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PREFACE 

Limiting dilution analysis was used to analyze the 

effects of colony-stimulating factors on the in vitro 

proliferation of tumor-associated mac~ophages and resident 

peritoneal macrophages. Specifically, _macrophage colony-

stimulating factor and granulocyte/macrophage colony-

' ' 

stimulating factor 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 peritoneal macrophages and tumor~ 

associated macrophages with the factors that were assayed. 

Further analysis of supernate isolated from cultured tumor 

cells indicated the production of colony-stimulating 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 long beep i mystery to tumor researchers. Commonly 

called tumor-associated macrophages. (TAM), these cells have 

been found in almost all solid tumors regardless of tissue 

origin or sp~ci~s and constitute from 2 to. 80% of the tumor 

mass (7,13,14). Of particul~~ significance i~ 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 ln tumors is unknown; both cytotoxic 

funct1ons and enhancement of tumor growth have been reported 

(7,13,14). 

With the recent ~idespread acceptance of the concept 

that normal mature macrophages are capable of proliferation 

(26,30), it would 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 regulation 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 
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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 functlon and its 

' ' 

regulation. Application of Poisson statistics that enables 

one not only to be able to determine the frequencies of 

responding macrophages in an experiment but also to be able 

to infer theBe results to the entire population of 

macrophages (10). 

Mac~ophages 

Macrophages, also known as mononuclear phagocytes, 

comprise an important part of host defense against disease. 

Besides phagocytosis of invading microorganisms, they are 

capable of repairing tissue damage, processing and presenting 

antigen to T lymphocytes, and aiding in the fight against 

tumors through the production of tumor necrosis factor 

(25,28). 

Macrophages originate in the bone marrow when a 

monoblast develops from a pluripotent stem cell (30,32). 

After 1 to 2 days, the monoblast divid~s and the daughter 

cells develop further into promonocytes (32). The 

promonocytes divide again and'become roonocytes within 24 

hours, then exit the bone marrow and enter the blood stream 

(32). Monocytes circulate in the blood for 2 to 3 days and 

then migrate into the tissues, where they differentiate into 

mature resident macrophages and may survlve 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 m~crophages 

arise from a single precursor type and express functions 

determined by their age and environment or if the variety of 

subsets of macrophages arise from different precursors (26). 

In suspension, most macrophages are spherical in shape 

and approximately 14-20 urn in_diameter (6). A single bean 

shaped nucleus, abundant cytoplasm, and a large number of 
' . 

lysosomes characterize these cells (6). Macrophages are 

3 

noted for their.ability to adhere to glass surfaces, and this 

is commonly used as a means of isolating them from 

heterogeneous cell populations (21,31). A variety o~ cell 

surface markers are expressed, including Fe receptors, MAC-1, 

lymphocyte function associated antigen-3 (LFA-3), 

interleukin-2 (IL-2) receptor~. and major histocompatibility 

complex (Mhc) class I and class II molecules which can be 

complexed with processed' antigen (2,5,6,8). Some of these 

markers are expressed constitutively by all macrophages, 

while others are expressed only at certain stages of 

development or in certain tissues (26~. Macrophages are 

found throughout the body, including in all of the organs of 

the body, the connective tissues, and tne serous 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 
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facilitation of tissue repair and reorganization (25,3ll. 

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 proteins. Tumoricidal activity 

is achieved primarily by the secretion of., the complement 

factors, ROI, various proteases, and the release of tumor 

necrosis factor (TNF) (25,28). 

The ability of macrophages to actively phagocytize 

antigens makes them important antigen presenting cells (APC), 

particularly of part~culate antigens such as bacteria. This, 

combined with the secretion of IL-l (28), enables them to 

activate CD4+ T lymphodytes. CD4+ T lymphocytes comprise the 

'helper' T cell.population responsible for aiding in the 

activation of B lymphocytes ~nd macrophages during an immune 

response (28). 

Macrophages are also capable of causing the induction of 

inflammation and fever at the; site of an infection (28). 

This 1s accomplished mainly by the production of known 

pyrogens, including IL-l and TNF. They also release clotting 

factors, complement factors, ~nd prostaglandins (28). 

Macrophages aid in tissue repair and reorganization T-hrough 

the production of a variety of growth factors, fibroblast 

stimulating factors, and factors which stimulate angiogenesia 

(28). Undesirable effects on the body can also be attributed 

to macrophages. Some factors secreted by macrophages in the 

host's defense against invasion are also capable of causing 

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

It has only been in the last few years that mature 

macrophages are capable of proliferation in ~ as well as 

in vitro has gained general acceptance (11,22,25,26,30). The 

importance of the proliferative ability of macrophages 

lies in the suggestion that replacement of macrophages in the 

tissues can be carried out b~ cell division as well as by 

influx of monocytes from the blood. Van Furth, who had 

originally argued against macrophage proliferation, still 

contends that an influx of macrophages is the primary way in 

which replacement occurs and that, fully mature macrophages 

are not capable of proliferation (32). Macrophage cell 

division has been shown to be stimulated by a number of 

cytokines, of which macrophage colony stimulating factor 

(M-CSF) is the most well known and characterized (1,9,24). 

Granulocyte macrophage colony stimulating factor (GM-CSF), 

and interleukin-3 (IL-3 or multi-CSF) are also known to 

upregulate macrophag~ growth'(l,24,30). Phospholipids and 

sheep erythrocytes have also been shown to stimulate 

macrophage proliferation in vitro (.33). The effect of 

interleukin-2 (IL-2), aT cell 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 macrophag~s within solid tumors was 
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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 ma~s. and that this amount remains 

constant even during rapidctumor growth (7). The amount of 

TAM found seems to be tumor-dependent; the quantity of TAM . ' ' 

varies between different tumors but remaln relatively 

constant in iumors passaged ~rom one animal to another 

(7,13,14). TA~ also appear to have the ability to carry out 

all normal macrophag~ functions, including antigen 

presentation,. production of cytokines such as IL-l, and 

cytotoxic functions (7,13), 

TAM Ch~racteristics And Functions 

Characterization of TAM has been difficult since tumor 

c~lls can appear morphologically identical to normal 

macr0phages when examined histologically (14). Two distinct 

subpopulations have been described in a number of tumors, 

based originally on the size of the macrophage by velocity 

sedimentation (7,14). One subpopulation consis~s of smaller, 

peroxidase-positive macrophages, and the other contains 

larger macrophages with higher levels of expressed Fe 

receptors and Mhc Class II CIA) molecules (7,f4). It is 

thought that the population of. smaller cells constitutes less 

mature macrophages 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 nucleotidase, 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 

generali2ed host response. Many uf the functions that TAM 

are known to be capable of seem to be beneficial to tumor 

growth, but cytotoxic functions such as TNF secretion have 
,' 

also been reported (7,13,14): All of ~hese functions 

appear to be normal macrophage capablities, including 

lymphocyte activation, promotion of cell growth, and 

7 

cytotoxic activities (7,13). ,'Experiments have shown that TAM 

are capable of antigen presentation and activation of T 

lymphocytes ( 7, 13 )_. TAM have also been found to be potent 

secretors of a variety of cytokines and proteases, including 

IL-l, collagenase, and platelet-derived growth factor (13). 

Tumoricidal activity has been demonstrated in, vitro by 

TAM when exposed to act~yating agents, but the level of 

activity seen is much lower than that of normal tissue 

macrophages (13,14). Reactive,oxyg~n intermedia~es (ROI) 

have also been found to be secreted by TAM, wh{ch could have 

not only have a potentially cytotoxic effect, but also a 

mutagenic effect. Mutagenesis might possibly ~ncrease tumor 

heterogeneity and resistance to host 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 cello directly stimulate 

macrophages to express PCA (13). TAM have also been 

attributed with angiogenesis in the tumor site and in the 

invasion of distant sites by tumor cells (13,14). 

Effects of TAM in ~ 

8 

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); Fbr instance, the 

injection of toxins, such as silica, which specifically block 

macrophage function, result in a decrease in the growth of 

the tumor but also enhance .tumor metastasis (13,14). TAM 

could act to provide 9ptimal conditions for neoplastic 

growth, by the production of growth factors and promoting 

blood vessel formation through PCA (7,13,14). Enhancement of 

tumor growth see~s to function best when the TAM:tumor cell 

ratios are low in vitro ( 7, 13·). This same situation possibly 

0 c c '.l r s in. Y.i.YQ.. 

