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SUMMARY

The immune response of BALB/c x OBA/2 F1 mice to a
transplantable Moloney leukemia virus-induced tumor allo
graft (MBL-2) was studied to determine the mechanism of
pynan copolymem-induced tumor enhancement. The relative
levels of humonal, lymphocyte, and macmophage response
were followed chronologically by in vitro cytotoxic micmoas
says using 51Cm-labeledtarget cells. Although pyran in
creased the titer of humoral cytotoxic antibody, levels of
humoral factors capable of abrogating lymphocytoxicity
were not enhanced. Furthermore, splenic lymphocyte-me
diated cytotoxicity, although slightly diminished in pyran
treated mice, was not significantly affected. Macrophages
harvested from allogmaft-bearing animals exhibited marked
tumomicidal activity, which was augmented by pyran treat
ment. This macnophage-associated activity was specific for
MBL-2 cells and not attributable to cytotoxmns elaborated
into the culture medium. Pyran slightly activated macro
phages from nonsensitized mice to become cytotoxic for
MBL-2 cells; activation was not T-ceII dependent. However,
strikingly fewer macmophages infiltrated the allogmaft in
pyran-tneated animals as judged by both histopathology and
direct measurement. The defect in the migration or deposit
of macmophages at the allognaft site may have contributed to
tumor enhancement.

INTRODUCTION

Presently, much emphasis is being placed on amplifying
the host's immune response with adjuvants capable of po
tentiating antitumom resistance. Because certain immune
responses have been demonstrated that either block cell
mediated immunity on stimulate tumor growth (5, 19, 21),
the immune response of the host must be influenced in
such a manner thattumom-destmuctive immune responses
predominate over tumor-protective immune responses. The
specific mechanisms in which an adjuvant such as pyman
copolymer modifies the I@ost'sresponse have not been well
characterized, and most reports have concentrated on 1
isolated parameter of the response, either the cellular on
humomal immune compartment. However, the interrelation
ships between different components of the immune me
sponse may be critical in determining whether a tumor is
either destroyed or enhanced.
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Although pyman copolymem has convincingly demon
stmatedenhanced host resistance to neoplasia (8, 10, 11, 17,
22), it has also been shown to promote tumor induction
under certain treatment regimens. Gazdar et a!. reported
that pretreatment of BALB/c mice with pyman enhanced
tumor induction by Moloney sarcoma virus (6). Similarly,

Schullen et a!. (20) demonstrated that by merely changing
the route of inoculation of pyman,a pronounced protective
effect changed to potentiation of Friend leukemia virus
induced leukemogenesis. Knipke and Bomsos(15) found that
chronic treatment of C3H mice with pymanmarkedly accelem
ated the induction of skin carcinomas by benzo(a)pymene
(15). The mechanism by which pyran promotes tumor in
duction is not understood and is of paramount concern
before it can be tested as a therapeutic adjuvant in human
clinical trials.

Previous experiments have shown that when BALB/c x
DBA/2 F1 (hereafter called CO2F1) mice were treated i.p.
with pyman4 to 10 days after tumor inoculation, their ability
to reject a Moloney lymphoid leukemia allognaft was im
paired (S. J. Mohm, personal communication). This paper
presents the effect of pyran on several in vitro parameters of
tumor immunity during such enhancement in an attempt to
determine whether any components of the immune me
sponse ontheir functional interrelationships could be come
lated with a depressed host capacity to reject the allognaft.

MATERIALS AND METHODS

Tumor. Lymphoid leukemia line MBL-2, originally in
duced in C57BL/6J mice by Moloney MuLV,' was kindly
supplied by Dr. 0. Houchens, Drug Evaluation Branch, Oivi
sion of Cancer Treatment, National Cancer Institute. It has
been passed in our laboratory for >200 generations in as
cites form in adult C57BL/6J mice at 10-day intervals. For
allogmaft studies, 1.0 x 10@MLB-2 ascites cells were inocu
lated s.c. into the right inguinal region of CO2FI mice.

