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Abstract In order to better define the role played b
tumor-cell-derived macrophage-colony-stimulating fact

(M-CSF) in regulating the recruitment and phenotype of . . . . .
tumor-associated macrophages, Polyoma large T—tra(mQSt .SOl'd tumor masses, Irrespective of h'5t9|09'0al type,
contain a significant proportion of host-derived macro-

formed fibroblastoid cell lines, derived from M-CSF-defi-

cient osteopetrotic op/op mice and their phenotypicalf/129€S: Importantly, correlations have been noted between
normal op/+ littermate controls, were inoculated int e presence and/or functional activity of such cells and

SCID (severe combined immunodeficiency) recipients af@/10us tumor parameters including local invasion, re-
onse to therapy, metastatic potential and prognosis

both the proportion and phenotype of the macropha 31]

present within the tumors generated were determined. T iated h believed to be d
results obtained indicate that, although tumors derived from umor-associated macrophages are believed to be de-
rived from both the differentiation of monocytes recruited

M-CSF-deficient and M-CSF-producing tumor cell inocu: ) ;
late contain a similar proportion of macrophages, t gto a tumor site from the peripheral blood [29, 31], and the

macrooh isol from tumors lacking M-CSE alized proliferation of macrophage progenitor cells
acrophages isolated from twmors lacking M-CSF app 8ﬁhin the tumor microenvironment [15, 43]. Thus, factors

morphologically less mature and express lower levels Y?fl .
that are chemotactic for monocytes and/or other more

interleukin 13, tumor necrosis factar and FCRIl mRNA. N X )
Taken together, these data suggest that, although M-d¥fEnitive macrophage progenitor cell types, or which pro-
ote the survival, proliferation and/or differentiation of

does not appear to play a critical role in determining t f ioht b dtoi h I b
macrophage content of these tumors, it does play a rolelijgse cells, might be expected to increase the total number
macrophages present within a tumor [31].

modulating the phenotype, and potentially the function Macrophage-colony-stimulating factor (M-CSF) is an

activity of the macrophages present within the tumor | ¢ h ducti h
microenvironment. important regulator of macrophage production. It has

been shown to function both as a monocyte-specific che-
moattractant [48] and to promote the survival and differ-
entiation of monocytes in vitro [45] and in vivo [9, 37]
Significantly, M-CSF has also been shown to “activate”
macrophages directly [36, 38, 41, 50, 51] and to “prime”
these cells so that they can respond to other stimuli [49].
Phase 1 clinical trials exploring the anti-tumor activity of
M-CSF are presently underway in a number of centers
S.T. Dougherty <) [2, 3].
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role in determining the total macrophage content, of at ledstpression vectors
these tumors, it does impact on both tumor growth and t

e . - .
phenotype of tumor-associated macrophages. tPhe pGEM2MCDF10 plasmid, containing a 4-kb murine M-CSF

cDNA isolated from the pre-B-lymphocyte cell line 702/3 [26], was
obtained from ATCC. ADralll- Sad fragment containing the entire M-
CSF coding region but lacking extensivé &nd 3 untranslated
sequences was isolated; the ends were blunted with T4 DNA poly-
merase, and the fragment obtained ligated into ktecll site of

Materials and methods pUC13/18. Following digestion withXba, the fragment obtained
was ligated into theXba site of the episomal expression vector
Animals pCDM8 [42] generating the plasmid pCDM8.mM-CSF. pCDM8 con-

tains both SV40 and polyoma origins of replication and can replicate to

(C57BL/63x C3HeB/FeJ)F2 B6C3Fe (osteopetrotic) op/op mice, reabligh copy number within the nucleus of both SV40-transformed simian
ily identifiable by virtue of their domed skulls and absence of teetf§€ll lines (e.g. COS7 cells) and polyoma-transformed murine cell lines
and phenotypically normal (+/+ or op/+) littermate controls, wer€e.g. Op/opPy) [42]. _ o
obtained from Jackson Laboratories (Bar Harbor, Me.). BALB/c-nu/ PRC3.mGM-CSF is a pCDM8-based expression vector containing
nu mice, originally obtained from Harlan Sprague Dawley (Indiandbe full-length murine granulocyte/macrophage colony stimulating
polis, Ind.), BALB/c-SCID mice originally obtained from Dr. J. Dick factor (GM-CSF) cDNA. Details of its construction and characteriza-
(Hospital for Sick Children, Toronto, Ont.) and C3H/HeJ mice origintion will be published elsewhere (manuscript in preparation).

