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SUMMARY

Histoincompatible (H-2) spleen cells from C57BL/6 mice
that were sensitized with Moloney sarcoma virus caused
fatal graft-versus-host disease in BALB/c mice when the
cells were used in conjunction with an immunosuppressive,
chemotherapeutic dose of cyclophosphamide to treat trans
plantable Moloney virus-induced leukemia. When anti
serum against the donor spleen cells was administered 2
days after immunochemotherapy, graft-versus-host disease
was prevented, but no immunotherapeutic effect was ob
served. When the antiserum was delayed for 3 days or more,
lethal graft-versus-host disease occurred. Substitution of
Moloney sarcoma virus-sensitized BALB/c x C57BL/6 F1
(hereafter called CB6F1) spleen cells for C57BL/6 cells, in
conjunction with cyclophosphamide, â€œcuredâ€•70% of the
treated mice (accumulated value oftwo experiments). When
anti-CB6F1 serum (alloantiserum) was administered 2 days
after immunochemotherapy, the immunotherapeutic effect
was abolished. Alloantiserum was not able to reverse the
immunotherapeutic effect 3 days postgrafting or later, and
there resulted a high percentage of long-term survivors.
About two-thirds of the cured mice had positive donor
specific 7-globulin titer 8 weeks postgrafting.

INTRODUCTION

Immunochemotherapy of murine leukemia with chemo
therapeutic agents and lymphocytes from donors that were
previously immunized against the tumor-specific transplan
tation antigen(s) of the recipient's lymphoma has been
reported with syngeneic (3, 4, 17, 21) and allogeneic (5, 11)
models. In a previous experiment â€œcuresâ€•of LSTRA3 in
BALB/c mice were achieved with cyclophosphamide and
allogeneic sensitized spleen cells from BALB/c x C57BL/6
F1 (hereafter called CB6F1) mice (14). Successful immuno
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chemotherapy of LSTRA in BALB/c mice with allogeneic,
H-2-compatible, MSV-sensitized lymphocytes from DBA/2
donors has also been reported (6, 12). In the above models,
despite minor histocompatibility differences, GVHD did not
occur. Although antitumor effects have been demonstrated
to accompany GVHD (I, 2, 16, 19, 20), a severe GVHD is
almost always fatal. However, in a recent report, treatment
of LSTRA with cyclophosphamide and limited numbers of
H-2-incompatible spleen cells was described in which
slightly more than one-half of the mice survived 100 days or
more without clinical evidence of GVHD (7). The current
study was conducted with LSTRA in BALB/c mice, using
treatment with cyclophosphamideand sensitizedspleencells
from allogeneic C57BL/6 donors. Prevention of GVHD
during immunochemotherapy was carried out with alloan
tiserum prepared in BALB/c mice against spleen lympho
cytes from C57BL/6 mice. In the event that prevention of
GVHD could be accomplished, an opportunity would be
provided to determine whether this could be achievedwith
retention of the antileukemic contribution of the adoptive
immunotherapy. The immunochemotherapeutic effect in
CB6F1 donor-BALB/c recipient combination, where
GVHD does not occur, was also determined, and the
reversibility of the immunotherapeutic effect by alloan
tiserum was investigated.

MATERIALS AND METHODS

Mice. Male and female BALB/c, C57BL/6, and CB6F1
mice, 8 to 12 weeks old, were used. For individual experi
ments, mice were of the same sex and age. The mice were
obtained from the production colonies of the Division of
Cancer Treatment, National Cancer Institute.

Tumors. LSTRA, a transplantable Moloney virus
induced leukemia of BALB/c mice, was used throughout
this study. This tumor has been shown to possess Moloney
virus-induced transplantation antigens (9), and to cross
react with other leukemias induced by Moloney leukemia
virus (13) and with tumors induced by MSV (8). The mice
were inoculated s.c. with a designated number of LSTRA
cells suspended in 0. 1 ml of Hanks' balanced salt solution.

Immunization with MSV. Adult CB6F1 or CS7BL/6 mice
were inoculated s.c. with 0. 1 ml of a I: 10 dilution of MSV.
MSV was prepared as a l-g/ml equivalent suspension (18)
containing 1 to S x 10 focus-forming units per 1.0 ml. The
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Immunochemotherapy and Reversal of G VHD

tumors induced at the site of inoculation usually regressed
within 3 to 4 weeks. One to 2 weeks after tumor regression,
the animals were given a 2nd dose of MSV. After the 2nd
dose, local tumors did not reappear. Spleen cell prepara
tions from the donors were prepared within 2 to 3 weeks
after the 2nd immunization.

