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PREFACE

Limiting dilution analyéis‘was uéed to analyze the
effects of colony-stimulating factors on the in vitro
proliferation of tﬁmor—associated macrophagesland resident
peritoneal macrophages. Specifically, macrophage colony-
stimulating factor and granqlocyte/macrophaée colony-
stimulating’fagtor were examined as both crude natural and
recombinant forms for enhancement of proliferative responses
of these two populations. Sheep erythrocytes were also
assayed for their ability to stimulate proliferation.
Analysis of data showed little significant difference between
proliferation of resident pefitoneal macrophages and tumor-
associated macrophages with the factors that were assayed.
Further analysis of supernate 1solated from cultured tumor
cells indicated the productlon of colony- stimulatlng factors
by the tumors. This suggests that some tumors may stimulate
macrophage proliferation.
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CHAPTER I
INTRODUCTION

The presence of macrophages in rapidly growing tumors
has lcng been a‘m&stery to tﬁmor researchers. Commonly
called tumorJaséociated macrorhages. (TAM), these cells have
been found in almost all solid tum&rs regardless of tissue
~origin or spécies and constifute from 2 to 80% of the tumor
mass (7,13,14). of particular significance is the point that
the percentage of TAM found in a particular tumor remains
relatively constant even during rapid tumor growth (7). The
precise function of TAM in tumors is unknown; both cytotoxic
functions and enhancement of tumor growth have been reported
(7,13,14).

With the‘réceﬁt\widespread acceptance of the concept
that normal mature ﬁacroéhages are capable of proliferation
(26,30), it wquld be interesting to examine TAM to determine
if their existence in large numbers is due to an influx of
monocytes (immature macrophages) from the blood or from cell
division of the macrophages present in the tumor. The
possiblity of:régulation of TAM growth by the tumor could be
examined to determine if the tumor releases known macrophage
colony stimulating factors and if TAM react to these factors

in the same way as normal macrophages. An understanding of



this regulation and its effects on TAM could help lead to
novel strategies in the treatment of tumors.

Limiting dilution analysis is one method that can be
used to describe both proliferative function and its
regulation. Application’df Poisson statistics that enables
one not only to be able to determine tﬂe frequencies of
responding macrophages in an experimeht but also to be able
to infer these results to the ént;fe popuiation of

macrophages (10).
Macrophages

Macrophages, also knowh as mononuclear pﬂagocytes,
comprise an important part of host defense against disease.
Besides phagocytosis of invéding microorganisms, they are
capable of repairing tissue damage, processing and presenting
antigen to T lymphocytes;'and aiding in the fight against
tumors through the productioﬁ of tumor necrosis factor
(25,28). 1

Macrophages originate in the bone marrow when a
monoblast develops from a pluripotent stem cell (30,32).
After 1 to 2 days, the monoblast divides énd the daughter
cells develop further into promonocytes (32). The
promonocytes divide again‘aﬁd'beoome monocytes within 24
hours, then exit the bone marrow and enter the blood stream
(32). Monocytes circulate iﬂ the blood for 2 to 3 days and
then migrate into the tissues, where they differentiate into
mature resident macrophages and may survive for 1 to 5 weeks

(30,32). Mature tissue macrophages are capable of carrying



out a number of functions, which appear to be determined by
the development of the macrophage and its surrounding
microenvironment (17). It is not certain if macrophages
arise from a single precursor type and express functions
determined by their age énd environment or if the variety of
subsets of macrophages arise from differeht precursors (26).

In suspension, most macrophages are spherical in shape
and approximately 14-20 um iﬁ diaméter (8). A single bean
shaped nucleus, abundant cytopiasm,,aqd a large number of
lysosomes characterize these:cells (6). Macrophages are
noted for their,ébility to adheré to glassysurfaces, and this
is commonly used as a means of isclating them from
heterogeneous celi populations (21,31). A variety of cell
surface markers Are expressed, including Fc receptors, MAC-1,
lymphocyte function associated antigen-3 (LFA-3),
interleukin-2 (IL-2) receptors, and major histocompatibility
complex (ﬂhc) class I and class II molecules which can be
complexed with processed antigen (2,5,6,8). Some of these
markersvare expressed o&nstitutively by all macrophages,
while others are expressed only at certain stages of
development or in certain tissues (269. Macrophages are
found throughout the body, including in all of the organs éf
the body, the oonhective tissues, and the serocus cavities
(31).

Macrophages are capable not only of direct cytotoxic
activities on bacteria and tumor cells, but also activation

of lymphocytes, induction of inflammation and fever, and



facilitation of tissue repair and reorganization (25,31).
Macrophages are able to directly attack bacteria through
phagocytosis and lysosomal destruction of the phagocytized
particle by lysozyme, radical oxygen intermediates (ROI),
acid hydrolases, and cationic profeins. Tumoricidal activity
is achieved primarily by the secretion of the complement
factors, ROI, varioﬁs proteases, and the release of tumor
necrosis factor (TNF) (25,28).

The ability of maorophages to actively phagocytize
antigens makes them important antigen presenting cells (APC),
particularly\of particulate antigens such as bacteria. This,
combined with the secretion df IL-1 (28), enables them to
activate CD4+ T ly'mphoc‘ytes.’“CD4+ T lymphocytes comprise the
‘helper” T cell population responsible for aiding in the
activation of B lympﬁocytes and macrophages during an immune
response (28).

Macrophages are also capable of causing the induction of
inflammation and fe&errat the site of an infection (28).

This 1s accomplished maiply gy the production of known
pyrogens, including IL-1 and TNF. They also release clotting
'factors, complement factops, and broétaglandins (28).
Macrophages aid in tissue repéir and reorganization through
the production of a Qariety of growth factors, fibroblast
stimulating factors, énﬁ factors which stimulate angiogenesis
(28). Undegirable effects on the‘body can also be attributed
to macrophages. Some factors secreted by macrophages in the
host s defense against invasion aré also capable of causing

tissue damage, which can at times be considerable (28).



Macrophage Proliferation

It has only been in the last few years that mature
macrophages are capable of proliferation in vivo as well as
in vitro has gained general acceptance (11,22,25,26,30).‘ The
importahce of the proliferative ability of macrophageé
lies in the suggestion thét‘replacemeﬁt of macrophages in the
tissues can be carried out by cell division és well as by
influx of monocytes from the‘blooq.‘ Van Furtﬁ, who had
originally argued againstiiacrophage pféliferation, still
contends that aﬁ influx of mécfophageé1is the primary way in
which replaoément occurs and fhatvfﬁlly mature macrophages
are not capable of proliferatién (32). Macrophage cell
division has been shbwn to be stimulated by a number of
cytokines, of which hacrophaée colony stimulating factor
(M-CSF) is the mostnwell known and characterized (1,9,24).
Granulocyte macrophage colénf’stimulating factor (Gﬂ—CSF),
and interleukin-3 (IL-3 or multi-CSF) are aiso known to
upregulate macrophaée growth'(1,24,30). fhospholipids and
sheep erythrocytes have also been shown to stimulate
macrophage proliferation‘in i;;xQBCBS): The effect of
interleukin-2 (IL-2), a T oell‘growth factor, is still
uncertain; conflicting'reports have labelled this factor as
stimulatory, non-stimulatory, and suppressive in terms of

macrophage proliferation (2,8).
Tumor-Associated Macrophages

The observation of macrophages within solid tumors was



first occurred in the 19th century, but the significance

of this fact is unknown even today (7,13). One of the more
fascinating aspects of TAM is that they may comprise a very
large part of the tumor mass, and that this amount remains
constant even during rapid tumor growth (7). The amount of
TAM found seems to be tumor-dependenfi the quantity of TAM
varies betweqn different tumors but ‘remain relatively
constant in tumors passaged from one animal to another
(7,13,14). TAM also appear tovhave the ability to carry out
all normal macrophagé functions, including antigen
presentation,:production oﬁ cytokines such as IL-1, and

cytotoxic functions (7,13).
TAM Characteristics And Functions

Characterization of TAM has been difficult since tumor
cells can appear morphologically identical to normal
macrcphages when examined histologically (14). Two distinct
subpopulations have been gescribed in a number of tumors,
based originally on the size of the macrophage by velocity
sedimentation (7,14). One sﬁbpopulation consists of smaller,
peroxidase-positive macrophages, and the other contains
larger macrophages with higher levels of expressed Fo
receptors and Mhc Class II (IA) molecules (7.14). It is
thought that the population of smaller cells constitutes less
mature macrobhages and that they develop into the more mature
larger population. Both populations appear to have

intermediate levels of nucleotidase and acid phosphatase as



compared to resident peritoneal macrophages (high
nucleotidase, low acid phosphatase) and Corynebacterium
parvum-activated macrophages (low nucleotidasg, high acid
phosphatase) (7).

