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ABSTRACT

An in vitro assay using murine bone marrow cells was used to 

determine radiation-induced stem cell damage on subsequent in vitro 

macrophage differentiation. The assay system consisted of cultures 

of macrophage progenitor cells stimulated by the addition of L-cell 

conditioned medium high in CSF-1. Experimental animals were exposed 

to 400 rads of radiation using a Cobalt-60 source.

It was found that residual stem cell damage was exhibited in 

vitro with a reduction of up to 63.9% on day-1 after exposure in the 

number of macrophage colonies arising in vitro. Proliferative com

pensation yielded slightly above normal levels of CFU-m by day-14, 

disguising the residual stem cell damage which had occurred. These 

findings are in line with other research on CFU's in general and 

CFU-e more specifically which utilized spleen cell assays. Such an 

assay gives information on how one specific hematopoietic cell line, 

CFU-m, reacts to radiation damage. It also allows a much easier 

method for studying hematopoietic progenitor cell damage than does 

lengthy histological examination with spleen cell assays.

ii



LIST OF FIGURES

PAGE

1. A schematic presentation of a model of differentiation 
hemopoietic stem cells (HSC) assayable in culture .... 1

2. Concept of regulation of production of granulocytes ... 2

3. Effect of various concentrations of cortisol, proges
terone, and testosterone on the number of monocyte 
colonies.................................................................................................... 10

4. Diagram of the synthesis of prostaglandins and throm
boxane from phospholipids..................................................................11

5. Differential sensitivities to PGE of different types
of cells forming colonies in cultures........................................13

6. A proposed distribution of receptors for various hemato
poietic growth factors ...................................................................... 15

7. Macrophage cells on day 7 of culture from normal murine
bone-marrow cells...................................................................................24

8. Macrophage colonies on day 7 of culture from murine
bone-marrow cells.................................................................................... 25

9. In situ photographs of CFU-m all at the same magni
fication ........................................................................................................26

10. Spleen weight as a percentage of body weight for Cobalt—
60 exposed mice as opposed to control mice............................ 27

11. CFU-m arising in culture for Cobalt-60 exposed mice as
opposed to control mice......................................................................29

iii



INTRODUCTION

Macrophages are bone marrow cells which phagocytize dead poly

morphs, tissue debris and pathogenic microorganisms. The produc

tion of macrophages is dependent upon progenitor cells which are 

committed to the macrophage line. These progenitor cells are cap

able of proliferation, but are morphologically unrecognizeable by 

present methods. The progenitor cells are derived from pluripoten-

tial hemopoietic stem cells not yet committed to a specific blood 

line, but capable of differentiation into one of the monopotent pro

genitors (unipotential stem cells). Figure 1 shows our present under

standing of how these cells differentiate.

Self-renewal 
stem cells

committed pluri- 
potential stem Oligopotent

progenitors
Monopotent
progenitors

t rcells (CFU-GEMM)

(BFU-E i -erythrocytes

Figure 1. A schematic presentation of a model of differentiation for 
hemopoietic stem cells (HSC) assayable in culture. Abbreviations are 
n, neutrophil; m, macrophage (monocyte); e, eosinophil; b, basophil;
M, megakaryocyte; E, erythrocyte; B, B lymphocyte; T, T lymphocyte. 
Abbreviations by the conventional GEMM system are provided in brackets. 
References of oligopotential progenitors are: GEM, GMM; EM; nm; nE; and 
eE. (Ogawa, Porter, and Nakahata, 1983).
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Regulation of this process has been elucidated with the dis

covery of several different colony stimulating factors (CSF). A 

diagrammatic display of body regulation using these factors is shown 

in Figure 2. One, specific for macrophage differentiation, can be 

added to bone marrow cultures to yield macrophage colonies.

