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Abstract:

The purpose of these studies was to examine the role of the thymus in acute lymphocytic leukemia by
Friend virus and to understand more clearly the nature of the target cell for the virus. For these studies,
congenitally athymic (nude) mice, their phenotypically normal littermates, CBA and Balb/c mice were
used. Nude mice implanted with either Balb/c thymuses or littermate thymuses were injected with
Friend virus. The leukemic process was compared between these two groups, and also compared to the
leukemic process in littermates and Balb/c mice. It was found that nude mice without thymus implants,
although dying rapidly following virus-challenge, had only developed a mild leukemic process as
judged by hematologic and pathologic data, and may have died from a generalized virus infection. In
contrast, nude mice implanted with thymuses developed a typical leukemic process similar to that seen
in littermate and Balb/c mice.

The results of experiments designed to ascertain the existence of cellular immunity against the
leukemic cells, and humoral immunity in the form of virus neutralizing antibodies in nude mice
implanted with CBA thymuses (the CBA mouse being totally refractory to Friend virus) or Balb/c
thymuses showed that by the method employed no immunity was produced in these mice. Since the
results of a long-range experiment using nude mice implanted with CBA thymuses showed that these
mice eventually develop typical leukemia, it was concluded that a likely role of the thymus relates to
the activation and proliferation of bone-marrow cells which serve as target cells for the virus. This
conclusion was strengthened by the use of endotoxin in nudes and littermates. Nude and littermate
mice given endotoxin (a bone-marrow cell mitogen) and Friend virus developed a more severe
leukemia.

To determine the nature of the target cell, Balb/c mice were immunosuppressed with anti-u, a known B
lymphocyte immunosuppressant, from the day of birth and on alternate days until termination of the
experiment. These mice were injected with Friend virus at day 38 of age. For comparison Balb/c mice
were injected with either normal rabbit serum or phosphate buffered saline. Results of preliminary
experiments showed that the leukemic process was abrogated in Balb/c mice immunosuppressed with
anti-u but not in control mice. Therefore, it was concluded that the target cell is an p-bearing cell of an
antibody-producing lineage.
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ABSTRACT

The purpose of these studies was to examine the role of the
thymus in acute lymphocytic leukemia by Friend virus and to understand
more clearly the nature of the target cell for the virus. For these
studies, congenitally athymic (nude) mice, their phenotypically normal
littermates, CBA and Balb/c mice were used. Nude mice implanted with
either Balb/c thymuses or littermate thymuses were injected with
Friend virus. The leukemic process was compared between these two
groups, and also compared to the leukemic process in littermates and
Balb/c mice. It was found that nude mice without thymus implants,
although dying rapidly following virus-challenge, had only developed
a mild leukemic process as judged by hematologic and pathologic data,
and may have died from a generalized virus infection. In contrast,
nude mice implanted with thymuses developed a typical leukemic process
similar to that seen in littermate and Balb/c mice.

The results of experiments designed to ascertain the existence
of cellular immunity against the leukemic cells, and humoral immunity
in the form of virus neutralizing antibodies in nude mice implanted
with CBA thymuses (the CBA mouse being totally refractory to Friend
virus) or Balb/c thymuses showed that by the method employed no immun-
ity was produced in these mice. Since the results of a long-range ex-
periment using nude mice implanted with CBA thymuses showed that these
mice eventually develop typical leukemia, it was concluded that a like-
ly role of the thymus relates to the activation and proliferation of
bone-marrow cells which serve as target cells for the virus. This
conclusion was strengthened by the use of endotoxin in nudes and litter-
mates. Nude and littermate mice given endotoxin (a bone-marrow cell
mitogen) and Friend virus developed a more severe leukemia.

To determine the nature of the target cell, Balb/c mice were
immunosuppressed with anti-l; a known B lymphocyte immunosuppressant,
from the day of birth and on alternate days until termination of the
experiment. These mice were injected with Friend virus at day 38 of
age. For comparison Balb/c mice were injected with.either normal
rabbit serum or phosphate.buffered saline. Results of preliminary ex-
periments showed that the leukemic process was abrogated in Balb/c
mice immunosuppressed with anti-y but not in control mice. Therefore,
it was concluded that the target cell is an H-bearing cell of an
antibody-producing lineage.

L.




INTRODUCTION

v

The murine leukemia viruses have been classified morphologically
into "splenic" and "thymic" viruses (1) depending on the nature of the
target cell. Although some viruses infect thymus cells to vield a
leukemic process (2,3,4), Friend virus (FV) has been shown to infect
bone-marrow-derived cells (2,5), whereas, little or né evidenée ex-
ists that thymus-derived cells are infected by the virus.

In a previous study (6), it was shown that the plagque forming
cell (PFC) respbnse of Balb/c mice to sheep red blood cells was in-
hibited if these mice were treated with FV. This study agrees with
other studies (7,8) which used electroh microscopy that the virus
affects cells of,antibody—produéing lineage° Other studies (9,10)‘
showed that virus-like particles are present in lymphoid cells pre-
sumed to contain or secrete antibodies. .Virus particles wefe identi-
fied in immature blast-like lymphoid cells and not in plasma cells,
suggestihg that there was a specific effect on early progenitors of
antibody-producing cells (1l). Later s£udies (12) showed the pres-
ence of virus-like particles in PFC, however, there is evidence (13)
that these particles are‘non;infectious, and therefore, their exact
role is not known. 1In their studies, Koo and coworkers (14,12)
showed that the PFC response to SRBC was diminished oxr inhibitea de-
pending:on the time of virus injection prior to immunization. They

postulated that the mechanism of immunosuppression was due to the
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competition between the virus and SRBC antigen for the same cell
(potential antibody-producing cell). These same workers further pos-
tulated that only cells that are infected by the virus at an early
stage are arrested in their function and maturation, whereas mature
antibody-forming cells may be infected but are not affected, and thus
maintain their noré;l functions. However, .it has not been shown at
what stage of development or maturation the potential antibody-
forming cell may be infected by the virus.

