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The Effectiveness of Intravenously Administered 
Immune Lymphoid Cells Against Intraperitoneally 
Growing Tumor Correlates with Their Homing in 
the Recipients’ Lymphoid Organs 

RADISLAV VUKIc,* RUDOLF TOMEK,? FILIP CULO and MATKO MARUSIC 
Department of Physiology, Zagreb University School of Medicine, Zagreb, Yugoslavia 

Abstract-Intraperitoneally growing Ehrlich ascites tumor (EAT) was eradicated by both i.p. 
and i.v. injection of serum, and by i.p. injection of spleen cells from mice immune to EAT. 
However, the i.v. injected immune spleen cells were completely ineffective unless the recipients 
had been pretreated with cyclophosphamidc. The analysis of immune response in mice cured by 
the combination of Gyclophosphamide and cell transfer revealed that they developed a humoral- 
gpe immunity to EAT and that the transferred spleen cells did not penetrate into their abdominal 
cavi9. The effect of cyclophosphamide correlated with the extent of seeding of the donor-&pe 
cells in the recipients’ Qmphoid organs. Inasmuch as homing in cyclophosphamide-pretreated mice 
surpassed that in normal mice three to four times, it appeared that the bene$cial effect of 
~clophosphamide was primariLy founded on its enhancement of seeding of the transferred lymphoid 
cells, impbing that homing of these cells is a prerequisite for their anti-tumor activity. 

INTRODUCTION 
PASSIVE tumor immunotherapy has been extensively 
studied [l], obviously in relation to its potential 
clinical application. Generally, the transferred 
immune lymphoid cells are most effective when 
admixed with tumor cells prior to inoculation [ 11. 
Unfortunately, such experimental protocols bear 
little or no resemblance to clinical reality; more 
relevant models are those in which immune cells are 
injected i.v. to animals with clinically ascertained 
tumors. However, in such ‘distant immunotherapy’ 
models, the transferred lymphoid cells have proven 
to be ineffective [l-3]. Their effectiveness could 
be improved by various pretreatments of tumor- 
bearing recipients, primarily by sublethal 
irradiation [4], cyclophosphamide injection [3, 51 
or T-cell depletion [2, 61. Such enhancement of 
anti-tumor effectiveness of the transferred immune 
lymphoid cells was ascribed to eradication of the 
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recipients’ suppressor lymphocytes that allegedly 
thwart the action of the transferred lymphoid cells 
[2, 31. The idea is based on the observation of the 
suppressor cells being selectively depleted due to 
their greater sensitivity to such treatments [2-4, 71. 

Still respecting this concept, in the present report 
we describe another factor that may prove signifi- 
cant in regard to the effectiveness of passive tumor 
immunotherapy, i.e. the extent of homing of the 
transferred lymphoid cells in the recipients’ lymph- 
oid organs. 

In our previous studies [8], the i.v. injected spleen 
cells from donors immune to Ehrlich ascites tumor 
(EAT) were found to be ineffective against an i.p. 
growing tumor. In the present study, this ineffective- 
ness was found to be completely reversed by cyclo- 
phosphamide, the EAT cells being destroyed by 
the humoral-type of immune response. A cytologic 
analysis of the transferred immune lymphoid cell 
homing has revealed, however, that these cells never 
penetrate into the peritoneal cavity of EAT-bearing 
animals. Their effectiveness correlated not only with 
cyclophosphamide pretreatment but also with the 
extent of their homing in the recipients’ lymphoid 
organs. It is thus possible that the improvement 
of seeding of the transferred cells underlies the 
beneficial effects ofcyclophosphamide in the passive 
tumor immunotherapy protocols. 
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MATERIALS AND METHODS 

Mice 
Inbred mice from our animal colony (CBA/Zgr 

and CBATGTG/Zgm) were used in all experiments. 
They were derived from original strains obtained 
20 years ago from the Medical Research Council, 
Harwell, U.K. Mice ofboth sexes, aged 3-5 months, 
were used. The CBATGTG/Zgm strain is syngeneic 
with the CBA/Zgr strain, differing in the shape of 
the sixth pair of chromosomes only. This difference 
is a basis of the cytologic analysis that allowed us to 
determine the origin of mitotic cells in cured mice. 