Much work has been done in relation to radiation exposure assays 

of hematopoiesis in mice. Virtually all of this work has been done 

using in vivo spleen cell assays of lethally irradiated mice given 

donor marrow from non-lethally exposed mice. This method primarily 

serves as an indirect assay for the differentiation of certain cell

Long Range Humoral Feedback Loops

Short Range Feedback Loops
Figure 2. Concept of regulation of production of granulocytes. LF, 
lactoferrin; M, monocyte-macrophage; CSF, colony-stimulating factor; PGE, 
prostaglandin; ARC, adventitial reticular cell; LIF, leukocytosis-induc
ing factor; M.-M,, myeloblast through myleocyte; M^, metamyelocyte; M^, 
band neutophil; M?, segmented neutrophil. (Irons, 1985).
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types. One such example is the erythroid differentiation assay 
59via the splenic uptake of radiolabeled Fe (Hubner et al., 1985). 

Up to this time however, little attention has been given to how sub 

lethal irradiation will affect other more committed cell lines, 

such as macrophages. The purpose of this research was to deter

mine the effects of an in vivo sublethal dose of radiation on the

subsequent in vitro proliferation of colonies of macrophages. It 

is hoped that this research will lead to a better understanding 

as to how irradiation affects one specific committed pathway of 

hemopoietic differentiation.
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LITERATURE REVIEW

Culturing CFU-m: CFU-m (colony forming unit-macrophage) is 

a class of macrophage precursors which can be cultured in an in 

vitro culture system in response to sufficient concentration of 

a specific colony stimulating factor -(CSF). Murine CFU-m have been 

grown in vitro using methylcellulose (Dao, Metcalf, et al., 1977), 

semi-solid agar (Metcalf, Johnson, and Mandel, 1978), and two layer 

agar systems (Bradley, Stanley, and Sumner, 1971). The macrophage 

colonies which appear in culture are aggregates of much larger cells, 

irregularly outlined and easy to identify, as reported by C. Dao 

et al. (1977). They have also described the average size of these 

colonies to be larger in methylcellulose as opposed to agar (141 

versus 76 cells per colony) and that there is also a higher per

centage of macrophages to mature granulocytes. Common sources for 

these hemopoietic precursor cells have been cord blood and bone 

marrow,(Yuen et al., 1984).

Stimulating CFU-m: Regardless of the culture method employed, 

the source and quality of the CSF is extremely important. Many colony 

stimulating factors (CSF) such as erythropoietin, nerve growth fac

tor, stomatomedin, along with others, have been purified and par

tially characterized according to their molecular configuration.

This is only partially the case with GM-CSF (granulocyte-macrophage 

stimulating factor) and M-CSF (macrophage colony stimulating factor) 

the structures of which are only now beginning to be elucidated.

At the present time the M-type of CSF is known to be a glycoprotein
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with a molecular weight of approximately 70,000 daltons comprising 

two disulfide-bonded 35,000 MW subunits (Stanley and Heard, 1977). 

Sources at this time for the M-type of CSF are interalia in the 

serum of lipopolysaccharide-treated mice (Stafer and Burgess, 1980), 

in human urine (Stanley, Hansen, et al., 1975) and in conditioned 

media of L-cells and other cell lines (Stanley and Heard, 1977).

Spleen conditioned media has been noted to stimulate predominately 

colonies of macrophage and/or neutrophils along with fewer of other 

colony types (Metcalf et al. 1979). A conditioned media is prepared 

by incubating spleen cells for several days at a concentration of 

2 X 10^ cells/ml in suitable tissue culture media with 5% heat-in- 

activated human plasma and 0.05 ml of a 1 ml to 15 ml dilution of 

pokeweed mitogen per ml of culture medium. This culture is then 

centrifuged and the supernatant is incorporated into the hemopoietic 

cell cultures. Although an impure source of GM-CSF and M-CSF, it 

does contain both of these factors along with other specific colony 

stimulating factors. Fetal liver, yolk sac, fetal peripheral blood,

and adult bone marrow are all cell sources which will show hemato

poiesis with this stimulatory source.

Other conditioned media have been tested using many other cell 

sources. Some of those tested have been mouse kidney, decapitated 

mouse embryo, lung, brain, thymus, and liver (Bradley and Sumner,

1968). Of these, kidney and embryo cell sources produce the most 

suitable conditioned media for marrow culture. Another effective

and popular one is phytohemoglutinin-L-cell conditioned medium (PHA-LCM)
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Such conditioned media are known to contain more than one CSF and 

are able to stimulate CFU's in general.