ally obtained from Jackson Laboratories, were bred and maintained in

the Joint Animal Facility of the British Columbia Cancer Research

Centre. Preparation of conditioned media (CM)

COS7 cells and op/opPy cells were transfected with plasmid DNA by
Cells lines electroporation using the BioRad Gene-Pulsar System (BioRad Labo-
ratories Ltd., Mississauga, Ont.). Briefly, cells were trypsinized and
The simian-virus-40(SV40)-transformed simian fibroblastoid cell lineesuspended in phosphate-buffered saline (PBS) at a final concentra-
COS7 [18] was obtained from the American Type Culture Collectiofion of 5x 10 cells/ml. Aliquots of 0.4 ml were mixed with approx-
(ATCC; Rockville, Md.). imately 2.5 pg plasmid DNA (pCDM8, pCDM8.mM-CSF or
op/op and op/+ fibroblastoid cell lines were derived respective§CDM8.mGM-CSF), transferred to a 0.4-cm cuvette and electro-
from the lungs of op/op mice and their phenotypically normal littefPorated at 280 V with a capacitance setting of 3502 The time
mates. Briefly, lung tissue was pooled from two mice and finelgonstants obtained ranged from 6.5 ms to 7.4 ms. After electroporation,
minced using surgical blades. The resulting pieces were suspende@éls were incubated on ice for 5 min then diluted in 30 ml DMEM/
10 ml RPMI medium (Stem Cell Technologies Inc., Vancouver, B.C}0% FCS and plated in a 15-cm tissue-culture dish (Falcon 3025;
containing 20% fetal calf serum (FCS; Hyclone) (RPMI/20%FCSRecton Dickinson). Supernatants were removed 72 h later, centrifuged
plated in a 10-cm tissue-culture dish (Falcon 3003; Becton Dickins@h 250 g for 10 min to remove cellular debris, filtered through a
Labware, Mississauga, Ont.) and incubated at@7n a humidified 0.45 nicron filter (Syrfil-MF; Costar Corp., Cambridge, Mass.) and
atmosphere containing 5% G@ air. Outgrowth of fibroblastoid cells stored at —20C until required. Aliquots were thawed only once and
was evident after about 1 week, and the medium along with no@ly unused material discarded. N )
adherent cellular debris was removed and 10 ml fresh RPMI/20% FCS To obtain op/op, op/+, op/opPy and op/+Py conditioned media, 10-
added. As the fibroblast layers became confluent, they were maintairé&d tissue-culture dishes (Falcon 3003; Becton Dickinson) were seeded
by regular passage using 0.25% trypsin in citrate/saline (Stem C#ith 1x108 cells in 10 ml DMEM/10% FCS. Cultures were incubated
Technologies Inc.), and the FCS concentration in the medium w48 h at 37°C, and the supernatants collected, processed and stored
reduced to 10%. as described above.
The transformed fibroblastoid cell lines op/opPy and op/+Py were
generated using an ecotropic retroviral vector (CTV-4Py) encoding the
polyoma large T antigen (a generous gift from Dr. Robert Kay, TeriReverse transcriptase/polymerase chain reaction (RT-PCR) analysis of
