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ABSTRACT

•

Friend virus

(FV) is a murine leukemia virus.

Previous

studies have indicated that a profound humoral immunosup
pression accompanies the erythroleukemia caused by FV.

The

presence of antibodies to Friend virus and sheep erythro

cytes in the plasma of erythroleukemic mice which are capable
of mounting an immune response to FV was tested using agglu

tination and cell binding assays in order to determine if

humoral immunosuppression exists in the bloodstream.

Friend

virus-infected mice exhibited the same antibody response as
normal mice, so no immunosuppression was discovered.

The

immunosuppressive effects of the disease are under genetic

control.

A better understanding of immunosuppression ef

fects of this disease leads to a better understanding of
leukemia and its genetic control.

v

INTRODUCTION

£

The Friend virus

(FV)

is a murine leukemia virus con

sisting of a complex of a replication-defective spleen
focus-forming virus
virus.

(SFFV) and a replicating type-C helper

Infection of susceptible adult mice with FV results

in a rapidly developing erythroleukemia accompanied by ex

tensive viral replication in the spleen.

Within 7-9 days

after FV infection, the spleen becomes enlarged, due mainly
to focal proliferation of neoplastic erythroid cells.

During the progression of the disease, the liver and spleen

enlarge, but the thymus and the lymph nodes remain unaffected

An increase in hematocrit is observed.

Susceptible mice die

in 30-90 days after infection (Morrison, personal communi
cation) .

Resistance to FV-induced erythroleukemia is under
genetic control.

The complex genetic locus

(H-2) codes for

the major histocompatibility antigens of the mouse.

In

infections with some leukemia viruses and mammary tumor
virus, H-2 z

is associated with resistance to oncogenesis,

while H-2^//<^, H-2a/a, and H-2^/^ are associated with sus-

I
ceptibility.

Several H-2-linked and nonlinked genes regu

late the effects of FV on the host (Kumar and Bennett 1981).

1
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The Fv-1 locus controls host resistance to the helper virus
by regulating virus replication.

The Fv-2 locus controls

resistance to the SFFV (Lilly 1970).

•

Fv-2 susceptibility

is dominant to resistance; therefore, adult homozygous
resistant mice

(Fv-2

2S / 2?

) are resistant to spleen focus

formation and erythroleukemia induction.

These mice are

also relatively resistant to the immunosuppressive effects
of FV.

The Fv-2 gene is unlinked to H-2 and has been

mapped on chromosome 9 (Kumar and Bennett 1981).

In one

mouse model, genetic susceptibility to immunosuppression
by Friend virus is mediated by the Fv-3 gene

Bennett 1981).
not H-2 linked.

(Kumar and

Fv-3 is dominant for susceptibility and is

Recovery from established Friend virus

leukemia is mediated by three Rfv (recovery from Friend

virus) genes.

Rfv-1 and Rfv-2 are within the major histo

compatibility gene complex (H-2) and influence spontaneous
recovery from leukemia (Chesebro et al.
Wehrly 1978).

1974; Chesebro and

Rfv-3 is an autosomal non-H-2-associated

gene which acts complimentarily with H-2 to induce recovery
from leukemia.

In the absence of the appropriate high-

recovery H-2 genotypes, H-2b?/b and H-2a?/b, the resistant
Rfv-3

I* / s

genotype influences recovery from viremia.

This

gene may affect anti-FV antibody production (Chesebro and

Wehrly 1978).
Viral infections elicit specific and nonspecific

responses in infected hosts.

Specific responses include

3
the production of viral antibody and virus-specific T cells,

while synthesis of interferon, elevation of body tempera

ture, and activation of macrophages and natural killer
•

cells are examples of the non-specific responses.

It has

been proposed that natural killer cells may contribute to

the resistance or pathology in viral infections
1978).

(Welsh

Natural killer cells have been implicated in FV

resistance associated with Fv-3

(Kumar et al. 1978b).

Friend virus-induced immunosuppression in susceptible
mice has been extensively investigated using the anti-SRBC

plaque-forming assay to test for anti-SRBC antibodies in
the spleen

(cited in Kumar and Bennett 1981).