Purer M-CSF conditioned media have been developed. Among those 

more specific are from various tumor cell lines such as urinary 

bladder carcinoma cells 5637 (Zinzar et al., 1985), L-cells (LCCM) 

(Mergenthaler et al., 1984), along with human or mouse placenta 

cells (Kreiger et al., 1984). Of the conditioned media mentioned, 

probably one of the best and most readily available methods to attain 

a relatively pure and high quality source of M-CSF (CSF-1) appears to

be certain batches from L-cells. Such conditioned media have been

tested for its stimulatory activity (Krieger et al., 1984; Green- 

berger et al., 1984).

Stanley and Metcalf (1969) have described success using par

tially purified normal and leukemic human urine in stimulating mouse 

bone marrow colony growth in vitro. It was noted that partially 

purified fractions of leukaemic urine had more than twice the stimula

tory activity of normal urine fractions. Others have described 

similar success in growing GM-CFU using urine extracts, both normal

and leukaemic.

Cultures supplemented with human serum lipoproteins have given 

colony growth, especially with erythroid and granulocytic cell types 

(Aye, Seguin, Me Burney, 1979). It has been shown that serum lipo

proteins are the responsible factors for the growth supporting 

activity of human serum (Aye et al., 1979). This means the possibility 

of replacement of fetal calf serum (FCS) with human serum in cultures, 

especially using fractions enriched with low density lipoproteins.
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A new growth factor (synergistic factor, SF) has recently been 

described. In combination with a macrophage CSF, SF is able to 

stimulate the proliferation of primitive high-proliferative-poten

tial macrophage progenitor cells (HPP-CFC) in mouse bone marrow 

cultures (Krieger et al., 1984). It appears that SF is a molecule 

less than 68,000 MW whereas CSF-1 appears to have a molecular weight 

greater than this. Crude sources of CSF are now believed to con

tain SF, possibly in significant amounts. Without SF, only primitive 

low-proliferative-potential macrophage progenitor cells (LPP-CFC) may

result in culture.

Virtually all methods utilizing a conditioned medium use a 

supernatant fraction from a previous culture and incorporate that 

into their cultures. Two layer agar systems involving a "feeder 

layer" which "conditions" the medium seems to have been replaced 

by the previous conditioned medium mentioned (Bradley, Stanley, 

and Sumner, 1971). The matrix of choice for support in media at 

this time seems to be both semi-solid agar or semi-solid methyl

cellulose. Plasma clot support is reserved primarily for eryth

roid (CFU-e) and burst forming unit-erythroid (BFU-e) cultures 

(Adamson et al., 1978).

Regulation of Macrophage Production: The methods developed 

for culturing hemopoietic stem cells (HSC) has provided the basis 

for the study of the hemopoietic system from the pluripotential 

stem cell to specific committed terminal blood cells. Five dif

ferent models of stem cell renewal and commitment have been enumerated 

by Ogawa et al (1983). 1) The stochastic model is based on the
7



analysis of frequency distributions. 2) The hematopoietic inductive 

microenvironment (HIM) model proposes that cell commitment is deter

mined by HIM. 3) The stem cell competition model proposes that 

humoral factors cause the commitment of stem cells. 4) The stem cell 

becomes committed by losing its differentiation potential in successive 

divisions by progressive differentiation to each cell line, until 

only the erythroid line remains. 5) The stem cell is controlled 

by stochastic restriction and progressive differentiation.

Regulation of macrophage production seems to require both counter— 

interaction of GM-CSF and M-CSF (Irons, 1985) and a dose-response 

relationship between clone number and size and GM-CSF concentration 

(Francis and Leaning, 1985). It has been noted that if colonies 

are initiated with M-CSF to three or five mitoses, washed to remove

M-CSF, recloned with GM-CSF, predominately macrophage colonies are 

formed. The initiation of cultures with GM-CSF followed by recloning 

with M-CSF results in granulocyte-macrophage (GM) colonies or granulo

cyte (G) colonies. It may be that M-CSF suppresses one or more genes 

responsible for the differentiation of GM-CFU-C (granulocyte-macro- 

phage colony-forming unit in culture) into granulocytes. While GM-CSF 

suppresses the genes responsible for differentiation into pure macro

phage colonies, an irreversible process after three to five mitoses, 

(Irons, 1985). It has also been noted that as progenitor cells dif

ferentiate down the progenitor pathway, with each division they become 

more sensitive to CSF. Therefore, the most committed and differentiated 

cells will be the ones stimulated to proliferate with the lowest

levels of CSF, Francis et al. (1985) have investigated this aspect 
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of granulocyte-macrophage progenitor cell proliferation and differen

tiation. They propose a very plausible stochastic model.