Fox Laboratory). Briefly, subconfluent monolayers of op/op and opM-CSF transcripts
fibroblasts were incubated with cell-free retroviral supernatants con-
taining 5ug/ml polybrene (Sigma Chemical Company, St Louis, Mo.gDNAwas prepared from fig total RNA isolated from cell lines using
as previously described [22]. Ten days later the cells were harvestedisy Pharmacia first-strand synthesis kit (Pharmacia, Baie d'Urfe,
trypsinization and inoculated subcutaneously into nu/nu recipients Quebec). Subsequent PCR was carried out exactly as described by
select for tumorigenic cells. Tumors were excised, enzymaticaltiie manufacturer using the following primer pair: BI-CSF (8-
digested in a mixture of dispase and collagenase as previoUBICTCTAGAGCTGCCCGTATGACCGCGCG Band 3 M-CSF (8-
described [35], and transformed cell lines re-establisimeditro by GCTCTAGAGGGGGTGTTGTCTTTAAAGC-3. Both primers con-
culturing and expanding the enzymatically disaggregated tumor cilin added 5 Xba restriction sites. The samples were placed in a
suspensions in Dulbecco’s minimum essential medium (DMEM; Stetlmermal cycler (Biosycler, BIOS, New Haven, Conn.) and cycled 30
Cell Technologies Inc.) containing 10% FCS (DMEM/10% FCS). times at 95°C for 30 s, 55°C for 30 s, and 72C for 1 min. PCR
products were separated on a 1% agarose gel, purified using a
Geneclean 1l kit (BIO 101 Inc., Vista, Calif.), digested wi¥ba
Monoclonal antibodies (mAb) and ligated into theXba site of pUC19. Double-stranded templates
were sequenced by the dideoxy-DNA-chain-termination method [20],
Hybridomas secreting mAb directed against thesubunit of Mac-1/ Using T7 DNA polymerase and the reaction conditions suggested by
CD11b (TIB128) [21] and the F4/80 antigen (HB198) [1] werdhe manufactu_rer (Sequenase Version 2.0 DNA sequencing kit, USB,
obtained from ATCC. mAb 114/A10, directed against a 150-kD&leveland, Ohio).
antigen expressed on interleukin-3-dependent mast cell lines, primitive
hemopoietic cells and mature tumor-associated macrophages, has been
described in detail [12, 13, 24]. All hybridomas were maintained iMacrophage colony assay
DMEM/10% FCS and tissue-culture supernatants obtained as pre-
viously described [19]. Peripheral blood was collected from the inferior vena cava of anesthe-
tized C3H/HeJ mice using a 1-ml syringe fitted with a 21-gauge
needle. Sodium heparin (Stem Cell Technologies Inc.) was added to
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a final concentration of 10 U/ml to prevent clotting. The blood was
diluted 1:4 in PBS and 8 ml gently layered over 4 ml Lympholyte M
(Cedarlane, Hornby, Ont.) in a 15-ml conical centrifuge tube (Falcon 60 -
2096; Becton Dickinson). Tubes were centrifuged at §306r 20 min