In addition,

the lymphocyte blastogenesis assay has shown that infection

with FV affects the early stages of B cell differentiation.
T helper cells are unaffected, and accessory cells appear

to be normal.

In culture, mitogenesis of lymphoid cells

from susceptible mice is suppressed in the presence of FV.

FV induces suppression of spleen, lymph node, thymus and
bone marrow cells to both B-cell and T-cell mitogens in
susceptible mice.

The mitogenesis of lymphoid cells ob

tained from genetically resistant mice is affected to a

lesser degree by similar doses of FV in vitro.

Suppression

of lymphocyte mitogenesis by FV could be either a direct

effect on the responding cells or an effect of the sup
pressor cells.

Kumar found that T-suppressor cells are

involved in the suppression of lymphocyte mitogenesis.

4

Spleen cells from genetically resistant mice are not intrin

sically resistant to the suppressive effects of FV, but
lack T-suppressor cell function (Kumar and Bennett, 1978).

Genetic experiments show that susceptibility to immuno
suppression is regulated by a single gene, Fv-3

al. 1978a).

(Kumar et

Further studies have indicated that Fv-3 also

regulates the genetic susceptibility to suppression of
humoral antibody-forming cells

(Kumar et al. 1978b).

One

explanation for a mechanism of suppression is that Fv-3

affects the antigenicity of suppressor cells so that they
are recognized and eliminated by natural killer cells, or
functionally altered, therefore lessening the immunosup

pressive effects of FV infection.
Previous studies have indicated that a profound humoral

immunosuppression accompanies the disease in susceptible
mice.

However, these studies involved mainly the effects

in the spleen.

The following experiments explore the

immunosuppressive effects of FV infection in the plasma of
a susceptible mouse strain with a low recovery rate to

erythroleukemia by testing for the presence of anti-FV
and anti-SRBC antibodies in order to discover the extent
of the immunosuppressive effects in these mice.

MATERIALS AND METHODS

•

Animals
Mice of the strain (BIO.A x A.WySn)

type H-2 '

and Fv-2 '

with the geno-

were bred at the Rocky Mountain

Laboratories, Hamilton, Montana, from stock originally ob
tained from The Jackson Laboratory, Bar Harbor, Maine.

Mice used in all experiments were between three and six
months of age.
Virus

The B-tropic strain of Friend virus complex (FVC) was
obtained from Dr. F. Lilly, Albert Einstein School of Medi

cine, Bronx, New York.

The virus stocks used for inocula

tion were prepared in BALB/C mice and assayed as described
by Britt and Chesebro

(1983).

Cells
Sheep red blood cells

(SRBC's) were obtained from a

sheep at Rocky Mountain Laboratories and they were main
tained in Alseaver's solution.

Clone 2C cells were ob

tained from Dr. Bruce Chesebro who developed them in
(C57BL/10 x A.BY) F^ mice as described by Chesebro et al.

(1976) and Doig and Chesebro

(1978).

Mus dunii fibroblasts

(hereafter referred to as Dunii cells) were obtained from

5
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The preparation has been described by

Dr. John Portis.

Chattopadhyay et al.

(1981).

Dunii cells infected with

Friend virus were also used.

Monoclonal Antibodies

Monoclonal antibodies 48 and 307 were obtained from
Dr. Bruce Chesebro at the Rocky Mountain Laboratories and

are described by Chesebro et al.

(1980).

The Immunizations

Mice were infected i.v. with 1000 SFFU (spleen focus
forming units) of FV complex (FV ).

Animals were immunized

with SRBC by inoculation of 0.25 ml of a 10% suspension of
SRBC i.p.

The following SRBC immunization schedule was

followed to establish optimal responses.

A primary (1°)

immunization was given to one group at day 0 and mice were

assayed at days 4, 7, 10, and 15.

Another group received

a 1° immunization on day 0 and a 2° on day 7 and were assayed
on day 18.

A final group received a 1° immunization on day

0, a 2° on day 23 and were assayed on days 27, 30, and 33.
The subsequent experiments then involved two major groups
of mice, one receiving FV^ inoculation and one not receiving

the inoculation.

The mice were divided into four groups and

given different SRBC inoculations.

Each group was divided

in half and inoculations were separated by a day for ease
in collection.

assay.