Work has also been done on the specificity of the suppressive 

action of glucocorticoids on the proliferation of monocyte/macrophages 

in CSF-stimulated cultures. The addition of cortisol and its analogs 

to bone marrow cultures markedly decreased the number of monocyte 

colonies in the presence of CSF. Ishii et al. (1983) found that 

steroids of other categories and cortisol metabolites were much less 

inhibitory than cortisol, and that the shape of dose-response curves 

apparently differed between cortisol and other steroids (see figure 

3). These results support the view that glucocorticoids inhibit 

proliferation of the cells of monocyte/macrophage lineage.

Prostaglandins are also being investigated to determine their

role in macrophage differentiation. Prostaglandins are 20-carbon

fatty acid derivatives characterized by a five-membered ring. These

are not stored in tissues to any appreciable extent (Mandefiser,

1983). Compounds containing two double bonds (denoted by subscript)

are synthesized from arachidonic acid, stored in cell membranes as

complex lipids, primarily phospholipids. With certain stimuli, the 
5 8 11enzyme phospholipase hydrolyzes arachidonic acid (cis-A ,A ,A ,

14A » eicosatetratenoate) from its ester linkage at the two position 

of glycerol in phospholipids (Figure 4). Membrane bound cyclo-oxy

genase then converts arachidonic acid into the endoperoxides G? and 

prostaglandin I^.

Prostaglandin E (PGE) has been found to inhibit colony forming
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Figure 3. Effect of various concentration of cortisol (•), proges
terone (4), and testosterone (o) on the number of monocyte colonies 
in soft-agar cultures of mouse bone marrow cells. Each point repre 
sents the average of two experiments (6 dishes). Control cultures 
developed 103±3 colonies/dish. (Ishii et al., 1983).
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Figure 4. Diagram of the synthesis of prostaglandins and thromboxane 
from phospholipids. (Denovan, 1983).
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units-granulocyte and macrophage (CFU-GM) (Kurland and Moore, 1977). 

Experimental data also suggest that prostaglandin receptors are present 

on granulocyte-macrophage progenitor cells. Both murine and human 

phagocytic mononuclear cells actively synthesize and release PGE 

in vitro, but pure cultures of lymphocytes and polymorphonuclear 

leukocytes do not. Committed granulocyte-macrophage progenitor cells 

are regulated by both positive and negative controls involving CSF 

and PGE respectively. Synthesis and release of both CSF and PGE 

by the mononuclear phagocytes suggest their regulatory role in the 

production of granulocytes, monocytes, and macrophages in the equili

brium state and they served to re-establish the balance following 

stimuli that elevate the levels of CSF. This type of regulation 

may provide an explanation for the normal cyclic variation in myelo- 

poiesis (Kurland et al., 1978). In addition, Paulus et al. (1981) 

found that sensitivity of human CFU-GM to PGE increased with the

maturity of the cells. It is also noted by Williams (1979) that 
-5 -12PGF2 in concentrations of 10 to 10 M did not influence the 

number or type of colonies; however, PGE inhibited macrophage colonies 

at concentrations less than 10 M, but did not inhibit neutrophils, 

eosinophils, and megakaryocyte colonies (figure 5, page 13).

A current model of hematopoiesis, which incorporates much of

the evidence now available, is the "early and late" model of regulation.

It suggests that early regulators have activity on pluripotential

cells such as burst promotion activity (BPA) in early red cells.