at room temperature and the peripheral blood leukocytes (PBL) located g;D

at the blood/Lympholyte M interface collected, washed once with & é

Hank’s balanced salt solution (HBSS) and resuspended in alpha %‘;‘

modified Eagle’'s medium oMEM; Stem Cell Technologies Inc.) e 40 7

containing 20% fetal clone | (FCI; HyclonedfMEM/20% FCI). E =
Samples comprising 4104 PBL together with dilutions of condi- - &

tioned medium (see above) were added in a final volume of himl c.2

MEM/20% FCI to the wells of a 24-well plate (Falcon 3047; Becton % E 20 -

Dickinson). The plates were incubated for 10—12 days &tCG37and = 'g

the number of macrophage colonies, each derived from a single E

macrophage progenitor, were quantified by washing the wells twice Z

with PBS and then staining the adherent cells for approximately 10 min 0

with 1% methylene blue in methanol. Colonies containing more than
10 cells were counted using a inverted-phase microscope.

In order to confirm that the cells present within these adherent
colonies were indeed macrophages, representative wells were har-
vested by incubation with PBS containing 2 mM EDTA and cytospin
preparations prepared and stained with a panel of mAb using an
indirect immunoperoxidase technique, as described below.

COS.CDMS
COS.mM-CSF
COS.mGM-CSF -

Generation of op/opPy and op/+Py tumors Conditioned medium

To produce experimental tumors with which to investigate the rofdd- 1 Requirement for macrophage-colony-stimulating factor
played by tumor-cell-derived M-CSF in regulating the recruitment arl@/!-CSP or granulocyte/macrophage-colony-stimulating factGivk
phenotype of tumor-associated macrophages(® in vitro cultured CSP) in the proliferation and differentiation of macrophage colonies.
oplopPy or op/+Py cells, harvested by trypsinization, were injectdtrine peripheral blood leukocytes*BL) were incubated witha
subcutaneously into the flank of SCID mice. modified Eagle’s medium/10% fetal clone | containing 10%
COS.CDM8, COS.mM-CSF or COS.mGM-CSF conditioned medium
and the number of macrophage colonies generated was determined on
days 10-12 following fixation and staining in a solution of 1%
methylene blue in methanol. Results shown represent the means of
EherFe experimentst SEM

Indirect immunoperoxidase staining

Indirect immunoperoxidase staining was used to determine the num
of macrophages present within enzymatically disaggregated tumor cell
suspensions. Briefly, cytospin preparations were air-dried, fixed in
acetone for 5 min, and incubated for 30 min at room temperature with
50 pl of the appropriate mAb tissue-culture supernatant. After eRResults
tensive washing in HBSS, the cytospins were incubated for a further

30 min with 50l of a 1:2000 dilution of horseradish-peroxidase Characterization of op/op and op/+ fibrobalastoid cell lines
conjugated goat anti-(rat 19gG) (Sigma) (TIB128, HB198, 114/A10).

After washing in HBSS, the reaction was developed by incubating the ) . . . . -
slides for 5 min at room temperature in PBS containing 0.06% (w/v) S shown in Fig. 1, the proliferation and differentiation of

3'-diaminobenzidine (Sigma) and 0.012% (v/\)®4 (Sigma). peripheral-blood-derived macrophage colonies in vitro is
critically dependent upon the presence of appropriate he-
_ mopoietic growth factors. Thus, medium conditioned by
Northern blot analysis COS7 cells transfected with the pCDM8 expression vector
Total cellular RNA was isolated from parental and transformed op/zﬂ:!one was unable to support thg generation of S|gn|f|c_ant
and op/+ cell lines and enzymatically disaggregated tumor cell suspgitmbers of macrophage colonies. In contrast, medium
sions, using the guanidine isothiocyanate/CsCl method as previousiynditioned by COS7 cells transfected with pCDM8.M-
described [10]. Samples containing i§ RNA were electrophoresed CSF or pRC3.GM-CSF induced large numbers of adherent

through a 1% (w/v) agarose gel containing 5% (v/v) de-ionize : : : _
formaldehyde, transferred to a nylon membrane (Zeta-Probe dqﬂacrophage colonies which, by day 14, contained 20200

BioRad) and cross-linked by exposure to ultraviolet radiation (Stratg€llS. Although there are clear differences in the morpho-

linker; Stratagene, La Jolla, Calif.). Filters were pre-hybridized for 1logy of the adherent cells present within the colonies

at 42°C in 500 mM sodium phosphate buffer, pH 7.2, 50% (vivinduced by M-CSF and GM-CSF in both instances, more

formamide, 5% sodium dodecyl sulfate, 1 mM EDTA, and 1 mg/mhay 9504 of the cells produced are CB1&D44 and

bovine serum albumin (Fraction V; Sigma) and then hybridised for 16

at 42°C in the same solution containing denatufé@-labeled probes ©D45" and express the macrophage markers Mac-1 (CD11

prepared using the Ready-To-Go oligonucleotide labelling kit accor) and F4/80 (data not shown).

ing to the manufacturer’_s instruction_s (Pharmacia). Filters were washed Media conditioned by fibroblastoid cell lines derived

and developed as previously described [23]. from op/op mice and their phenotypically normal littermate
controls were also tested for their supportive capacity.
Although both cell lines expressed approximately equal
levels of M-CSF mRNA (Fig. 2), only medium conditioned
by fibroblasts derived from phenotypically normal mice
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Fig. 2 Northern blot analysis of M-CSF mRNA expression in hormal
and transformed op/opPy— and op/+Py-derived fibroblastoid cell lines. it :
Samples comprising 1(g total cellular RNA isolated from op/op and Source of conditioned medium
op/+, unselected CTV-4Py-transformed and tumorigenic in-vivo-sg;, 3 M.CSE ;