There is little evidence that FV, like the Gross wvirus (2), in-~
fects thymus-derived cells (T cells) or that the virus even requires
the presence of T cells for the leukemic process. There is convinc-
ing evidence that T cells may function to inhibit or even desfroy
lymphoid cells having undergone malignant transformation. Thus,
Haran-Ghe;a (15) has shown that interaction of radiation leukemia
virus with thymuses produces a resistance in the host to 1ymphoid,
leukemiaé induced by the same virus. The author demonstrated that
resistance was associated with a thymus-derived lymphocyte popu;ation.

.Undexr these circumsténqes, it is presumed that the leukemia
virus induced an antigenic change in the infected cell which trig-
gered, in turn, a T cell mediated immune response. Adoptive immunity
to trangplanted, viral énd spontaneous leukemia in mice has been

also demonstrated by several workers (16,17,18) who used allogeneic.
!
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cellé obtained from lymph nodes, and spleen. Mathe and coworkers (17)
also showed that adoptive immunotherapy.may be successful in humans
with -acute lymphoblastic leukemia.

Studies with thymectomized aﬁimals are subject to objections
unless the contribution of the thymus prior to birth is aésessed (19).
It has been suggested (éO) that unless the animals involved are known
to lack an. inutero epithelial component of the thymus, the distinction
between thymus—indebendeﬁt and thymus—dependent antigens is meaning-
less. Therefore, in ordér to overcome difficulties iﬁ interpretation
of data from experiments employing thymectomized mice we have used
the nude mouse, described by Flanggan (21) and shown to be congeni-~
tally athymic (22), to study the effect of the thymus on Friend
virus-induced leukemia in mice. ‘

Thus, these studies were designed to ascertain (a) the effect
of Friend virus (FV)'ﬁn nude mice with or without thymus implants,
and on their phenotypically normal littermates, and Balb/c mice (the
usual host animal for the vifus), (b) the mthanism by which the thy-
mus exerts its effect (if any) on the ;eukemic process, and (c¢) the
térget cell for the virus. The results show that the thymus influ--
ences the develoément of a typical leukemic process in nude mice

through. its effect on a l-bearing target éell°




MATERIALS AND METHODS

Mice

Inbred conventionally reared CBA and Balb}c male and female mice
ranging in age from 4-6 weeks were used. The CBA mice were originally
obtained from Jacksbn Memorial Laboratories, and have since been main-
tained in our laboratory by brother—sister mating. These‘CBA mice
were found to be resistant to FV. The Balb/c mice were originally
obtained in 1966 from the National Cancer Institute in the germfree
state, and were conventionalized in 1967. The Balb/c mice have since
been maintained by random mating in our laboratory.

The homozygous nude (nu/ﬁu) mice and their phenotypically normal
littermates (+/nu and +/+) were the offspring of heterozygous (nu/+)
animals obtained by crossing nu/nu males with females from our Balb/c
colony. The nude mice and littermates were housed in a clean environ-

ment. All mice received sterilized Purina 5010C and acidified-

chlorinated wéter (23) ad libitum.

Production of Leukemia in Mice

Friend leukemia virus (FV) was obtained from Dr. Fieldsteel of
the Stanford Research Institute in 1968 and has been maintained in
our laboratory b& frequent passage in adult Balb/c mice. For experi-
mental work, a wvirus stock was prepared as has been previously

described (6)°~
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MATERIALS AND METHODS

Mice

Inbred conventionally reared CBA and Balb/c male and female mice
ranging in age from 4-6 weeks were used. The CBA mice were originally
obtained from Jackson Memorial Laboratories, and have since been main-
tained in our laboratory by brother-sister mating. These CBA mice
were found to be resistant to FV. ihe Balb/c mice were originally
obtained in 1966 from the National Cancer Institute in the germfree
state, and were conventionalized in 1967. The Balb/c mice have since
been maintained by random mating in our laboratory.

The homozygous nude (nu/nu) mice and their phenotypically normal
littermates (+/nu and +/+) were the offspring of heterozygous (nu/+)
animals obtained by crossing nu/nu males with females from our Balb/c'
colony. The nude mice and littermates were housed in a clean environ-
ment. All mice received sterilized Purina 5010C and aeidifiea-

chlorinated water (23) ad libitum.

Production of Leukemia in Mice

Friend leukemia virus (FV) was obtained from Dr. Fieldsteel of
the Stanford Research Institute in 1968 and has been maintained in
our laboratory b& frequent passage in adult Balb/c mice. For experi-
mental work, a virus stock was prepared éé has been previously

described (6).
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Four to six week old mice were divided into designated groups
and injected intraperitoneally (IP) with 0.2 ml of various doses of
virus stock. The mice were allowéd approximately 2~3 weeks to develop
the leukemic and then were assayed for leukemia.