The late regulator, erythropoietin, CFU-e (colony forming unit-erythro-

cyte) designated CSF-1, is an example of this late regulation; it 
12



3931103 T10HHV3 
AHvaan auaH03

Concentrations of PGE2 (M)

Figure 5. Differential sensitivities to PGE (prostaglandin E) of 
different types of cells forming colonies in semisolid agar cultures: 
neutrophil colonies (filled squares); macrophage colonies stimulated 
by LCCM (L-cell conditioned medium) and rat hemolyslate (open circles); 
macrophage colonies stimulated by WEHI-3CM (WEHI-3 cell line conditioned 
medium) (open squares). All graphs are plotted as percentages of 
the maximum value for each colony type irrespective of their incidences 
in the total marrow (Williams, 1979).
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is specific for regulation in the mononuclear phagocyte line (Guil- 

bert and Stanley, 1980). Williams et al. (1982) have suggested a 

two factor regulation for the megakaryocyte line also.

A model proposed by Iscove et al. (1982) states that hemato

poietic precursor cells have factor-specific structures either in 

the cells or on the cell membranes (receptors) that recognize stimulating 

molecules. Pluripotential cells may have more than one type of 

receptor, and may be receptive to two or more factors which might 

cause identical consequences. Committed cells would only respond 

to a late-acting factor, because they would only possess late-receptors 

that would be specific for such factors as CSF-1 or erythropoietin 

(figure 6, page 15).

Other specific receptors recognizing mannose-terminal glyco- 

conjugates in cultured monocytes may be a possible early marker for 

differentiation of monocytes into macrophages. This is believed to 

be evidence which is prior to morphological or functional differentiation 

(Kataoka and Tavassoli, 1984). This may serve to be an identifying 

marker for further studies of regulation as well as to give clues 

concerning other differentiative receptors. Such work has also been 

done with the expression of aminopeptidase, a surface-membrane-bound 

enzyme, and its expression in relation to two different colony-stimulat

ing factors.

Radiation Exposure of HSC: Most research involving the effects

of radiation on HSC have centered on spleen cell assays. Using this

method, the recipient mouse is given a lethal dose of radiation, usually

700 rads, and the donor mouse is given a sublethal dose, usually 450 
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------------ G-CSF's-----------------------------

----------- GM-CSF-

Figure 6. A proposed distribution of receptors for various hemato
poietic growth factors. A pluripotential cell (far left) gives rise 
first to partially and later totally committed cells. Receptors for 
erythropoietin (T), for CSF-1 (X), and for possible granulocyte— 
specific factors ("J) develop only as cells mature along the red 
cell, mononuclear phagocyte, and granulocytic pathways, respectively. 
Pluripotential cells and all of their early committed progeny have 
receptors for BPA (o). Receptors for GM-CSF are present early and 
late but only in the granulocyte and mononuclear phagocyte pathways 
(Iscove et al., 1982).
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rads. Marrow from the donor is then transfused into the recipient. 

Several days afterwards the recipient is sacrificed, spleen removed, 

and colonies counted within the spleen. Such a method has been 

described in detail by Siegers et al. (1979) and Hubner et al. (1984) 

Such a method gives valuable data on the effects of radiation on 

hemopoietic stem cells (HSC) in general but does not focus upon 

specific differentiating cell lines.

Hubner et al. (1984) using spleen cell assays and sublethally 

irradiated donors (450 rads) have shown that HSC in the S-phase

recover to normal in number within two weeks and stabilize after

five weeks. Thus, residual radiation damage in hematopoiesis is 

compensated for by enhancement of progenitor cell proliferation.

Advances have been made to look at more specific cell lines

such as the erythroid line of differentiation. Hubner, Miller,

and Cronkite (1985) used spleen cell assays but also monitored 

59the incorporation of Fe into spleens. Using this method they 

could indirectly determine erythroid differentiation without 

laborious histological examination of colonies in the spleen.

Radiation has also been observed to induce enlargement of 

granulocytic and macrophage progenitor cells in mouse bone marrow 

(Metcalf et al., 1977). A change was even noted with as little 

as 100 rad irradiation. This size enlargement affected all sub

populations of GM-CFC's which consequently maintained their size 

relationship with each other. Size was even noted to double by 

2 days after 250 rad whole body irradiation.
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Permanent Preparation of Cultures: One problem encountered 

with any method of HSC cultures is that of making permanent slide 

preparations. Optimally a method is desired which gives ease of 

recovery of cultured cells as well as allowing good morphological 

examination. Methods at present are "the membrane filtration tech

nique" (Ozawa et al., 1982), plasma clotting of methylcellulose 

cultures (Chan et al., 1983), cellulase slide preparations of methyl

cellulose cultures (Shillingstad and Ragan, 1985), and manual aspiration 

techniques.

