than of the IgM class. Therefore, only-
the lymphocytes in rélatively early sfages of differentiation and im-
munoglobulin production are susceptible to iqfection by and replica- ~
tion of NB~tropic Friend virus. On the other hand, N-tropic virus. re-
quire cells of all stages of 1ym§hocytic maturation for maximal virus
infection and replication.

Infection Characteristics of Friend Virus in Nude Mice

At this point.in our study we felt that our results provided de--
finitive evidence to substantiate that one of the target cells for
Friend virus infection is a lymphocyte. Therefore, our attention wés
turned to studying the infection characteristics of the three virus in

thymus deficient (nude) mice. Groups of mice were challenged with




' Table 22. Plaque-forming response of Balb/c mice untreated or treated with NRS

or anti-immunoglobulin (devoid of anti-u).a

pvc/10°  PRECHALLENGE] PFC/10°  POSTCHALLENGE"
No.

Treatment Mice * Direct - Indirect Direct’ Indirect
Anti-Ig 3 36 + 4 75 + 22 90 + 80 259 + 280
NRS 3 56 + 24 451 + 348 144 + 85 931 + 147
None 2 61 + 42 302 + 246 111° 993 + 94
None 2 0.15 + 0.06
(no SRBC)
a

Balb/c mice, untreated or treated with NRS or anti-immunoglobulin (devoid of anti-p)

were immunize with 0.25 mo of a 10% sheep erythrocyte suspension on days 0 and again
on day 5. Five days following the second injection the mice were assayed for SRBC~-
specific plaque-forming cells. The results are expressed as the number of direct IgM
producing or 1nd1rect IgM and IgG producing PFC's/106 + standard deviation,

Representatlve mice were selected from the various treatment groups and assayed for

PFC's both before and following challenge of experimental mice w1th Friend virus., At

no time were these mice injected with virus.

Mean direct PFC response of. one mouse only.

‘

6%
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known;concentrations éf N, B, or NB-tropic Friend. virus, féllowing the
,same procedure used before. Nine days later the mice were Killed and
their spleen weights were determined and the number of maéroscopicallf
visible foei on the spleen surfaces was counted. Collectively, the
data shown in Tables 23-28 indicate that the infectivity characteristic
of the thrée virus strains parallels those reéults obtained when B-cell
deficient mice were challenged with the virus.

Nude mice are equally or slightly more susceptible to infectzon
with B-tropic virﬁs than are phenotypically normal littermates:(TaBIes
27 and 28). On the oéher hand, N-tropic vifus will induce fyéical leu~
kemia symptoms in nude miée only if challenged with a relatively large
_dose of the virus (Tables 23 and 24). inféction in nudes with N-tropic
Friend virus is an all or noﬁe phenomenon, If.infectioﬁ occurred, the
number of foci present on the spleen surface was always too great to
count. Although there is no significant difference in the number of
foci formed on the spleens of nudes and littermates after injection of
NB-tropic virus, nudes appear to be slightly leés susceptible to infec-

tion with this virus (Tables 25 and 26).

Effect of Helber Virus Supplementation on Friend Virus
Infection in Nude Mice ’

As a final experiment for the present study, an attempt was made
to determine which virus in the Friend virus complex requires the B-
1ymphocy£e for maximal infectivity. Nude mice were challenged with

-known concentrations of N-tropic Friend virus. This challenge was
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Table 23. The development of foci in the spleens of thymus deficient

(nude) mice and their phenotypically normal littermates’

following intravenous injection of N-tropic Friend virus.

too great to count.

to accurately count.

NUDE - LITTERMATE
Challenge- No. Positive FFU No. Positive _FFU
Dose (FFU) - No. Challenged Spleen No. Challenged Spleen
a’ | ' b
250 17/42 0-T 48/48 TNTC ™
25 - 1/15 0,0,0,0,0, 13/15 0,0,2,4,8,14,
' 0,0,0,0,0, 18,23,25,27,
0,0,0,0,T T,T,T,T,T,"
2.5 - " 0/17 0,0,0,0,0, 7/15. 0,0,0,0,0,
' 0,0,0,0,0, ’ 0,0,0,1,2,
0,0,0,0,0, 2,3,6,6,12
0,0 :
10.25 _ 0/3 0,0,0 1/3 0,0,2
a

If infection was evident the number of foci per spleen was always

TNTC indicates all spleens within the group had too numerous foci
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Table 24. The development of splenomegaly in thymus deficient (nude)
mice and phenotypically normal littermates nine days fol-

lowing inttavenous injection of N-tropic Friend virus.