Mice. Male CO2FI (H-2â€•)and C57BL/6J (H@2b)mice were
obtained from the Mammalian Genetics and Animal Produc
tion Section of the NIH, Bethesda, Md. All animals for im
munological studies were 6 to 8 weeks of age and weighed
approximately 25 g. Male athymic nude (nu/nu) mice were

I The abbreviations used are: MuLV, murine leukemia virus; APMI-FBS,

Roswsll Park Memorial Institute Medium 1640 supplemented with 20% heat
inactivated (56Â°for 30 mm) fetal bovine serum, gentamicin (100 j@g/ml),
0.075% NaHCO3, and 10 mu N-2-hydroxyethylpiperazmne-N'-2-ethanesul
fonic acid buffer; HBSS, Hanks' balanced salt solution.
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supplied by the Animal Breeding Farms at the Frederick
Cancer Research Center, Frederick, Md. Animals were
housed in plastic cages with air filter bonnets and were
given Purina laboratory chow and tap water ad libitum.

Pyran Copolymer. Pyman-2-succinic anhydnide-4,5-dicam
boxytetrahydnoxy-6-methyl anhyd ride polymer (NSC 46015)
was kindly supplied by Or. David Breslow of Hercules Re
search Center, Wilmington, Del. Pynan was dissolved in
0.9% NaCI solution, adjusted to pH 7.0 by the addition of 1 N
NaOH, and given i.p. at 1% body weight on Day 6 after
tumor inoculation.

Target Cells. A tissue culture strain of MBL-2 (H-2â€•,Mob
ney MuLV-induced) cells was established from the 180th in
vivo passage. These cell cultures grow as single-cell sus
pensions and produce systemic leukemia when C57BL/6J
mice are inoculated i.p. with 1 x 10@cells. These character
istics have continued for 40 in vitro passage generations.
Suspension cell cultures were also initiated from ascites
transplant lines of L1210 [H-2â€•(OBA/2) nonvimal-induced]
and LSTRA [H-2â€•(BALB/c) Moboney MuLV-induced] munine
Ieukemias in their 90th and 150th in vivo passages, respec
tively. All target cell lines were grown in RPMI-FBS. Normal
peripheral blood lymphocytes from C57BL/6J mice were
obtained by sedimentation through Ficoll. Hepaninized
whole blood, diluted 1:2 in 0.83% NaCI solution, was lay
ened on lymphocyte separation medium (Litton Bionetics,
Kensington, Md.) and centrifuged at 400 x g for 35 mm at
18Â°.The lymphocytes were aspirated from the interface
between the plasma and Ficoll-diatnizoate phases and were
washed 2 times in RPMI-FBS before being labeled. Viability
of the various target cells was determined by the tnypan blue
exclusion test.

Labeling Target Cells. Viable cells (1.0 x 10@)were resus
pended in 2 ml of RPMI-FBS containing 200 @Ciof
Na251CrO4(New England Nuclear, Boston, Mass.; NEZ 030,
at 1 mCi/mI). The mixture was then incubated at 37Â°in a CO2
incubator for 90 mm with occasional shaking. After incuba
tion, the cells were pelleted by centnifugation (1000 rpm, 10
mm) and washed 4 times with 30-mI volumes of medium.
Specific activity was maintained between 0.1 and 0.3 cpm/
cell (measured in a Beckman Biogamma spectrometer).

Preparation of Peritoneal Macrophages. Penitonealexu
dates were harvested from CD2FI mice by i.p. injection of 5
ml of 25Â°HBSS containing 2 units of sodium hepanin per ml.
Within 10 mm after injection, the mice were sacrificed and
the penitoneal exudate was collected by paracentesis. Exu
dates from 5 mice in each group were pooled, washed once
in 30 ml HBSS, resuspended in 10 ml RPMI-FBS, and plated
into 100- x 20-mm tissue culture dishes (Falcon Plastics,
Oxnand, Calif.). The dishes were incubated for 2 hr at 37Â°in
a 5% C02-in-air incubator, then washed 4 times with cold
HBSS to remove nonadhenent cells. The adhering cells were
gently scraped with a soft rubber policeman into RPMI-FBS,
washed, and counted with a hemacytometen. Representa
tive preparations of purified pemitoneal adherent cells were
stained with Giemsa stain; >95% of the cells seen had
morphological characteristics of macrophages. Macno
phage suspensions were kept in an ice bath prior to use to
prevent adherence. This procedure usually resulted in a
yield from each mouse of 1.0 to 2.5 x 106 purified macno

phages with a viability of 90% or greater as determined by
trypan blue exclusion.