Ozawa et al. (1982) grew their cultures directly on membrane 

filters, and, when grown, used a filter apparatus with phosphate 

buffer salt solution to diffuse and reduce the viscosity of the 

methylcellulose medium. The cultured cells remain behind on the 

filter and are transferred to slides for final preparation. This 

method helps overcome the difficulty in obtaining whole-mount per

manent preparations of colonies for staining.

Chan et al. (1983) described a method using the plasma clot 

system with methylcellulose cultures. This circumvented the problem 

of tediously picking individual colonies out of culture, and allows 

for termination of the cultures. Such a method though does not 

rid the obscuring effect of the associated methylcellulose which 

stains darkly, especially when using Wright-Giemsa stain.

The cellulase method, as described by Shillingstad and Ragan 

(1985) allows a simple way of clearing the effect of methylcellulose 

when studying morphology. It also allows ease of processing the
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cultures, whether it be cytocentrifugation, plasma clot, or direct

transfer of the contents to slides. This method uses cellulase

suspended in fetal calf serum (FCS) which is added to the cultures, 

allowed to incubate overnight with them, and the cultures are then 

ready to process. Cellulase degrades the methylcellulose with good

success.
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MATERIALS AND METHODS

In the assay used for this study, bone marrow cells were flushed 

from murine femurs from both experimental and control animals. The

marrow was then added to a tissue culture nutrient medium, CFU-GM

stimulating media, and a semi-solid support material. The mixed 

culture medium containing marrow stem cells was then plated, incubated, 

and counted in situ after seven days on the inverted microscope 

and dissecting microscope.

In vivo exposure of mice: Male hybrid mice (Battelle Pacific 

Northwest Laboratories, Richland, WA), approximately five months 

old, were loaded into 50ml plastic tubes, capped , and set on end 

140 cm from the Cobalt-60 source. The mice were then given a 400 

rad dosage of Cobalt-60 over 6.4 minutes (62.5 rads/minute). The mice 

were then returned to their cages for the remainder of the experiment.

Collection method: Experimental and control mice, all five-month 

old hybrid mice, were euthanized using an anesthetic dose of ether 

followed by cervical dislocation. The posterior end of the animal 

was then soaked in 70% alcohol to prevent contamination, their femurs 

were removed, and the attached tissue was rubbed off using sterile 

gauze pads. Using small scissors, the proximal end of the femur 

was cut off between the lesser trochanter and the neck, and, at 

the distal epiphysis below the largest interchondyloid fossa, a cut 

was made. A 1 ml tuberculin syringe containing Hank’s balanced salt 

solution (Flow Laboratories) and one drop of EDTA (Sequestor-sol, 

Cambridge Chemical Products) with a 22 gauze needle was inserted
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into the proximal end of the femur and the contents flushed into 

a sterile 15. ml plastic vial. The cell suspension was then aspirated 

and expelled to dissociate the larger pieces of marrow into a more 

homogenous cell suspension. An aliquot was diluted, red cells lysed,

and the nucleated cdlls were counted on a Model Zh Coulter Counter.

This cell count was then used to determine the volume to be added 

to the medium. A second aliquot was removed and diluted to 1X10^ 

cells/ml. One-half a milliliter of this solution was then added 

to a Shandon Cytospin II chamber, spun at 1100 rpm for seven minutes, 

and then fixed with absolute methanol and stained with Wright-Giemsa.