Functions of TAM, like the numbers of TAM found in

tumors, appear to be tumor-dependent and not a part of a

generalized host response. Many of the functions that TAM
are known to be capable of seem to be beneficial to tumor
growth, but’cytotoxic functioﬁs such as TNF secretion have
also been reported (7,13,14), All of these functions
appear to be normal macrophaée capablities, including
lymphocyte activation, promotion of cell growth, and
cytotoxic activities (7,13).;1Experiments have shown that TAM
are capable of gntigen presentation and activation of T
lymphocytes (7,13).. TAM héve also been found to be potent
secretors of a variety of cytokines and proteases, including
IL-1, collagenase, and platelet-derived growth factor (13).
Tumoricidal acﬁivity has been demonstrated in vitro by
TAM when exposed to actiyafing agents, but the level of
activity seen is much lower than that of normal tissue
macrophages (13,14). Reéctive,oxvgen intermediates (ROI)
have also been found to be secreted by TAM, which céuld have
not only have a potentially cytotoxic effect, but alsc a
mutagenic effect. Mutagenesis might possibly increase tumor
heterogeneity and resistance to hést responses (7,13,14).
TAM have also been described with procoagulant activity
(PCA), which leads to fibrin deposition, which in turn

modulates effector cell entry into the neoplastic tissue,



angiogenesis, and tumor cell motility (13). Experimentally
it has been shown that tumor cells directly stimulate
macrophages to express PCA (13). TAM have also been
attributed with angiogenesis in the tumor site and in the

invasion of distant sifes by tumor cells (13,14).
Effects of TAM in vivoe

Expression!of the different functions outlined above by
TAM would be‘expected to have very different effects on tumor
growth, and metastasis (7,13;14); For instance, the
injection of toxins, such as silica, which‘specifically block
macrophage function, result in a decreése in the growth of
the tumor but also enhance tumor metastasis (13,14). TAM
could act to provide optimal conditions for neoplastic
growth, by the production of growth factors and promoting
blood vessel formation thfough PCA (7,13,14). Enhancement of
tumor growth seems toyfunction best when the TAM:tumor cell
ratios are low in vitro (7,13). This same situation possibly
occurs 1n vivo. |

Cytotoxic TAM have also been described, although
primarily in tumors thatdare in regression (7,13.14), and are
commonly seen in vitro when the TAM:tumor cell ratio is high
(7,13). Secretion of TNF, complement factors, and ROI could
have cytotoxic effects on tumo? cells, but can have other
effects as well.r Tumor necrosis factor can help select for
TNF-resistant tumor cells by elimination of TNF-seneitive

~ells, thereby making it even harder for the host to



effectively respond to the tumor (7). ROI have been
implicated with mutagenic capabilifies, which could lead to
an increase in tumor cell heterogeniety and, as with TNF,
could give rise to a tumor much more resistant to host
defense mechanisms (13,14).

Secretion of a wide range of proteases, including
collagenaserand elastase by TAM has also been described (13).
These can contribute to invasion of the tumor into secondary
sites. Ironically, TAM found at theée secondary foci seem to
act as restraints against metaétasié and are frequently
tumoricidal (13). Examination 6f these foci has revealed a
higher TAM:tumor’cell ratio than in the primary tumor, which

can offer partial explanation of this phenomenon (13).
Proliferation of TAM

It is still uncertain whether the large quantities of
TAM found in many tumors are due té influx of monocytes from
the blood or from in situ proliferation of mature macrophages
(13). The numbers of TAM are usually quite large, although,
and it has been determined that in a sclid tumor 1 cm in
diameter with a TAM content of 30% or more would have &
macrophage pcpulation larger thaﬁ that of an entire normal
mouse (14). This would indicate either an incredible influx
of monocytes into the tumor coupled with increased generation
of promonocytes in the bone marrow, proliferation of
macrophages already in the tumor, or both (7,14). TAM have
recently been shown to express receptors for M-CSF on their

membranes, indicating that TAM may be capable of responding
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to M-CSF (3). A better understanding of the capability of
TAM to proliferate and the regulation of this growth by the
tumor is needed, especially if TAM are ever to be considered

as a potential immunotherapeutic strategy for cancer.
Cytokines

Cytokines are the messengers of the immune system,
transferring éignals from one cell to(another and aiding in
activation, differentiation, suppression, and proliferation
of cells involved in the”immune response as well as non-
immune cells. These molecules éomprise a broad and diverse
group, varying widely in size, shape, sources, targets, and
effective range; included in this group are the interleukins,

interferons, and colony-stimulating factors.
Macrophage Colony-Stimulating Factor

Macrophage colony stimulating factor, also known as CSF-
1 or M-CSF, is a potent étimulator of proliferation and
activation in both mature and immature macrophages (19,20,
24). M-CSF has been found to be produced by fibroblasts,
monocytes, macrophages, endothelial cells; and mitogen-
stimulated lymphocytes (24). Eor study, 1t is commonly
isclated from murine L-cell conditioned medium, although
recombinant murine and human M-CSFs has recently become
available (19,20,23,24). Studies have identified it as a
glycoprotein that varies between 45 and 86kd in size with a

carbohydrate content in excess of fifty percent (24). The
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protein component is made up of 2 subunits of similar size
and shape (24). It i3 believed, although not proven,'that
the quantity of carbohydrate causes the variation in the size
of the molecule. M-CSF is inactivated by:heating and gentle
reduction methods, but resistant to most proteases (24).
Besides proliferation, M-CS3F has also been demonstrated to
induce 5 number of differentiation functions in mature
macrophages, including production of prostaglandin E,
plasminogen activator, IL-1, interferons, myeloid growth

.

factor, peroxide, and tumoricidal aotiviﬁy (19,20).

Granulocyte/Macrophage

Colony—Sfimulating Factor

Granulocyte/macrophaée colony-stimulating factor, or
GM-CSF, is a potent stimulaior of macrophage and granulocyte
proliferation and differentiation, and is found to be
secreted by the same t?pes,of cells that secrete M-CSF as
well as T lymphocytes. ’Natural GM-CSF can be obtained in
quantity through in vitro inéubation of murine lungs in
medium, but is also available in a recombinant form (24). It
is a sialic acid-containing glycoprotein approximately 25—
40kd in size (24). Like M-CSF, GM-CSF has a iarge
carbohydrate component, but in contrast to M-CSF, it is
resistant to heating and gentle reduction and sensitive to
proteases (24). GM—CéF,as well as M-CSF, has been
demonstrated in vitro to stimulate tumoricidal activity in

macrophages (20).



Limiting Dilution Analysis

Limiting dilution analysis (LDA) is based on a
mathematical formula derived from binomiai and Poisson
distributions (10). The intention is that, with this
formula, inferences can be made from cells in an experiment
about colony formation of an entire population of cells. In
other words, an experiment could be performed using resident
peritoneal macrophages from a normal mouse and the results
could be said to be true for the entire population of all
resident peritoneal macropﬁages from‘that strain of mouse.
LDA can be uéed to determiqe‘phe frequency of cells in a
responding cells in a populafipn, even if the cells of
interest are low in number, since the sensitivity of the
assay 1s such that very low levels of proliferation‘can be -
detected (10). The use of LDA can also help determine
whether cellular aensitv can enhance or inhibit colony
formation (10). Finally, LDA distinguishes between the
frequency of responding cells and colony size, a pitfall of
other commonly used methods (10). The purpose of this
investigation is to examine and compare the ability of TAM
and RPM to proiiferaté and the regulation of this growth by

M-CSF, GM-CSF, and sheep erythrocytes using LDA.



CHAPTER II
MATERIALS AND METHODS
Animals

For all of the expefiméqts, female C3H/Hen mice of
approximately 6-8 weeks of age were obtained from Charles
River of Wilmington, Massachusetts. Mice were kept in a
facility at Okléhoma State Univeréity. In all experiments
ether was used to euthanize the mice; severage of the spinal
cord was not performed to insure that blood would not enter

into the peritoneal cavity.
RPMI Culture Medium

For all of the éxpériments performed and the generation
of crude supernatants for testing, cells were diluted in
complete RPMI medium (cRPMI). Powdered RPMI obtained from
Sigma Chemical Corp., St. Louis, MO was reconstituted in
double distilled water with 2 grams of sodium bicarbonate
added per liter of medium preparéd. Complete RPMI contained
5% (vol/vol) headt inactivated {56°C water bath for 30
minutes) fetal bovinehserum ,<sodium pyruvate (1.0 mM),
nonessential amino acids (1.0 mM), L-glutamine (2 mM),
penicillin (100 U/ml), streptomycin (0.1 mg/ml), amphotericin

B (2.5 ug/ml), and gentamycin sulfate (50 ug/ml). All of the
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components of complete RPMI were obtained from Sigma. The pH
was adjusted to 7.1, and the medium was sterilized by
filtering the medium through 0.22 um sterile disposable
filters into autoclaved 500ml bottles. Filtered medium was

kept at 40 C until needéd.
MEM Culture Medium

Alpha-MEM was used to maintain cultures of the tumor and
L9929 cell lines %hen supe;natgnts'were*not being prepared.’
The medium was reconstituted from é'péﬁder (obtained from
Hazleton Corp., Denver, PA) in double distilled water; 2.2
grams of sodium bicafbonate was added_pér liter of prepared
medium. As with cRPMI, additional ingredients were added to
insure cell growfh, including L—glutamine‘(ZmM), penicillin
(10,000 U/ml), streptomycin (0.1 mg/ml), amphotericin B (2.5
ug/ml), gentamycin (50 ug/ml), and 10% heat-inactivated (56°C
waterbath for 30 minutes)dcaif serum (all obtained from
Sigma). The pH of the medium was measured and adjusted to
7.1. Sterilization was achieved by filtering the medium
through 0.22 um sterile filters into 500 ml autoclaved

bottles. Filtered medium was kept at 4° C until needed.
Maintenance O0f Cultures

Cultures of L929 (obtainéd from American Type Culture
Collection, Rogkville, MD) and tumor cells were kept at 370 C
in a 5% CO2 (in air) atmosphere. For propagation and

maintenance, cultures were replenished weekly with alpha-MEM.
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Cultures were also examined weekly with an inverted
phase-contrast microscope to assess cell growth. If the
flask contained confluent monolayers, then the cells would be
subcultured by the following procedure. The medium in the
flask would be discarded and the flask washed once with
approximately 10 ml of phosphate buffered saline (PBS) (0.05
M POa4a, pH 7.4). Two ﬁl of trypsin-EDTA (.25% wt./vol.
trypsin and 1 mM EDTA in PBS) were pipgtted into the flask,
and then the flask would be incubated for 10 minutes at

37¢ C. Approximatel§ 10 ml of alpha—nEM would then be added
to stop the enzyme reaction. The flask would be tapped
several times to loosen any additionél cells and then the
medium would be discarded.  The flask would then be washed
once with 10 ml of PBS, and then 30 ml of fresh alpha-MEM
would be added to the flask., Thevflask would then be

returned to the 37° C incubator.
M-CSF

Crude natural M—CSE‘preparatioﬁs were obtained by
culturing 5 x 108 cells of the L929 cell line in 30 ml of
cRPMI. This Qas allowed to incubate for 48 hours in a 370 C
CO2 incubator. The supernatant was harvested and then
centrifuged at 650x g for 8 minutes to remove any cells
floating free in the medium. This was then dispensed into
sterile tubes in 3 ml aliquots and sfored at -200 C until
needed.