The criteria used to follow the leukemic process have been des-
cribed (6). Briefly, these consisted of splenomegaly, total énd ab~
. solute white blood cell (WBC) counts and differential counts of the
peripheral blood smears to check for abnormalities of blood cells,
and to derive the absolute WBC counts.’ The counts were initially ob-
tained at weekly intervals, then at two;week intervals. In addition,
bone-marrow (BM) smears from the tibia and femur of nude, littermate
and Balb/c mice injected with virus were made at 30 days post-virus
injection. The bones were placed in Hank's balanced salt solution,
_PH 7.2, in én ice bath, the ends cut,‘and the marrow aspirated from
the lumen. Cell suspensions of the extracted marrow were made by
gently passing it through a syringe. Smears were then made, stained
with Wright's blood stain and differential counts performed. Body
weights and tissue sections from ;iver, spleen, kidney, intesfines

and lungs were also used for evaluation of the leukemic process.

Thymus Implantation =

The two thymuses from one donor were implanted into one recipi-

ent mouse, one gland in each axillary region of the recipient. The
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implants were allowed three weeks to become established in the mice
before the mice were used for experiments. The status of the implants

in experimental mice was determined by histological sections.

Electron Microscopy

Sections from liver, spleen, kidney, lung and nudes were studied
with the electron microscope. Tissueé were fixed in 2.5% glutaralde-
hyde for 1 hour at 4°C., followed by 1% osmiﬁm tetroxide for 1 hour
at 4°C. The cells were then processed through the epoxy resin tech-
nique according to Spurr (24), thin sectioned, stained with uranyl
acetate and lead citrate, and examined in a Zeiss EM-9A electron

microscope.

Titration of Virus Obtained from Nudes

Spleens of nude mice injected with FV were aseptically removed
and a 20% suspension made in a sucrose stabilizer described by
Bovarnick et al. (25). The suspension was homogenized in a Sorvall
Omni-Mixer type )M—1150 at 4°C, and the homogenate centrifuged at
2,000 rpm for 10 minutes at 4°C, The LDso of the virus recovered in
the supernatant was estimated in Balb}p mice accordigg to the Reed-

Muench method (26).




Mitogens
Three different mitogens were used, phytohemagglutinin-M (PHA,
GIBCO), pokeweed mitogen (PWM, GIBCO), and endotoxin (LPS). The LPS

from Escherxichia coli 0113, extracted by the phenol-water method (27)

was supplied by Dr. J. A. Rudbach (University of Montana). The PHA
and PWM were reconstituted with iO and 5 ml of sterile distilled
water, respectively, dispensed into 1 ml aliquots and frozen until
needed. The LPS was'dissoived in PBS at a concentration of 1 mg/ml,
divided into 1 ml aliquots and stored frozen until needed. Since
nude mice have been found to have a strong sensitivity to LIPS (Jutila,
personal communication) and died within a sho;t period after adminisf

tration, nude mice were given an aqueous solution composed of baci-

tracin (Commercial Solvents Corxrp., Indiana), neomycin sulfate (Biosol;

The Upjohn Co., Michigan), and vitamins (Syr-vite, Wolins Pharmacal
Corp., New York), in amounts of 4 gms/liter,-29 ml/liter, and‘3.3 ml/
liter, respectively, all dissolved in 1 liter of distilled water.

The mice were,placed on antibiotics for 1 week prior to injection of
LPS.

Preparation of Immunoglobulins
and Antisera

The immunoglobulins and the antisera have been prepared as

previously described (28).




RESULTS

The ILeukemic Process in Nudes

The absolute lymphocyte counts for nudes, littermates and Balb/c
mice given either 2.24 LDso doses (10-“ dilution of stock virus) or
224 LDs¢ doses (lO-'2 dilution of stock virus) of FV are compared in A
Figures 1 and 2 over an 80 day period. At the onset of the eéperiment,
normal vélues for Figure 1 were 1008 cells/mm3 for nudes, 2300 cells/

3

mm® for litterxmates, ‘and 1533 cells/mm3

for Balb/c mice. For Figure 2,
the normal wvalues were 2412 cells/mm3 for nudes, 2120 cells/mm3 for

littermates, and 1777 cells/mm3

fbr Balb/c mice. With both doses the
lowest counts were obtained in nudes and littermate mice, as. con-
trasted to higher counts in Balb/c mice indicating.that the latter
were more susceptible to the wvirus. With a higher virus concentration
(224 1Dso0 doses), Balb/c mice exhibited counts in excess of 80,000
cells/mm3, as contrasted to nudes which yielded counts not exceeding
15,000'cells/mm3 at death. Although the absolute lymphocyte count
for nudes was low in comparison to littermates and Balb/c mice, an
elevated lfmphocyte count at death suggested that FV produced a low
grade leukemia.‘ That this elevated count in FV injected nudes is due
to the virus can be seen in Table 1 which compares the absolute lym-—
phocyte counts of various groups of nude mice, including a group

which was untreated in any way and used to test the effect of the

conventional environment on nude mice. This group was designated
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Table 1. Absolute lymphocyte counts of nude mice challenged or not
challenged with Friend virus (FV).

Days post Nudes® Nudesb

. Virus Nude* + +

injection controls FV 10 2 FV 10 "
20 1505 7414 4771
34 4881 9880 5349
48 3252 \ 14492 10461
62 2505 - -

78 3976 - -

a - Fv 10 2 224 LDso doses of Friend virus.

b - Fv 10 " 2.24 1Ds0 doses of Friend virus.