The mice were treated as individuals in the

Table 1 provides the immunization schedule.

7

TABLE 1
IMMUNIZATION SCHEDULE

Experimental # of
Group
Mice

FV
day

7
7

0

II

8
7

III

IV

I

1° SRBC
day

2° SRBC
day

Assay
day

0
0

23
23

30
30

—
0

26
26

—
—

30
30

8
7

—
0

23
23

—
—

30
30

4
4

—
0

23
23

30
30

-7
-7

Serology

Blood was obtained by axial bleeding with the use of

ether (Mallinckrodt 0804) into heparinized capillary tubes.
All animals were sacrificed.

fugation.

Plasma was obtained by centri

The plasma was frozen until it was assayed.

Determination of the RAMIgG
Two Rabbit Anti-mouse Immunoglobulin G (RAMIgG) preparations, Sigma and R7D, were tested using the
binding assay (described below).

•

125

IPA

The RAMIgG preparations

were tested at various dilutions to determine optimum
amplification and minimize background readings.

8
Agglutination Assay
A commonly used agglutination assay was performed.

Plasma from SRBC-immunized normal and FV-infected mice was
diluted with Dulbecco's Phosphate-Buffered Saline contain

ing 2% fetal calf serum in Linbro 96-well round-bottom

microtiter trays.

Diluted plasma was mixed with 25 micro

liters of 1% SRBC solution and 25 microliters of 1/200
dilution of RAMIgG (Sigma, lot #23F-8885), and incubated
overnight at 4 C.

a positive test.

The appearance of agglutination indicated

The assay was duplicated without the addi

tion of the RAMIgG each time.

^^^I-protein A Cell-Binding Assay (^^^IPA)
This assay is described by Chesebro et al.

(1983).

It

is used to measure antibody binding to cell surface anti

gens.

The assay was used to detect sheep red blood cell

and Friend virus antibodies.
salt solution (PBBS)

Phosphate-buffered balanced

(Chesebro and Wehrly 1976) containing

2% fetal calf serum was the diluent.

To assess the anti

body response to SRBC, the following protocol was used.

SRBC's were washed three times and a 1% suspension was made.
For the virus detection, infected and control monolayer cell

cultures of Dunii cells were made into cell suspension by

treatment with trypsin and EDTA.

Plasma from infected and

uninfected mice were serially diluted in wells of Linbro
96-well round-bottom microliter trays.

Twenty-five micro-

9
liters of 1% SRBC suspension or 10

5

Dunii cells, depending

on which assay was being done, were mixed with 25 micro

liters of the serially diluted plasma and incubated for 30
minutes at room temperature.

Cells were washed by centri

fuging the trays to 1200 rpm at 4 C, discarding the super

natant, and resuspending the cells in 150 microliters of
diluent.

After washing, the trays were again centrifuged

and the supernatant was discarded.

The cells were then

mixed with 50 microliters of a 1/200 dilution of rabbit
anti-mouse IgG serum, and incubated for 30 minutes at room
temperature.

10

5

cpm of

125

The cells were washed again and mixed with
I-protein A, from Staphlococcus aureus, and

incubated for 30 minutes at room temperature.

The cells

were washed twice, resuspended in 150 microliters of diluent,
transferred to tubes and counted in a gamma counter (

protein A was obtained from New England Nuclear).

125

I-

Back

ground readings were determined by averaging the readings
of the normal plasma.

A positive reading was considered to

be three times background.

Statistics
FVc~infected plasma were compared to normal plasma

using the student's t-test with a 95% level of confidence.

Means and standard deviations were calculated using the log
of the titer.

OBSERVATIONS AND RESULTS
RAMIgG Determination
Sigma RAMIgG at a dilution of 1/200 was used.
Antibody Response to Sheep Red Blood Cells Antigens

Figures 1-4 show the antibody titers of normal and
FVc~infected mice in each assay for Experimental Groups
1-4 respectively (see Figures 1-4, pp. 11-14).