Recombinant human M-CSF (rM-CSF) was obtained frozen

from Cetus Corporation at a concentration of 5 x 105
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Units/ml. This solution was thawed and diluted to 1 x 104
Units/ml in PBS containing 0.1% bovine serum albumin.
rM-CSF was aliquoted out in 1 ml aliquots into sterile test

tubes and stored frozen at -200 C'until needed.
GM-CSF

Crude natural GM-CSF preparations were obtained by the
following method: lungs were removed from C3H/Hen mice,
minced, and the fragmenté placed inﬁo,bRPMI (12.5mls per pair
of lungs) in a petri dish. \This was sealed with wax film and
incubated for 48 hours in a CO2 incubator at 37¢ C. The
medium was harvested anq spug\down at 650x g for 8 minutes to
remove any celis. This supernatant fluid was dispensed in 1
ml aliquots into sterile £ubes and stored at -20¢ C until
needed. ﬂ

Recombinant ﬁurine'GM-CSF (rGM-CSF) was obtained'from
Immunex Corporation in Seattle, Washington This was diluted
to 1 x 104 Units/ml in PBS containing 0.1% bovine serum

albumin and dispensed in 1 ml aliquots into sterile tubes.

This was then stored at ~205)C until needed
Sheep Erythrocytes

Sheep erythrocytes (SRBCs) were obtained from the OSU
College of Veterinary Medicine and from Organon Teknika in
Durham, North Carolina. Prior to use in experiments, SRBC
were stored at 40 C. SRBC were prepared for use in

experiments by washing. PBS was added to the SRBC and mixed
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gently, then centrifuged at 650x g for 8 minutes. The
supernatant fluid was removed and replaced with an equal
volume of PBS, and then the procedure was repeated at least
three times or until the supefnate was transparent in color.
The packed SRBCs in ﬁhe peliet were then diluted to 10% by

volume in PBS for use in experimentation..
Isolation of Resident Peritoneal Macrophages

RPM were obtained ffom normal mice by peritoneal lavage
with PBS (16). Mice were euthanized in an ether jar prior to
peeling back the skin from around the pefitoneal cavity.
Three millilite;swof cold ?BS was then injected into the
peritoneal cavity, and the cavity was gently mass&ged. PBS
containing peritheai cells was recovered by aspiration and
transferred to a sterile test tube kept on ice. This
procedure was repeated three additional times. The recovered
fluid was then centrifuged at;650x g for 8 minutes. The
supernate was discarded and £he pellet resuspended in 2 mls
cRPMI and kept on ice. Ten microliters of the cell
suspension was removed and dilutgd 1:10 with 90ul of PBS,
from which 10 ul was then loaded onté a hemacytometer and
counted. Cell viability was determined by mixing 10u1 of the
cell suspension with 10ul of tryﬁan blue and loading 10ul of
this mixture onto a hemacytometer and examining under the
microscope. Cells unable to exclude the stain were counted
as dead. The cell suspension was then ready to use in

limiting dilution analysis and dose response assays.
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Generation and Isolation of

Tumor-Associated Macrophages

For this portion of the study, two solid tumors derived
from different sources were used to obtain TAM. The first,
designated as 1X-11-6, was obtained from Dr. Jim Beeson at
the University of Oklahoma at Tulsa Medical College. Tumor
1X-11-8 was a spontaneous tumor which arose from an in vitro
culture of murine placental tissue of. female C3H/Hen mice.
The second tumor, designated és MC-4, was generated in Dr.
Kim Burnham;s lab following a single subcutaneous injection
of 1 mg of methylcholanthrene (MCA) in 50ul of olive 0il
at the ventral surface of a female C3H/HeN mouse. Both
tumors were passed in normél C3H/HeN mice by subcutaneous
injection of tumor fragments. Two to three weeks following
implantation of the tumors into the secondary hosts, the mice
were euthanized and the tumor excised. The tumor was cut
into fragments and dissociated into a single cell suspension
encymatically by incubation in 0.1% (weight/volume)
collagenase and 0.1% (w/v) dispase with mechanical stirring
in a 37°C waterbath for 1 hcur. Follewing the incubation,
the resulting cell suspension was removed and centrifuged at
650x g for 8 mianutes. The @ellet was harvested and
resuspended in 2mls cRPMI. Cell concentration was determined
with a hemacytometer and the cell suspénsion was diluted to 2
x 107cells/ml. The cell suspension was then mixed with an
equal volume of 5% antibody-coated SRBC and incubated for 30

minutes at 37°C with vertical rotation. Following the
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incubation the percentage of rosettes was determined with the
aid of a hemacytometer. The suspension was then layered over
3 mls of ficoll hypaque (specific gravity 1.119, obtained
from Sigma) and centrifuged.at 1100x g for 20 minutes. The
supernate was discarded and the pellet resuspen@ed gently in
2 mls cRPMI. The cell suépenéion waslagain layered over
ficoll hypaque and céntrifuged at 1100x g for 20 minutes.

The pellet was égain harvested and resuspended in 2mls’cRPMI.
The percentage of rosettes was again determiﬁéd by
hemacytometer and the suspension was centrifuged at 650x g
for 8 minutes. YThe SRBC were then/lysed by resuspending the
pellet in 1ml sterile double aistilled water followed
immediately by the addition’of 5mls of cRPMI to prevent lysis
of TAM. The cell suspension was again cenprifuged at 650x g
for 8 minutes and the peliet rgsuspended in 2mls cRPMI.

Cells were counted as before and were then ready for use in

limiting dilution analysis or dose response assays.

. Culture Of Tumors and

Generation of Supernatants

After the tumors had béen excised and separated into a
single cell suspension (see above), 1 ml of the suspension
was inoculated into tissue culture flasks to observe tumor
growth in vitro and tc generate tumof supernatants that could
be tested for effects on TAM and RPM growth. After four
passages in vitro, 5 x 108 tumor cells were put into 30 mls
cRPMI in a tissue culture flask. The flask was put into a

370C incubator with 5% CO2 for 48 hours, after which the
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fluid was harvested. This fluid was centrifuged for 8
minutes at 650x g, and then the supernatant fluid was saved
and dispensed into test tubes in 3ml amounts. This was

atored at -20°C until needed.

Cytokine Dose Response Assays

for Colony Formation

Dose résponse assays were performed to determine the
optimal conbentration of the co;ony etimulating factors and
SRBC for RPM proliferation. Céncentratlons of 0%, 1%, 5%,
10%, and 20% (vol/vol) of the crude ﬁatural factors were
tested in the first assay, while other concentrations were
tested in following assays if needed. rM-CSF and rGM-CSF
were tested at concentration ranges of units/ml similiar to
those commonly used by other researchers (1,4,17,19). A
single cell concentfationxof 1 x 105 RPM/ml was used in all
dilutions of ﬁhe dose fésponsé assays. The cells were
dispensed in 0.1ml aliquots inﬁo wells on microtiter plates,
with 60 wells being used for each dilution. The plates were
incubated for 11 days at‘37°C in 5% CO2. Wells were scored
for colony fofmation‘b? adding 20ul of a 0.5% antibody—co&ted
SRBC solution to each well, gently rocking the plates for 30
minutes, and then examining the wells with an inverted phase
contrast microscope. Positive wells were designated as those
with 6 or more rﬁsetted cells in a Colgny. The data was then
plotted on a linear graph as the fraction of responding wells

on the vy axis versus the concentrations of the factor on the



%x axis. The optimal concentration of the factor determined
by this assay was used as the concentration of the factor

upon LDA of TAM and BPM.
Limiting Dilution Analysis

LDA\was used toxasséss the proliferation of TAM and RPFM
in culture and fhe régulation of this growth by M-CSF, GM-
CSF, and SRBC. This form of,analysi§ is based on a formula
derived from the'Poissdn and binomial distributions, and is
stated as Fo = e-u with Fo = fraction of nonresponding
cultures and u = the numbef of responding cells per culture
(10). The mean number of responding cells per culture is
therefore linearly proportional to the negative logarithm of
the fraction of honreéponding wells (u = -1nFo), so that é
plot of cell concentration versus the negative logarithm of
Fo gives a straight line, paséing through the origin (10).
This is commonly known as a\single—hit event When Fo is
eqiral to 0.37 (37% of the &u}tures were nonresponding), u is
equal to 1 (an average of 1vresponding cell per culture)(10).
Therefore, when the frequency of responding cells can be
estimaféd as the inverse of the cell concentration at which
37% of the cultures fail to respond (10). The Poisson
Aistribution can only be applied if the responding cell 1s
truly limiting.- If more than one cell is required for a
response or if other cells modulate the response measured,
the frequency of nonresponding cells will not obey Poissonian
behavior and the data will not yield-a straight line (10}.