Immunization with BALB/c Spleen Cells. CS7BL/6 mice
were sensitized to BALB/c histoincompatibility antigens by
2 i.p. injections of splenic cell suspension (one-half spleen
per recipient) at 2-week intervals. The sensitized animals
were used as spleen donors within 2 to 3 weeks after the 2nd
injection.

Preparation of Spleen Cells for AdoptiveTransfer. Spleen
cell suspensions of immunized CS7BL/6 or CB6F1 mice
were prepared in Hanks' balanced salt solution as previ
ously described (I 1). Three to 5 x l0@viable nucleated cells,
as determined by trypan blue exclusion, were injected i.v. in
0.5 ml of suspension.

Preparation of (Allo)antiserum. Eight- to 10-week-old
BALB/c mice were given an initial i.p. injection of S x l0@
CS7BL/6 spleen cells in 0.5 ml of Hanks' balanced salt
solution followed by 2 x l0@cells of EL-4 ascitic lymphoma
(a transplantable tumor ofCS7BL/6 mice, that was induced
by 9,lO-dimethyl-l,2-benzanthracene), suspendedin Hanks'
balanced salt solution, at 2-week intervals. Antiserum was
obtained from the immunized BALB/c mice by bleeding 2
weeks after the 4th injection of EL-4 cells. Subsequently, the
animals were given monthly booster injections of the
C57BL/6 spleen suspension and were bled 10 to 14 days
after each booster to obtain antiserum. The antiserum was
pooled and stored at â€”70Â°.Except for the in vivo activity
(see â€œResultsâ€•),the cytotoxic antibody titer of the serum
and the class of the immunoglobulin were not determined.

Preparation of Antibody against Donor y-Globulin.
BALB/c anti-C57BL/6 â€œ@â€˜-globulinwas obtained by the
method of Lieberman and Dray (15). The modified method
for antibody production and the allotyping procedures of
the graft receipient's serum for donor @â€˜y-globulinwere
described previously (10).

Cyclophosphamide. Cyclophosphamide was prepared in
0.9% NaCI solution and was administered i.p. in a volume
of 0.01 ml/g of body weight.

RESULTS

Nonleukemic BALB/c mice were immunosuppressed
with cyclophosphamide and grafted 4 hr later with 3 x l0@
nonsensitized CS7BL/6 cells. For prevention of GVHD,
BALB/c anti-CS7BL/6 serum was administered to the
recipients (Table I). Without antiserum, 6 of 6 mice died
with symptoms of GVHD, with an MST of 14.5 days
(Group 2). However, 0. 1 ml of antiserum administered daily
on Days 2 through 6 after grafting prevented GVHD in S of
6 mice (Group 3). Administration of 0. 1 ml of antiserum on
Days 4 through 8 failed to prevent GVHD, and 6 of 6 mice
died with an MST of 14.0 days (Group 5). An increased
volume of antiserum (0.5 ml), administered as a single
treatment 2 days after grafting, gave partial protection
against GVHD, and 3 of 6 mice survived beyond Day 52
(Group 4). When treatment with the increased volume of
antiserum (0.5 ml) was delayed until Day 4, 6 of 6 mice died
with GVHD with an MST of 18.5 days (Group 6). Thus,
although GVHD was reversible when the antiserum was
administered 2 days after grafting, there was a sharp loss of
protection when the antiserum was withheld until the 4th
day.

An experiment was conducted to determine whether
effective immunochemotherapy could be achieved by pre
venting GVHD in BALB/c mice after grafting spleen cells
from C57BL/6 donors sensitized against MSV. BALB/c
mice were inoculated with l0@or l0@ LSTRA cells. Seven
days later, these mice were treated with an immunosuppres
sive dose of cyclophosphamide, and this was followed 4 hr
later by administration of CS7BL/6 spleen cells nonsensi
tized or sensitized against MSV. BALB/c anti-CS7BL/6
serum was injected 2 days after donor cell grafting.