Preparation of Splenic Lymphocytes. Single cell suspen
sions were prepared from the spleens of 5 mice/group.
Spleens were finely minced with scissors in 5 ml HBSS and
dispensed by forcing the fragments through a 16-gauge
needle. The debris and large fragments were allowed to
settle and the supemnatant containing the suspended cells
was removed. These cells were washed 5 times in 30-mI
volumes of HBSS; the final cell pellet was resuspended in 10
ml RPMI-FBS. Nonadherent cells were collected following 2
1-hr incubations at 37Â°in 100- x 20-mm tissue culture
dishes. The suspensions were then counted with a hemacy
tometen and adjusted to 2.0 x 10@viable lymphocytes per ml
RPMI-FBS.

Test for Complement-dependent Serum Cytotoxicity.
Senawere routinely titrated in doubling dilutions from 1:10.
Suspensions of 51Cr-labeled target cells were diluted to
contain 1.0 x 10@cells/mI. Cells (10@)in 100-SI aliquots were
plated with an automatic repeating dispenser (Hamilton
Co. , Reno, Nev.) into wells of No. 3040 Microtest II plates
(Falcon Plastics, Oxnard, Calif.). One hundred @lof each
serum dilution were then added to quadruplicate wells.
Spontaneous release of 51Cnoven the test period, which
varied between 4 and 13% of total label, was determined
from wells receiving only medium. The plates were incu
bated for 30 mm in a 5% CO2-in-air atmosphere to allow
antigen-antibody complexing. Fifty pi of active or inactive
(heated at 56Â°for 30 mm) guinea pig complement (Grand
Island Biological Co., Grand Island, N.Y.) were then added,
and the plates were allowed to incubate at 37Â°for an addi
tional 3 hr. Following the final incubation, the plates were
centrifuged (1000 rpm for 10 mm) using an International 274
motor. One hundred jil of supemnatant fluid were removed
from each well with a micnopipet. The tip was placed just
under the liquid surface and lowered, as medium was with
drawn, to prevent disturbance of the cell pellet. To deter
mine the maximum releasable radioactivity, 1-mbaliquots of
working target cell suspensions were subjected to 3 freeze
thaw cycles, centrifuged at 1000 rpm for 10 mm, and 40-@l
aliquots of the supennatant were counted. The fluid from
each well was placed into a disposable vial and counted in a
Beckman Biogamma spectrometer.

. . /cpm@ â€” cpmv\
%speclflc release = I â€¢IX 100\ cpmM I

where cpmE cpm released in the presence of test serum
and complement â€”spontaneous release; cpm,@= cpm me
leased in the presence of normal mouse serum and corn pIe
ment â€”spontaneous release; and cpmw maximum
release â€”spontaneous release.
TestforCellularCytotoxicity.The chromium releaseas

say for measuring cellular cytotoxicity was performed basi
cabbyas described by Thorn et a!. (23) with few modifica
tions. Target cells were plated into wells on Microtest II
plates as described in the text for humoral cytotoxicity. One
hundned-@tbaliquots of the appropriate concentrations of
effectom cells (2.0 x 107/mI for splenic lymphocytes and 5.0
x 106/ml for penitonealmacrophages) were added to quad
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Day 0. Therere

inoculated with 1.0 x 10@MBL-2 ascites cells on
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muplicate wells; effecton:tamget cell ratios were therefore
200:1 and 50:1 , respectively. Spontaneous release, which
varied from 7 to 24% of the total label, was determined from
the wells which contained only target cells. The plates were
incubated at 37Â°for 16 hr in a 5% CO2-in-air atmosphere.
Following this incubation, the plates were centrifuged (1000
rpm for 10 mm), and radioactivity was measured in the cell
free supemnatant as described above.

. . fcpm@ â€” cpm@.\

% specific 51Cn release = I@ I X 100
\ cpm@ /

where cpm@= cpm released in the presence of test effectom
cells â€”spontaneous release; cpm.@= cpm released in the
presence of normal mouse effectom cells â€”spontaneous
release; and cpm@ = maximum release â€”spontaneous
release.