* -~ These nude mice, untreated in any way, were used to check the
effect of the conventional environment on nude mice.
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"nude controls". The table shows that over a 48 day period nude mice

2 L

injected with either 10 2 (224 LDso doses) or 10

(2.24 LDsgo doses)
-_dilution of FV stock attained higher counts thén "nude controls".
Table 2 shows that the absolute neutrophil count of "nude controls"
was significantly higher than the other groups. This increase in
neutrophils could be a compensatory action due to their depressed
lymphocyte coll:mt or reflects an infection process.

Effect of Allogeneic Thymus on Leukemia
in Nudes

Since the most importaﬁt difference between nudes aﬁd their
phenotypically normal littermates is the absence of the thmus in
the former, the above study suggested that the thymus may play a
role in the enhancement of leukemia. 1In order to explore this possi-
bility, nude mice were implanted with littermate or Balb/c thymuses.
After allowing timg for establishment of the thymuses in nude mice,

FV was given at a dilution of 10 "

of FV stock (2.24 LDsg doses).

" The leukemic process in these mice was then compared with sham-
operated nudes, littermates and Balb/c mice, all injected with the
same dose of virus. Figures 3 and 4 compare the absolute lymphocyte
counts for these éroups of mice. The data illustrated that thymus-
grafted.nudes attained higher counts than sham-operated nudes and

reached levels that are comparable to those observed in mice from

which the thymuses were taken.
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Table 2. Absolute neutrophil counts of nude mice challenged or not

challenged with Friend virus (FV).

Days post Nudes® Nudesb
virus Nude* + _ +
injection controls FV 10 2 FV 10 °

20 1278 3214 451

34 6904 1130 1006

48 6504 4789 1231

62 8882 - -

78 10456 - -

a - Fv 10-2 = 224 1Dso doses of Friend virus.

b - FV 10

2.24 1Dso doses of Friend virus.

* ~ These nude mice, untreated in any way, were used to check the
effect of the conventional environment on nude mice.
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6—=® Balb/c + FV

904 O—0 Littermates + FV
@ ---® Nudes + Balb/c thymus + FV [¢]
& ---A Sham operated Nudes + FV !
80+ &—A Nudes+ Balb/c thymus /
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30 .80 0. 190 0 b R0 150
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Figure 3. Absolute lymphocyte counts of nudes
receiving Balb/c thymus and of sham
operated nudes, littermates, and Balb/c

mice injected with 2.24 LD doses of
Friend virus (FV)
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O——O0 Littermates + FV
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O-—-0 Nudes+ Littermate thymus
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Figure 4. Absolute lymphocyte counts of nudes
receiving littermate thymus and of sham
operated nudes, littermates, and Balb/c
mice injected with 2.24 LD,, doses of
Friend virus.
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Cytologic observations. Both Balb/c and littermate mice in-

fected with FV showed changes in the nuclei of peripheral lymphocytes.
" These were characterized by lobulation, increase in size and inden-
tations to yield nuclei resembling those of monocytes. The blood
smears showed large numbers of degenerated cells which were classed
as basket or smudge cells. Abnormalities were also seen in red blood
cells (RBC), most prominehtly‘polychfomatophilia and nucleated RBC.
These changes, although present in nude micei-were not observed as
frequently as in the other mice.. However, this may wéll be due to
the fact that the nude mice had died within a short period (30-46
days) following virus injection.

A possibility to be considered is that the death of the nude
mice given FV is due to erythroleukemia. Yomoto and co-workers (29)
using FV in different dilutions have shown that in both Balb/c and
AKR mice, erythroid leukemia was present in short term survivors
(30-75 days post virus injection, with the exception of two mice
which showed erythroid leukemia in 110 days), whereas lymphatic leu-
kemia was present in long term survivors. However, data ffom bone-
marrow smears, hematocrits and peripheral RBC counts showed no dif-
ference between ﬁormal and FV injected mice. Therefore, the possi-
bility of erythroleukemia was dismissed.

Pathologic studies. Table 3 compares body weights, mortality

and survival time for nudes, thymus grafted nudes and Balb/c mice in
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Table 3. Mortality among thymus—transplanted nudes, sham-operated
nudes, Balb/c and littermate mice injected with 2.24 IDso
doses of Friend virus (FV).

Mean
Average Death/ survival
Group Body wt.* No. in group Time (days)

Normal nudes 20.22/15.97 7/ 7 88
Exp. 1#

Sham-operated 15.00/10.55 10/10 43

Nudes + FV

Nude + Littermate 14.00/18.07 9/ 9 155

Thymus + FV

Nude + Littermate*¥* 18.14/22.98 0/ 4 -

Thymus .

Littermate + FV 20.91/30.64 10/12 188

Balb/c + FV 17.50/24.55 11/11 121
Exp. 2# ) :

Sham-operated 14.19/11.22 10/10 29

Nudes + FV

Nude + Balb/c 19.42/29.22 9/10 167

Thymus + FV

Nude + Balb/c** 20.35/26.03 0/ 5 -

Thymus

Littermate + FV 22.74/29.12 6/10 188

Balb/c + FV 23.20/24.94 10/10 118
* - The numerator is body weight at start of the experiment, the

denominator is body weight at death or sacrifice during the

experiment.