NUDE LITTERMATE
Average Average a Average lAverage

Challenge Body Spleen  Spleen Body Spleen  Spleen
Dose (FFU) Weight . Weight Index Weight Weight Index
250 © 17,17 0,23 1.74 22,94  0.56 4.18
25 16,94  0.12 0.92 21.95  0.18.  1.40
2.5 115,10 0.11 0.95 21.52 0.15 1,19
None 16,88 0.13 1.00 23.95 0.14 1,00

+ 4,65 +0.05 + 0.38 + 4.62 + 0.05 + 0.36
a

see Table 4.
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Table 25. The development of foci in the spleems of thymus deficient
(nude) micg and their phenotypically normal littermates
following intravenous injection of NB-tfopic Friénd virus.

NUDE . LITTERMATE

Challenge No. Positive FFU No. Positive FFU

Dose (FFU No., Challenged Spleen No. Challenged = -Spleen

5000 4/4 TNTC 717 TNTC

500 10/10 TNTC 11/11 . TNTC

50 578 0,0,0,48,49, 10/10  28,23,T,T,T,"

50,T,T ~ T,T,T,T,T

5 0/1 0 1/4 0,0,0,2

a

TNTC indicates all spleens within the group had too numerous foci

to accurately count.

T indicates the number of foci on one surface of an individual

spleen exceed 50, which was considered too numerous to accurately

count.
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Table ‘26, The development of splenomegaly in thymus deficient (nude)
mice and phenotypically normal littermates nine days fol=~

lowing intravenous injection of N-tropic Friend virus.

NUDE ) LITTERMATE
. Average Avefage Averége Average _

Challenge Body . Spleen Spleena * Body Spleen . Spleen
Dose (FFU) Weight .= Weight- .Index = Weight Weight Index
5000 NTP 1.36 10,46° NT  L.92 13,71°¢
500 16.24 0.53 4,24 21.22 - - 0.99 7.98
50 16,86 0.15 1.15 22,57 0.33 . 2,50
5 14.15% 0.13 1.19 26,95 0.23 1.33
None - 16,88 0,13 1.00 23.95 0.14 1.00

+ 4.65 ° 40,05  + 0,38 + 4.62 + 0.05 +0.36

é see Table 4,

b NT indicates test parameter not included.

¢ Spleen index was calculated using the average body weights from
the respecéive controls,

d

Results from one mouse only.
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Table 27, The development of foci in the spleens of thymus deficient

(nude) mice and their phenotypically normal 1ittermates

following intravenous injection of B-tropic Friend virus.

500

50

Challenge
Dose (FFU)

NUDE

-‘No. Positive

FFU

6/6

11/11

5/5

T
h

No. Challenged Spleen

N

22,28,44,46,
T,T,T’TQT’

2,3,6,16,26

LITTERMATE

No, Positive

FFO

No. Challenged

T 11/11

13/14

7/10

Spleen

TNTC

aé&b

see Table 25,
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Table 28. The development of splenomegaly in thymus deficient (nude)
mice and phenotypically normal littermates nine days fol-

lowing intravenous injection of B-tropic Friend virus,

NUDE LITTERMATE
Average  Average a Average Average

Challenge Body Spleen Spleen Body Spleen  Spleen
Dose (FFU) Weight. Weight Index " Weight Weight Index
500 | NtP 0.76 5.85° NT - 1.72  12.29°
50 15.15 0.33 2.83 21.01 0.38 - 3.09
5 ~NT 0.19 1.46° NT 0.14 1.00%
None 16,88 0.13 1,00 23,95 0,14 1.00

+ 0.05  + 0.38 + 0.05 + 0.36

é See Table 4.

b&c gee Table 26.
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followed with an ‘injection of either Tennant virus (B/T-L) intraperi-
toneally at a constant low concentration or with‘Moloney~1eukemia.virus
(MLV) intravenously at a constant high_c&ncentration.' Both of these
virus prepérations can act as helper factorslfor the defective cémpo-
nent of the Friend virus complex.