Tumor 
Ehrlich ascites tumor (EAT) is a highly transpl- 

antable tumor that grows in all mouse strains. 
Its origin is unclear; it is believed to represent a 
spontaneous mammary carcinoma able to grow in 
an ascitic form [9]. After an S.C. injection, it grows 
in a solid form. Our line is an aneuploid one, 
maintained by i.p. passages in CBA/Zgr mice. 

In the present study, EAT cells were injected 
i.p., 5-10 X 105/recipient. This dose killed all the 
recipients within a month. 

Immunization to EAT was achieved by two con- 
secutive (administered in a 2-week interval) injec- 
tions of 2 X lo7 100 Gy-irradiated EAT cells, and 
a challenge with 5 X lo5 live cells. The mice which 
survived tumor-free for 2 months were used as 
donors of immune serum and spleen cells. 

Cyclophosphamide 
Cyclophosphamide (Endoxan produced by Bos- 

nalijek, Sarajevo, Yugoslavia, under license from 
Asta-Werke, Brackwede, F.R.G.) was disssolved in 
sterile isotonic saline and appropriate concen- 
trations were injected i.v. within l-2 h, 0.01 ml/kg 
body wt. 

Cell suspension and transfer 
Spleen and EAT cells were always harvested 

under aseptic conditions and injected in 0.5 ml 
phosphate-buffered saline (PBS). 

Scoring of chimerism 
To determine the incidence of donor cells among 

mitotic lymphoid cells, the cells were analyzed for 
the presence of autosomal T6T6 markers in the 
recipient CBA/Zgr mice, The procedure used for 
scoring mitotic cells was that described by Ford 

[lOI. 

Assessment of the distribution of radioactively labelled spleen 
cells 

5 x lo* spleen cells were incubated for 45 min 
at 37°C with 200 pCi of 51Cr (B. KidriE Institute, 
VinEa, Yugoslavia). After three washings, the recipi- 

ents were injected with an appropriate number of 
viable cells. The radioactivity of the spleen, liver 
and peritoneal eluate was determined and expressed 
as fraction of total body radioactivity determined 
for each individual mouse. 

ImmunoJIuorescence 
The EAT cells, harvested from treated or un- 

treated animals, were washed three times in PBS 
containing 0.01% azide and 2% fetal calf serum. 
Thereafter, they were exposed to fluorescein- 
labelled rabbit anti-mouse IgG serum (Hyland, 
Travenol Laboratories, California, U.S.A.) at 4°C 
for 30 min (lo6 cells in 0.1 ml l/12 diluted anti- 
serum). After three washings, the cells were resus- 
pended in PBS and azide and analyzed immediately 
under a u.v.-microscope. At least 100 cells were 
scored in each sample. 

Elution of immunoglobulins from the surface of EAT cells 
The procedure of Witz et al. [l] was used. In 

short, a sample of 400 mg of packed tumor cells 
was suspended in 2.5 ml cold glycine_HCl buffer, 
30 min at pH 2.5. After centrifugation, the super- 
natant pH was changed to 7.5 and the specimen 
centrifuged at 4°C for 30 min at 8000 g. The con- 
centration of proteins was determined in the new 
supernatant and adjusted by ultrafiltration to 5 and 
30 mg/ml, respectively. 

Testing of sensitivity of EAT cells to complement in vitro 
The EAT cells were harvested from treated mice, 

washed three times in minimal essential medium 
(MEM) and admixed to the 1 : 10 diluted comp- 
lement (lyophilized guinea pig complement, Insti- 
tute of Immunology, Zagreb, Yugoslavia), at a 
concentration of 2 X lo6 cells/O.2 ml. In the nega- 
tive control groups, the EAT cells were mixed with 
0.2 ml MEM. The cells were then incubated for 
45 min at 37°C in water bath, washed and checked 
for viability by the dye-exclusion method (0.05% 
Trypan blue in PBS). The percentage of stained 
(dead) cells was determined in each individual 
sample for at least 200 cells. 