This is a result of the fact that the probability of placing



2 rare cells in a given culture will be very small at low
cell densities but would increase at higher densities (10).
In these experiments, the response examined was
proliferation and individual Vells on a microtiter plate were
considered as cultures. Sixt& wells were gsed»for each
concentration of cells to insure the feliébility of the data
obtained. In addition to diluting cells iﬁ cRPMI medium
containing whatever factor was being tested, a negative
control of cells diluted in cRPMI alone was a part of every
experiment. The plates weré,incﬁbated for 11 days at 37°C in
a 5% COz2 atmdéphere, after which the Qells would be scored
for colony formation. This was accomplished by adding 20ul
of 0.5% antibod?—coated SRBC‘solution to each weil, gently
rocking for 30 minutes, and then examining the wells for
colonies of rosetted cells with an inverted phase contrast
microscope. Only those,wells‘with colonies of 6 or more
rosetted cells were oonéideredhpositive. The data was then
collated and plotted‘op é'semilog graph as the concentration
of cells on the X axis and the fraction of nonresponding
wells on the Y axis. The iiné drawn through the data was
then examined by linear regrgssion analysis (Péarson’s
method) (35), and the coéfficiént derived from this analysis

was tested at 95% confidence for linearity on Table 1.



Values of r at the 5% Level of Significance

Degrees of Value of
Freedom?

,0.997
0.950
0.878
0.811
0.754
0.707
0.666
0.632
0.602
0.576

OCwoow~NGBO A WOWN =

—

a. the degrees of freedom was determined as the number of
data points in the line (not including the ongin) minus 1.

b. r represents the Pearson's coefficient obtained through
linear regression analysis of the data.

Table I. Confidence values fér the Pearson's coefficient obtained from
linear regression analysis of the data (35% confidence) (29).



CHAPTER III
RESULTS

Théyprimary goals of tﬁis study were to analyze and
compare the’ability of TAM‘énd RPM tp,proliferate, to analyze
the enhancement of this ability by M-CSF, GM-CSF, and SRBC,
and to examine the supernates from two tumors for the
presence of M-CSF and GM;CSF activity. Limiting dilution
analysis was utilized for these experiments because of the
mathematics involved that)éllow detection of the’
proliferation of common as well as rare cell types. Unlike
other methods of determining proiiferation, limiting dilution
can determine a frequency of proliferation which indicates
not only the number of réspénding cells‘but also whether or
not other cell types are inhibiting or aiding the response.
The information provided is important because it provides
detailed inforﬁation on the ability of TAM to proliferate,
compares TAM and a normal RPM population, (which could help
determine the source of TAM), andﬂsheds some light on the

interaction between tumcrs and TAM.

Dose Response Assays of Crude

Natural Cytokines and SRBC

In order to determine the maximum frequency of RPM and



25

TAM capable of proliferation in the presence of the natural
oytokineé (M-CSF and GM-CSF) and SRBC via limiting dilution
anélysis, it was necessary to first determine the optimal
concentrations of the three factors M-CSF was tested
initially, at concentrations of 5, 10, and 20% (vol/vol) in
cRPMI, along with a negative control consisting of cRPMI
alone. .For each concentration of M-CSF. RPM were used at a
single cdncentration of 1x1014 cells/wéll. Ip accordance with
the protocol- described in Chapter II, Materials and Methods,
each concentration was pipetted in 100 ul aliquots iﬁto 60
wells of a microtiter plate, and placed into a 37¢C Cdz
incubator. After 11 days of culture, optimal colony
formation of FeR+ coloniesf(as detected visually aftef the
addition of opsonized SRBC) was observed in the wells
containing medium with 5% M-CSF. Seventy-six percent of the
wells with 5% M-CSF were positive for colony formation (see
Figure 1.). At concentrations of M-CSF above 5% and in cRPMI
alone, lower levels of colony formation were seen. GM-CSF,
was also tested at\concentrations of 5, 10, and 20%
(vol/vol) in cRPMI for its effect on colony formation. A
concentration of 1x104 cells/well of RPM was usea for each
dilution of GM-CSF, as was done previously with M-C3F. A
negative control consisting of RPM in cRPMI alone was also
utilized in the experiment. Results obtained after 11 days
of culture showed that 63% of the wells were positive for
FeR+ colony formation in the presence of 10% crude GM-CSF
(see Figure 2.). Concentrations above and below 10% yielded

lower responses, although not as significantly different as
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Figure 1 Effect of different concentrations of crude M-CSF
on colony formation of RPM (10,000 cells/well).
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Figure 2. Effect of different concentrations of crude GM-CSF
on colony formation of RPM (10,000 cells/well).



seen with M-CSF. For subsegquent experimentation using
limiting dilution analysis, crude GM-C3F was used at a
concentration of ten percent.

Sheep erythrocytes (SRBC) were also tested for their
effect‘on colony formation at concentrations of 0.25, 0.5,
and 1% (vol/vol) in cRPMI. A negative control composed of
cRPMI alone was also tested. As with previous experiments
analyzing M-CSF and GM-CSF; a concentratiqn of 1x104 cells/ml
of RPM was used. Care was exercised in scoring for colonies
because of interference with éosettiﬁg by the SRBC already
present in the well. The results showed a steady and linear
increase in the percentage of wells positive for colony
formation up through 1% (seequgure 3;). Therefore, a second
experiment was performed testing SRBC concentrations of 1, 3,
and 5% (vol/vol) in cRPMf. Results of this subsquent
experiment showed that concentrations above 1% SRBC could not
be used, because the numbers of SRBC in the well ccmpletely
covered the bottom of the wéii and made it'impossible to
score for colony formation of RPM (results not shown). From
the information provided by both experiments, then, the
decision was made to use 1% SRBC inniimlting dilution

analysis experiments.
Response of RPM to Crude Cytokines and SRBC

Once the doses of the crude cytokines and the SRBC that
produced optimal colony formation in RPM had been determined,

the frequency of RPM capable of responding to these
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Figure 3. Effect of different concentrations of SRBC
on colony formation of RPM (10,000 cells/well).

1.0

29



30

individual factcrs was determined. It was important to
examine RPM first in order to employ the results obtained as
a reference for comparison with TAM since RPM represent a
population of normal non-inflammmatory tissue macrophages.
M-CSF was examined first, at a concentration of 5%

(vol/vol) Four different concentrations of RPM were used in
the experiment, 1x103, 2.5x103, 5x103, and 1x10¢ per well.
For a negative control, all 4 cell concentrations were tested
in cRPMI alone. Data collected after 11 days of culture
revealed that cRPMI containing 5% crude M-CS3SF supported a
higher amount of colony formation than cRPMI alone (see
Figure 4.). Linear regression analysis of the data by
Pearson s method, vielded a coefficient between 0 and 1 (with
1 being a straight line), wﬁich for the data of the cultures
containing M-CSF was 0.986. At 95% confidence with 2 degrees
of freedom, this indicates that the data fits a straight line
(see Table 1). The data must be in a straight line that
crosses the point on the Y axis where .37 of the wells were
nonresponding in order to determine the approximate frequency
of responding cells. If the line also passes through the
origin, this indicates a single hit event which would
indicate that the cells being examined were proliferating
without aid or hindrance from any other cells, and the exact
frequency of responding cells can be determined. The line
drawn through the data for the cultures containing M-CSF does
not obey single hit kinetics, so a valid frequency cannot be

determined. From the data in the experiment, the number
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) y = 0.83027 * 104(-7.0945e-2x) R*2 = 0.986

Figure 4. Limiting dilution analysis of the effect
of 5% crude M-CSF on proliferation of RPM.
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responding RPM was determined to be approximately 1 in 4500.
This was determined by obtaiﬁing the reciprocal of the point
on the X axis where the line crossed the point on the Y axis
such that 37% of the wells were negative for colony
formation.

GM-CSF was examined next, at a concentration of 10%
(vol/vol) in cRPMI. Concentfations of 1#102, 1x103, and
1x104 cells/well of RPM was fested in. ¢cRPMI alone and in
cRPMI containing 10% crude GM—CSF. Resulfs after incubation
for 11 days showed that GM-CSF:did enﬂance colony formation
(see Figure’SL). A coefficent of 1.000 was obtained from
linear regression aﬁalysié of the data points derived from
the wells contéining 10% GM;GSF in the medium. This value
indicated greater than 95% confidence in linearity. This
line, which did obey sing;e hit kinetics, crossed the line at
which 37% of the wells wéfe nonresponding with an X value of
6000, indicating that 1 in 6000 RPM were %esponding to the
10% crude GM-CSF (see Figure 5.).