The data'presenteﬁ in Table 29 and 30 clearly show ;hat ﬁude mice
are infected with N-tropic virus and develop typical symptoms'of 1eu—:
kemia following helpe? virus éupplementaéion.‘ These results indicate
that the nude mouse is defficient in the cell type requiréd'for maxi-

mal virus replication.
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Table 29. Spleen focus formation by N-tropic Friend virus complex-
(FV-N) in thymus defficient (nude) mice and phenotypically '
normal littermates following supplementation with Tennant

virus.(B/T-L).a

NUDE ' LITTERMATE

Challenge

‘Dose (FFU) FV-N only FV-N + B/T-L FV-N only  FV-N + B/T-L
300 0,0,2 2,6,T,T,T° T,T,T,T T,T,f,T

30 0,0,0,0 0,0,0,0,0 . 8,T,T 17,T,T

3 0,0,0,0 0,0,0,0 0,0,2 0,0,T,T

0.3 0,0,0 0,0,0,0 | 0,2,4 0,0,3,T

Mice were injected i,v, with variable known concentrations of N-.
“tropic Friend virus complex followed immediately with 0.25 ml of a
1:10 dilution of Tennant virus (titer 0.5-1.7 X 103 PFU/ml) in PBS,
Nine days later the mice were killed, the spleens fixed in Bouin's
fluid and the number of macroscopically‘visible foci on the séleen
surfaces was determined. |

b See Table 25,
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Table 30, Spleen focus formation by N-tropic Friend virus complex
(FV-N) in thymus deficient (nude) mice and phenotypically
normal littermates following supplementation with Moloney

leukemia virus (MLV).2

NUDE LITTERMATE
" Challenge
Dose (FFU) FV-N only FV-N + MLV FV=-N only FV-N + MLV
b . .o c
300 0,0,T,T ‘T,T,T,T NT NT
30 0,0,0 0,25,31,T,T 23,25,27,T 0,T,T,T
3 : 0,0,0,0 - 0,0,0 0,0,1,6 0,0,T,T
a

Mice were injected i,v. with variable known concentrations of N-
-trépic Friend virus complex followed 12 hours- later with 0,25 ml
of a 1:12 dilution of Moloney leukemia virus (titer 1-2 X'lO'6 PFU/
ml) in PBS. Nine days later the mice we?e killed? the spleens
fixed in Bouin's fluid and the number of macrdscopically visible

foci on the spleen surfaces was determined.
See Table 25.

NT indicates test. group not included,




DISCUSSION |

The Friend virus'complex is known to produce in the ﬁouse a
large number of stém cells as early as four days post infection which
liszfollowed by a marked-polycythemia 21 days post infection. The me-
chanism by which Friend virus infection leads to erythropoietic stimu-
lation and ultimate polycythemia is not known. It is tempting to con-
clude that the virus simply, and only, infécts cells of the efythro-
poietic series. It is certainly established that cells in this cate~
gory are affected and infected with Friend virus (31, 75, 77). However,
the effect may not be sufficient to lead to development of erythroid
stimulation and subsequent polycythemia,- The results oflprévious as
well as the present study suggests the possibility that additional
targets may be involved. Different authors have'concluded that the
target cells for Friend virus infection and replication in vivo we?e
the ﬁultipotent stem cells of the hematopoeitic gysteﬁ (32). Others
have claimea that £he target cells were probably the.er}thropoeitin re-
sponsive ;ells of closely related precursors (75).- There is also evi-
dence that components of the hematopoeitic system other than members
of the erythroid cell series are implicated in Friend disease (60).

Stu&ies by Thompson, et al, (77) indicate that the nqrﬁal colony-l
forming cells are not the targets for Friend virus. In addition their
results showed that bﬁne marrow myelocytes and blood neutrophils were
not the targets. They also presentéd results that suppoft the view

that there are at least two and possibly three types of target cells;
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a cell that is infected with Friend virus and supports its replication,
and a cell that is transformed by Friend virus into a tumor colony-
forming cell, and/or a cell that is transformed by Friend virus into a
colony-forming cell which is ;apable of supporting virus growth as well.

Dennis and Brodsky (23).reporteﬁ that infection of mice with
Friend virus is followed by a fall in the number of circulating>p1a£ee
lets. This observation was confirmed in studies by Brown and Axelrad.-
(8), in which they found a pronounced reduction in the total number
of megakaryocytes in the bone marrow and spleen following Friend viru;
infection, ‘
| The possibility exists that.each strain of Friend virus may_havey
its unique characteristiqé which would alter the pathogenesis of the
disease without altering the ultimate pathologic outcome. Oncégenic
potencies in vivo could result from the need for a precise cell type
or cell function to enable.the expression of the oncogene (75). Dif-
ferent strains of Friend virus, as target cells for infection and/of
for-synthesis and ultimate release of infectious particles, may re~
quire hematopoeitic cells of differing stages of differentiation.