Cytotoxic TAM have also been described, although 

primarily in tumors that are in regression ( 7, 13 .·14), and are 

commonly seen in vitro when the TAM·tumor cell ratio is hlgh 

(7,13). Secretion of TNF, complement factors, and ROI could 

have cytotoxic effects on tumor cells, but can have other 

effects as well. Tumor necrosis factor can help select for 

TNF-reslstant tumor cells by elimination of TNF-sensitive 

cells, thereby making it even harder for the host to 



effectively respond to the tumor (7). ROI have been 

implicated with mutagenic capabilities, which could lead to 

an increase in tumor cell heterogeniety and, as with TNF, 

could give rise to a tumor muqh more resistant to host 

defense mechanisms (13,14Y. 

9 

Secretion of a wide range of proteases, includlng 

collagenase and elastase by TAM has also been described (13). 

These can contribute to invasion of the tumor into secondary 

sites. Ironically, TAM found at the~e secondary foci seem to 

act as restraints against metastasis and are frequently 

tumoricidal (13). Examination of 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 to influx of monocytes from 

the blood or from in. a.i.t.l.J.. proliferation of mature macrophages 

(13). The numbers of TAM are usually quite large, although. 

and it has been determined that in a solid tumor 1 em in 

diameter with a TAM content of 30% or mQre would have a 

macrophage population larger than 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 ma~row, 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 signals from one cell to another and aiding in 

activation, differentiation, suppression, and proliferation 

of cells invo~ved in the immune response as well as non­

immune cells. These molecules comprise a broad and diverse 

group, varying w~dely in size, shape, sources, targets, a~d 

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 stimulator of proliferation and 

activation in both matur~ and immature macrophages (19,20, 

24). M-CSE has ·been found to be ·produced by fibroblasts, 

monocytes, macrophages, endothelial cells, and mitogen­

stimulated lymphocyt~s (~4). For study, 1t is commonly 

isolated 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 si~e 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 is believed, although not proven, that 

the quantity of carbohydrate causes the variation in the size 

of the molecule. M-CSF is inact.ivated by,heating and gentle 

reduction methods, but resistant to most proteases (24). 

Besides proliferatio~. M-CSF has also be~n demonstrated to 

induce a number of differentiation functione in mature 

macrophages, including prod~ction of prostaglandin E, 

plasminogen activator, IL-l, interf~rons, myeloid growth 

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

Granulocyte/Macrophage 

Colony-Stimulating Factor 

Granulocyte/macrophage colony-stimulating factor, or 

GM-CSF, is a potent stimulator of macrophage and granulocyte 

proliferation and differentiation, and is found to be 

secreted by the same types of cells that secrete M-CSF as 

well as T lymphocytes. Natural GM-CSF can be obtained in 

quantity through ~vitro incubation 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 large 

carbohydrate component, but in contrast to M-CSF, it is 

resistant to heating and gentle reduction and sensitive to 

proteases (24). GM-CSF,as well as M-CSF, has been 

demonstrated ~vitro to stimulate tumoricidal activity in 

macrophages (20). 
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Limiting Dilution Analysis 

Limiting dilution analysis CLDA) is based on a 

mathematical formula derived from binomi~l and Poisson 

distributions (10). The inten~ioh is that, with this 

formula, inferences can b,e made from cells in an experiment 

about colony formation of an entire population of cells. In 

other words, an experiment could be ~erformed using resident 

peritoneal macrophages fr,om a normal 'mouse and the results 

could be said to be true for the entire population of all 

resident peritoneal macrophages from that strain of mouse. 

LDA can be used to determine 'the frequency of cells in a 
1 - '• ,"' J 

responding cells in a population, even if the cells of 

interest are low in number, since the sensitivity of the 

assay is such that very low levels of proliferation can be 

detected (10). The use of LDA can also help determine 

whether cellular density can enhance or inhibit colony 

formation ( 10). Finally,, LDA distinguishes between the 

frequency of responding cells and colony size, a ~itfall of 

other commonly used methods (10). The purpose of this 

investigation is to examine and compare the ability of TAM 

and RPM to proliferate and the regulation of this growth by 

M-CSF, GM-CSF, and sheep eryt~rocytes using LDA. 



CHAPTER II 

MATERIALS AND METHODS 

Animals 

For ~ll of the experim~nts, female C3H/Hen mice of 
\ ' 

approximately 6-8 weeks of age were obtained from Charles 

River of Wilmington, Massachu~etts. Mice were kept in a 

facility at Oklahoma State Untversity. 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 th~ experiments 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 prepared. Complete RPMI contained 

5% (vol/vol) heat inactivated (56oC water bath for 30 

minutes) fetal bovine serum , 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 comple,te 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 ster~le disposable 

filters into au~oclaved 500ml bottles. Filtered medium was 

kept at 4o C until needed. 

MEM Culture Medium 

Alpha-MEM was used to maintain cultures of the tumor and 

L929 cell lines when supernatants were not being prepared. 

The medium was reconstituted from a·powder (obtained from 

Hazleton Corp., Denver, PA) in double distilled water; 2.2 

grams of sodium bicarbonate was added per liter of prepared 

medium. As with cRPMI, additional ingredients were added to 

insure cell growth, including L-glutamine (2mM), penicillin 

(10,000 U/ml), streptomycin (0.1 mg/ml), amphotericin B (2.5 

ug/ml), gentamycin (50 ug/ml), and 10% heat-inactivated (56oC 

waterbath for 30 minutes) calf 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 4o C until needed. 

Maintenance Of Cultures 

Cultures· of L929 (obtained from American Type Culture 

Collection, Rockville, MD) and tumor cells were kept at 37o C 

in a 5% C02 (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 

subcultur~d 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 P04, pH 7.4). Two ml of trypsin-EDTA ( .25% wt./vol. 

trypsin and 1 mM EDTA in P~S) were pipetted into the flask, 

and then the flask would be incubated for 10 minutes at 

37o C. Approximately 10 ml of alpha-MEM would then be added 

to stop the enzyme reaction. The flask would be tapped 

several times to loosen any additional 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. The flask would then be 

returned to the 37o C incubator. 

M-CSF 

Crude natural M-CSF'preparations were obtained by 

cultur1ng 5 x 106 cells of the L929 cell line in 30 ml of 

cRPMI. This was allowed to incubate for 48 hours in a 31° C 

COz 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 d1spensed into 

sterile tubes in 3 ml aliquots and stored at -zoo C unt1l 

needed. 

Recombinant human M-CSF CrM-CSF) was obtained frozen 

from Cetus Corporation at a concentration of 5 x 105 
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Units/ml. This solution ~as 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 -zoo c·until needed. 

GM-CSF 

Crude natural GM-CSF pr~parations were obtained by the 

following method: lungs were removed from C3H/Hen mice, 

minced, and the fragments placed into. cRPMI (12.5mls per pair 

of lungs) in a· petri disn. ·This was· sealed with wax film and 

incubated for 48 hours in a C02 incubator at 370 c. The 
( 

medium was harvested and spun down at 650x g for 8 minutes to 

remove any cells. This supernatant fluid was dispensed in 1 

ml aliquots into sterile tubes and stored at -zoo C until 

n~?eded. 

Recombinant murine 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 ~hen stored at -ZO~ 'c until needed 

Sheep Erythrocytes 

Sheep erythrocytes (SRBCs) were obtained from the OSU 

CollegB of Veterinary Medicine and from Organon Teknika in 

Durham, North Carolina. Prior to use in experiments, SRBC 

were stored at 4o C. SRBC werB 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 supernate was transparent in color. 

The packed SRBCs in the pellet were then diluted to 10% by 

volume in PBS for use in experimentation. 

Isolation of Resident Peritoneal Macrophages 

RPM were obtained from normal mice by peritoneal lavage 

with PBS (16). Mice were eu~hanized in an ether jar prior to 

peeling back the skin from around the peritoneal cavity. 

Three milliliters of cold PBS was then injected into the 

peritoneal cavity, and the cavity was gently massaged. PBS 

containing peritoneal 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 minute~. The 

supernate was discarded and the pellet resuspended in 2 mls 

cRPMI and kept on ice. Ten microliters of the cell 

suspension was removed and diluted 1:10 with 90ul of PBS, 

from which 10 ul was then loaded onto a hemacytometer and 

counted. Cell viability was determined by mixing lOul of the 

cell suspension with lOul of trypan blue and loading lOul of 

this mixture onto a hemacytometer and examin~ng 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. 