Test for Humoral Blocking Factor(s). The 51Cm-Iabeledcells
were plated into wells on microtiter plates as described
earlier. Blocking of lymphocyte-med iated cytotoxicity by

serum was tested by the addition of 50 p1 of test serum,
previously heat-inactivated at 56Â°for 30 mm and diluted with
an equal volume of HBSS, to each well. The plates were
incubated for 30 mm in a 5% C02-in-ain incubator. Splenic
lymphocytes were obtained from mice 12 days after MBL-2
tumor inoculation at a time when they were most reactive in
vitro against MBL-2 cells. These cells were added and the
plates were incubated and processed as described in the
test for cellular cytotoxicity. Percentage abrogation of cyto
toxicity was calculated by the following formula:

( i â€”Â°â€œÂ°specific 51Cmrelease in the presence of serum
â€œ % specific 51Crrelease in the absence of serum

x 100.

Percentage specific abrogation of 51Crrelease was calcu
batedby subtractingcontrolfromtestserum values.

Histopathobogy. Whole tumors were excised at different
time intervals after tumor inoculation and fixed in 10%
neutral fommalin. These tissues were sectioned and stained
with hematoxylin and eosin or the periodic acid-Schiff me
agent. These slides were interpreted for relative levels of
macnophage and lymphocyte infiltration.

Estimation of Tumor Macrophage Content. The entire
mass of a s.c-growing MBL-2 allograft was excised, minced
with scissors, washed 2 times with HBSS, and suspended in
0.1% trypsin solution (Grand Island Biological Co., Grand
Island, N. V.). The tumor fragments were stirred continu
ously by a magnetic stirring device at room temperature for
1 hr. The fragments were then allowed to settle and the cell
suspension was removed, centrifuged, and washed with
HBSS. The percentage of macrophages was determined by
the method of Evans (4).

RESULTS

Enhancement of MBL-2 Allografts by Pyran Copolymer.
The data presented in Table 1 show that pymantreatment at
either 1 on25 mg/kg on Day 6 after MBL-2 tumor inoculation
was capable of enhancing the growth of MBL-2 tumors in
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albogeneic CD2F1mice. Previous experiments in our labona
tony have shown that this response appears to be related to
the tumor load at the time of pymantherapy. In the normal
allogmaft response, the tumors had all undergone complete
regression by Day 27 whereas, with pyman treatment at
either dosage bevel, 40% of the animals had progressively
growing lethal tumors.

Effect of Pyran Copolymer on Kinetics of Macrophage
associated Tumoricidal Activity. Heightened macmophage
mediated cytotoxicity was first detected 9 days after MBL-2
tumor inoculation and reached peak values on Day 12. This
cytotoxic action of pemitoneal macmophages was highly po
tentiated by pynan treatment (Chart 1). Cytotoxicity was
enhanced in albograft-beaning animals treated with either
dose of pyran, although 25 mg/kg was more efficient than 1

TABLE 1

Effect of pyran copolymer treatment on MBL-2 tumor allograft
growth

a T/T, mice with tumor/total number of mice; ATS, average tumor

size of mice with tumors; D/T, percentage of mice dying with tumor.

U)

0

0

0

0.
C')

100 -

Chart 1. Effect of pyran copolymer on the cytotoxic activity of purified
peritoneal macrophages from MBL-2 tumor-bearing CD2F, mice to MBL-2
target cells. Mice were inoculated s.c. with 1.0 x 10@ascites tumor cells on
Day 0. Pyran was administered p. at a dose of either 25 ( 0) or 1 (0) mg/kg
on Day 6. Tumor-bearing mice that did not receive drug served as controls
(â€¢).Thevaluesaremeansobtainedfrom quadruplicatesamples;SE. never
exceeded Â±3%.
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Influence of pyran copo!ymeron complement-dependentserumcytotoxicity
in MBL-2 tumor-bearingmiceMice

were inoculated s.c. with 1.0 x 10@MBL-2tumor cellsonOay
0.Reciprocal

end point dilution of antiseracausing50%
cytotoxic activity in presenceof complement

Pyrantreat
ment Day6 Day9 Day16 Day20 Day27<10

<10 10 1020None1

mg/kg on NAb <10 40 4080Day
6@25mg/kgon

NA 10 20 4080Day
6
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mg/kg at augmenting tumonicidal response. Cytotoxic ac
tivity disappeared by Day 15 in untreated mice but extended
until Day 20 in treated mice.