SRBC were also tested for their ability to enhance
proliferation of RPM. Cell concentrations of 1x102, 1x103,
and 1x104 RPM/wéll(were éultured in’cRPMI alone and in <RPMI
containing 1% SRBC (vol/vol). Results (see Figure 6.)
yielded a straight line for both sets of data, which was
demonstrateq with linear regression analysis. For the data
derived from cultures cbntaining 1%‘SRBC, single hit kinetics
were observed and the frequency of responding RPM was

determined to be 1 in 4500 (see Figure 6.).
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y = 1.0021 * 107(-7.4630e-2x) R*2 = 1.000

Figure 5. Limiting dilution analysis of the effect
of 10% crude GM-CSF on colony formation of RPM
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y = 1.0894 * 107(-0.11155x) R*2 = 0.998

Figure 6. Limiting dilution analysis of the effect
of 1% SRBC on colony formation of RPM.
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Combinations of the three factors were then employed, to
analyze the effect of two or more of the factors on
proliferation of RPM. Five percent crude M-CSF and 10% crude
GM-CSF were tested on cultures containing RPM at
‘concentrations of 1x102, 1x103, and 1x104 cells/well.
Negative controls of each cell concentration in CRPMI alcne
and c¢RPMI + 5% M-C3F were also used. The data from this
experiment was collected and plotted in Figure 7, and the
results indicated that the combination of M-CSF and GM-CSE
together stimulated colony fofmation in RPM better than M-CSF
alone. Froﬁ the graph it was determined that the frequency
of RPM responding was 1 in 27§b when M-CSF and GM-CSF were
combined. |

The effect of a combination of all three factors on RPM
proliferation was then tested. Concentrations of 1x103,
5x103, énd 1x104 RPM/ﬁell wefe prepared in cRPMI alone and
~RPMI containing 5% crude M-CSF, 10% crude GM-CSF, and 1%
SRBC. The three‘cémbinations involving the mixture of only
two factors (5% M—CS? with 10% GM-CSF, 5% M-CSF with 1% SRBC,
and 10% GM-CSF with i% éRBC) were tested on cultures
containing a single cell concentration of 1x104 RPM/well.
Also, the three factors were each tested individually on 2
single cell concentration of 1x103 RPM/well. IAfter 11 days
the plates were scored for colony formation and the data
graphed in Figure 8. Thelwells containing the combination of
211 three factors did show an increase in colony formation
over the individual factors alone as well as the three

~ombinations of two factors in this experiment. Linearity
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Figure 7. Limiting dilution analysis of the effect
of crude 5% M-CSF and 10% GM-CSF on )
colony formation of RPM.
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.01 -

Cells/Welil (x1000)

y = 097466 * 107(-8.3797e-2x), R"2 = 0984

Figure 8. Limiting dilution analysis of the effect
of crude 5% M-CSF, 10% GM-CSF, and SRBC on
colony formation of RPM.
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was confirmed through linear regression analysis of the data
points for the three factors combined (see Figure 3.). Thé
frequency of responding cells was determined to be 1 in 5000
RPM for the combination of all three factors.

This set of results indicates that M-CSF, GM-CSF and
SRBC do enhance proliferatioh of RPM ig vitro. It also shows
that the effect of mixing M-CSF and GM-CSF is greater than
either factor alone, and that the effect éf combining aill
three factors further enhances this effect. From the data
collected, thejéffect of the éombination of the factors
together would appear to be addifive (the combinations of the
factors produced freguencies that were very close to the
result of adding together the frequencies from the individual
factors) . This;could indicate that the same rare cell is

responding to multiple signals for proliferation.
Response of TAM to Crude Cytokines and SRBC

After the data had been collected and analyzed for RPM,
experiments on TAM could be ferformed and the results
compared with those of RPM. These studies were done in
exactly the samé:order as the experiménts on RPM, using the
same doses of crude M-CSF, GM-CSF, and SRBC that had been
shown to produce optimal responses in RPM. For the first
experiment, TAM were isolated from a 1X-11-6 tumor by
rosetting with opsonized SRBC as described in the Materials %
Methods section and examined for their ability to respond to

5% crude M-CSF. Cell concentrations of 1x102, 1x103, and
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1x104 TAM/well were prepared in cRPMI alone and cRPMI
containing 5% crude M-CSF: After 11 days of culture, the
wells were examined and scored for colony formation and the
resulting data was plotted in Figure 9. The graph clearly
shows that crude M-CSF does enhance colony formation and that
the line resulting from the plot of the data has a linear
coefficient of 0.994 but does not pass through the origin,
indicating that single hit kinetics do not apply. However, a
frequency bf approximatelyfl in 4500 TAM would appear to be
responding to the crude M-CSF. |

Crude GM-CSF was then assayed for its ability to enhance
proliferationiof TAM. TAM were isolated from an MC-4 tumor
and prepared inJcRPMI contaihing 10% crude GM-CSF and cRPMI
alone at cell concentrations of 1x102, 1x103, and 1x104
TAM/well. Resulﬁs obtained after 11 days of culture showed
that GM-CSF did enhance colohy formation, although not as
greatly as M-CSF (see Figure 10.), with the line plotted
through the data having a coefficient of 0.983 from linear
regression analysis. A single hit event was not seen., but a
frequency of 1 in 700b TAM proliferating in the presence of
10% GM-CSF was estimated.

As with the earlier experiments involving RFM, SRBC were
tested next for theyrvabilitf to enhance colony formation of
TAM. Macrophages from a 1X-11-6 tumor were 1solated and used
at concentrations of 1x105, 1x103, and 1x104 TAM/ﬁeil in
<cRPMI containiné 1% SRBC and in cRPMI alone. Examination of
the results showed that 1 in 3500 TAM were proliferating in

response to the 3RBC, with the linearity demonstrated by
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Figure 9 Limiting dilution analysis of the effect
of 5% crude M-CSF on colony formation of 1X-11-6 TAM.
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Figure 10. Limiting dilution analysis of the effect
of 10% crude GM-CSF on colony formation of MC-4 TAM.



linear regression analysis (see Figure 11) Again, single
hit kinetics were not seen.

Combinations of the three factors were subsequently
examined, beginning with a combination of M-CSF and GM-CS3F.
TAM were harvested from a 1X-11-6 tumér and tested at
concentrations of 1x102, 1x103,land 1x104 TAM/well in cRPMI
alone and cRPMI containing 5% crude M-CSF and 10% crude
GM-CSF. M-CSF and GM-CSF‘were also analyzed individually at
a single cell concentration of lxiQ*‘EAM/weil. Results
obtained upon scoriné for coiOny formation indicated that the
combination of the two faétors did enhance proliferation of
TAM greater than either oneré}oﬁe, with the line plotted
through the data yielding a coefficieﬁt of 1.000 (sée Figure
12.). Also from this line, it was determined that 1 in 3500
TAM were proliferating when both factors were present, and
that a single hit event was indicated because the line passed
through the origin. v

The effect of M-CSF, GM-CSF, and SRBC combined on colony
formation was examined next. Macrophages were isolated from

an MC-4 tumor and cultured at concentrations of 1x103, 5x103,

@D

and 1x104 TAM/well. These were prepared in two series, on
with cRPMI medium alone and another with cRPMI containing 5%
~rude M-CSF, 10% crﬁde GM-CSF, and 1% 5RBC. The three
possible combinations of only two of the factors (GM-C3F with
M-CSF, M-CSF with SRBC, and GM-CSF with SRBC) were tested
only at a céll concentration of 1x104 TAM/well. Results

showed an increase in proliferation for the combination of
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Figure 11. Limiting dilution analysis of the
effect of 1% SRBC on colony formation of
1X-11-6 TAM.
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Figure 12. Limiting dilution analysis on the effect
of crude 5% M-CSF and 10% GM-CSF on
colony formation of 1X-11-6 TAM
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all three factecrs over the combinations of two factors (zee
Figure 13.). ﬁinear regression analysis of the line showed a
coefficient of 1.000, with the line crossing the Y coordinate
of .37 with an X coordinate of 4400 but not indicating
single hit kinetics./ In fhe presence of all three factors
combined, approximately 1 in 4400 TAM from an MC-4 tumor were
responding and‘proliferating. |

The results of this section indicate that TAM are indeed
capable of proliferation and Qf fégponding)to M-CSF, GM-CSF
and SRBC. As with the RPHM, éddiﬁion of any of the three
factors significantly enhanéed proliferation of‘TAM. The
combination of crude naturéI,M-CSF and crude natural GM-CSF
produced greater proliferaﬁioh than either alone, and the
combination of all three faétors showed a further enhancement
of proliferation. As wiph the RPM, the effect of combining
the three faétoré would ‘appear to be additive and not

synergistic.
Dose Response Assays of Recombinant Cytokines

Because the experiments above utilized crude
preparations oflM—CSFfaﬁd GM-C3SF, it wés necessar& to
demonstrate with pure recombinant forms oI the two factors
that the two cytokines wefe the sole effectors of the
response instead of some other factors in the crude natural
preparations. As with tﬁe crude cytokines and SRBC, it was
first necessary to determine the concentrations of the
recombinant cytokines that wéuld produce maximum

proliferation in RPM. Recombinant M-CSF (rM-CSF) was tested



Fraction of Nonresponding Wells

Cells/Weil (x1000)

y = 062925 * 104(-5.6696e-2x) RA2 = 1.000

.01~

Figure 13 Limiting dilution analysis of the
effect of crude 5% M-CSF, 10% GM-CSF, and 1%SRBC on
colony formation of MC-4 TAM.
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first, at concentrations of 100, 500, and 1000 U/ml with a
single cell concentration of 1x104RPM/well. A negative
control of RPM in cRPMI alone was also used. Results showed
a sharp increase in colony formation with the maximum (100%)
achieved at concentrations of EOO‘U/ml and 1000 U/ml (see

Figure 14.). For subsequent,LDA/experiments, a concentration
of 1000 U/ml of rM-CSF was used.

Recombiqapt GM-CSF was alsoktested, but at different
concentrations. Examination of recent liter%ture showed that
most researchers utilizing rGM—CSF in growth experiments
employed a concentration of’lDO to 200 U/ml (13,31,32).
Therefore, concentrations of 25, 50, 100, and 200 U/ml were
tested on a single cell concentration of 1x104 RPM/well. A
negative control of RPM prepared in cREMI alone was also
included. After 11 days of culture, the results showed that
optimal colony formation‘(lDO%) was achieved at
concentrations of 50 U/ml and greater (see Figure 15.). For

subsequent LDA, 100 U/ml of rGM-CSF was utilized.
Response of RPM to Recombinant Cytokines and SRBC

After the optimal concentrations of the two recombinant
cytokines had been determined, LDA was employed to analy:ze
the frequency of RPM and TAM that would respond-to both
cytokines individually, in combination with one another, and
in combination with SRBC. As with tﬁe crude cyfokines, RPM
were examined first to provide a reference for the results
obtained upon analysis of TAM. Analysis of rM-CSE was

accomplished initially, as had been done previously in
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‘analysis of the crude cytokines. Cell concentrations of
1x102, 1x103, 5x103, and 1x104 RPM/well were cultured in
CRPMI alone and in cRPMI containing 1000 U/ml of rM-CG5F.
Results obtained after 11 days of culture showed that rM-CSF
did increase proliferation of RPM, with the line drawn
through the data pﬁints revealing'a Pearson coefficient of
linearity of 0.996 (see Figure /16.). £ingle hit kinetics
were not indicated since tﬁe line did not pass through the
origin. A frequency of approximately 1 in 1500 TAM were
proliferating in resﬁonse to rM-CSF.