Generation and Isolation of 

Tumor-Associated Macrophages 
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For this port1on of the study, two solid tumors derived 

from different sources were used to obta1n TAM. The first, 

designated as 1X-11-6, was obtained from Dr. Jim Beeson at 

the University of 0klahoma at Tulsa Medical College. Tumor 

1X-11-6 was a spontaneous tumor which arose from an ~ vitro 

culture of murine placental tissue of female C3H/Hen mice. 

The second tumor, designated as 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 oil 

at the ventral surface of a female C3H/HeN mouse. Both 

tumors were passed in normal 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 diss6ciated into a single cell suspension 

en~ymatically by incubation in 0.1% (weight/volume) 

collagenase and 0.1% (w/v) dispase with mechanical stirring 

in a 37oC waterbath for 1 hour. Following the incubation, 

the resulting cell suspension was removed and centr1fuged at 

650x g for 8 minutes. The pellet was harvested and 

resuspended in 2mls cRPMI. Cell concentrat1on was determined 

with a hemacytometer and the cell suspension 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 37oc 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 llOOx g for 20 minutes. The 

supernate was discarded and the pellet resuspended gently in 

' ' 

~ mls cRPMI. The cell suspension was agairi layered over 

ficoll hy~aque and centrifuged at llOOx g for 20 minutes. 

The pellet was again harvested and resuspended in 2mls cRPMI. 

The percentage of rosettes ~as again determ~ned by 

hemacytometer and the suspen~ion was centrifuged at 650x g 

for 8 minutes. The SRBC were then lysed by resuspending the 

pellet in lml sterile double distilled water followed 

immediately by the addition of 5mls of cRPMI to prevent lysis 

of TAM. The cell suspension was again centrifuged at 650x g 

for 8 minutes and the pellet resuspended 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 been 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 ~ vitro and to generate tumor supernatants that could 

be tested for effects on TAM and RPM growth. After four 

passages ~vitro, 5 x 106 tumor cells were put into 30 mls 

cRPMI in a tissue culture flask. The flask was put into a 

37oC incubator with 5% C02 for 48 hours, after which the 



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 
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Dose response assays were performed to determine the 

optimal conc~ntration of the colony stimulating factors and 

SRBC for RPM proliferation. Concentrat~ons of 0%, 1%, 5%, 

10%, and 20% (vol/vol) of the crude natural factors were 

tested in the first assay, ~hile 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 concentration of 1 x 105 RPM/ml was used in all 

dilutions of the dose response assays. The cells were 

dispensed in O.lml aliquots into wells on microtiter plates, 

with 60 wells being used for each dilution. The plates were 

incuba~ed for 11 days at 37oC in 5% C02. Wells were scored 

for colony format~on bi adding 20ul of a 0.5% antibody-coated 

SRBC solution to each well, gently rocking the plates for 30 

minutes, and then examini~g the wells with an ~nverted phase 

contrast microscope. Positive wells were designated as those 

with 6 or more rosetted cells in a colony. The data was then 

plotted on a linear graph as the fraction of responding wells 

on the y 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 RPM. 

'Limiting Di.lution Analysis 
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LDA was used to.assess the proliferation of TAM and RPM 

in culture and the regulation of this growth by M-CSF, GM­

CSF, and SRBC. This form of,analysis is based on a formula 

derived from the 'Poisson ~nd binomial distributions, and is 

stated as Fo = e-u ~ith Fo = fraction of nonresponding 

cultures and u = the number 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 nonresponding wells (u = -lnFo), so that a 

plot of cell concentration versus the negative logarithm of 

Fo gives a straight line, passing through the origin (10). 

This is commonly known as a single-hit event ·When Fo is 

eq1' ql to 0. 37 ( 37% of the cultures were non responding) , u is 

e4ual to 1 (an a~erage of 1 responding eel! per culturel(lO). 

Therefore, when the frequency of responding cells can be 

estimated as the inverse of the cell concentration at which 

37% of the cultu~es fail to respond (10). The Poisson 

distribution can only be applied if the responding cell lS 

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 
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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 

prolifeiation and individual wells on a microtiter plate were 

considered as cultures. Sixty wells were used,for each 

concentration of cells to insure the ~eliabiiity of the data 

obtained. !n addition to diluting cells ~n 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 wer'e incubated for 11 days at 37oC in 

a 5% C02 atmosphere, after which the wells would be scored 

for colony formatioq. This was accomplished by adding 20ul 

of 0.5% antibody-coated SRBC solution to each well, gently 

rocking for 30 minutes, and then examining the wells for 

colonies of rosetted cell~ with an inverted phase contrast 

microscope. Only those wells with colonies of 6 or more 

rosetted cells were considered positive. The data was then 

collated and plott~d on a semilog graph as the concentration 

of cells on the X aiis and the fraction of nopresponding 

wells on the Y axis. The line drawn through the data was 
' ' 

then examined by linear regression analysis (Pearson's 

method)(35), and the coefficient derived from this analysis 

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



Values of rat the 5% Level of Significance 

Degrees of Value of 
Freedom a ~ 

1 ,0.997 
2 0.950 
3 0.878 
4 0.811 
,5 0.754 
6 0.707 
7 0.666 
8 0.632 
9 0.602 

10 0.576 

a the degrees of freedom was determined as the number of 

data pomts 1n the line (not mcluding the ongm) m1nus 1. 

b. r represents the Pearson's coefficient obtained through 

linear regress1on analys1s of the data. 

Table I. Confidence values for the Pearson's coefficient obtamed from 

lmear regress1on analysis of the data (95% confidence) (29). 
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,CHAPTER III 

RESULTS 

The primary goals of this study were to analyze and 
c .• 

compare the ability of TAM and RPM to, proliferate, to analyze 

the enhancement of this .a~ility 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 allow detection of the 

proliferation of common as well as rare cell types. Unlike 

other methods of determining proliferation, limiting dilution 

can determine a frequency of pr6liferation which indicates 

not only the number of responding cells but also whether or 

not other cell typ~s are inhibiting or aiding the response. 

The information provided is important because it provides 

detailed information on the ability of TAM to proliferate. 

compares TAM and a normal RPM population, (which could help 

determine the source of TAM), and sheds some light on the 

interaction between tumors and TAM. 

Dose Response Assays of Crude 

Natural Cytokines and SRBC 

In order to determine the maximum frequency of RPM and 



TAM capable of proliferation in the presence of the natural 

cytokines (M-CSF and GM-CSF) and SRBC v1a limiting dilution 

analysis, it was necessary to first determine the optimal 

concentrations of the three factors M-CSF was tested 

25 

initially, at concentrations of 5, 10, and 20% (vol/vol) in 

cRPMI, along with a negative control cons1sting of cRPMI 

alone. ·For each concentr~tion of M-CSF. RPM were used at a 

single concentration of 1xt04 cells/well. In accordance with 

the protocol· described in Chapter II, Materials and Methods, 

each concentration was pip~tted in 100 ul aliquots into 60 

wells of a microtiter plate, .and placed into a 37oC C02 

incubator. After 11 days of culture, optimal colony 

formation of FeR+ colonies (as detected visually after 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 ~olony formation. A 

concentration of 1x104 cells/well of RPM was used for each 

dilution of GM-CSF, as was done praviously with M-CSF. A 

negative control consisting of RPM in cRPMI alone was also 

utilized in the experimant. 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 ~nd below 10% yielded 

lower responses, although not as significantly different as 
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seen with M-CSF. For subsequent exper1mentation us1ng 

limiting dilution analysis', crude GM-CSF was used at a 

concentration of ten percent. 

Sheep erythrocytes (SRBC)'w~re also tested for their 

effect on colony formation at concentrations of 0.25, 0.5. 
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and 1% (vol/vol) in cRPMI. A negati~e control composed of 

cRPMI alone was also tested. As with preyious exper1ments 

analyzing M-CSF and GM-CSF, a concentration of 1x104 cellslml 

of RPM was used. , Care was exercised in 'scoring for colonies 

because of interference with rosett~ng by the SRBC already 

present in the well. The results showed a steady and linear 
,, 

increase in the percentage of' wells ppsitive for colony 

formation up through 1% (see Figure 3. ). Therefore, a seqond 

experiment was performed ~esting SRBC concentrations of 1, 3, 

and 5% (vol/vol) in cRPMI. Results of this subsequent 

experi~ent showed· that 0oncentrations above 1% SRBC could not 

be used, because the numbers of SRBC in the well comple~ely 
'; ' 

covered the bottom 'of the well 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 in lim1ting 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 determ1ned, 

the frequency of RPM capable of responding to these 
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individual factGrs 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 

populatlon of normal non-inflammmatory tlssue macrophages. 