Since macrophages collected from tumor-bearing mice
exhibited marked tumonicidal activity to MBL-2 cells, a
study was undertaken to determine whether this response
was immunologically specific. An attempt was also made to
distinguish between reactivity due to H-2 and MuLV anti
gens at the target cell membrane. Specificity controls con
sisted of L1210 (H-2â€•,Moboney MuLVâ€”)and LSTRA (H-2â€•,
MoboneyMuLV +) leukemia cells and allogeneic blood lym
phocytes from C57BL/6J (H-2â€•)mice. Macrophages from
MBL-2 tumor-beaning mice were only cytotoxic for the MBL
2 target cells.

We also studied the effect of pyran treatment on macro
phage reactivity from nonsensitized mice. Pyran, when ad
ministered at 25 mg/kg, was found to activate macrophages
from non-tumor-bearing animals to kill MBL-2 target cells
(Chart 2). This cytotoxic activity peaked at about the 6th day
after drug treatment and fell off rapidly. Similar results have
been obtained from athymic nude (nu/nu) mice. A product
from thymus-denived lymphocytes was not essential for
macrophage activation. However, specifically â€œarmedâ€•
macnophages from allognaft-beaning mice were much more
efficient than pyran-activated macrophages from nonsensi
tized mice at tumor cell cytotoxicity. Moreover, pynan treat
ment at 1 mg/kg did not give significant elevation of cyto
toxicity. Macrophage stimulation by pynan required 6 days
in either the tumor on nontumon-beaning host.

Effect of Supernatants from Cultures Containing Macro
phages Admixed with Tumor Cells. To determine whether
soluble factors from armed on pynan-activated macnophages
were cytotoxic to MBL-2 target cells, penitoneab macno
phages with and without tumor cells were incubated under
similar conditions, as in the test for cellular cytotoxicity.
After 24 hr of incubation at 37Â°in a 5% C02-in-air incubator,
fluidswere removed and centrifuged at 1500 rpm for 10 mm.
Undiluted supennatants were tested for their cytotoxic po
tential on MBL-2 cells using the standard 51Cnrelease tech
nique for measuring cellular immunity; in no instance was
killing observed. Therefore, the antitumon effects of penito
neal macnophages do not appear to be attributable to solu
blefactorselaboratedintotheculturemedia.

Effect of Pyran on Complement-dependent Serum CytotoxicAntibodyResponse.SenawereharvestedfromMBL-2
tumor-bearing mice at different intervals after pynan copoly
men treatment and quantitatively analyzed for levels of de
tectabbe cytotoxic antibody. Pyran at both 1 and 25 mg/kg

40

20-

enhanced the humoral cytotoxic antibody response (Table
2). Antibody cytotoxic to MBL-2 cells was detectable by Day
9, and levels of cytotoxic antibody in serum were increased
2- to 4-fold by pyran at 16, 20, and 27 days after tumor
inoculation.

Effect of Pyran Copolymer on Splenic Lymphocyte CytotoxicActivity.Theeffectofpymanontheabilityofsplenic
lymphocytes from albograft-beaning animals to kill MBL-2
cells was assessed. The time of appearance and duration of
splenic lymphocyte reactivity roughly paralleled the specific
macmophage-mediated cytotoxic response (Chart 3). Al
though lymphocyte-mediated cytotoxicity was not severely
affected by pyran , a slightly diminished response has me
peatedly been .obsenved.

Effect of Pyran on Humoral Blocking Factor(s). Serum
factors of MBL-2 tumor-beaning animals were found to
block lymphocyte-mediated cytotoxicity in vitro (Table 3).
Normal CD2FI serum did not abrogate the ability of immune
lymphocytesto killMBL-2 targetcells.This humonab me
sponse was detectable on Day 12 after tumor inoculation
and reached its peak on Day 20 in mice that regressed their
tumors. No difference in the relative amounts on temporal
appearance of blocking factors were found in animals hay
ing pynan-induced tumor enhancement.