The remaining cytokine, rGM-CSF, was then examined.
Cell concentrations of 1x105, 1x103%, 5x103, and 1x104
RPM/well were prépafed in cRPMI alone and in cRPMI containing
100 U/ml of rGM—éSF.' Results obtained after 11 days of
culture revealed that rGM-CSF did enhance proliferation of
RPM, with a ftequency of 1 in 2250 cells responding (see
Figure 17.). Linearity was demonstrated with linear
regression analysis of the data, and indicated a single hit
sven*t (the line passed through the >rigin)

The combination of rﬁ—éSF and rGM-CSF wi; examined next.
Cell concentrations of 1x102, lxlOS,‘5x103. and 1x104
RPM/well were cultured 1in CRPMI alone and in ~RPMI ccntaining
1000 U/ml rM-CSF and 100 U/ml rGM-C3F. In addition, rGM-CSF
and rM-CSF Qere tested individually on cultures containing a
single cell concentration of 5x103 RPM/well. Examination of
the data obtained from this experiment showed that the

combination of rM-CSF and rGM-CSF did not significantly
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Figure 16. Limiting dilution analysis of the
effect of rM-CSF (1000 U/ml) on colony
formation of RPM.
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enhance the proliferation of RPM. Although a valid frequency
could not be determined, an approximate frequency of 1 in
2250 RPM responded (see Figure 18.). Linear regression
analysis of the data indicated a‘ooefficient of 0.9742
Single hit kinetics were‘noﬁ fbi;owed since the line did not
pass through tﬁe origin.

The effect of both recombinant factors and SRBC on
proliferation of RPM was then examined. Cell concentrations
of 1x102, 1xiO3, 5x103, and 13104 were prepared in cRPMI
alone and in cRPMI containing 1000 U/ml rM-CSF, 100U/ml rGM-
CSF, and 1% vol/vol SRBC. Tqé three different combinations
of two factorsl(rM—CSF + rGM-CSF, rM-CSF + SRBC, and rGM-CSF
+ SRBC) were tested(on a single cell concentration of 5x103
RPM/well. The data was collected after 11Adays of culture
and plotted (FigureJIQ).A Linear regression analysis of the
data for the cuitures containing all three factors yielded a
coefficient of 0.996, which indicated linearity. The results
in this experiment showed that the combination of all three
produce a better response than any combination of just two
factors. The frequency of responding cells determined from
the data, however, was 1 in 2500 RPM, which is comparable to
the frequency determined for the combination of rM-CSF and
rGM-CSF from Figurg 18.

The results of this set of experiments demonstrates that
RPM respond to pure recombinant factors, M-CSF and GM-CSF,
with much higher frequencies of proliferating cells than was
observed with the crude natural cytokines. The combination

of the recombinant factors, however, did not show enhancement
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Figure 18. Limiting dilution analysis of the
effect of rM-CSF (1000 U/mi) and rGM-CSF
(100 U/m) on colony formation of RPM.
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of proliferation over either factor alone. nor did the
combination of both rM-CSF and rGM-CSF with SRBC. Since the
concentrations of the cytokines that ﬁere utilized generated
100% response at 1x104 cells/well, it may be that every.
possible cell capable of éroliférating\was responding in the
presence of either factor alone and no further enhancement

was possible.

Response of TAM to Recombinant

' Cytokines and SRBC’

As with the RPM, the efféct of rM-CSF on TAM
proliferation waé determined first. Macrophages were
isolated from an MC-4 tumor and cultured at concentrations of
1x102, 1x103, 5x103, and 1x104 in cRPMI alone and cRPMI
containing 1000U0/ml of rM-CSF. The wells were scored for
colony formation after 11 days and the data plotted in Figure
20. The line drawn\through the points on the graph indicates
that rM-CSF does enhance proliferation of TAM, although a
valid freguency could not be determined. Linear regression
analysis yielded a coefficient of 0.996 for the line drawn
through the poiﬁts for the cells‘in cRPMI containing rM-CSF.
This line did not pass through the origin, indicating that
the addition of rM-CSF did not éenerate a single hit event.

Recombinant GM-CSF alone was then tested for its effect
on proliferation of TAM. Macrophages isolated from an MC-4
tumor were cultured in cRPMI alone and cRPMI containing 100

U/ml rGM-CSF at concentrations of 1x102, 1x103, 5x103, and
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1x104 cells/well. Results obtained 11 days later indicated
(see Figure 21.) that rGM-CSF, like rM-CSF, did enhance
colony formation of TAM, with 1 in 2250 TAM responding when
rGM-CSF was added to the medium. The line was examined with
linear regression analysis and represented a single hit
event. |

The combination of rM-CSF and rGM—CSﬁ was then tested on
TAM isolated from an MC-4 tumor. TAM were uséd at
concentrations of 1x102, 1x103, 5x105, and 1x104 cells/well
cultured in cRPMI alone or in cRPMI containing rM-CSF
(1000 U/ml) and rGM-CSF (100 U/ml). The two factors were
also tested individually at\a single cell concentration of
§x103 cells/well. The wells were scored for colony formation
after 11 days and the results plotted in Figure 22. The
lines drawn through the data points showed that the
combination of the two factors produced a better
proliferative response than either factor alone, with 1 in
1750 TAM responding. The following experiment involved
examining the effect of combining all three factors. TAM
isolated from a 1X-11-8 tumor were prepared in cRPMI alone
and in cRPMI containing rM-C3F (1000 U/ml)., rGM-CSF (100
U/ml), and SRBC (1% vol/vol) at cell concentrations of 1x102,
1x103, 5x103, and 1x104 cells/%ell. The three different
combinations of two factors (rM-CSE + rGM-CSF, rM-CSF + SRBC,
rGM-CSF + SRBC) were each tested at a single cell
concentration of 5x103 cells/well. After 11 days the data

was collected and the results plotted (Figure 23). The lines
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Figure 22. Limiting dilution analysis of the
effect of rM-CSF (1000 U/ml) and rGM-CSF (100 U/ml)
combined-on colony formation of MC-4 TAM.
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Figure 23 Limiting dilution analysis of the
effect of rM-CSF (1000 U/ml), rGM-CSF (100 U/mi),
and 1% SRBC on 1X-11-6 TAM.
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obtained indicate that the combination of all three factors
did exhibit enhancement of proliferation above that of the
various combinations of two factors. However, the freguency
of 1 in 2250 resgonding cells determined from the graph in
Figure 23. does not‘appeaf to béJsignificantly different from
the result obtained for rM-CSF and rGM-CSF in Figure 22.
Linear regression analysis of the data in Figure 23 vielded a
coefficient of 1.000. In addition, the line obtained from
the data of the cultures combining all three factbrs paséed
through the origin, indicating that a single hit event had
occurred.

The results obtained from this group of experiments
confirm that TAﬁ,do respond to M-CSF and GM-CSF. As with the
experiments examining the effect of the recombinants on RPM,
the combination of thé two recombinants énd the recombinants
with SRBC did not enhanée—pro;iferation over the effect of
the factors alone. This wduid indicate that, as with the
RPM, the total number of cells capable of proliferating were
responding with eithef factor alone and further enhancement

was not possible.
Dose\Besponse Assays of Tumor Supernates

Once it had been determined that TAM would proliferate
in vitro in response to colony-stimulating factors, the
question turned to whether or not the supernates of tumors
could enhance proliferation of TAM and RPM. It was also of

interest to examine the tumor supernates for the existence of
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M-CSF and GM-CSF activity. This would indicate whether or
not tumors might effect the quantity of TAM in the tumor.
In order to analyze this possibility, the optimal
concentrations of the tumor supernates for colony formation
of RPM were inifﬁélly‘determined. |

The supernate from ap'in zi;xg_cultuQe of an 1X-11-6
tumor was tested first, atlcohcentrations of 1, &5, 10, and
20% (vol/vol) in cRPMI. TAM wefé‘isolated from a 1X-11-6
tumor and used at a single concentfation of 1x104 cells/well
for all of the concentratioﬁg of the‘supernate tested, along
with a negative control of TA@Ain cRPMI alone. The results
were plotted (Figure 24) and showed a sharﬁ increase in
proliferation as the concentration of 1X-11-6 tumor supernate
increased, with the level of proliferatioﬂ reaching the
maximum (100%) at é concentration of 10% 1X-11-6 supernate in
cRPMI.