The results

of the statistical analysis of the comparison of the normal

titers and the FVc~infected titers of each experimental

group in each assay is represented in Table 2.
TABLE 2
THE RESULTS OF THE STATISTICAL ANALYSIS COMPARING THE
IMMUNE RESPONSE OF NORMAL MICE AND FVc~INFECTED MICE

Group #

£

Agglutination Assay
(No RAMIgG)

Agglutination Assay
(with RAMIgG)

125ipa
Assay

I

0

0

-

II

-

+

+

III

-

-

0

IV

0

0

0

This table represents the results of the student's
t-test analysis of the comparison of the titers of the
plasma from SRBC-immunized normal and FV -infected mice.
0 = No difference between normal plasma antibody response
and FV -infected plasma response.
- = FV -in?ected plasma show less antibody response than
the normal plasma.
+ = FV -infected plasma show a greater antibody response
than normal plasma.
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Figure 1. ANTIBODY TITERS OF EXPERIMENTAL GROUP I
Mice of this group received a lu immunization of SRBC
suspension at day 0, a 2U on day 23, and were assayed on day
30. FV-infected mice were inoculated at day 0. The target
cells of the assays were SRBC's.
The symbol, • , represents the normal mice.
The symbol, /\ , represents the FVc-infected mice.
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Figure 2.

ANTIBODY TITERS OF EXPERIMENTAL GROUP II

Mice of this group received a 1° immunization of SRBC
suspension on day 26 and were assayed on day 30. FV -in
fected mice were inoculated at day 0. The target cells of
these assays were SRBC's.
The symbol, $ , represents the normal mice.
The symbol,
, represents the FVc-infected mice.

13

196830

196830

65610

65610

A

21870

A

7290

21870

7290

•

•

• •

2^30

810

••••>A

•••••«A

•• •A

810

270

• tA

• «AA

270

• AA

•

90

A

AA

30

2430

OS

W
E

90.

AAAA

30

10

A

AA

10

Agglutination
Assay

Agglutination
IPA Cell
Assay
Binding
Assay
(with RAMIgG)
Figure 3. ANTIBODY TITERS OF EXPERIMENTAL GROUP III
Mice of this group received a 1° immunization of SRBC
suspension on day 23 and were assayed on day 30. FV -in
fected mice were inoculated at day 0. The target cells of
these assays were SRBC's.
The symbol, • , represents the normal mice.
The symbol,
» represents the FV -infected mice.
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ANTIBODY TITERS OF EXPERIMENTAL GROUP IV

Mice of this group received a 1° immunization of SRBC
suspension on day -7» a 2° on day 23• and were assayed on
day 30. FVc-infected mice were inoculated at day 0. The
target cells of the assays were SRBC's.
The symbol, 9 , represents the normal mice.
The symbol,• represents the FVc~infected mice.

DISCUSSION

f

Mice of the strain (BIO.A x A.WySn)

tible genotype, H-2

and Fv-2 7

have a suscep-

Complete immunosup

.

pression is not the predicted condition of mice of this

strain that have received FV -infection because these mice
c
do produce anti-FV antibodies.

The results of this experi

ment do confirm the prediction.

No group showed immuno

suppression in all three assays.

In fact, Group II showed

an increased response of IgG and all groups possess indi

vidual FVc~infected mice that have higher titers than
normal mice in at least one assay.

Of the 42 mice tested,

only four do not have a positive response in the
assay, and one is a normal mouse.
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IPA

In addition, all four

groups contain individual FVc~infected mice that show an

FV antibody response.

Previous conclusions concerning

immunosuppression were based on studies of the spleen using
an anti-SRBC plaque-forming assay.

Few studies tested for

the presence of antibodies in the plasma.

The lack of

immunosuppression in the plasma poses many questions.
One explanation for discovering no immunosuppression
in the plasma of

(BIO.A x A.WySn) F^ mice is that no immu

nosuppression exists in this strain.

The genotype of this

strain is associated with susceptibility to oncogenesis.

15
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but this strain does show an anti-FV immune response, so

complete immunosuppression is not suspected.

However,

preliminary plaque assays by Morrison (unpublished) show
•

immunosuppression in this strain and plaque assays on the
spleens of the mice involved in this experiment indicated

immunosuppression.

Therefore, a preliminary conclusion that

immunosuppression may not be detected in the plasma pro
vides a direction for future investigation.

Another explanation for the apparent lack of immuno

suppression could be that the inoculated mice did not be

come infected with FV and the disease was not produced.