Macrophage Content of Tumor Albograft. The influence
of pynan on the infiltration of macrophages into MBL-2

TABLE 2

wU)
LU-C

0

0

0

U) 2 4 6 8
C I I@ I

10 12 14 16 18

-20 -
DAYSAFTERPYRANCOPOLYMERTREATMENT

Chart 2. Effect of pyran copolymer on the cytotoxic activity of normal
C02F1 peritoneal macrophages against MBL-2 target cells. Pyran was admin
istered i.p. at a dose of either 25 (0) or 1 (0) mg/kg on Day 0. The values
are means obtained from quadruplicate samples; S.E. neverexceeded Â±2%.

a Pyran was given i.p. There were 5 mice/group.

b NA, not applicable.

60-

U
U.

c-LU

Zn:
@U20

C
4

DAYS AFTERTUMOR INOCULATION

Chart 3. Effect of pyran copolymer on the cytotoxic activity of splenic
lymphocytes from MBL-2-tumor-bearing CD2FI mice for cultured MBL-2 tar
get cells. Mice were inoculated s.c. with 1.0 x 10@MBL-2 ascites tumor cells
on Day 0. Pyran was administered i.p. at a dose of either 25 (0) or 1 (0)
mg/kg on Day 6. Tumor-bearing mice that did not receive drug served as
controls (â€¢).Each experiment involved 5 mice/group.

1644 CANCERRESEARCHVOL. 36

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2397127/cr0360051641.pdf by guest on 19 M

ay 2023



Effect of serum from MBL-2 tumor-bearing animals on lymphocyte
mediatedcytotoxicityMice

wereinoculated s.c. with 1.0 x 10@MBL-2 tumor cellsonDay
0.Pyran

treat
ment%

specific abrogation oflymphocytotoxicityâ€•Day

5 Day 9 Day 12 Day 20 Day27Noneâ€”1

â€”2 33 512425
mg/kg onNAb 2 38 4520Day

6

Effect of pyran copoly

Mice were inoculatedmer

on macrophage infiltrate in MBL-2
allograft

s.c. with 1.0 x 10@MBL-2 tumor cellsonDay
0.Pyran

treat
mentâ€•%

macrophages in tumormassbDay

6Day 9 Day 10 Day 11 Day12None<13

6 162325mg/kg<11
1 1 3

Effect of Pyran on Tumor Allograft Immunity

TABLE 3 with abnormal growth properties (9, 13), and it may be
further armed in an immunologically specific manner by an
interaction with sensitized thymus-demived lymphocytes (7,
16). Kaplan et a!. (13) have reported that pyran renders
macrophages nonspecifically cytotoxic for tumor cells
while exhibiting quantitatively less reactivity for normal
cells. Similarly, we found that pymantreatment augmented
the capability of normal macmophages to kill albogeneic
tumor cells through a thymic-independent process. How
ever, specifically armed macmophages from MBL-2 albograft
beaming animals were much more cytotoxic than pyman
activated macmophages for MBL-2 target cells. Since pyran
augmented specific macrophage immunity to a much
higher degree, it apparently works in concert with the devel
oping immune response. Further support for the hypothesis
that the antitumom effects of pynan are largely due to macno
phage activation is the finding that pymanis effective against
viral oncogenesis in mice irnmunosuppmessed by thymec
tomy and antilymphocyte serum (10).

Pyran has previously been demonstrated to increase the
number of macmophages on histiocytic cells accumulating in
the connective tissue surrounding a solid tumor isogmaft in
mice (22). Contrary to this observation, we have found a
markedly decreased infiltration of macrophages in vivo as a
result of pyran treatment despite the fact that macnophages
are more reactive in vitro. It is not known whether these
macmophages normally infiltrating the MBL-2 abbogmaftwere
associated with an active antitumom response on were
merely involved in the removal of dead cells. However, since
the presence of macrophages in high concentrations within
thetumor albograftcorrelatedwithalbograftrejectionand
since macmophages are very efficient at specific tumomicidal
response, these cells appear to serve an important effectom
function in retarding tumor growth. The effects of pyran on
lymphocytic factors that are chemotactic for macrophages
and/or inhibitory to their migration need to be explored.