Tumor growth-inhibition tests 
Equal volumes of EAT and spleen cell suspen- 

sions (or serum of the desired dilution) were mixed 
together and injected immediately afterwards. Mice 
received lo6 EAT cells i.p. or lo5 EAT cells S.C. 

Cell-mediated Gytotoxicity 
lo5 live 51Cr-labelled EAT cells in RPMI-1640 

(Gibco, U.S.A.) were admixed in triplicate samples 
with 25 X 105, 50 X lo5 or 100 X lo5 spleen cells 
from EAT-immune donors. Culture supernatants 
were checked for “Cr-release after a 4 h incubation 
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Table 1. Passive immunotherapy of i.p. growing Ehrlich asciks 

honor* with various doses of spleen cells and serum from EAT- 
immune donorst 

Spleen cells 
(X 106) 

Serum 

(ml) 

Dead/total mice injected 
i.p. i.v. 

culture was tested using the 25: 1, 50: 1 and 100: 1 
spleen cell to EAT cell ratios. The experiment was 
performed with a pool ofdonor spleen cells that had 
proved inhibitory for the EAT growth in the tumor 
growth-inhibition tests (Table l), but no significant 
cytotoxicity was detected (data not shown), 

200 O/IO IO/10 
100 o/10 lO/lO 
50 o/10 IO/l0 
20 5/10 IO/l0 
10 IO/l0 ND 

0.2 o/10 o/10 
0.1 O/IO o/10 
0.05 4/10 5/10 

None lO/lO 

*lo6 cells injected i.p. Immunotherapy was performed on the 
same day. 
tDonor mice were immunized twice with 2 X lo7 100 Gy- 
irradiated EAT cells and challenged with lo5 EAT cells/mouse. 
Two months later, tumor-free mice were sacrificed to obtain 
immune spleen cells and anti-EAT serum. 

The next experiment was designed to test whether 
the inability of the i.v. injected immune spleen cells 
to influence i.p. EAT growth was due to their failure 
to contact the antigen (most probably restricted 
to the peritoneal cavity) and become adequately 
stimulated. Therefore, in addition to lo6 live EAT 
cells i.p. and 10a immune spleen cells i.v., the 
groups of recipient mice were also injected i.v. with 
4 X 10’ irradiated EAT cells. Irradiated cells were 
supposed to provide the lacking antigenic stimulus; 
they were injected 2 days before, simultaneously or 
2 days after immune spleen cells. However, in any 
schedule they were unable to reverse the inability 
of i.v. injected immune spleen cells to constrain i.p. 
EAT growth (data not shown). 

at 37°C in a humidified atmosphere containing 5% 
COz. 

Statistics 

Restoration of the activity of i.v. administered immune spleen 
cells against i.p. growing EAT by a cyclophosphamide 
pretreatment 

The survival times in mice were evaluated by the 
simplified Mann-Whitney U-test [12], at a 95% 
significance level. The incidence of survivors in 
particular experimental groups was compared by 
the chi-square test. 

RESULTS 

Failure of intravenously infected immune spleen cells to 
constrain intraperitoneal EATgrowth 

Recipient mice were injected with lo6 EAT cells 
i.p. and 5 days later with 200 mg/kg cyclopho- 
sphamide and 9 X lo7 immune spleen cells i.v. The 
injection of spleen cells was delayed by at least 6 h 
after cyclophosphamide in order to avoid adverse 
effects of the drug on the transferred lymphocytes 
[ 131. Mortality was followed up for 3 months (Table 
2). As expected, the immune spleen cells alone had 
no influence on the EAT growth. 