*% — The body weights of these mice were taken at the start and

termination of the experiment. -
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two experiments. In both experiments loss of body weight was seen
only in sham-operated nudes. The similarity between the two experi-
ments in terms of mortality and survival time is striking. "Both
experimgnts indicate that the leukemic process in Balb/c mice is more
severe (100% death) than in littermates (60-80% death) which is also
indicated by the difference in survival time. Also noticeable is the
prolongation of survival time of nude mice transplanted with either
Balb/c or littermate thymus, as compared to sham—-operated nudes.
Thus, the thymus seems to have an effec; on the generél health of the
nude mouse; protection of the immunodepressed nudes from environmental
insults. Untreated nudes usually failed to survive beyond 90 days
and died from a syndrome which could be designated as wasting (30).

Tissue sections from all groups were examined‘microsqopically
after death or sacrifice. 1In Balb/c mice, littermates and thymus-
transplanted nudes there were significant‘changes in the spleen énd
liver. There was loss of normal architecture of the spleen due to
massive accumulation of leukemic cells. 1In the liver there was ex-
tensive destruction of parenchymal cells and separation of 1obﬁles by
the leukemic cells. It is of interest that livers in nudes trans-
planted with Balb/c thymus and given FV became very enlarged and most
weighed in excess of § gms which was about one-third of the body

weight of the animal. Enlargement of the liver was also seen in nude
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mice transplanted with littermate thymus and injected with FV. There
was also evidence of infiltration of leukemic cells into the alveolar
septae and autolysis of the lung. The kidney and intestines appeared
normal.

This pathologic picture was slightly different in sham-operated
nudes given FV. The spleen exhibited many megakaryocytes, hemorrhage,
and necrosis, and many reticular cells. The liver was infiltrated
with neutrophils and many degenerated cells were present. 6ther
organs appeared normal.

An examination of electron micrographs of organ thin sections
from sham-operated nudes or noxmal nudes injected with FV revealed
large numbers of.C-type par;icles in the lymph nodes, lungs, spleen,
liver and kidney which suggested that FV persists in nude tissue fol-
lowing challenge. Furthermore, the pathology of the spleen and liver

indicated that the virus was active and may have multiplied in these

organs.

Titration of virus. Nudes implanted with Balb/c thymuses and

sham-operated nudes were,chailenged with 2.24 1IDso0 doses of FV stock.
After the leukemic process had progressed for 30 days, the mice were
sacrificed and their spleens aseptically removed. Virus was recovered

from the spleens as described in Materials and Methods. Balb/c mice

in groups of 5 were injected with 0.2 ml IP of each dilution of virus
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ranging from undiluted to a dilution of 10" %. For comparison, Balb/c
mice were also injected with stock virus diluted in the same manner.
The leﬁkemic process in Balb/c mice was left to progress for 90 days
after wh;ch the virus titer or each group was obtained by the Reed;
Muench method (26). The mortality for each group was also recorded.
The results of such a titration are shown in Table 4. The £ab1e in- -
dicates that the stock virus was thé most active, followed by wvirus
extracted from spleens of thymus—implanted nudes, and finally sham-
operated nudes. Therefore, although virus multiplies.in sham~operated

nudes, it does so to a lesser extent than in thymus-implanted nudes.

The Role of the Thymus

The preceding experiments with thymus grafts suggested a role
for the thymus in the production of a typical leukemic procéss in
mice. However, the role of the thymus has not as yet been clearly
defined. Two mechanisms may be operativé: first, it is possible
that the thymus provides immunity to the virus or leukemic cell,
thus allowing the thymus—implanted nuaes to survive for long periods.
This immunity is eventually ;vercome bf the leukemic érocess resu1t~
ing, in death of the animals from leukemia. Second,.it is proBable
that the thymus synergizeswith BM cells to cause the production of

an increased number of target cells for the virus.
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Table 4. Titration in Balb/c mice of stock Friend virus (FV), and FV
obtained from spleen-homogenates of nude mice with or with-
out Balb/c-thymuses, and given 2.24 LDs¢ doses of FV.

Group providing virus and mortality in Balb/c mice
Nudes + Balb/c

Stock FV Nudes + FV thymuses + FV
No. Survival# No. Survival No. Survival
FV deaths/No. time deaths/No. time deaths/No. time
dil. injected days injected days injected days
Undil. 5/5 85 4/5 41 5/5 33
10} 5/5 62 3/5 41 5/5 53
10~ 2 5/5 49 2/5 41 4/5 66
10”3 5/5 69 1/5 74 3/5 70
10" 3/5 86 0/5 - 1/5 60
107° 1/5 NE! 0/5 - 0/5 -
10" © o5 - 0/5 - 0/5 -
LDso 107432 10-1i42~ '10-3.16

# - Where no survival time is given, the mice were all alive at
. termination of the experiment.
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To test the above hypotheses, the effect of the thymus on the
leﬁkemic process in thymus-implanted nudes was evaluated in two ways.
First, thymus-implanted nudes were studied for the production of
humoral immunity in the form of virus neutralizing antibodies. Second,
cellular immunity, if present, would be expected in thymus-implanted
nudes challenged with virus, and not in unchallenged thymus-implanted
nudes since these latter mice have not been exposed to the virus.
Thus, a group of thymus-implanted nudes challenged or unchallenged
with FV were followed over a long period to assess thé progress of the
leukemic process. For these experiments, nude mice implantea with
CBA thymuses were used since the CBA mouse is refractory to the virus.
It was expected that the CBA resistance to FV or the leukemic cells
may be conferred to nudes by CBA T célls. For comparison, nudes im-

planted with Balb/c thymuses were also used.