Culture media: The final culture medium was prepared in sterile

50 ml polypropylene centrifuge tubes by combining 9.6 ml of 2.5%. 

methylcellulose, 6 ml heat inactivated fetal calf serum (Flow Labora

tories), 6 ml conditioned media, 8.4 ml modified McCoys 5A media, and 

.01 Gentamycin. The appropriate amount of cell suspension was then 

added to give 2X10^ cells/ml. After mixing, a portion of the culture 

medium was drawn into 10 ml sterile syringes through 18 gauge needles, 

the syringes were then placed on an automatic rotator at 12 rpm for 

approximately 45 minutes. One-half milliliters of medium was then 

placed into each well of a 24 well tissue culture plate. The plates 

were then incubated for seven days at 37° C, 5% and 100% humidity.

The modified McCoys 5A medium was prepared by mixing the following

in a 500 ml flask:

62.0 ml double-distilled H^O

1.51 g McCoys powder (Flow Laboratories)
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2.0 ml Sodium pyruvate (100X, Flow Laboratories)

0.8 ml MEM vitamins (100X, GIBCO)

1.6 ml MEM amino acids (50X, GIBCO)

0.8 ml non-essential amino acids (100X, Flow Laboratories) 

0.8 ml L-glutamine (200 uM, GIBCO)

0.8 ml L-serine (0.0011 g/50 ml l^O)

0.3 ml L-asparagine (0.5 g/ 50 ml H^O)

6.9 ml Sodium Bicarbonate (7.5%, Flow Laboratories)

The medium was then sterilized using a 2.2 u Millipore system filter 

(Corning).

The conditioned medium used was obtained from stock made at

Battelle Pacific Northwest Laboratories (CM#2 and CM#4). The con

ditioned medium used was taken from a selection of batches known

to contain primarily CSF-1 (M-CSF).

Cellulase Slide Preparation and Staining with Wright-Giemsa:

One-fourth milliliter of a 1.08 mg/ml solution of cellulase (Calbio- 

chem, 1943 cellulase units/g) dissolved in heat inactivated fetal 

calf serum (Flow Laboratories) was added to selected wells. The 

wells were then incubated overnight at 37° C to facilitate complete 

digestion of the methylcellulose semi-solid support. Once this was 

accomplished, the well contents was then transferred to slides.

Three transfer methods were used. One method used dropwise trans

fer to slides, another was to flood slides with the solution, and 

the last and the most preferred method was to divide the well con

tents between two chambers on the Shandon Cytospin II and spin at 

1100 rpm for nine minutes. The slides were then stained on an
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automated Gam-Rad Hemomatic Slide Stainer using Wright-Giemsa stain. 

Adherent colonies were removed from the bottom of empty wells by 

gently flushing with 0.5 ml of fetal calf serum solution containing 

one drop of EDTA (Sequestor-sol, Cambridge Chemical Products) and 

.01 ml 2.5% trypsin (BBL). This solution was then prepared as des

cribed earlier.

Photographic techniques: Black and white photographs of cultures 

were taken on a Nikon inverted microscope using 4X5 polaroid backs.

Ektachrome 160 slide film was used with a blue filter on a Nikon

microscope.

Statistical Method: For comparison of the two groups of mice, 

Cobalt-60 exposed and the controls, the student's _t-test was used. 

Comparison was made using the hypothesis that the means were equal 

at the .05 level of probability. Standard deviation (S.D.) was deter

mined by:

cn_ I ~ (£x)2/n
’ * "J (n-1)

and standard error (S.E.) was determined by:

S.E. = S.D.Xfn
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RESULTS

Identification of CFU-m: Since more than one type of hemato

poietic colony can arise simultaneously in the same culture, it 

was necessary to know whether colonies counted were CFC-m or not.

Preliminary studies showed that the two conditioned media used

(CM#2 and CM#4, Battelle Pacific Northwest Laboratories) yielded 

almost exclusively CFU-m due to the fact that it contained CSF-1.

Because the amount of non-CFU-m colonies was not significant in 

counts, only random colonies were harvested and stained to ascertain 

this valid assumption (figure 7). Murine macrophage colonies have 

also been described as being significantly different enough in 

culture to identify in assay (C. Dao et al., 1977) which further 

justified the assumption that all colonies counted as CFU-m need not 

be harvested and stained for identification (figures 8 and 9).