When one considers the currently accepted interpretation of cell
lineages in the bone marrow (7), there are then three possible cell
lineages in which the Friend virus target cell may lie. These inclﬁdgl~y
those 1ineages'which ultimately give to megakarocytes, erythrocytes, |

and lymphocytes. Evidence has been discussed which show fhat.Friend
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virus infection has aﬁ effect upon each of these cell lines or their
products; platelets and megakaryocy;e numbers are decreased; immuno-
supprgssion is evident; and poiycyéhemia is ultimate,

The purpose of the present study was to investigafe the nature

of the target cell(s) for Eriend virus. A primary goal was to deter-

" mine the lymphoid nature of' the target.celis, utilizing mice rendered

deficient in sqbpopuiations of lymphocyteé. Mice were rendered B-cell
deficient by nebna£a11y initiatea injections of anti- oriénti-Ig (de;
void of anti-p); nude mice were used as a source of T-cell deficient
mice., A summary of the results of the inféctivity.characteristics of
N, NB, and B-tropic Friend virus are presented in Table 31; The re-

sults of this study corroborate and extend investigations previously

reported.

From the summary data it is evident'that there are in fact tﬁrée
differernt Friend virus complexes; oné which will :eadily infect B-cell
as well'as T-cell deficient,mice'(B-tropic), one which will not readi-
ly infect either B-cell or T-cell deficient mice (N;tropicj, and_one'
Wﬁich exhibits infectivity characteristics in B-cell deficient mice .
which are infermediate between the other two but will réadily infeét"

T-cell deficient mice (NB-tropic). These results introduce new and ad-

. ‘ditional criteria which will aid in distinguishing among different

Friend virus tropisms.

The infectivity characteristics exhibited in anti-j suppressed
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~mice indicate that N-tropic as Qell as NB-tfqpic Friend virus require
IgM bearing lymphocytes for maximum yifal“oncogenic expression. -Also,
maximum oncogenic expression is inhibited when mice; which aré dévoid
of immunoglobulin bearing 1ymphocyteé éf clésées other than IgM, are
challenged with N-tropic Friend virus. B-trépic Friend virus on the
other hand, induce typical symptbms of 1eukemia in B-cell deficient ﬁice
suggesting that more primitive lymphoid celllp¥ecursors sérve ;s targe£
‘cells for B-tropic Friend virus complexes.

Since the virus we have designatéd'as N-tropic is the same vi-:
TUS sfock usgd by Manning; et al, (57) it is not surprising thgt anti-
|1 suppressed B;cell deficient mice femain refractory-to iﬁfeption with
vitus complex, Of iﬁterest was the observation that NB-tropic virqs
are only slightly suppressed in B-cell deficiént mice but B-tropiq vi-
rus remain uninhibited by the suppressive treatment, The r;sulté of
our early study (Table 3-7) provide evidence that the effeqtkof anti-p
on Friend virus is mediated through its éffect upon the ﬁost and not
upon the virus complex directly.

‘Data present in Tables 23-38 and summarized in Table 31 suggest.
that the infectivity characteristics of the three virus strains in T-
cell Aeficient ﬁice pérallel those of B-cell_deficient mice,. Mice de-.
ficient in T-cells rémain refractory to infection with N-tropic Friend
virus, slightly refractory (if ét all) to'NB-tropic virus and Fotallf_

susceptible to B-tropic Friend virus. This refractory state can be
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Table 31. Summary of infection characteristics of N, B,.andiNB-

tropic Friend virus complexes.

VIRUS COMPLEX

. IT'rleatment FV-B FV-NB FY-N
Anti-y | + o o+ _
ﬁude _ : -+ + _
_A.nti-Ig- | | + S +
Controls . +-_ . o+ o +.

4+ Indicates infection characteristics are similar to those of un-
treated controls.

Infection was evident only when challenged with relatively large

I+

doses of virus.

No infection was evident.
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overcome when a sufficient virus chéllenge dose is given.

The results of the present study in T-cell'aeficient ﬁice corro-
borates the earlier. report of Koutteb (50). Nﬁde mice remain refrac-
tofy to induction of typical leukemia.symptoms.when challeﬁged with
low doses of N-tropic Friend virus compiex. Our results extend those
reported by Kouttab by showing that the refractory state can be over=-
come when relatively large doses of virus are'injected. Since ours is
the same virus complex and.strain of nude mice used by Kouttab, it is
not surprising that we have obtained the same results. However, these
results are in direct.conflict with those resulté reﬁorted by Steeves,
et al, (73). He has reported that N-tropic Friend virus infects with -
. greater efficiency in nude mice tﬂan in normal littermates. |

We have tentatively identified our virus stock as being N-trbpic
based upon the growth characteristics in both N-type and B-type mice.
Dr. Bruce Chesebro has'shown that this virué complex, evén after re-
peated passage through Balb/c mice, ekhibited’a FFU titer 100 to 500
fold greater in N-type (CFW) mice than B-type mice (Balb/c). It is
possible Fhat the virus complex designated N-tropic for this study ac-
tually represents anoﬁher strain or at least a varianﬁ of those ﬁdw
known. This would not seem unreasonable, since Fieldsteel (origin of
our stock)‘has prgviously suggested that his stock of Friend virus may
be a different strain (26).