Hematologic findings. Figure 5 compares the absolute lympho-

byte counts of nudes treated in various ways, CBA, and Balb/c mice
o&er a 164 day period. The pretreatment mean absolute 1ymphocyt§
counts for nudes, CBA and Baib/c mice were 2133 cells/cu’mm, 5254
cells/cu mm and 9325 cells/cu mm, respectively. Sham-operated nudes
died shortly after virus injection without exhibiting marked symptoms
of leukémia. It was evident throughout the experimen;al period that

nude mice transplanted with CBA thymus exhibited Higher counts than
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Figure 5. Absolute lymphocyte counts of nudes receiving CBA thymus, or Balb/c thymus
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either sham-operated ﬁudes or nudes transplanted with CBA thymus but
not injected with virus. This indicates that the CBA thymus in FV
injected nudes was responsible for the higher count, and this becomes
moée important when it is noted that CBA mice are totally refractory
to FV. As expected, Balb/c mice were the most susceptible to the
virus. Also of interest is the observation that in nude mice trans-
planted with Balb/c thymus the leukemia developed rapidly, and spleen
eniargement occurred early after virus injection. Abnormalities in
peripheral lymphocytes and red blood cells were most érevalent in
Balb/c mice, followed by nudes transplanted with either Balb/c or
CBA thymus. Few abnormalities were seen in sham-operated nudes chal-
lenged with virus, probably dﬁe to their early death after virus in-
jection. These abnormalities have been previously described (6). 1In
contrast, CBA mice exhibited normal peripheral blood smears, indica-

tive of their resistance to FV.

Pathologic findings. Table 5 compares body weights, mortality,

spleen and liver weightsy and survival time for the different groups
'of mice. Loss of body weighﬁ was seen only in sham-operated nudes.
The data show that the leukemic process was most severe in Balb/c

mice where all the mice died. The severity of the leukemic process

can also be seen in thymus-transplanted nudes injected with FV. These

mice had enlarged livers and spleens which were comparable to those
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Table 5. Mortality'émong thymus~transplanted nudes, sham-operated
nudes, Balb/c and CBA mice, injected with 2.24 LDso doses
of Friend virus (FV).

Average Deaths/ Survival
body wt.* Spleent Liver# No. time
Group (gms) wt. (gms) wt.. (gms) injected (days)
Sham~ 14.50/11.02 0.13 0.81 7/7 46
operated
nudes + FV
Nudes + 17.46/22.04 1.29 - 4.60 8/9 171
CBA thymus
+ FV
Nudes + 15.60/21.34 0.07 1.39 1/6 -
CBA thymus .
Nudes + 14.06/19.93 1.67 ’ 1.57 5/5 135
Balb/c
thymus
+ FV
Balb/c 23.21/28.07 2.30 3.60 8/8 109
+ BV . )
CBA + FV 18.11/26.20 0.10 1.27 0/9 -

%#* - The numerator is body weight at initiation of the experiment, the
denominator is body weight at death or sacrifice during the
experiment.

# - The weights were taken at death or sacrifice of the animals.
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of Balb/c mice. However, the livers of nudes transplanted with CBa
thymuses.and injected with virus were much larger than those of nudes
transplanted with Balb/c thymuses and injected with virus. This
latter group showed a rapid development of leukemia as is evidenced
by hematologic studies and also by the enlargement of the spleen
early post virus injection. The thymus—érafted nudes survived for a
long period when compared.to other groups, and this survival is at-
tributed to the thymus since we have shown previously that normal or
sham~operated nudes not injected with virus did not survive beyond
90 days. As can also be seen from the table, therg were no deaths in
the CBA micg, and the spleen and liver weights of these ﬁice taken
upon termination of the experiment were normal.

Tissue sections from all groups of mice were.examinéd‘micro—
scopically upon death or sacrifice. 1In the sham-operated nudes with
virus, theﬂspleens exhibited hermorrhage, necrosis and abundance of

. \
megakaryocytes. There was little disturbance of the architecture
of the spleen. The liver in these mice was mostly normal in archi-
tecture, but waé infiltrated with neu@rophils and many degenerated
ceils. Other organs appeared normal. Tissue sections from thymus-
transplanted nudés that were not challenged with virus did not show
any pathological changes. This was als§ true for CBA mice injected

with virus, substantiating the thesis that CBA mice are refractory

to FV. Pathology of tissue was abundant in Balb/c mice, and
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thymus-transplanted nudes challenged with virus. The main organs in-
voived in these mice were the spleen and liver. 1In the spleen there
was massive infiltration of leukemic cells resulting in the total loss
of normal architecture.v Extensive destruction of parenchymal cells
was seen in the livér, and the lobules were separated by the leukemic
cells. This involvement of the liver was much more evident in Balb/c
mice and in nudes transplanted with CBA thymuses and given FV, than
in nudesﬂtransplanted with Balb/c thymus and given FV. In the latter
group, the spleen was the primary target. However, in all 3 groups
above there was evidence of infiltration of leukemic cells into the
alveolar septae and autolysis of the lung. The kidneys and intestines

appeared normal.