Mice were injected with lo6 EAT cells/mouse i.p. 
and simultaneously i.p. or i.v. with various doses 
of syngeneic immune spleen cells, ranging from 
2 x lo* to 10” cclls/mousc (Table 1). Some mice 
were injected i.p. or i.v. with 0.2, 0.1 or 0.05 ml/ 
mouse of serum from EAT-immune donors (Table 
1). Mortality was followed up for 3 months. Intra- 
peritoneally injected immune spleen cells con- 
strained EAT growth completely in doses of 
5 x 10’ cells/mouse and higher, partially when 
given in a dose of 2 X lo’, and were completely 
ineffective in a dose of IO’ cells/recipient. Intraven- 
ously injected immune spleen cells were completely 
ineffective; up to 2 X 10s cells neither cured any 
mouse nor influcnccd the median survival times 
(not shown). On the contrary, anti-EAT serum 
from immune donors inhibited tumor growth when 
administered either i.p. or i.v.; 0.1 ml was effective 
in all recipients, whereas the dose of 0.05 ml pro- 
tected approximately half of the tested population 
(Table 1). 

Cyclophosphamide alone was found to moder- 
ately increase the survival time, but had no curative 
effect (Table 2). On the other hand, all mice treated 
with both cyclophosphamide and immune spleen 
cells rejectd EAT and survived tumor-free through- 
out the observation period. 

To investigate the characteristics of the immune 
reaction against EAT in mice cured by the combi- 
nation of cyclophosphamide and spleen cells, in the 
following experiment the presence and activity of 
anti-EAT antibodies in these animals were 
analyzed. An immunofluorescence study of the i.p. 
growing EAT cells revealed that the majority of 
tumor cells (69% on day 2 and 45% on day 5 
following the drug and cell injection) was coated 
with anti-EAT antibodies (Table 3). When exposed 
to complement in vitro, these EAT cells appeared to 
be sensitive to complement-mediated lysis (Table 
3, right columns). In contrast, the EAT cells from 
mice treated with cyclophosphamide or immune 
spleen cells only were antibody-free and resistant to 
complement lysis in vitro. 

The ability of spleen cells from EAT-immune Further evidence of the antibody-mediated mech- 
donors to kill EAT cells in a short-term in vitro anism of inhibition of i.p. EAT growth in mice 



154 R. Vukit ct al. 

Table 2. Restoration of anti-EAT activity of i.v. injected immune spleen cells against i.p. 

growing EAT by the cyclophosphamide pretreatment* 

Injection 
(i.v.) 

Dead/total Median survival <P 
mice time (days) (range) 

- 
Immune spleen cells 
Cyclophosphamide 
Immune spleen cells 
+ cyclophosphamide 

lO/lO 17 (15-U) 
to/10 18 (16-23) NS 
IO/10 26 (23-31) 0.05 

o/10 > 90 0.001 

* 10G EAT ceils were injected i.p. and 5 days later 200 mg/kg cyclophosphamide was injected 
i.v. Immune spleen cells (9 X lO’/mouse) were injected at least 6 h after cyclophosphamide. 

Table 3. Humoral immunity to EAT cells in mice protected by passive immunotherapy*. In vivo antibody binding? 
to tumor cells and in vitro sensitivity of tumor cells to complement-mediated bsisr 

Trratment of mice bearing Percentage of fluorescent EAT cells Percentage of dead EAT cells after 
i.p. EAT (range) on the day after EAT exposure to complement,§ on the day 

inoculation after EAT inoculation 

2 5 2 5 

None 
Immune spleen cells 
Cyclophosphamide 
Cyclophosphamide 
+ immune spleen cells 
Positive control1 

ND\\ ND 2 5 
3.5 (2-5) 4.5 (3-6) 3 5 

ND ND 7 6 

69 (61-76) 46 (41-53) 15 42 
96 99 ND ND 

*Mice were injected with IO6 EAT cells/mouse i.p., 5 days later with 200 mg/kg cyclophosphamide iv. and 6 h 
after the drug with 9 X 10’ immune spleen cells/mouse i.v. EAT cells were harvested and tested after 2 and 5 
days, respectively. 
tTumor cells were washed and exposed to fluorescein-labelled rabbit anti-mouse IgG antiserum. Three mice per 
group. 
$Tumor cells were pooled from three mice per group, exposed to complement and checked for their ability to 
exclude trypan-blue. 
§Numbers represent the net diIIerence as compared to the samples with no complement added. 
(/Not donr. 
!Tumor cells pretreated with mouse anti-EAT serum and then exposed to the rabbit anti-mouse IgG. 