The supernate from in vitro cultures of an MC-4 tumor
were tested at concentrations of 1, 5, 10, and 20% (vol/vol)
in cRPMI. Macrophages were isclated from an MC—4vtumor and
used at a single concentration of\1x104 cells/well for all of
the concentrations of ﬁC—4 supernate tested. A negative
control of cells oﬁltured in cRPMI alone was also employed in
this experiment. The wells were scored after 11 days and the
results plotiéd (Figure 25). These results indicated an
increase in proliferation as the concentration of MC-4
supernate increased, although not as dramatically as that

seen for the supernate from the 1X-11-6 tumor. Optimal
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response was achieved at 10% (vol/vol) MC-4 supernatant fluid
in cRPMI, the same concentration of 1X-11-6 tumor supernate

which exhibited maximum enhancement.
Response of TAM to Tumor BSupernates and Cytokines

Limiting dilution analysis was utilized to examine the
effect of 1X-11-6 supernats alone or supefnate plus rM-CSF
or rGM-CSF on TAM isolated from a 1X-11-6 tumor. TAM
igsolated from a 1X-11-6 tumor were cultured at concentrations
of 1x102, 1x103, 5x103, and 1x104 cells/well in cRPMI, cRPMI
containing 10% (vol/vol) 1X-11-6 supernate, cRPMI -containing
10% 1X-11-8 supernate and 1000 U/ml rM-CSF, or cRPMI
containing 10% 1X-11-6 supernate and 100 U/ml rGM-CSF.
Results obéained after 11 days of culture (see Figure 26)
indicated that 10% 1X-11-6 supernate did increase
proliferation, resulting in a frequency of 1 in 2900 TAM
responding. The combination of 1X-11-6 supernate and rM-CSF

showed the nearly identical result of 1 macrophage out of

2750 responding. The combination of 1X-11-6 supernate and

]

GM-CSF, on the other hand, showed a substantial increase
over both the 1X-11-6 supernate alone or combined with rM-
CSF, with 1 in 1400 TAM proliferating in response.

The effect of MC-4 supernate alone and in combination
with the two cytokines was then tested on TAM from an MC-4
tumor. Concentrations of 1x102, 1x103, 5x103, and 1x104
cells/well were prepared from TAM isolated from an MC-4
tumor, in cRPMI alone, 10% (vol/vol) MC-4 supernate in cRPMI,

10% MC-4 supernate and 1000 U/ml rM-CSF in cRPMI, and 10%
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MC-4 supernate anq 100 U/ml rGM-CSF in cRPMI. The results
(Figure 27) were neariy identical to those frcm the previous
experiment (Figure 26). A frequency of 1 in 4500 TAM
responded to the supernate alone, and 1 in 2250 responded
when rM-CSF was added to the supernate. The additon of rGM-
CSF to the MC-4 supernate resulted in 1 in '1600 TAM
proliferating, an increage almost to the same degree ag that
seen in Figure 26 for the lX 11-6 supernate combined with
rGM-CSF.

The effect of 1X-11-6 supernate alone and in combination
with the two cytokines was tested on RPM to discern if a
difference ih fesponse would occur. RPM were prepared at
concentrations of 1x102, 1£103, 5x103, and 1x164 cells/well
in cRPMI, 10% 1X-11-6 supernate in cRPMI, 10% 1X-11-6
supernate and 1006 U/ml rM-CSF iﬂ cRPMI, and 10% 1X-11-6
supernate and 100 U/ml réM—CSF in cRPMI. Results (see Figure
28) showed the same pattern:és that seen with the 1X-11-6
TAM. Supernate from the 1X-11-6 tumor enhanced proliferation‘
to the same degree as when rM-CSF was added with the
supernate; a frequency of 1 in 2500 responded. As in the
results seen with’the TAM, the addition of rGM-CSF with the'
supernate resulted in an increase over the supernate alone,
with 1 in 1200 RPM responding to the combination. This set
of experiments in@icates that the supernates from both tumors
contain M-CSF activity but not’GM;CSF activity.

Summary

The results from all of these experiments indicate that
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a subset of RPM and TAM do proliferate, and that the addition
of M-CSF, GM-CSF, and SRBC to the medium enhances the
frequency of cells that proliferate. In addition,
combinapions of—these three factors do produce greater
proliferation than any of the three factors alone, although
not always significantly.' Thesé results have been summarized
in Table 2, and indicgte several points of interest. The
frequencieé of responding cells observedxamong,both RPM and
TAM are very similar, indicating the possiﬁility that TAM
populations rare derived fromlpopulations of resident
macrophages and not ﬁhose-ofiinflémmafory macrophages.
Alternatively, both RPM andﬁTAM could be derived from an
immediately common pxogenitor,ﬂand would be similarily
differentiated and responsi?e to colony—stimu;ating factors.
Also, these results suggest éhat the,effect‘of combining M-
CSF and GM-CSF may be additive and not synergistic on
proliferative respbnseskqf the cells tested. Finally, the
supernates of two tumors have been shown to contain
M-CSF-like activity ahd not ‘GM-CSF activity, which indicates
that these two tumors may be capable of stimulating

'macrophage proliferation in vivo.
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Sourcs of Calls

\ . TAM
RPM MC-4 tumor 1X-11-6 tumor
Treatment :
cRPMI <1.0 - <1.0 <1.0
SRBC 2.2 5.0% 282
Crude cytokines ‘
M-CSF 222 212 222
GM-CSF 1.6 142 1.6%P
Combinations ' - .
M-CSF + GM-CSF 3.6% 203P 2.8
M-CSF + GM-CSF + SRBC 2.0 228 2520
Recombinant cytckines
M-CSF 6.6 502 ‘ 5.59
GM-CSF 4.4 ’ 4.4 3.7°.
Combinations : .
M-CSF + GM-CSF 4.43 - 5.72 7.10
M-CSF + GM-CSF + SRBC 4.0 5.03:0 4.4

a. This value 1s estimated since single hit Kinetics were not observed in this case.
b. This resuit was not shown previously in the Resuits section.

Table Il. Summary table of the frequencies of FcR™ colony forming cells among RPM
and TAM populations (converted to responding cells/10,000).



CHAPTER IV
DISCUSSION

The results of this study show that macrophages, both
from normal mice and isolated from tumors, are capable of
proliferation in vitro consistent with pre§ious reports
(3,17,22). 'This proliferation occurred whether or not M-CSF,
GM-CSF, or SRBC were part of the cultdre medium, although the
presence of any of these thrée factors substantially enhanced
the ability of RPM and TAM to form colonies. The response to
M-CSF was approximately the same as to GM-CSF in enhancing
proliferation of macrophages in either the crude natural or
recombinant preparatioﬁs of the two factors. SRBC were more
potent than the crude naturél preparations of either
cytokine, but less effective than the recombinant factors.

M-CSF has been demonstrated to be capable of enhancing
proliferation of macrophages when added to the culture medium
(5,24,31) and the results of the experiments in this study
add further evidence to these observations. RPM and TAM both
showed increased amounts of colony formation when incubated
in medium containing either the crude natural or recombinant
forms of M-CSF. Since populations of TAM have recently been
shown to express receptors for M-CSF on their surface (3), it

was not an unexpected observation that TAM did respond to
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this agent However, this is the first report of enhancement
of TAM growth by M-CSF.

Macrophages from both pcpulaticns also proved capable of
responding to the crude and recombinant forms of GM-CSF. The
frequency of RPM and TAM that responded ta GM-CSF was
slightly less than the frequency of these two populations
that reasponded to M-CSF The recombinant GM-CSF was of
murine origin whereas the recombinant M-CSF was of human
origin, which could explain the difference in frequencies
that was seeﬁ. In the crude preparations the difference
could be due the difference in sources; M-CSF was obtained
from a in vitro culture of’avtumor cell line which
constitutively produces M-CSF, and GM-CSF was obtained from
an in vitro culture of normal murine lungs which were
unstimulated as regards to GM-CSF production. In addition,
the difference could be due to the presence of inhibitors or
unknown colony-stimulating factors that might comprise part
~f the normal in vitro environment of the cells.

SRBC were also shown to enhance proliferation of both
RPM and TAM when added to the culture medium. Although the
reason for this effect is unknown. the appearance of
macrophage colonies in "clearing sonss’ in the lawn of SRBC
coating the well could indicate that rhagocytosis of foreign
particles (the SRBC) can drive prolifsration of macrophages.
It is also possible that cell oontéct is important in
proliferation of macrophages, and that the higher the
~oncentration of SRBC, the better the response of the

macrophages due to increased cell density. Finally, it could
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also be possible that SRBC may prevent ircn depleticn of the
medium by other macrophages present in the cultures and
thereby aid macrophage proliferation (27).

The combinations of the three factors tested producsd
some Very interestiﬁé results. It has been reported recently
in several articles that M-CSF and GM-C3F are able to
synerglze and generate a greater effect than either one alone
(4,15) The results from the combination of the crude
preparationé of the two cytokines do not support or agree
with these findings. The combinations tested showed a
substantial increase in colony formation in RPM and TAM over
aither cytokine"alone which éppeared to be additive (see
Figures 7, 12, and Table 2). The combination of the
recombinant c¢ytokines, however, éhowed very little increase
1in proliferation of RPM and TAM over that of either

recombinant factor alone (Figures 18 and 22). If only one

t

subset of the macrophage population that comprise RPM and TAM
iz capable of responding and only this subset carries the
recsptors for both M-CSF and GM-TSF, then these results can
be explained. The crude natural preparations, although at
their optimal concentration for the= proliferative response,
may contain suboptimal concentraticns of M-CSF and GM-C3F for
stimulating every possible cell to divide. When the two are
added together, the suboptimal doses »f both cytekines are
able to work together to produce a much greatsr response.
With both recombinant M-CSF and/or GM-CSF the use of the

optimal concentrations to stimulate every cell in the subset
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to proliferate may have masked a synnergistiec effect. There
may have been enough of both cytokines that either cne alone
can stimulate every cell in the subset, so that wnen the two
were mixed, only a very small increase was seen because the
sdditional cytokine was unablextokstimulate any additional
cells to undergo division. Although LDA cannot accurately
determins whether the effects of combinations are synergistic
or additive, the results of thgse experimente do seem aot %o
agree with the literature and éuggest that the effect was
additive in these experiments. ‘

The combination of the two oolon§ étimulating factors
with SRBC resulted in no real increase in proliferation of
RPM or TAM over that observgi in the presence of rM-CSF and
rGM-CSF. The reasdn for these results is prcbably the same
as what was suggestéd to have occurred with the combination
of the two recombinant cytokines; maximum proliferation of
the macrophages in the two populations had already been

<

\ieved and further enhancement was nct possible. I+

om
’4‘
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also possible that different subsets of the macrophage
population are stimulated to proliferate by the cytokines and
SRBC, and that an increase in one population inhibits an
increase in the other.