M-CSF was examined first, at a concentration of 5% 

(vol/vol) Four different concentrations of RPM were used in 

the experiment, lxl03, 2.5x103, 5xl03, and lx104 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-CSF supported a 

higher amount of colony formation than cRPMI alone (see 

Figure 4. ). Linear regression analysis of the data by 

Pearson-s method, yielded a coefficient between 0 and 1 (with 

1 being a straight line), which for the data of the cultures 

containing M-CSF w~s 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 theY axis where .37 of the wells were 

nonresponding in order to determine the approximate frequency 

of responding cells. If the line also pas~es 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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responding RPM was determined to be approximately 1 in 4500. 

This was determined by obtaining the rec1procal 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 n~xt, at a concentration of 10% 

(vol/vol) in cRPMI. Concentrations of 1x102, lx103, and 

lx104 cells/well of RPM was tested in cRPMI alone and in 

cRPMI containing 10% crude GM-CSF. Results after incubation 

for 11 days showed that GM-CSF did enhance colony formation 

(see Figure 5.). A coefficent of 1.000 was obtained from 

linear regression analysis of ~he data points derived from 

the wells containing 10% GM-CSF in the medium. This value 

indicated greate~ than 95% 'corifidence in linearity. This 

line, which did obey single hit kinetics, crossed the line at 

which 37% of the wells were nonresponding with an X value of 

6000, indicating that 1 in 6000 RPM were responding to the 

10% crude GM-CSF (see Figur~ 5. ). 

SRBC were als6 tested for their ab1l1ty to enhance 

proliferation of RPM. Cell.concentrations of 1x102, 1x103, 

and 1x104 RPM/well were cultured in cRPMI alone and in cRPMI 

containing 1% SRBC (vol/vol). Results (see Figure 6.) 

yielded a straight line for both sets of data, which was 

demonstrated with linear regression analysis. For the data 

derived from cultures containing 1% SRBC, single hit kinetics 

were observed and the frequency of responding RPM was 

determined to be 1 in 4500 (see F1gure 6. ). 
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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 o~ lx102, lx103, and 1xl04 cells/well. 

Negative controls of each cell concentration in cRPMI al0ne 

and cBPMI + 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-CSF 

together stimulated colony formation in RPM better than M-CSF 

alone. From the gr_aph it was de'l?ermined that the frequency 

of_RPM responding was 1 in 2750 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, and lxl04 RPM/well were prepared in cRPMI alone and 

~BPMI containin~ 5% crud~ M-CSF, 10% crude GM-CSF, and 1% 

SRBC. The three cqmbinations involvi~g the mixture of only 

two factors (5% M-CSF with 10% GM-CSF, 5% M-CSF with 1% SRBC, 

~nd 10% GM-CSF with 1% SRBC) were tested on cultures 

containing a singre cell concentration of lxl04 RPM/well. 

Also, the three factors were each tested individually on ~ 

single cell concentrat~on of lx103 RPM/well. After 11 days 

the plates were scored for colony 'formation and the data 

graphed in Figure 8. The wells containing the combination of 

~11 three factors did show an increase in colony formation 

over the individual factprs .alone as well as the three 

~ombinations of two factors in this experiment. Linearity 
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was confirmed through linear regression analysis of the data 

points for the three factors combined (see Figure 8.). The' 

frequency of responding cells was determined to be 1 ln ~000 

~PM for the combination of all three factors. 

This set of results indicates that M-CSF, GM-CSF and 

SRBC do enhance proliferation of RPM in. vitro. It also shows 

that the effect of mixing M-CSF and GM-CSF.is greater than 
' ' 

either factor alone, and ~hat the effect of cdmbining all 

three factors further enhances this effect. From the data 

collected, the 'effect of the combinat~on of the factors 

together would appear to be additive (the combinations of the 

factors produced frequencies 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 performed and the results 

compared with those of RPM. These studies were done in 

exactly the same order as the experiments 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!C TAM, were isolated from a lX-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 ~n Figure 9. The graph clearly 

shows that crude M-CSF does enhance ~olony formation and that 

the line resulting from the plot of the data has a linear 

coefficient of 0.994 but does not pass ~hrough the origin, 

indicating that single hit kinetics do not apply. However, a 

frequency of approximately 1 in 4500 TAM would appear to be 

responding to the crude M-CSF. 

Crude GM~CSF was then a~sayed for its ability to enhance 

proliferation of TAM. TAM were isola~ed from an MC-4 tumor 

and prepared in. cRPMI containing 10% crude GM-CSF and cRPMI 

alone at cell concentrations of 1x102, 1x103, and 1x104 

TAM/well. Results obtained after 11 days of culture showed 

that GM-CSF did enhance colony 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 7000 TAM proliferating in the presence of 

10% GM-CSF was estimated. 

As with the earlier experiments involving RPM, SRBC were 

tested next for the~r ability to enhance colony fcirmation of 

TAM. Macrophages from a 1X-11-6 tumor were ~solated and used 

at concentrations of 1x102, 1x103, and 1x104 TAM/well in 

8RPMI containing 1~ SRBC and ~n cRPMI alone. Examination of 

the results showed that 1 in 3500 TAM were proliferat~ng in 

response to the SRBC, with the linearity demonstrated by 
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linear regression analysis (see Figure 11) 

hit kinetics were not seen. 

Again, s1ngle 

Co~binations of the three factors were subsequent!y 

42 

examined, beginning with a combination of M-CSF and GM-CSF. 

TAM were harvested from a lX~ll-6 tumor and tested at 

concentrations of 1x102, lx103, and 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 1x104' "I:AM/well. Results 

obtained upon scoring for colony formation indicated that the 

combination of the two factors did enhance proliferation of 

TAM greater than either one alone, with the line plotted 

through the data yielding a coefficient of 1.000 (see Figure 

12. ). Also from this line, it was determined that 1 in 3500 

TAM were proliferating when both factors were present, and 

~hat a single hit event was indicated because tne line passed 

through the origin. 

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, 

and 1x104 TAM/well. These were prepared in two ser1es, one 

with cRPMI medium alone and another with cRPMI containing 5% 

crude M-CSF, 10% crude GM-CSF, and 1% SRBC. The three 

possible combinations of only two of the factors (GM-CSF with 

M-CSF, M-CSF with SRBC, and GM-CSF with SRBC) were tested 

only at a cell concentration of 1xl04 TAM/well. Results 

showed an increase in proliferation for the combination of 
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all three factors over the combinations of two factors (see 

Figure 13. ). Linear regression analysis of the line showed a 

coefficient of 1.000, with the line crossing theY coordinate 

of .37 with an X coordinate of 4400 but not indicating 

single hit kinetics. In the presenc~ 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 :of r~sponding to M-CSF, GM-CSF 
' ' ' ' 

and SRBC. As with the RPK, addition of any of the three 

factors significantly enhanced proliferation of TAM. The 

combination of 6rude natural M-CSF and crude natural GM-CSF 

produced greater proliferatio~ than eith~r alone, and the 

~ombination of all three factors showed a further enhancement 

of proliferation. As with the RPM, the effect of combining 

the three factors would ·appear to be additive and not 

synergistic. 

Dose Respons~ Assays of Recombinant Cytokines 

Because the experiments above utilized crude 

preparations of M -CSF arid GM-CSF, it was nece,ssary t) 

demonstrate with pure recombinant forms ~t the two factors 

that the two cytokines were the sole effectors of the 

response instead of some other factors in the crude na~ural 

preparations. As with the crude cytokines and SRBC, it was 

first necessary to determine the concentrations of th~ 

recombinant cytokines that would produce maximum 

proliferation in RPM. Recombinant M-CSF (rM-CSF) was tested 
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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 con0entratibns ~f 500 U/ml and 1000 U/ml (see 

Figure 14. ). For subsequent LDA experiments, a concentration 
' 

of 1000 U/ml of rM-CSF was used. 