Pyran has also been demonstrated to enhance the early
antibody response to sheep emythmocytesby increasing the
number of spleen cells responding to the antigenic stimulus
(2, 18). We report here that pyran elevates the levels of
detectable complement-dependent cytotoxic antibodies
present in serum. However, these cytotoxic antibodies may
be of questionable value, since solid tumors appear to be
insensitive to the cytotoxic effect of antibody and comple
ment and because pynan depletes the serum of certain
complement fractions (18). Despite cytotoxic antibody titers

TABLE 4

a Specific abrogation of lymp@ocytotoxicity was determined by

subtracting normal from test serum values.
b NA, not applicable.

albogmaftswas determined both by histopathobogical exam i
nation of tumor sections and by the in vitro method of Evans
(4). Tumors taken from mice that did not receive pymanwere
extensively necrotic, with dense macnophage infiltration as
early as 10 days after tumor inoculation, and complete
tumor regression was observed between Days 12 and 15. In
contrast, tumors taken from animals treated with pyran
revealed actively growing neoplastic nodules with scanty
necrotic tissue and only slight macmophage infiltration
throughout tumor progression. Similarly, by direct exami
nation after trypsinization of minced albogmaftfragments, we
found a reduction in the number of tumor macmophages in
pyman-treated mice as early as 9 days after tumor inocula
tion (Table 4). These differences continued to increase
thereafter.

DISCUSSION

Immunopotentiatoms would seem to represent a double
edged sword, capable of tumor inhibition in certain treat
ment modalities, but also, abbeto enhance tumor formation
on growth under other conditions. Pyran copolymem has
been found to enhance tumor albogmaftsurvival, and this
response is dependent on the time of the drug treatment in
relationship to the developing tumor mass. The mecha
nisms whereby immunoadjuvants can protect on stimulate
tumor growth are not well understood, although modula
tion of the antitumom immunological response has been
implicated as a possible factor. We studied several early
immune responses during pymancopolymem-mnducedtumor
albograft enhancement, since a better understanding of the
mechanism of this enhancement may allow more successful
immunotherapeutic procedures to minimize the risk of tu
mon facilitation.

It has been suggested (8, 10, 12, 13, 18, 22) that the
antitumom effects of pymanresult from macmophage activa
tion and increased phagocytosis. Although thymus-demived
lymphocytes have received the most emphasis in tumor and
transplantation immunity, there is substantial evidence that
macmophages may function in both a specific and nonspe
cific manner as important effector cells in tumor cell cyto
toxicity and cytostasis (8, 9, 13, 16). The activated macno
phage appears to be able to destroy, selectively, those cells

a Pyran copobymer was given i.p. on Day 6.

b Percentage macrophages was determined from trypsinized

suspensionsof MBL-2tumor allografts.

1645MAY 1976

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2397127/cr0360051641.pdf by guest on 19 M

ay 2023



A. M. Schultz et a!.

of >1 :80 in MBL-2 progressom sera, very little necrosis was
observed in the developing tumor nodule.

Enhancing antibod ies, presumably antibody-antigen
complexes, have been described in the semaof tumor-bean
ing animals that inhibit both lymphocyte- and macrophage
mediated tumor cell cytotoxicity and have been suggested
to allow progressive tumor growth in the face of a strong
immune response (3, 5, 14). Cohen et a!. (3), using a chro
mium-nelease cytotoxicity assay, have demonstrated that
blocking of cell-mediated immunity by alloantisemum was
correlated with immunological enhancement of tumor albo
grafts across H-2 barriers in mice (3). They could enhance
Sarcoma-i tumor albogmaftsonly in the presence of alboanti
serum containing high titers of cytotoxic antibody (>1 :256).
However, we were unable to detect a difference in the
relative amounts or temporal appearance of humomalblock
ing factors in animals that had progressive tumor growth
due to pyran treatment.

After studying the various immunological parameters dun
ing pynan copolymen-induced enhancement, the decrease
in the macrophage infiltrate in the tumor allogmafts from
pynan-treated mice was the only factor that could be come
batedwith enhancement. In contrast, macrophage-mediated
cytotoxicity was highly potentiated. It might be emphasized
that, despite showing more reactivity in vitro , responses
that probably rely upon intimate cell-to-cell contact be
tween effector and target cells must take into account the
relative number and proximity of effector cells in and
around the developing tumor itself. Perhaps pymanmay be
more beneficially used in combination with agents that
produce a granubomatous reaction at the tumor site or the
local administration of migration inhibition factor to the
tumor itself (1). By these means, more pyman-activated mac
rophages may reach the tumor site.
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