BALB/c mice inoculated with l0@LSTRA cells without
cyclophosphamide treatment succumbed to generalized
leukemia with an MST of 10.0 days (Table 2). Cyclophos
phamide treatment increased the MST to 22 days (Group
3). If S x l0@ normal CS7BL/6 spleen cells, or C57BL/6
spleen cells sensitized against MSV or against BALB/c
spleen cells, were given after cyclophosphamide administra
tion, the mice died with symptoms of GVHD. The MST's
were 16, 16, and 18 days for Groups 5, 9, and 13,

Table I

a BALB/c alloantiserum against CS7BL/6 spleen cells.

b Injected 4 hr prior to grafting of nonsensitized CS7BL/6 spleen cells.
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Table 2
immunochemotherapy of leukemic BA LB/c mice with sensitized C57BL /6 spleen cells and prevention of

G VHD with a single dose of antiserum' against the donor spleen cells

a BALB/c alloantiserum against CS7BL/6 spleen cells.

S Induced in BALB/c mice.

C Immunized with 2 doses of 10' focus-forming units of MSV 2 weeks apart.

d Immunized with 5 x l0@ normal BALB/c spleen cells 2 weeks apart.

respectively. When the transfer of allogeneic spleen cells
was followed 2 days later by 0.5 ml of BALB/c anti
C57BL/6 serum, no GVHD occurred, but the mice suc
cumbed to leukemia with MST's of 22, 23, and 22 days
(Groups 7, 11, 15), respectively. These MST's coincided
with the MST of Group 3 (22 days) to which cyclophos
phamide was given without allogeneic spleen cells. The
presence of leukemia did not increase the severity of the
GVHD, since nonleukemic BALB/c mice died with GVHD
with a MST of 15 days (Group 17). Antiserum administered
to nonleukemic BALB/c mice 2 days after spleen cell
transfer prevented GVHD, and 10 of 10 mice survived until
Day 78 (Group 18). Essentially the same result was obtained
with the l0@ LSTRA challenge level. The results indicate
that elimination of the grafted nonsensitized or sensitized
CS7BL/6 spleen cells by the antiserum restored but did not
exceed the therapeutic response observed with cyclophos
phamide alone.

An experiment was conducted to determine the effect of
multiple doses of antiserum in the prevention of GVHD
(Table 3). Leukemic (LSTRA) mice were treated 7 days
after inoculation with cyclophosphamideand nonsensitized
or MSV-sensitized C57BL/6 spleencells.Administration of
alloantiserum, 2 days later for 3 days, prevented the

development of severe GVHD, but not the deaths due to
leukemia (Group 4). When the administration of antiserum
was delayed for 3 to 4 days (Groups 6 to 9), all mice
succumbed with GVHD.

As reported in Table 4, the fate of C57BL/6 allogeneic
spleen cells transferred into BALB/c recipients was studied
in nonleukemic mice with the use of the -y-globulin alloty
ping technique. When the administration of 240 mg of
cyclophosphamide per kg was followed 4 hr later by the
administration of nonsensitizedC57BL/6 spleen cells, all
the mice died with symptoms of GVHD, with a MST of 22
days (Group 3). None of the mice survived beyond Day 29.
The seraof all 4 mice had a high (1:64) allotype titer on Day
12, indicative of chimerism. In the absence of cyclophos
phamide (Group 4), all of the mice had negative serum
allotype. There were no deaths in this group at the
termination of the experiment on Day 67. An identical
result was obtained when the immune response was sup
pressed with 240 mg of cyclophosphamide per kg 4 hr before
administration of C57BL/6 spleen cells, and then followed 2
days later with antiserum against the spleen cells (Group 5).
All of the mice were alive on Day 67, and their serum was
allotype negative by Day 12, presumably due to the
elimination of the grafted cells by the antiserum.
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Immunochemotherapy and Reversal of G VHD

Table3

Immunochemotherapy ofleukemic BALB/c mice with sensitized CS7BL/6 spleen cells and prevention of
G VHD with multiple doses of antiserum' prepared against the donor spleen cells

a BALB/c alloantiserum against CS7BL/6 spleen cells.
b Induced in BALB/c mice.

Table 4

Reversal of G VHD in nonleukemic BALB/c mice with antiserum' prepared against the donor spleen cells

a BALB/c alloantiserum against CS7BL/6 spleen cells.

b Number of mice with allotype/total number of mice at Day 12.