Table 4. Neutralization of S.C. EAT growth with sera of survived mice and eluate from EAT cells from EAT- 
bearing mice treated with cyclophosphamide and immune spleen cells 

Treatment of EAT-bearing 
serum and eluate donors* Tested 

Tumor 
incidence 

Tumor diameter 
(mm; x ? S.E.)t 

None 
None 
Immune spleen cells 
+ cyclophosphamide 

Serum 
Eluate 

Serum 
Eluate 
Eluate (concentrated 
5 times) 

616 11.7 2 0.93 
616 10.8 -c 1.05 

3/6 5.2 f 1.2: 
6/6 9.5 * 0.99 

616 6.0 ” 1.15: 

*Mice were injected with lo6 EAT cells i.p.; 5 days later with cyclophosphamide (200 mg/kg) iv. and 6 h after 
the drug with immune spleen cells (9 X lO’/mouse). Their EAT cells and sera were harvested 2 and 5 days later. 
Tumor cell eluates and sera (0.1 ml/recipient) were tested in the admixture-inhibition assay of growth of 10” S.C. 
injected EAT cells. 
tDetermined 35 days after S.C. EAT injection. 
SSignificant difference (P < 0.01) as compared to the group given serum or eluate from normal (untreated) mice. 
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mice in syngeneic recipients which simultaneously received i.p. EAT cells (5 X lW/mouse) or PBS. Radioactivity relative to total 
body radioactivity is shown in the liver (0)) spleen ( A) and peritoneal cavity (0). Three mice per point. 

treated with the combination of the drug and cells 
is given in Table 4. Serum of cured animals as well 
as the cluate from EAT cells were both able to 
inhibit the growth of EAT cells injected S.C. to 
normal recipients. 

Homing of intravenously administered spleen cells 
Homing of the normal and immune spleen cells 

injected i.v. or i.p. to EAT-bearing or EAT-free 
mice were tested first. The “‘Cr-labelled spleen cells 
were injected in a dose of 5 X lO’/recipient. EAT 
cells were injected i.p. on the same day in a dose of 
5 X lo5 cells/mouse. During the next 4 days, the 
radioactivity was daily determined in the liver, 
spleen and peritoneal cavity, and compared to the 
total body radioactivity. Each experimental point 
contained data obtained from three mice. The data 
in Fig. 1 clearly show that i.v. injected spleen cells 
migrated mainly to the liver and the spleen but did 
not penetrate into the abdominal cavity. In contrast, 
the majority of i.p. injected labelled cells was 
retained in the abdominal cavity, migrating to a 
rather small extent to the liver and only minimally 
to the spleen. This general pattern was not altered, 
regardless of whether immune or normal spleen 
cells were used, or whether or not the recipient mice 

were injected with EAT (Fig. 1). 
In the following experiment, normal CBA mice 

were injected with syngeneic CBATGTG spleen cells 
in order to evaluate the extent of their homing 
in the recipients’ lymphoid organs by cytologic 
analysis. Homing of the transferred immune spleen 
cells in mice treated with cyclophosphamide was 
also analyzed, since only in these mice the growth 
of tumor was inhibited (see Table 2). The cytologic 

data in Table 5 show that neither in cyclophos- 
phamide-pretreated mice nor in normal EAT-bear- 
ing mice did the transferred immune spleen cells 
penetrate significantly into the peritoneal cavity. 
Furthermore, a detailed analysis of homing of trans- 
ferred immune spleen cells in lymphoid organs 
of cyclophosphamide-pretreated recipients (Figs. 2 
and 3) revealed that the i.v. injected immune spleen 
cells seeded rather poorly in spleens and lymph 
nodes of either normal (Fig. 2A) or EAT-bearing 
(Fig. 2B) recipients, but that in cyclophosphamide- 
pretreated recipients they constituted more than 
50% of the total mitotic cell population (Fig. 2C). 
The highest chimerism was found when the immune 
spleen cells were injected early after cyclophos- 
phamide (Fig. 2C) and when lymphoid organs were 
analyzed up to 8 days after the immune spleen cell 
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Fig. 2. Percentage of donor-type cells in spleens (white columns) and 
&mph nodes (shaded columns) of mice injected i.v. with 5 X 10’ spleen 
cells from donors immune to EAT. The interval is indicated at which the 
immune spleen cells were injected after PBS (A,B) or cyclophosphamide 
( C) The chimerism was always determined 7 days after the injection of 
spleen cells. (A) Mice pretreated with PBS on day 0. (B) Mice pretreated 

with PBS on day 0 and one day later injected i.p. with 5 X lo” EAT 
cells. (C) Mice injected with 180 mg/kg cyclophosphamide on day 0. 