Recombinant GM-CSF was also tested, but at different 

concentrations. Examination of recent literature showed that 

most researchers utilizing rGM-CSF in growth experiments 

employed a concentration of 100 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 cRPMI alone was also 

included. After 11 day~ of culture, the results showed that 

optimal colony formation (100%) was achieved at 

concentrations of 50 U/ml and'greater (see Figure 15.). For 

subsequent LDA, 100 U/ml of rGM-CSF was utilized. 

Fesponse of RPM to Recombinant Cytokines and SRBC 

After the ~ptimal concentrations of the two recombinant 

cytokines had been determined, LDA was employed to analy~e 

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 the crude cytokines, RPM 

were examined first to provide a reference for the results 

obtained upon analysis of TAM. Analysis of rM-CSF 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-CSF. 

Results ob~a1ned after 11 days· of culture showed that rM-CSF 

did increase proliferation of RPM, with the line drawn 

through the data points revealing a ~earson co~fficient of 

linearity of 0.996 (see Figure ,16. ). Single hit kinet1cs 

were not indicated since the line did not pass through the 

origin. A frequency of approximately 1 in 1500 TAM were 

proliferating in response to rM-CSF. 

The remaining cytokine, rGM-CSF, was then examined. 

Cell concentrations of 1x102, 1x10~. 5x103, and 1x104 

RPM/well were prepared in cRPMI alone and in cRPMI containing 

100 U/ml of rGM-CSF. Results obtained after 11 days of 

culture revealed that rGM-CSF did enhance prol1feration of 

RPM, with a frequency of 1 in 2250 cells responding lsee 

Figure 17.). Linearity was demonstrated w1th linear 

r~gress1on analysis .of the data, and indicated a singl~ h1t 

even~ (the line passed through the ~rig1n) 

The combination of rM-CSF and rGM-CSF w3s examined next. 

Cell concentrations of 1x102, lxl03, 5x103, 3nd lx104 

RPM/well were cultured 1n cRPMI alone and in ~RPMI cGntaining 

1000 U/ml rM-CSF and 100 U/ml rGM-CSF. In addition, rGM-CSF 

and rM-CSF were 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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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 dat~ indicated a coefficient of 0.974. 

Single hit kinetics were not followed since the line did not 

pass through the origin. 

The effect of both recombinant factors and SBBC on 

proliferation of RPM was then examined. Cell concentrations 

of 1x102, 1x103, 5x103, and 1x104 were prepared in cRPMI 

alone and in cRPMI containing 1000 U/ml rM-CSF, 1000/ml rGM­

CSF, and 1% vol/vol SRBC. The three different combinations 

of two factors (rM-CSF + rGM-CSF, rM-CSF ~ $RBC, and rGM-CSF 

+ SRBC) were tested on a single cell concentration of 5x103 

RPM/well. The data was collected after 11 days of culture 

and plotted (Figure 19). Linear regression analysis of the 

data for the cultures 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 dells det~rmined 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 Figure 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 cdmbination 

of the recombinant factors, however, did not show enhancement 
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of proliferation over either factor alone. nor did the 

combination of both rM-CSF and rGM-CSF w1th SRBC. Since the 

concentrations of the cytokines that were utilized generated 

100% response at lx104 cells/we~l. it may be that every_ 

possible cell capable of prolif~rating ~as 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 effect of rM-CSF on TAM 

proliferation was determined first. Macr~phages were 

is~lated from a~ MC-4 tumor and cultured at concentrations of 

lx102, lx103, 5x103, and 1x104 in cBPMI alone and cRPMI 

containing lOOOU/ml of rM-CSF. The wells were scored for 

colony formation afte~ ~1 d~ys 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 frequency could not be determined. Linear regression 

analysis yielded a coefficient of 0.996 for the line drawn 

through the points 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 generate a single hit event. 

Recombinant GM~CSF alone was then tested for its effect 

on proliferation of TAM. Macrophages lSolated from an MC-4 

tumor were cultured in cRPMI alone and cRPMI containing 100 

0/ml rGM-CSF at concentrations of lx102, lx103, 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 l1ne was exam1ned with 

linear regression analysis and represented a single hit 

event. 

The combination of rM-CSF and rGM-CSF was then tested on 

TAM isol~ted from an MC-4 tumor. TAM were used at 

concentrations of lx102, 1x103, 5x103, and 1x104 cells/well 

cultured in cRPMI alone or in cRPMI containing rM-CSF 

(1000 U/ml) and rGM-CSF (lOb U/ml). The two factors were 

also tested individually at a single cell concentration of 

5x103 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 lX-11-6 tumor were prepared in cRPMI alone 

and in cRPMI containing rM-CSF (1000 U/ml), rSM-CSF (100 

U/ml), and SRBC (1% vol/vol) at cell concentrations of lx102, 

lx103, 5x103, and 1x104 cells/well. The three different 

combinations of two factors (rM-CSF + 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 ~3). The lines 
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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 frequency 

of 1 in 2250 responding cells determined from the graph in 

Figure 23. does not appear to be significantly different from 

the result obtaineJ ~or rM-CSF and ~GM-CSF in Figure 22. 

Linear regression analysis of the data in Figure 23 yielded a 

coefficient of 1.000. In addition,'the line obtained from 

the data of the cultures .combining all thre·e factors passed 

through the origin, indicating that a single hit event had 

occurred. 

The results obtained from this group of experiments 

confirm that TAM. do respond t'o M-CSF and GM-CSF. As with the 

experiments examining the effect o-f the recombinants on RPM, 

the combination. of the two r.ecombinants and the recombinants 

with SRBC did not enhance-proliferation over the effect of 

the factors alone .. This wou~d indicate that,· as with the 

RPM, the total number of cells capable of proliferating were 

responding with either factor alone and further enhancement 

was not possible. 

Dose ·~esponse 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 exam~ne 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 initially determined. 

The supernate from an ·~ vitro culture of an 1X-11-6 

tumor was tested fir~t, at concentrations of 1, 5, 10, and 

20% (vol/vol) in cRPMI. TAM were isolated from a 1X-11-6 

64 

tumor and used at a single concentration of 1x104 cells/well 

for all of the concentrations of the supernate tested, along 

with a negative control of TAM in cRPMI alone. The results 

were plott~d (Figure 24) and'showed a sharp increase in 

proliferation as the concentration of 1X-11-6 tumor supernate 

increased, with the level of proliferation reaching the 

maximum (100%) at a 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 isolated from an MC-4 tumor and 

used at a single concentration of 1x104 cellq/well for all of 

the concentrations of MC-4 supernate tested. A negative 

control of cells cultured in cRPMI alone was also employed in 

this experiment. The wells were scored after 11 days and the 

results plotted (Figure 25). These results indicat~d 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 maxlmum enhancement. 

Response of TAM to Tumor Supernates and Cytokines 

Limiting dilution analysis was utili~ed to examine the 

effect of 1X-11-6 supernat~ alone or supernate plus rM-CSF 

or rGM-CSF on TAM isolated from a lX-11-6 tumor. TAM 

isolated from a 1X-11-6 tumor were 'cultured at concentrations 

of 1x10Z, 1x103~ 5x103, and lx104 cells/well in cRPMI, cRPMI 

containing 10% (vol/vol) 1X-11-6 supernate, cRPMI -containing 

10% 1X-11-6 supernate and 1000 U/ml rM-CSF, or cRPMI 

containing 10% lX-11-6 supernate and 100 U/ml rGM-CSF. 

Results obtained 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 

rGM-CSF, on the other hand, showed a substant1al increase 

over both the lX-11-6 supernate alone or comtined w1th rM­

CSF, with 1 in 1400 TAM proliferatlng 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. Concentratlons of lx10Z, 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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Figure 27. Lim1t1ng dilution analysis of the effect of addmg 

rM-CSF and rGM-CSF to supernate from an MC-4 tumor on colony 

formation of MC-4 TAM. 
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MC-4 supernate and 100 U/ml rGM-CSF in cRPMI. The results 

(Figure 27) were nearly identical to those from the previous 

experiment (Figure 26). A frequency of 1 in 2500 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 result-ed· in 1 in 1600 TAM 

proliferating, an increase almost ~o the same degree as that 

seen in Figure 26 for the 1X-11-6 supernate combined with 
,;' 

rGM-CSF. 