Effects of Cobalt-60 Exposure on CFU-m: Animals were sacrificed 

on days 0, 1, 4, 7, and 14. These times were chosen in relation to past 

studies of radiation exposure spleen assays. Marrow was taken from 

at least two control mice and at least two Cobalt-60 exposed mice for 

each time interval. Spleens were also removed and weighed from 

each animal. Spleen weights as a percentage of body weight was 

found to decrease in all irradiated animals on days 1, 4, and 7.

At day fourteen, comparison of q)leen weights for experimental and 

control animals was relatively similar (figure 10).

Cultures on day zero, before exposures, were comparable and 

consistant for both the experimental and control groups. The
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Figure 7. Macrophage cells on day 7 of culture from normal murine 
bone-marrow cells. Slides were prepared on the Shandon Cytospin II. 
(Wright-Giemsa; 250X).
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Figure 8. Macrophage colonies on day 7 of culture from murine bone— 
marrow cells. Well is seen as it appears under low power on a dis
secting scope.
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Figure 9 situ photographs of CFU—m all at the same magnification
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number of CFU-m arising in culture as a result of radiation exposure 

were decreased by as much as 63.9% as seen on day one after exposure 

Recovery, beginning on days four and six, remained fairly constant 

with 48.5% and 47.5% of controls (figure 11). By day fourteen the 

experimental mice exhibited no decrease in the number of CFU-m in 

culture but rather showed a small percentage increase. As can be 

seen from the data, a cobalt-60 exposure of 400 rads yields a marked 

decrease in CFU-m proliferation initially but recovery seems to be 

complete by day 14 as exhibited by in vitro assay (figure 11).
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Figure 11. CFU-m arising in culture for cobalt-60 exposed mice as 
opposed to control mice. Graphed is experimentals as a percent of 
controls, (day 0, 100%; day 1, 36.1%; day 4, 51.5%; day 7, 52.2%; 
day 14, 104.7%).
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DISCUSSION

Much work has been done with in vitro growth studies of hemato

poietic cells. This thesis describes such an assay for studying 

the effects of radiation in vivo and its subsequent expression in 

vitro for one specific cell line, CFU-m. The results of this research 

indicate that CFU-m can be stimulated to grow reliably in culture 

with an L-cell conditioned medium (LCCM) high in CSF-1 from murine 

bone marrow. Accordingly, an assay can be done with in vitro methods 

bypassing the lengthy and involved histological studies required 

with spleen cell assays. This research may further our understanding 

of one specific cell line and how it responds to radiation damage 

in vivo. It may also reinforce the value of in vitro assays as a 

valuable tool in residual stem cell damage studies.

This study shows that macrophages are inhibited to a similar 

degree as are CFU's in general (Hubner et al., 1984) and CFU-e 

(Hubner et al., 1985). They show full proliferative compensation 

by day 14. This does not suggest that full repair of residual damage 

to CFU-m has occurred by day 14. Rather, it tends to demonstrate 

that proliferative compensation has disguised persisting quantitative 

and qualitative damage. Therefore, transfer of residual cell damage 

is passed to the differentiating cells of the macrophage line as 

detected by reduced numbers of CFU-m arising in in vitro culture.

In earlier studies by Hubner et al. (1984) it was found that

the relative number of CFU-s returned to normal within two weeks

and stabilized after five weeks as exhibited by spleen assays.

30



They (Hubner et al.) later found (1985) that CFU-e, one specific

hematopoietic cell line, reacted similarly to CFU’s in general as

seen in other spleen assays to radiation damage using an indirect 
59method— a spleen assay in which they monitored Fe uptake.

Results presented here on CFU-m seem to support these earlier findings 

It will be interesting to see the results for other specific hemato

poietic cell lines in relation to radiation damage, whether they 

be studied through direct or indirect means.

This assay has shown itself to be a viable method to study 

the in vivo effects of radiation, one source of hematopoietic cell 

damage but drawbacks should also be addressed here. Until we have 

more information on the stimulation and regulation of each cell 

line and until even more precise methods of identifying cell lines 

are developed, this assay will not be complete. One major step 

still to be taken is the complete characterization of the stimulating 

factor(s) for CFU-m. When these and hematopoietic processes are 

better understood, we may be able to rely on in vitro methods as 

a source of measurement for us in assays of this kind.
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