Each point represents one mouse. 

injection (Fig. 3). However, up to 20% of the donor- 
type cells could be detected in the recipients’ spleens 
and lymph nodes even 4 months after the spleen cell 
injection into cyclophosphamide-pretreated mice 
(Fig. 3C). 

DISCUSSION 
In the previous study of immune mechanisms in 

EAT growth in mice [8], anti-EAT immune serum 
was observed to inhibit i.p. EAT growth when 
injected either i.p. or i.v., whereas spleen cells from 

ME LkG BEIYEEN EM ImV 01 hND CVUDPMDMbMDE 
INJ=TIDN ICmVS) 

Fig. 3. Percentage of donor-rype cells in spleens (white columru) and 
bmph no&s (shaded columns) of mice injected i.p. with 5 X lo5 EAT 
celLs/mouse and 2,5 or 7 o@ys later i.v. with 180 mg/kg cyclophoshamia? 
and 5 X 10’ spleen cells from EAT-immune donors. The chimerism was 
dekrmined 3 (A), 8 (B) and 115 (C) days after the injection qf spleen 

cells. Each point represents one mouse. 

immune donors were effective when injected i.p. 
only. In the present report, these findings are con- 
firmed and documented in a dose-response manner 
(Table 1). Even very high doses of immune spleen 
cells (e.g. 2 X 108/mouse) were completely ineffec- 
tive when injected i.v. (Table 1). This phenomenon 

Table 5. The proportion of donor-type cells among t/u cells inaltrating i.p. growing EAT in a model 
of adoptive immunotherapy of EAT in mice* 

Treatment of mice bearing i.p. EAT No. ofdonor cells/total no. ofmitotic non-tumor cells on 
the day after injection of immune spleen cells 

2 5 

Immune spleen cells 
Immune spleen cells 
+cyclophosphamide 

2178 O/60 

2192 l/38 

*CBA mice were injected with IO6 EAT cells/mouse i.p.; after 5 days with cyclophosphamide 
(200 mg/kg) i.v., and 6 h after the drug with 9 X 10’ CBATGTG EAT-immune spleen cells i.v. The 
chimerism of peritoneal cell population was determined after 2 and 5 days, respectively. Two to 
three mice per group. 
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deserves full attention inasmuch as it may turn out 
to be rather relevant to the clinical application of 
passive tumor immunotherapy. Namely, the cells 
to be transferred to a cancer patient would mostly 
be administered systematically in an attempt to 
locally reduce the growing tumor mass (see [ 11). In 
addition to the well known problems of tumor 
antigenicity and extracorporeal stimulation of 
immunocytes, such apparently banal obstacles may 
crucially determine the final outcome of the immu- 
nologic intervention, Hence we used a strongly 
immunogenic tumor and adequately stimulated 
cells, but the degree of anti-EAT protection was 
still found to completely depend on the route of 
injecting the transferred lymphoid cells (Table 1). 
The present experimental study was devoted to an 
analysis of this finding. 

Failure of i.v. injected immune spleen cells to 
constrain i.p. EAT growth was not due to the 
protocol-related reasons that could prevent immune 
cells contacting tumor antigens and becoming acti- 
vated. They were also ineffective when combined 
with irradiated tumor cells that could provide the 
antigenic stimulus. The data on hematologous dis- 
semination of i.p. growing EAT cells [ 141 also speak 
against that possibility, because such disseminated 
EAT cells could potentially provide the necessary 
stimulation. 