The effect of 1X-11-6 sdpernate alone and in combination 

with the two cytokines was te~ted on RPM to d~scern if a 

difference in response would occur. RPM were prepared at 

concentrations of 1x102, 1~10~. 5x103, and 1x104 cells/well 

in cRPMI, 10% 1X~11-6 supernate in cRPMI, 10% 1X-11-6 

supernate and 1000 U/ml rM-CSF in cRPMI, and 10% 1X-11-6 

supernate and 100 U/ml rGM-CSF in cRPMI. Results (see Figure 

28) showed the same pattern as 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 indicates 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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Figure 28. Lirmting dilution analysis' on the effect of adding 
rM-CSF and rGM-CSF to 1 X-11-S tumor supernate on 
colony formation of RPM (1 0,000 cells/well). The data for 
the supernate + rM-CSF IS supenmposed 
over the data for the supernate alone. 
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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, 

combinations of these three factors do produce greater 

proliferation than any of the three factors alone, although 

not always significantly. These results have been summari3ed 

in Table 2, and indicate several points of interest. The 

frequencies of responding cells observed,among both RPM and 

TAM are very similar, indicating the possibtlity that TAM 

populations ·are,derived from populations of resident 

macrophages and not those-ot'l.'nflammatory macrophages. 
,, 

Alternatively, both RPM and TAM could be derived from an 

immediately common progenitor, and would be similarily 

differentiated and responsive to colony-stimulating factors. 

Also, these results sugge~t that the effect of combining M-

CSF and GM-CSF may be additive and not synergistic on 

proliferative resp~nses of the cells tested. Finally, the 

supernates of two tumors have been shown to contain 

M-CSF-like activity and not GM~CSF activity, which indicates 

that these two tumors may be capable of stimulating 

· macrophage proliferatio'n in. Y..i.YQ. 



Source of Cells 
TAM 

RPM MC-4 tumor 

Treatment 
cRPMI <1.0 <1.0 

SR9C 2.2 s.oa 

Crude cytokines 

M-CSF 2.2a 2.1a 

GM-CSF 1.6 1.4a 

Combinations 

M-CSF + GM-CSF 3.6a 2.0a,b 

M-CSF + GM-CSF + SRBC 2.0 2.2a 

Recombinant cytokmes 

M-CSF 6.6a s.oa 

GM-CSF 4.4 4.4 

Combmat1ons 

M-CSF + GM-CSF 4.4a 5.7a 

M-CSF + GM-CSF + SRBC 4.0 s.oa,b 

a This value 1s estimated s1nce smgle hit kinetics were not observed in th1s case. 

b. Th1s result was not shown prev1ously in the Results section. 

1 X-11-6 tumor 

<1.0 
2.8a 

2.2a 
1.6a,b 

2.8a 
2.sa.b 

5.5b 
3.7b 

7.1 b 

4.4 

Table II. Summary table of the frequencies of FeR+ colony forming cells among RPM 

and TAM populations (converted to responding cells/10,000). 
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CHAPTER IV 

DISCUSSION 

The results of this study show that macrophages, both 

from normal mice and isolated from tumors, are capable of 

proliferation ~vitro consistent with previous reports 

(3,17,22). 'This proliferation occurred whether or not M-CSF, 

GM-CSF, or SRBC were part of the culture medium, although the 

presence of any of these three 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 preparations of the -two factors. SRBC were more 

potent. than the crude natural 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 populations also proved capable of 

r~sponding to the crude and recombinant forms of GM-CSF. The 

fr~quency of RPM and TAM that responded to GM-CSF was 

slightly less than the frequency of these two populations 

~hat responded to M-8SF The recombinant GM-CSF was of 

murine origin whereas the recomb1nant M-CSF was of human 

origin, which could explain the difference in frequencies 

that was seen. In the crude preparations the difference 

could be due the difference in sources; M-CSF was obtained 

from a in. vitro culture of a·tumor 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 add1tion, 

the difference could be due to the presence of inhibitors or 

unknown colony-st1mulating factors that might comprise part 

.::,f the normal in. vitro environment ·Jf the cells. 

SRBC were also shown to ~nhance prolifera:ion of both 

RPM and TAM when added to the culture medium. Although the 

reason for this eff.:::ct is unknown, ttLe .qppearance of 

macrophage colonies in 'cl~aring ~on~a· in the lawn of SRBC 

coating the well could indicate .that phagocytosis of foreign 

particles (the SRBC) can drive prolif.:::ration of macrophages. 

It is also possible that cell contact is important in 

proliferation of macrophages, and that the higher the 

concentration 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 iron depleti0n of the 

medium by other ma~rophages present ln the cultur~s and 

thereby aid macr0phage proliferation (27). 

The combinations of the three factors tested produc~d 

some very interesting results. It has been reported recently 

in several artlcles th~t M-CSF ~nd SM-CSF are able to 

synerglze and generate a greater effect than either one alone 

(4,15) The results from the combination of the crude 

preparations of the two cytoklnes do not support or agree 

with these findings. The combinations" tested showed a 

substantial increase in colony formation in RPM and TAM over 

eithe~ cytokine alone whish appeared to be additive (see 

Figures 7, 12, and Table 2). The combination of the 

recombinant cytokines, however, showed very little lncrease 

ln prolifer~tion of RPM and TAM over that of either 

recombinant fact~r alone (Figures 18 and 2~). If only one 

subset of the macrophage population that comprise RPM and TAM 

is capatle of responding and only this subset carrles the 

rec9ptors for both M-CSF and GM-CSF, then these results can 

be explained. The crude natural preparstions, although ~t 

their optimal concentration for the proliferative response, 

may contain subJptlmal c0ncentraticns of M-CSF and GM-CSF for 

stimulatlng every possible cell to divide. When the two are 

added together, the suboptimal doses of both c7tokines 3re 

able t·) work together to prod1J.ce a much greater response. 

With both recomLinant M-CSF and/or GM-CSF the use of the 

0ptimal concentrations to stimulate every cell in the subset 
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to prolif~rate may have masked a synnergisti~ effect. There 

may have been enough of both cytokines that either one alone 

can stimulate every cell in the subse~. so that wnen the two 

were m1xed, only a very small increase was seen because the 

~ddit1onal cytokine was unable to stimulate any additional 

cells ~o undergo division. Although LDA cann9t accurately 

,:~terrnin-= whether the ~ffe·~t.:; of combinations are eynergist i-.:-

or additive, the results of the~e experiment::: do seem no~ to 

agree with the l1terature and ~uggest that the effect was 

sdditi?e 1n these experiments. 

The combination of the two colony stimulating factors 

w1th SRBC resulted in no real increase in proliferation of 

RPM or TAM over that obeerve1 i~ the presence of rM-CSF and 

rGM-CSF. The reasdn for these results is probably th~ same 

as what was s~ggested to have occurred with the combination 

of the two recombinant cytokines; maximum proliferation of 

~he macrophages in the two populations had already been 

achiev-=d and further enhancement was not possible. It 12 

also possible that different subsets of the macrophage 

pop~la~ion ~re stimulated to proliferate by ~he cytokines and 

SRBC, and that an increase in one population inhibits an 

increase in the other. 

The presence 'of colony-stim.ulating factor activity in 

tumors was also determined in this study. Supernates of the 

two tumors were examined for their ability to enhance 

proliferatio:m of TAM and for the preeence of M-CSF and GM-CSF 

activity in the supernates. In the exam1na~ion of super~ates 

from both the lX-11-6 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 ~ct on macrophage precureors (31). It i5 

widely accepted that GM-CSF acts· on. an earlier precursor than 

M-CSF, a progenitor that'can become either a granulocyte or a 

macrophage (31). Slnce M-CSF does stimulate proliferation of 

mature m~crophages (1,24,25,31) and if the populations of RPM 

and TAM contain mature macrophages, than the presence of M­

CSF activity and not GM-CSF activity in the tumor is 

consistent with the functional rdles of thes~ factors. 

However, it must be kept in mind that GM-CSF may still be 

present within the tumor in ~ since this factor has been 

shown to be released by endothelial cells and epithelial 

cells (24). 