Graft versus leukemia. This experiment was modified from the

experiment described by Bortin and co-workers (16). It was designed
to test.for the presence of cellular immunity in transplanted nudes,
described above, against the leukemic cells produced by Fv. Four to
six weeks old Balb/c mice serving as‘secondary hosts were irradiateq
with 600 r of whole body irrédiation with cobalt 60 from a Picker

unit. The irradiation field size was 18 x 18 gm,.the distance from
source to target Qas 60 cm, and the delivery rate was approximately

87 r per minute. Irradiation was given to prevent the rejection of

the donor cells, and to eliminate or minimize host immunity against




Table 6. Effect of nude spleen ce%ls on lethally irradiated Balb/c mice that were
given 1 x 10" or 64 x 10" nucleated spleen from a leukemic Balb/c mouse.

Survival of Bioassay Mile Over a 60 day Period

1 x 10° 8 x 10" . ' 64 x 10"
Average : Average - Average
** No. ' spleen No. spleen No. spleen
Spleen dead/ weight dead/ weight dead/ weight
cell No. Survival (gms) of No. Survival (gms) of No. Survival (gms) of
donors injected time survivors injected time survivors injected time survivors
Nudes + 1/3 16 (0.89) 2/5° 15.40 (0.55) 1/5 16 {0.94)
FV* . ’
Nudes + . NT NT 2/3 22.17 {0.83) 1/4 42 (1.12)
Balb/c- :
thymus
Nudes + NT NT 1/5 40 (0.78) 0/4 - (0.91)
Balb/c~ '
thymus
+ FV
Nudes + 2/4 17.23 (0.71) 2/5 16.24 (0.55) 2/3 17.16 (0.71)
CBa-
thymus
Nudes + 2/4 25.53 (1.24) 3/5 16.24 (1.13) 1/5 15° (0.81)
CBA~
thymus
+ FV

* - Mice were givén 2.24 1Dso doses of Friend virus (FV). NT = not tested.
*% - The number of spleen cells obtained from donors = 1 x 107 cells.

6¢




Y ("] IR 1}

30
irradiation control experiment showed that mice died up to 12 days
poét irradiation. However, it would be difficult to ascertain that
mice in the various groups with a survival time of 15-17 days have
actually died from the leukemic process rather than from irradiation.
Furthermore, it is morxe likely than not that some mice died from a
graft-versus-host reacfion. Therefore, although some groups, when
compared with their controls (e.g., nudes + Balb/c thymus + FV com-
pared with nudes + Balb/c thymus), may indicate that immunity is
evident, the above reasons would pose a serious question that adop-
tive immunity was present. Furthermore, spleen weights froﬁ survivors
were similar in all groups, again strengthening the conclusion that
no immunity was present. It should also be mentioned that enlargement
of spleens could be .due to radiation followed by infection, rather

than to leukemia.

Humoral immunity. To test for the production of virus neutral-
izing antibpdies, we performed experiments similar to those performed
by Bendinelli and Nardini (31). Sera were obtained from the same 5
groups above (a-e) used for the graft wversus leukemia (GVL).eXPeri—
ment, then diluted 1:2, 1:8, and 1:32. The sera were then incﬁbated
at 56°C for 1 hour to inactivate any FV that may be present. A sepa-
rate vial containing FV was incubated with the sera and then injected

into Balb/c mice to insure that inactivation of the virus does occur
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at 56°C for 1 hour. Equal amounts of sera and FV (diluted'to 22.40
1Dso doses) were mixed and incubated at 4°C overnight. Balb/c mice,
4-6 weeks old, were then injected IP with this mixture, such that
eac£ mouse received a full dose of FV, i.e., 22.40 1Ds¢ doses. 1In
order to affirm that FV was not inactivated by incubation overnight,
a separate vial containing FV at 22.40 LDso doses was incubated over-
night and thén injected into Balb/c mice in a similar manner as the
mixture. The experiment was allowed to proceed for 4 Weeks after
which time the mice were sacrificed and spleen weights were recorded.

Table 7 describes the effect of incubation of FV with various
sera. As can be observed from the spleen weights of the various
groups, no neutralizing antibodies to the virus at all sera dilutions
were detected. If antibodies were present, they were not in suffi-

cient quantities to neutralize the FV.

Effect of Mitogens

The preceding experiments of thymus grafting suggested that a
thymus is required for the enhancement of the leukemic process in
nude mice. This was true whéther the 'thymus was obtained from a
mouse that is genetically related to the nude mouse, i.e., Balb/c
or littermates, or obtained from a mouse that is genetically distant
to the.nude mouse, i.e., CBA. This in turn poigts towards a mecha-

nism whereby the thymus-derived cell (T cell) is required to interact
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Table 7. Effect of incubation of 22.40 1LDso doses of Friend virus
(FV) with sera obtained from various groups of nude mice
challenged with 2.24 LDs5¢ doses of FV.