Pretreatment of EAT-bearing mice with cyclo- 
phosphamide allowed the i.v. injected immune 
spleen cells to completely constrain i.p. tumor 
growth (Table 2). Comparable findings were often 
reported by other researchers [3, 5, 15, 161 and 
generally ascribed to a cyclophosphamide-induced 
depletion of suppressor cells [3, 6, 161. However, 
we were aware of Celada’s finding [17] that an 
adoptive transfer of immune cells to normal adult 
mice often failed to confer immunity upon the 
recipients, although the same immune cells were 
capable of doing so when transferred to newborn or 
irradiated recipients. We felt that the effectivenss of 
the transfer might, among other possible factors, 
greatly depend on the extent of homing of transferred 
cells in the new environment. The effectiveness of 
transferred cells in irradiated recipients was 
ascribed to a release from suppression normally 
exerted by host suppressor lymphocytes [4, 181. 
However, a much simpler alternative has never 
been considered: it may be that the effectiveness of 
transferred cells firstly depends on the effectiveness 
of their seeding in the recipients’ lymphoid organs. 
The question of homing of transferred cells as 
a prerequisite for their effectiveness of any kind, 
especially in a syngeneic combination, has never 
been adequately assessed although the data showing 
a relevant correlation are quite old [19, 201. 
Although it appears reasonable to assume that 
suppressor cells are scarcer in the T-cell deficient 

BJC 24:2-o 

[2, 61, irradiated [4, 7, 211 or cyclophosphamide- 
treated [7, 161 mice, it is equally reasonable to 
suspect that these mice provide more inevitable 
‘room’ for transferred cells to home and function. 
Indeed, the data showing cyclophosphamide to 
enhance the action of transferred syngeneic cells 
even when given before tumor [20] strongly suggest 
that the effect was due to better colonization and 
‘long persistence’ of donor cells in the lymphoid 
tissues depleted of cyclophosphamide. 

Our data indirectly support a view that the helper 
T-cells are responsible for an adoptive transfer 
to immunity to EAT. The immune spleen cells, 
although effective against EAT upon the adoptive 
transfer to normal recipients, did not exert any 
cytotoxicity for EAT in a short-term 51Cr-release 
assay (data not shown). However, the activity of 
such cells could be entirely abolished by the pre- 
treatment of spleen cells with anti-Thy-l antibodies 
[8]. The transferred helper T-cells (L3T4+) can 
mediate their antitumor activity in at least three 
ways [22]: (a) they can function as helper cells to 
recruit and augment the production ofhost cytotoxic 
lymphocytes; (b) by secreting lymphokines, initiate 
a delayed-type hypersensitivity reaction, which is 
mediated by host cells; and (c) provide help for the 
production of antibodies. 

The third mechanism, i.e. the induction of anti- 
tumor antibodies, was the most probable mechan- 
ism for the rejection of EAT in our model. We have 
clearly shown that cytotoxic antibodies are present 
at the tumor site (Table 3) and in the serum of 
cured animals (Table 4), and that the EAT cells 
can be destroyed by local or systemic administration 
of antitumor antibodies (Tables 1 and 4). Thus, 
EAT is similar to some virus-induced tumors, in 
which such a role of antibodies has been ascertained 
[20, 231. Accepting this, one has to answer two 
questions. First, whether the immunity to EAT is 
tumor-specific or is directed to some virus-related 
structure, which might be secondarily incorporated 
in EAT cells due to its long transplantation history. 
Although we cannot exclude that immune cells or 
antibodies recognize some virus-related structure, 
such a reaction is not crucial for the rejection 
mechanism, since immunity to EAT was shown to 
be tumor-specific, i.e. mice immune to EAT did not 
reject other mouse tumors [24, 251. 

The second question concerns the origin of B cells 
producing the antitumor antibodies. In the view of 
the findings showing B cells to be extremely sensitive 
to cyclophosphamide metabolites in vivo [26], one 
has to assume that antibody response is mediated 
exclusively by donor cells. However, we have pre- 
viously shown [27, 281 that immune reaction was 
not sensitive to the suppressive action of cyclophos- 
phamide if the drug was applied 5 or more days 
after priming with dead tumor cells. Thus, it is 
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possible that the primed host B cells might escape 
the toxic action ofcyclophosphamide and, therefore, 
be able to cooperate with donor T cells in producing 
antitumor antibodies. Experiments with the transfer 
of purified T cells would provide an unequivocal 
direct answer to this question. 