Another interesting observation dertved upon examination 

of the supernatant fluids of the tumors was the concentration 

of the M-CSF in the tumor. A comparison of the crude 

preparation of M-CSF produced by the L cell line used in the 

first ~xperiments with 'the two tumor supernates shows that 

the concentration of M-CSF activi~y in- the tumor supernates 

is considerably higher. This-would indicate_ that both tumors 

may be stimulating the highest possible level of macrophage 

proliferation.in YiYQ. Since the tumors are actively 

growing, it is unlikely that the tumors would be benefited by 

generation of tumoricidal macrophages. Some function(s) of 

macrophages ~hat could promote the tumor may be stimulated 

along with proliferation. 
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Another notable observation of th1s study is that the 

two tumors, which were different in et10logy, behaved so 

similarly in regards to TAM prol1feration. Both appeared 

capabla of stimulating the maximum possible proliferati0n of 

the sutse~ of TAM capable of growth. It ie assumed tha~ in 

both tumors th1s would promote some function of ma8rophages 

benefic1al to tumor growth :md Sl..trvi'lal. This observ~tl·:·[l 

confirmed reports in the l1terature 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 

+:.o a tumor, stimulating tu!l'loricidal functions of TAM (19). 

The frequencies of responding RPM and TAM were virtually 

the Eame throughout the entire study, ind1cating that the two 

different populationE may be related in some way. Comparison 

)f TAM to thioglycollate-ellcted macrophages CTEM) showed 

very d1fferen t pro lifer3. t i v~ ·~apac it ice be :~een the two , Kim 

Burnham, unpublished resul~sl, in which :EM exhib1~ed much 

less capacity for .gr•~T..Jth than RPM or TAM. Th1s ind:c3.tea 

that TAM may be derived from either the normal resident 

populations of macrophages or from the same pool of 

circulat1ng mono8ytes 3.S RPM ~nd not the populations elicted 

in an immune responEe. T~1s 1s consistent with other reports 

:n the literature that TAM obtained from progress1vely 
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grow~ng tumors are neither ~ct~vated nor tumoricidal 

(7,13,14). 

Investigation of the ability of TAM to prol~ferate and 

the potential for this proliferation to account for the l~rge 

numbers of macrophages found in tumors was one of the 

orig1nal goals of this study. The frequencies of TAM 

determined to proliferate in vitro indicated that only a rare 

subset of TAM was respons1ve. 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 examined for stimulation of growth of 

TAM in YiYQ were examined. Many more factors known to 

stimulate proliferation of macrophages could potentially 

affect the situation in YiYQ, including IL-2, IL-3, and 

phosph0lipids. 

Examination of these other factors may reveal other 

subsets vf 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 ~s equally 

possible that both the influx of macrophages from the bl0od 

and proliferation 0f macrophages alr~ady in the tumor m~y 

account for the numbers of TAM. 

Another noteworthy observation from the results was the 

occurance of single hit events in the data. With the crude 

natur~l cytokines, single hit events were only seen when the 

two were combined with SRBC From the type of l~ne resulting 

in these experiments when single hit kinetics were not seen, 
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this would indicate that some other population of cells 

present in both the populations of TAM ~nd RPM or factors 

present in the crude preparations inhibited th~ resp0nse. 

Since RPM did not contain any tumor cells, this 1nh1bit10n 

could potentially be caused by another subpopulat1on of 

macrophages. When the crude ~ytoki~es were combined with 

SRBC, this inhibition was· completely overridden, wh1ch could 

be due to the prevention of iron depletion of the medium by 

the presence of SR~C as previously mentioned. In later 

experiments with the recombinant ,cytokines and tumor 

supern~+.es, 'this inhibition was ,either' reduced or not 

evident. 

There were xwo key problems with this proJect, namely 

the potential effect of the_protocol utilized for isolating 

TAM and insur1ng tbat the colonies exam1ned under ~he 

microscope were· indeed colonies of macrophages. The protocol 

used for isolating TAM had several features that could have 

led to problems. First, it was assumed tnat TAM capable of 
. 

proliferation were FeB+ and would rosette with opsonized 

SRBC Secondly, lysis of the SRBC by hyperosmotic pressure 

at the conclusion of the isolation pro~edu~e could, l1kewise 

lyse or metabolically shock macrophages in ~h~ s~spension; on 

the average 50 to 60 p~rce~t of the total number of cells in 

the suspension before the application of the i~olation 

procedure were lost. Lastly, 'i~ was alio possible tha~ the 

use of cpsoni~ed SRBC could result in activation of TAM wh1ch 

c0uld have resulted in frequencies of proliferation 

completely unlike wh~t may occur in vivo However, 



81 

repetition of an experiment utili~ing adhersn~~ to plastic to 

isolate TAM showed approx1mately the s~me results ~s TAM 

1solated by opsonized SRBC (results not shown! In addition, 

EPM were 1solated without the use of cpson1zed SRBC and 

showed rougnly the same frequen~y of respond1ng cells as TAM, 

1ndicating that the TAM were no~ ac~1vated by the o~sonized 

SRBC. 

The pr1mary method of determin1ng that ~he ~olon1es of 

RPM and TAM were indeed macrophages involved·rosetting the 

cells with opsonized SRBC and scorin& as positive for growth 

colonies consisting of rosetted cells. However, it should be 

notad th3t other murine ceil3, particularly T lymphocytes, 

ara capable of roaetting SRBC (whether opsonized or not). 

D~mdn~tration that the colonies examined were indeed 

macrophages was achieved by identifying two additional 

ma~rophage markers, MAC-1 and I-A, in some of the exper1ments 

~hat were performed (results not shown) Addition of 

3ntibody specific for I-A follow~d by lysis w1th complement 

~liminated nearly all of the FeR+ colonies lBO%) Addi~ion 

of magneti·~ beads coated with antl-MAC-1 antibody and scor1ng 

for resetting of the beads revealed roughly the sam~ 

frequency of macrophages responding as d1d scoring w1th 

0psonized SRBC. 

There are several directions that can be taken 1n future 

r~search based on these results. First, neutraliz1ng 

antibodies which are specific against M-CSF and GM-CSF can be 

added to the tumor supernates to verify the presence of M-CSF 
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and not GM-CSF and to examlne the supernates for the pr~s~nce 

of other colony-stimulating factors. Others have reported 

tumoricidal activit~ of macrophages expos~d to rM-CSF 1191. 

s0 ~nother possible av~nue to examine would be to add rM-CSF 

and rGM-CSF to cultures of RPM and TAM and look for the 

product ion of tumor necrosis .fact·')r. Other populations 

m3crophag~s. such as thos~ found in the ipleen, lymph nodes. 

and bone marrow, could be examined for their ability to 

proliferate when grown in culture containing M-CSF, GM-CSF, 

and SRBC. A mechanism for th~ effect of SRBC on 

proliferation of RPM and ~AM ne~ds to be defined; cell 

density, phagocytosis of foreign particles, and prevention of 

iron depletion.should be examined. In 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. "dther cytokines ne~d to be examined for 

thelr ability to induce or inhibit proliferation of 

ma.•: rophages . IL-3, also known as multi-CSF, should be 

investlg3ted, as well as IL~2. Phospholi~lds have been 

r~p·.)rted as capable of stimulating proliferation in. :Li~ 

(18) and should also be examined by limiting dilution 

analysis for their effect on RPM and TAM. It would also be 

interesting to examine .the effects of pc•teHti3l inhibit·)rs c•f 

macrophage-mediated cytostasis in an effort to block 

potentlal inhibition of macrophage growth. Furthermore, all 

of ~hese factors should be examined for their abllity in.~ 

~0 stimulate proliferation of macrophag~s both in tumors and 

ln normal mice. 



83 

In summary, this study const1tutes the first report 1n 

which colony-stimulating factors have been ehown to enhAnce 

the frequency of TAM capable of in. y_.i.:t..r.Q f;roliferaT.l()G The 

populat1ons of TAM examined have been ahown tc be very 

s1miliar to normal resident macrophages (RPM) ln tte 

frequen·-:Y r)f cells that respond. Th1s study also ind lc-:'a te:s 

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 

potential capacities for growth and interaction with other 

TAM. 



LITERATURE CITED 

1. Akagawa, K.S., K. Kamoshita, and T. Tokunaga. 1988. 
Effects of GM-CSF and CSF-1 on the proliferation and 
differentiation of murine alveolar macrophages. J. 
Immunol. 141: 3383-90. 

2. B~cc~rini, M., R. SchwintGr, and M. Lohmann-Matthes. 

1aaa, P'f·~~ ~f h~ffl~H ~~d~~k!~~nt IL-2 an murine 
macroph~gc precursors. J. Immunol. 142: 118-125. 

3. Bottazzi, B., E. Erba, N. Nobili, F. Fazoli, A. 
Rambaldi, and A. Mantovani. 1990 . .A paracrine circuit in 
the regulation of the proliferation of macrophages 
infiltrating murine sarcomas. J. Immunol. 144:2409-2412. 