This is not the case.

The inoculation given contained

enough virus particles to form 1000 spleen focus-forming

units, which are symptoms of infection.

In addition, the

mice displayed splenomegaly and increases in hematocrit.
Another proposal involves the hypothesis that T-

suppressor cells might be the agent of FV-induced immuno
suppression (Kumar and Bennett 1981).

Kumar postulates

that B-cells obtain receptors for T-suppressor cells as a

result of the disease.

This would result in immunosup

pression because T-suppressor cells normally suppress

immunoglobulin production by B-cells once the antigen has

been removed.

This hypothesis would not explain the dis

crepancies between the results of the serological assays
and the plaque-forming assays.

The frequency of B-cells

17
and T-cells in the spleen is 35% and 65% respectively.

In

blood 15% of lymphocytes are B-cells and 85% are T-cells.
If T-suppressor cells were concentrated in the spleen, then

•

the discrepancies could be explained.

However, there is no

evidence to suggest that T-suppressor cells are concentrated
in the spleen.

A final explanation could be that the results obtained
in this experiment are irregular due to a design flaw.

This

does not appear to be the case because the immune response
was a normal response in the mice tested.

The normal immune

response consists of a primary response and a secondary re

sponse.

The first introduction of an immunogen evokes the

primary response in which antibodies are first detected.

It is common for antibodies to be detected 3 to 4 days after

injection of foreign erythrocytes.

Maximal antibody levels

are often reached 4 to 5 days after an immunization.

The

serum concentration of antibodies then begins to decline.

The first antibodies produced are of the IgM class.

IgG

production soon follows after the differentiation of large
B-cells and plasma cells.

A subsequent exposure to the

antigen evokes the secondary response.

The secondary re-

sponse requires a lower threshold dose of immunogen, has
a shorter lag phase, possesses a higher rate and longer

persistence of antibody synthesis, and produces higher ti
ters.

Also, the secondary response is predominantly anti

bodies of the IgG class.

18
The experiment performed was designed to determine the
immunoglobulin classes present.

The agglutination assay

without the addition of RAMIgG tests mainly for antibodies
<1

of the IgM class.

The IgM class consists of antibodies

composed of five tetrameric subunits.

The size of the

immunoglobulins allows for cross-linkages to form among
SRBC's and agglutination occurs.

IgG alone cannot form

these cross-linkages to a significant degree without the
addition of an amplifying serum, such as RAMIgG.

The agglu

tination assay with RAMIgG measures both IgG and IgM anti
bodies.

A comparison of the two titers of the agglutina

tion tests can demonstrate the amount of IgG produced.

A

more sensitive and accurate method for measuring specific

antibodies is the

125

I-protein A assay.

to IgG2a, IgG^^, IgG and IgM antibodies.

A attaches to the RAMIgG.

The RAMIgG attaches
The

125

I-protein

The attached counts can then be

read by a gamma counter and a titer of IgG can be determined

The normal events of the immune response were demon
strated by the mice tested.

Group II was assayed four days

after the primary inoculation.

showed higher IgM titers.

Group III was assayed seven days

after the primary inoculation.

similar.

The majority of these mice

The IgM and IgG titers were

Groups I and II received a secondary inoculation

and showed increased IgG levels.
To resolve the questions raised by the findings of

this experiment, further studies need to be undertaken.
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The effectiveness of the plaque-forming assay should be

evaluated in order to determine if immunosuppression does
actually occur in the spleen.

Also, other mice strains

should be tested for plasma immunosuppression.

If discrep

ancies in the results continue, then exploration of the
different aspects of immunosuppression in the spleen and

in the plasma should be the next phase of the research.

Even though Friend virus is a murine leukemia virus,

understanding the mechanisms of its actions leads to a

better understanding of all virus-induced leukemias.

Recent

evidence has shown an association between a retro-virus and
adult human T-cell lymphoma/leukemia.

The retro-virus has

been isolated from a T-cell lymphoma cell line established

in culture from a patient with Sezary syndrome, a clinical
variant of leukemia.

T-lymphoma virus)

The virus is called HTLV (for human

(Meruelo and Bach 1983).

These recent

findings stress the importance of continued research in
animal models of leukemia.

e
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