Since anti-EAT antibodies inhibited i.p. EAT 
growth when injected not only by the i.p. route but 
also when given iv. (i.e. after penetration from 
circulation, Table l), we have to speculate why 
spleen cells do not function when injected i.v. One 
of the possible reasons would be that spleen cells 
must penetrate into the abdominal cavity in order 
to suppress tumor growth, since the i.p. injected 
cells did elicit their action (Table 1). Indeed, there 
are well documented findings showing that the 
transferred donor cells infiltrate tumor (mostly T 
cells), and that local immune reaction initiated 
by donor cells leads to regression of tumors in 
cyclophosphamide-pretreated mice [29]. In our 
experiments, however, neither in normal or EAT- 
bearing mice nor in cured, cyclophosphamide-pre- 
treated mice did the transferred spleen cells pen- 
etrate into the abdominal cavity. This was shown 
by the analysis of the distribution of cells with T6T6 
marker (Table 5) and 51Cr-labelled cells (Fig. 1). 
Although the data obtained with T6T6 marker 
might not be conclusive, since they are based on 
scoringofcells in mitosis (which need not necessarily 
be of an immunological origin), their consistency 
with data obtained for the distribution of 51Cr- 
labelled cells supports the conclusion that the trans- 
ferred cells did not penetrate into the abdominal 
cavity. Obviously, as discussed before, ifspleen cells 
act by producing antibodies, and antigen circulates 
in the blood [ 131, there is no need for immune cells 
to penetrate at the tumor site. 

The second possible reason for the failure of i.v. 
injected spleen cells from EAT-immune donors to 
inhibit i.p. EAT growth would be that something 
outside the peritoneal cavity normally prevents the 
transferred cells acting. This factor is neutralized 
by cyclophosphamide (Table 2), so that transferred 
immune spleen cells become effective and destroy 

EAT cells from a distance, by circulating serum 
antibodies. These antibodies penetrate into the 
abdominal cavity and bind to tumor cells (Tables 3 
and 4). 

We focused on the idea of a homing prerequisite 
and found a clear-cut correlation between the effect- 
iveness and homing of transferred immune spleen 
cells (Figs. 2 and 3). Naturally, this does not prove 
the causative relation between the two events, since 
the donor cells proliferating in CY-pretreated host 
lymphoid tissues might equally be of hematopoietic 
origin. Therefore, our data still do not challenge 
the possibility that the cyclophosphamide-related 
depletion of suppressor cells was important. How- 
ever, it should be noted that in tumor bearing mice 
treated with cyclophosphamide only, no in vitro 
sensitivity of EAT cells to complement-mediated 
lysis could be detected (Table 3), suggesting that 
the drug did not release the otherwise suppressed 
anti-EAT immune response. It is certainly true that 
cyclophosphamide-induced enhancement of anti- 
EAT activity of transferred immune spleen cells is 
partly due to its direct anti-tumor effects; however, 
the tumoricidal cyclophosphamide action could not 
account for the complete effect, because when 
immune spleen cells were not added, cyclophos- 
phamide was only marginally effective (Table 2). 
Another possibility is that cyclophosphamide 
renders tumor cells more sensitive to the effects 
of immune mechanisms, which we actually have 
already shown [30]. 

Leaving all these possibilities open, our present 
data still clearly show that cyclophosphamide 
enabled the transferred lymphoid cells to seed to 
the hosts’ lymphoid organs to a much higher extent 
than they did in untreated mice (Figs. 2 and 3). 
Since the effect correlated with the appearance 
of anti-tumor activity of the transferred cells, the 
importance of homing of the cells used for passive 
tumor immunotherapy should be seriously taken 
into account in the relevant research. Our current 
studies have been aimed at separating the men- 
tioned effects ofcyclophosphamide and determining 
their individual relative importance. 
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