4. Broxmcyer, H.E., D.E. Wiliiams, S.Cooper, G. Hangoc, and 
P. Ralph. 1988. Recombinant human granulocyte-colony 
stimulating factor and recombinant human macrophage­
colony stimulating factor synergize 1n. Y.iYQ. to enhance 
proliferation of granulocyte-macrophage, erythroid, and 
multipotential progenitor cells in mice. J. Cell. 
Bioch. 38:127-136. 

5. Cowing, C. 1981. Antisera against IA' antigens. In 
Methods for Studying Mononuclear Phagocytes, (ed., 
Adams, D.O., P.J. Edelson, and H. Koren), pp. 315-324. 

6. Diesselhoff-den Dulk, M.M.C, and R. van Furth. 1981. 
Characterisitics of mononuclear phagocytes from 
different tissues. In Methods for Studying Mononuclear 
Ph3gocytes, (ed., Adams, D.O., P.J. Edelson, and H. 
Koren), pp. 253-272'. 

7. Fulton, A.M. 1988. Tumor-associated macrophages. In 
Macrophages and Cancer, (ed., Heppner, G.H., and A.M. 
Fulton), pp. 97-111. 

8. Herrmann, F., S. Cannistra, et al. 1989. 'Functional 
consequences of monocyte IL-2 receptor express1on, J. 
Immunol. 142: 139-143. 

9. Kreigler, A.B., T.B. Bradley, G.S. Hodgson, and I.K. 
McNieca. 19B7. A colorimetric liquid culture aesay of a 
growth factor for primitive murine macrophage progenitor 
cells. J. Immunol. Methods 103: 93-102. 



85 

10 Lefk0v1ts, I . and H. Waldmann. 1979. Limlting Dilution 
Analysis of Cells in the Immune System. Cambridge 
University Press. 

11. Lombard, Y , J. Bartholeyns, et al 1988. Establlshment 
and characterlzation of long-term cultured cell lines of 
murine macropnages. J. Leuk. Biol 44: 391-401 

12. Mahoney, K.H .. and G.H. Heppner. 1987. FACS analysis of 
tumor-associated macrophage replication· Differences 
between metastatic and nonmetastatic murine mammary 
tumors. J. Leuk. Biol. 41· 205-211. 

13 Mantovani, A .. et al. 1986. Origin and regulatlon of 
tumor-associated macrophages: the.role of tumor-derived 
·Jhemotact~c factor, Bioch. et Biophys. Acta 865: 59-67 

14. McBride. W.H. 1986. Ph~notype and functions of 
intratumoral macrophages. Bioch. et B1ophys. Acta 865· 
27-41.' 

15. McNiec~. I.K., B.E. Robinson, and P.J. Quesenberry. 
1988. Stimulation of murine colony~forming cells wit~ 
high proliferative potential by the combination of 
GM-CSF and CSF-1. Blood. 72:191-195. 

16. Meltzer, M S. 1981. Mononuclear phagocytes from small 
a~lmals. In Methods for Studying Mononuclear Phagocytes, 
(ed., Adams, D 0., P.J. Edelson, and H. Koren), pp. 63-
68. 

17. Morrissey, P.J. ,· L: Bressler, K. Carrier. and A. 
Alpert. 1988. Reponse of resident murine peritoneal 
macrophages to in vivo administration of granulocyte­
~acrophage colony stimulating factor, J. Immu~0l. 140: 
1910-15 

18. 0hki, K., and A. ~agayama. 1988 Establishment and 
:haracterization of factor-dependent cell lines, J 
Leuk. Biol. 44: 465-73 

19. Ralph, P., and I. Nakolnz. 1987 Stimulation of 
macrophage tumorlcidal·&ctlv1ty by the growth and 
differentiation factor CSF-1. Cell Immunol 105 270-
279. 

20 Sampson-Johannes, A., and J.A. Carlino. 1988. 
Enhancement of human monocyte tumoricidal activity ty 
rec0mbinant M-CSF. -~. Immunol. 141: 3680-3686. 

~l :~~~~v~~h. P J ~ T ~h~p~~~d~cn 1 A.i. V~tt~~. and D.W. 
T~lmage 1977 Isolation and enumeration of peripheral 
blood monocytes. J. Immunol. 118· 1409-1414. 

Sechler, J.M.G., M K. Warr~n, and J.L Gallin. 1989. 



Human non-tr~nsformed monocy~e derived macrophage cell 
l1nes, J. Immunol. Methods 119· 277-85 

85 

23 Stanley, E.R., and P M. Heard. 1977. Factors regulating 
macrophage production and growth. Purification and some 
properties of the colony-st1mul~ting factor from medium 
C·)ndithll..::d by mouse L cells. J. Biol Chern. 252: 430f,-
4312 

25. 

27. 

'10 .:.·.;. 

30. 

31. 

Stanley, E R 
Lymphvklnes, 
101-132 

1981. Colony atimulating factors In The 
(ed., Hadden, J.W , and WE Stewart), pp 

Stewart, C C . H. Lin, and C Adles 1975 Proliferat1on 
and col0ny-forming abil1ty of per1toneal exudate cells 
in li~uid culture. J. Exp. Med 141· 1114-1132. 

Stewart, C.S. 1984. Regulat1on of mononuclear phagocyte 
proliferation. In Reticulo-Endothelial System. 
A Comprehensive Treatise, (ed., Reichard, S.M., and J.P. 
Filkins), Vol 7A, pp. 37-56. 

Stewart, C.C., A.P. Stevenson, and J. Hibbs. 1988. 
Effector m~chanisms for macrophage-induced cytostasis 
and cytolysis of tumor cells. In Macrophages and Cancer, 
(ed., Heppner, G.H., and A.M. Fulton), pp. 39-59. 

Takemura, R., and Z. Werb. 1984 Secretory products of 
macrophages and their physiological functions. Am J 
Physiol 246 C1-C9 

Underwood, B J., C P Duncan, J T. Spence, and J.W. 
Cotton 1354. Regression line ~nalysis In Elementary 
3tatistics, pp. 146-155, 231 

van der Meer, J.W.M., .et. al 1985 Proliferation and 
differentiation of mononuclear phagocytes in vitro. In 
M0nonuclear Phagocytes. Charact~rist1cs, Physiology, and 
Fun<:!tion, (ed, van Furth, R ), pp 243-254. 

van Furth, R., Z.A Cohr1. J G H1rsch. J H. Humphrey, 
W.G. Specter, and H L Langevoort. 137~ The 
mononuclear phagocy~e system. A new clasaificat1on of 
macrophages, monocytes, and their precursor cells. WHO 
Bulletin 46 845-852 

32. van Furth, R. 1981. Ident1fication cf mononuclear 
ph3gocy~es· overview and defini~ions. In Methods for 
3tudylng Mononucle~r Phagocytes, (ed., Adams, D 0 , P.J. 
Edelson, and H. Koren), pp. ~43-252. 

33. Yui, S., and M. Yamazak1 1887. Relationship of 
phoepholiplds to stimulats growth and bind to 
macrophages, J Leuk. EiJl 41. 329-99. 



VITA, 

Douglas S .. Reed 

Candidate for the Degree of 

Master of Science 

Thesis: ENHANCEMENT OF THE F~~QUENCY OF 
TUMOR-ASSOCIATED·MACROPHAGES CAPABLE OF 
L[ YITRO PROLIFERATION BY 
COLONY-.-STIMULATING FACTORS AND 
HET.EROLOGOUS ERYTHROCYTES . 

Major Field: Microbiology 

Biographical: 

Personal Data: Born in Oklahoma City, Oklahoma on 
February 21, 1966, the son of Richard J. and 
Moyna K. Reed. ' 

Education: Graduated from Edmond Memorial High School 
in May, 1984; r~6e~ved Bachelor of Science Degree 
in Microbiology from Oklahoma State University in 
December, 1987; completed requir~ments for the 
Master of Science Degree in Microblology at 
Oklahoma State University in July, 1990. 

Professional Experience: Temporary lSummer-only) 
Laboratory Technici~n. Mlcroblo~ogy Department, 
Oklahqma State Department, of Health. May, 1988 to 
August, 1988; Teaching Asslstant. Department of 
Botany and Microbiology, Okl~homa State University, 
August, 1087 to July, 1390 (exc~pt for May-August 

1988) 