GVHD was avoided by using MSV-sensitized spleen cells
from CB6F1 donors (Table 5, Experiments 1 and 2). In
Experiment 1, BALB/c mice were given an injection of
LSTRA, then 7 days later were given cyclophosphamide
and MSV-sensitized spleencells from CB6F1mice. Without
therapy, leukemic BALB/c mice died, with a MST of 13
days (Group I). Treatment with 240 mg of cyclophospham
ide per kg increased the MST to 25 days (Group 2). When
sensitized CB6F1 spleen cells were administered after cyclo
phosphamide, 9 of 10 mice were alive at > 89 days after
LSTRA inoculation with no evidence of leukemia (Group
3). On Day 55, the allotyping for C57BL/6 â€˜y-globulinwas
positive (range, 1:4 to 1:32) in 5 of 9 mice, reflecting the
establishment of chimerism. When anti-C57BL/6 serum
was administered 2 days after immunochemotherapy, the
grafted cells were apparently eliminated and all of the mice
died of leukemia with a MST of 26 days. When anti
C57BL/6 serum was administered 6 or 8 days after
immunochemotherapy, there was no reversal of the im
munotherapeutic effect (Groups 5 and 6). Normal serum,
administered 2 days postgrafting, may have reduced but did
not abolish the immunotherapeutic effect (Group 7). In the
2nd experiment, similar data were obtained. Antiserum

administration reversed the immunotherapeutic effect when
given 1 day after CB6F1 immune spleen cells (Group 4). No
antagonistic activity was exerted by the antiserum injected
3, 5, or 7 days later (Groups 5, 6, and 7, respectively).

DISCUSSION

The following series of observations were made in the
current study. (a) With immunochemotherapy ofa Moloney
virus-induced lymphoma with H-2-incompatible immuno
competent cells, fatal GVHD killed the host without gross
evidence of leukemia. (b) GVHD could be prevented when
the mice were treated with antidonor alloantiserum within 2
days after allogeneic spleen transfer. When antiserum
treatment was delayed until Day 3 or later, lethal GVHD
did occur in all recipient mice. (c) With prevention of
GVHD by alloantiserum treatment on Day 2 after the
transfer of allogeneic immune spleen cells, no immuno
therapeutic effect was detected. Apparently, the 2-day
postgrafting period was not sufficient to eliminate the target
tumor cells. (d) Immunochemotherapy with CB6F1 (H-
2â€•/H-2@')immune spleen cells did not result in GVHD and
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70% of the leukemic mice were cured (accumulated value of
2 experiments). The study with the CB6F1 allogeneic model
was designed to determine the influence of the duration of
the chimeric state on the efficacy of immunochemotherapy.
This was achieved using immunocompetent cells which
could be eliminated through the allogeneic portion (H-2â€•)of
their antigenic makeup as a target for specific alloan
tiserum. It was found that a chimeric state lasting for 2 days
was inadequate to control the leukemic disease. Delay in the
administration of antiserum for 3 or more days following
immunocompetent cell transfer could not antagonize the
immunotherapeutic effect.

About two-thirds ofthe cured BALB/c mice that received
sensitizedCB6F1 spleencells had donor-specific â€˜y-globulin
8 weeks after grafting, indicative of persistence of chimer
ism. Administration of alloantiserum 3 or more days after
grafting did not diminish the extent of chimerism, since
two-thirds of the cured BALB/c mice also had positive
allotype titer 8 weeks after grafting of sensitized CB6F1
spleen cells. BALB/c mice with no allotype titer 8 weeks
after grafting might have regained their immunocompetence
and were able to rejÃ§ctthe incompatible CB6F1 spleen cells.
Although in this work no attempt was made to determine
the allotype titer 2 to 3 weeks after grafting of sensitized
CB6F1 spleen cells, our unpublished data show that
BALB/c recipients have high allotype titer 2 to 3 weeks
after grafting of sensitized CB6F1 spleen cells. On the other
hand, when immunosuppressed BALB/c mice were given
an injection of allogeneic spleen cells and treated 2 days
later with antispleen alloantiserum, no allotype-positive
mice were found within 2 weeks (Table 4).

Fefer (7) has observed that most of the BALB/c mice
challenged with LSTRA and treated with cyclophospham
ide followed by transfer of C57BL/6 spleen cells (5 x l0@,
i.p.) immune against MSV survived more than 100 days
without signs of GVHD. That long-term survivors did not
occur in the current studies in the same system may be
attributable to our use of a higher dose of cyclophospham
ide and i.v. route of administration of immune spleen cells.
The higher dose of cyclophosphamide may have prevented
sufficient recovery of the host's immune system to reject the
allogeneic lymphoid cells capable of mounting lethal
GVHD (unpublished data obtained in our laboratory with
nonleukemic mice). In addition, it was observed that more
intensive GVHD was elicited with i.v. administration of
spleen cells than was elicited i.p.
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