. Steeves reported that the nude gene was into its 8th backcross
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onto the Balb/c background (73). In our colony the nude gene is in
its 10th and 1lth backcross onto the Baib/c.background,‘therefore, it
seems unlikely that a difference in mice would be sufficient té account
for.the difference.in'response to Friend virus that has been reported
independeptly by Steeves, Kouttab and ﬁow the results of the present
study.

Kquttaﬁ has shown that wﬁen nude mice are réconétituted with
;ittermate thymuses, they too become susceptible to infectio; with
N-tropic Friend virus and ultimately exhibit typical syﬁptom of leu-
"kemia. Since nude mice can be infected with N=-tropic virus when large
enough doses.are iﬁjected, it is suggestive that the target cell fér-
the Friend virﬁs in nuae mice is defective or deficient or absent,

This line of evidence suggests that the T-cell may be the target of in-
fection fér Friend virus, However, Cerny, et al; (16-18) report the
T-cells are not infected in vivo with.Friend virus. Therefore an ap-
parent léck of T-cell function must be résponsible for the refractory
state of the nude mouse to infection with N-tropic Friend virus complex,

One of the major known functions of the T-cell is in helper ac-
fivity for antibody production.' The major immuﬁoglobulin produced in .
nudes to an antigenic challenge is of -the IgM class. Although an en- -
'Héﬁced'humoral reépbnsé is evident in nudes following a seéqndafy an-
tigenic challenge, it is'generally decreased from ﬁhat of‘norﬁal con-~

trols and it is of the IgM class., The sepoﬁdéry response in thymus.
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,reconstituted'nndes aonroaches that of normal littermates (81). These
observations combineo'with the results of the present study mith B~
cell def1c1ent mice suggest that the T- cells 1nf1uences the differen- '
tiation (maturation) of B cells to a state whichlis capable of synthes~
sizing immunoglobulins of all classes, hence increase susceptibility
to infection with N-tropic Friend virus.

We have presented data (Tables 29 and 36) to show that helper
virus (B/T-L and MLV) can restore to N;tropic virus the capacity to
induce typical symptoms of Friend virus 1eukem1a in nude mice, From
thlS observatlon, we propose that the B lymphocyte is one of the maJor

'cells required for maximum helpervv1rus replication.,

" Based upon.previous observations and the resnlts of the present
study, we propose that the B~ lymphocyte is the target cell for helper
virus infection and that different stages of B~ lymphocyte differentia-
tion (maturation) are required for maximum helper virus repllcation of
the three different strains of Friend virus in Balb/c mice. After ap-
propriate helper virus replication has occured the helper function be-
comes evident and the.defective component of the complex is‘then'cab-
ahle of inducing malignant transformation that is.evident within the
erythrocytic céll series thereby giying rise to the early overtlsymp-
toms of Friend virus 1eckemia.

| The.studies reported here clarify to some degree the nature of

the target cell for Friend virus infection, and lend support to the
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hypothesis that at least two cells are required for maximal virus re-
plication and infection.. We have presénted data which provide more
direct proof that the target cell for one of the virus in the Friend
virus complex is an immunoglobulin-bearing lymphocyte. The B-lympho-
cyte appears to be the target cell required for maximum helper virus
(LLV) replication, whereas the defective virus.(SFFV) has as a target
the cells in the erythrocytic series. Different stages of B-lympho-
cyte maturation are required for maximum helper virus replication of
the three different strains of Friend virus in Balb/cmice. N-tropic
virus require differentiation to lymphocytes bearing IgM and other im-
munoglobulins. NB-tropic virus require differentiation to the IgM
bearing state, but B-tropic virus replicate maxiﬁally in precursors
to the immunoglobulin bearing lymphocytes.,

The data available to date still does not conclusively establish
the point in the cellular differentiation at which infection (virus pe-=
netration) actually occur. Questions to be answered are a) does each
component of Friend virus complex infect the same relatively undifferen-
tiated stem cell; b) does each component infect its respective target
cells at a stage of late differentiation; c) or do bo;h components in-
fect the same undifferentiated stem cell and later become manifest only
after differentiation to the appropriate stage? It is anticipated that
many lessons learned from studying interactions between Friend virus

and its host will also be applicable to neoplastic disorders of man.
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