The presence)of colony-sﬁimﬁlating factor activity in
tumors was alsg determined in this study. Supernates of the
two tumors Qere examined for their ability to enhance
proliferation of TAM and for the presence of M-C3F and GM-CSF
activity in the supernates. In the examination nf supernates

from both the 1X-11-8 tumor and the MC-4 tumor, the presence
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of M-CSF activity but not GM-CSF activity was detected. In
the development of macrophages from the bone marrow, both M-
CSF and GM-CSF act on macrophage precuresors (31). It is
widely accepted that GM-CSF acts on an earlier precursor than
M-CSF, a progenitor‘that'can become either a granulocyte or a
macropﬁage (31). Since M-CSF does stimulate proliferation of
mature macrophages (1,24,25,31) and if the populations of RPM
and TAM contain mature macrophageé, than the presence of M-
CSF activity and not GM-CSF activity in the tumor is
consistent with the functional réles of fhese factors.
However, it must be kept in mind that GM-CSF may still be
present within the tumor ig iilg since this factor has been
shown to be released by endothelial cells and epithelial
cells (24).

Another interesting observation derived upon examination
of the supernatant fluids of the tumors was the concentration
of the M-CSF in the tumor. A comparison of the crude
preparaticn of M-CSF producea by the L cell line used in the
first =xperiments with the two tumor superﬁates shows that
the Concentrafion of M-CSF activity in the tumor supernates
is‘considerably higher. This would indicate that both tumors
may be stimulating the highest possible level of macrophage
proliferation. in vive. Since the tumors are actively
growing, it is unlikely that the tumors would be benefited by
generation of tumoricidal macrophages. Some functicn(e) of
macrophages that could promote the tumor may be stimulated

along with proliferation.
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Ancther notable observation of this study 1s that the

two tumors, which were different in

[}

ti1clongy, behaved so
similarly in regards to TAM proliferation. Both appsared
capable of =timulating the maximum possible proliferation of
the sutset of TAM capable of growth. It iz assumed that in
both tumors this would promote some function of macrophages
beneficial to tumor growth and survival. This cbservaticu
confirmed reports in the literature that the accumulation of
macrophages is considered to be tumor-dependent and not host-
dependent (7,13,14). The observation also indicated a
potentially identical mechanism used by the two tumors to
enhance growth and integrity. Further investigation into
this path could lead to a novel immunotherapeutic strategy
for cancer applicable to a wide variety of tumors. For
instance, colony-stimulating factors might possibly be added
to a tumor, stimulating tumoricidal functions of TAM (19).
The fraquencies of reéponding RPM and TAM were virtually

+the same throughout the entire study, indicating that the two

[o9

different ropulations may be related in some way. Comparison
f TAM to thioglycollate-elicted macrophages (TEM) showed
very different proliferativs capacities between the twe (Kim
Burnham, unpublished results), in which TEM exhibited much
less capacity for .graowth thaﬁ RPM or TAM. This ind:cat=s
that TAM may be derived from either the normal resident
populations of macrophages or from the same pool of
~irculating monocytes as RPM and not the populations 2licted
in an immune response. This 13 consistent with other reports

-n the literature tha* TAM obtained from rrogressively
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growing tumors are neither activated nor tumoricidal
(7,13,14).

Investigation of the ability of TAM to proliferats and
the potential for this proliferation to account for the large
numbers of macrophages found in tumors was one of the
osriginal goals of this study. The frequencies of TAM‘
determined to prolifsrate in vitro indicated that only a rare
subset of TAM was responsive. However, this does not rule
out proliferation of existing or recruited macrophages as the
primary source of TAM. In this study, only two factors
(M-CSF and GM-CSF) were examiﬁed for stimulation of growth of
TAM in vivo were examined. Many more factors known to
stimulate proliferation ofvmacrophages could potentially
affect the situation in vivo, including IL-2, IL-3, and
phospholipids.

Examination of these other factors may reveal other
subsets of TAM capable of growth and that proliferation is
the primary source of TAM. Other synergistic and/or additive
effects of various signals(might be revealed. It 1s egually
possible that both the influx of macrophages from the blood
and proliferation of macrophages alre=ady in the tumor may
account for the numbers of TAM.

Another notesworthy observation from the results was thz
sccurance of single hit events in the data. With the crude
natural cytockinez, =ingle hit events werse only seen when the
+wo ware combined with SRBC From the type of line resulting

in these experiments when single hit kinetics were not seen,



this would indicate that scme other population of cells
present in both the populations of TAM and RPM or factors

present in the crude preparations inhibited the respc

)
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Since RPM did not contain any tumor cells, this inhibition
could potentially be caused by another subpopulation of
macrophages. When the crude cytokines were combined with
SRBC, this inhibition was completely overridden, which could
be due to the prevention of iron depletion of the medium'by
the presence of SRBC as previously ﬁentioned. In later(
experiments with the recombinant cytokines and tumor
supernates, this inhibition was(eitﬁer‘reduced or not
evident.

There were two key probiems with this project, namely
the potential effecpkof the~protocol utilized for isclating
TAM and insuring that the colonies examined under the
microscope weré‘indeed colonies of macrophages. The protocol
used for isclating TAM had several features that could have
124 to problems. First, it was assumed ﬁnat TAM capable of
proliferation were FcR+ and would rosette with opsonizéd
SRBC Secondly, lysis of the SRBC by hyperosmotic pressure
at the conclusion of the isolation pfocedu:e could likewise
lyse or metabolically sﬁock macrophages in the suspension: on
the average 50 to 60 percent of the total number of cells ia
the suspension before the application ¢f the izolation
procedure were‘lost. Lastly, it Qas also possible that the
nse of cpsonized SRBC could result in activation of TAM which
c-uld have resulted in freqﬁencies of prcliferation

completely unlike what may occur in vivo However,
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repetiticn of an experiment utilizing adherence to plastic to
isolate TAM showed approximately the same results as TAM
1s0lated by opsonized SRBC (results not shown) In addition,
PPM were 1solated without the use of cpsonized SRBC and
showed roughly the same frequency of responding cells as TAM,

indicating that the TAM were nct activated by the orsonized

The primary method of determining that the <colonies of
RPM and TAM were indeed mgcrophages involved’fosetting the
~ells with opsonized SRBC and scoring as positive for growth
colonies consiéting of rosetted cells. However, it should be

natzd that other murine cells, particularly T lymphocytes,

ars capable of rozetting SRBC (whether opsonized or not).

i

Demunatration that the colonies examined were indeed
macrophages was achieved by identifying two additional
macrophage markers, MAC-1 and I-A, in some of the experiments
that were performed (resulte not shown) Addition of
antibody specific for I-A followed Dby lysis with complement
=liminated nearly all of the FcR+ colonies (80%) Addition
~f magneti: beads coated with ant1-MAC-1 antibody and scoring

N

ne same

ot

for rosetting of the beads revealed roughly
frequency of macrophages responding as did scoring with
cpsonized SRBC.

There are several directions that can be taken in future
research based on these fesults. First‘ neutralizing
antibodies which are specific against M-JSF and GM-CSE can Dde

added to the tumor supernates to verify the presence of M-CEF



and not GM-CSF and to examine the supernates for the preszence
of other colony-stimulating factors. Others have reported
tumoricidal activity of macrophages expcsed to rM-C3F (137,
55 another possible avenue to examine would be to add rM-CSF
and rGH-CSF to cultures of RPM and TAM and lock for the
production of tumor nec}osis‘factor. Other populations oI
macrophages, such as those found in the éﬁleen, lymph ncdes.
and bone marrow, could be examined for their ability to
proliferaté whenlgrown in:culture containing M-CSF, GM-CSF,
and SRBC. A meéhanism for the effect of SRBC on
proliferation of RPM and TaAM needs to be defined; cell
density, phagocytosis of féreign.pérticles, and prevention of
iron depletion should be examined. fn addition, the effect
of combining M-CSF and GM-CSF might be better identified as
synergistic or additive by combining suboptimal doses of the
recombinant factors. ’O£her cytokinesAneed to be examined for
their ability to induce or inhibit proliferation of
ma-rorhages. IL-3, also knowﬁ as multi-C:3F, éhould be
investigated, as well as IL-2. Phospholipids have been
reported as capable of stimulating proliferation in viirs
(18) and should also be examined by limiting diluticn
analysis for their effect on RPM aﬁd TAM. It would also be
interesting to examine the effects of potential inhibitors of
macrorhage-mediated cytostasis in an effort to block
potential inhibition of macrbphage érowth. Furthermore, all
of these factors should be examined for their =zbility in vivo
1o stimulate proliferation of macrcphages both in ftumors and

in normal mice.
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In summary, this study constitutes the first report 1in
which colony-stimulating factors have been shown to =enhance
’the frequency of TAM capable of in vitro proliferation The
populations of TAM examined have been shown to be very
similiar to normal resident macrophage; (RPM) in th=
frequency of cells that respond. This study also indicates
that TAM capable of proliferation constitute a relatively
rare subset of the TAM population, however, this ‘
subpopulation of cells may be very important due to their
poctential capacities for growth énd interaction with other

TAM.
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