Average spleen weight of Balb/c mice
(gms) 4 weeks post challenge

Groups
providing
sera? 1:2 (Range) 1:8 1:32

Nudes 1.21 (0.47-2.21) 0.89 (0.35-1.37) 1.04 (0.64-1.62)

Nudes + 0.75 (0.47-1.21) 0.88 (0.30-1.13) 0.84 (0.19-1.40)
Balb/c~-
thymus

Nudes + 0.85 -(0.51-0.92) 0.78 (0.35-1.60) 0.57 (0.21-0.82)
Balb/c~ :
thymus
+ FV

Nudes + 1.12 (0.61-1.60) 0.96 (0.87-1.28) 0.83 (0.42-1.29)
CBA-thymus

Nudes +. 1.53 (1.22-1.77) 1.25 (0.11-1.97) 1.19 (0.51-1.69)
CBA-thymus '
+ FV

a ~ Two other control groups were used: 1) Balb/c mice injected with
22.40 LDso doses of FV left at 4°C overnight, gave an average
spleen weight of 0.74 gms.

(2) - Balb/c mice injected with 22.40 LDso doses of FV incubated at
56°C for 1 hour gave an average spleen weight of 0.1l gms.
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with a BM cell causing proliferation and maturation of these latter
ceils which ﬁot serve as target cells for the virus.' The consequence
of this proliferation is the production of a large pool of target
cells. If th;s is the case, then it should be possible, by the use
of nonspecific mitogens, to duplicate the‘effect of the thymus graft.
To this end then, we tested the effects of PHA, PWM and LPS on the

leukemic process.

PHA and PWM. These mitogeps were further dissolved in sterile
distilled water to give a final dilutign of 1:50 for PHA and 1:25 for
PWM. Littermates and nudes were injected IP with either PHA or PWM
at .10 day intexvals, starting with 0.2 ml and doﬁbling the amount at
the next injection time until termination of the éxperiment. Friend
virus at 2.24 ILDso doses was given to some groups at 3 days following
the first injection of either PHA or PWM. Figures 6 énd 7 show the
absolute lymphocyte counts for mitogen-treated mice. I£ is evident
that no effect on the leukemic process was seen-in either littermates
or nudes. ‘ﬁo difference in differential counts was observed between
groups given mitogens and FV, or FV only, with the exception that
neutrophils were more abundant in the former group. The blood pic~
ture of nudes and littermates injected with FV with or without mito-

gens showed the usual leukemic cells as has been previously describeq

in this thesis.
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Littermates +FV A---A
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Figure 6. Absolute lymphocyte counts demonstrating
the effects of phytohemagglutinin-M (PHA)
and pokeweed mitogen (PWM) on Friend virus
(FV, 2.24 LD, doses) leukemia in littermate
mice.
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Figure 7. Absolute lymphocyte counts demonstrating
the effects of phytohemagglutinin-M (PHA)
and pokeweed mitogen (PWM)on Friend virus
(Fv, 2.24 l_D50 doses) leukemia in nude mice.
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LPS. The LPS was diluted in PBS in yield a final dose of
20 ug/0.25. Littermate and nude mice were injected IP at 3 day inter-
vals for one week, and then at 10 day intervals until termination of
the experiment. Friend virus at 224 1Dso doses was injected into
designatéd groups 3 days after the first injection of LPS. Figures
8 and 9 show .the effect'of IPS on the absolute lymphocyte counts of
these mice over a 40 day period. The pretreatment values for these

% for litter-

mice were 2370 cells/mm3 for nudes, and 3301 cells/mm
matés. In contrast to PHA and PWM, LPS had a marked éffect on the .
leukemic process in boph littermates and nudes. This was also seen
in the peripheral blood where leukemic abnommalities were much more

frequent in mice treated with IPS. These abnormalities were pre-

viously described in this thesis.

Pathologic findings in treated mice.

A. fHA and PWM. Table 8 describes the effect of PHA and PWM
on the leukemic process in mice. it is evident that both these com-
pounds had an adverse effect on nude mice without showing much effect
on the leukemic process. This is seen when spleen and liver weights
of the various groups are compared which did not show much variation.
In littermates there is a slight effect produced by PHA as can be

judged.from the spleen and liver weights which were higher than in
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Figure 8. Absolute lymphocyte counts demonstrating
the effect of endotoxin (LPS) on Friend
virus (FV, 224 LDg, doses) leukemia in

littermate mice.
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Figure 9. Absolute lymphocyte counts demonstrating

the effect of endotoxin (LPS) on Friend
virus (FV, 224 LDgq doses) leukemia in

nude mice.
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Table 8. The effect of phytohemagglutinin (PHA), and pokeweed mitogen
(PWM) on nudes and littermates with or without 2.24 ILDsg¢

doses of Friend virus (FV).

Body** Spleen Liver Survivalf#  Death/
weight weight weight time No.
gms gms gms days injected
Balb/c + FV 12.84/13.69 0.92 1.55 53 5/12
Littermates 26.34/28.78 0.14 1.66 - -0/ 6
PwWM
Littermates 21.85/23.97 0.53 1.74 - 0/ 8
PWM + FV
Littermates 20.57/24.73 0.20 1.69 - o/ 7
PHA
Littermates 25/61/30.12 0.88 1.80 - 0/ 6
FV '
Nudes + PWM 16.31/15/73  0.19 0.95 44 6/ 8
Nudes + PWM 16.22/16/92 0.20 - 1.05 44 6/ 9
FV . '
Nudes. + PHA 15.82/15/38 0.21 0.94 28 5/ 7
FV
Nudes + FV 14.37/17.64. 0.19 0.86 35 6/ 6

*% - The numerator is body weight at initiation of the experiment,
the denominator is body weight at death or sacrifice during
the experiment.

# -~ Where no survival time is éiven, the mice were all alive at the

texrmination of the experiment.






































