. . . production by op/op, op/+, op/opPy and op/+Py cells.
lected op/opPy a3r12d op/+Py cells were run in each lane and filtegs yn1e5 comprising:2104 PBL were incubated with 10% conditioned
hybridised with a32P-labeled cDNA probe encompassing the entirf adium from oplop, op/+, oplopPy and op/+Py cells. The number of

coding region of the murine M-CSF gene. The result shown |5,.r0nhage colonies containing more than 10 cells was determined on
representative of the data obtained in three independent experlmelafat,ys 10—12 following fixation and staining in a solution of 1%

methylene blue in methanol. The results shown here represent the
mean+ SEM from three separate experiments

was able to support the generation of macrophage colonies
in vitro from peripheral blood precursor cells (Fig. 3), . . .
Medium conditioned by the op/op cell line had essential .0) of transformed cells were ewdgnt In .d'Shes mfected
no supportive activity, even when tested at a high conce ith the C;TV—4Py vector but not in equalent dishes
tration. infected with the control CTV-4 vector lacking polyoma-

In agreement with previous reports, sequence analysisd(?fived sequences (data not shown). The cells from infected

RT-PCR products demonstrated that the M-CSF gene p?@_d control cultures were then harvested and inoculated
sent within the oplop cell line contained an additionatPcutaneously into BALB/c-nu/nu recipients (3 mice/

thymidine residue 262 bp downstream of the ATG staWOUp)' nu/nu recipients were used to avoid rejection of

codon (Fig. 4). The presence of this additional nucleotiddMor Cells expressing highly antigenic polyoma-derived

produces a shift in reading frame that generates a premateh@€ins- By day 40, tumors had developed in all of the

stop codon 27 bp downstream of the point of inserti 'ice that had rece.ived CTV—4Py-ir!fected op/op or (.)p/ *
(Fig. 4). Similar RT-PCR analysis of the cell line derivedProPlasts but not in any of the mice that had received

from phenotypically normal littermates revealed the pre§ONntrol CTV-4-infected cells (data not shown). .
ence of both wild-type and mutant M-CSF transcripts. The tumors that developed were excised, enzymatically

(Fig. 4), indicating that at least one of the animals used fFaggregated and polyoma-transformed op/op (op/opPy)

generate this line was a heterozygote (op/+). Taken toge@9d OP/+ (0p/+Py) cell lines re-established in vithorth-

er, these data confirm that the op/op fibroblastoid cell lirfd" plot analysis and indirect |mmunoperOX|dase staining

utilized in this study was deficient in its production ofonfirmed that both of these cell lines, but not the parental

biologically active M-CSF. (non-transforme_d) op/op and op/+ cell lines, express poly-
oma large T antigen (data not shown).

To confirm that the op/opPy cell line remains deficient
in its production of M-CSF, op/opPy and op/+Py cells were
Generation and characterization of polyoma-transformecfl!so tested for their ability to induce the proliferation of
op/op and op/+ cell lines macrophage colonies in vitroAlthough Northern blot

analysis indicated that both cell lines express approximately

To generate tumorigenic cell lines that could be used @gual levels of M-CSF mRNA (Fig. 2), only medium
determine the role played by tumor-cell-derived M-CSF igonditioned by the op/+Py cell line was able to induce
regulating the accumulation and/or phenotype of tumdhe generation of macrophage colonies from peripheral
associated macrophages, subconfluent monolayers of og#jPd leukocytes (Fig. 3). o

and op/+ fibroblasts were infected with an ecotropic retro- To confirm that the major reason for the inability of the
viral vector, designated CTV-4Py, that encodes the polyorfB/0pPy cells to induce the proliferation of peripheral
large T antigen. Ten days later, numerous foci (more th@ipod-derived macrophage precursors was the absence of
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op/+Py M-CSF RT-PCR products 187
1.6

GCC TTT TTT CTG GTA CAA GAC ATA ATA GAT GAG
GCC TTT TTT CTG GTA CAA GAC ATA ATA GAT GAG ~ 147
GCC TTT TTT CTG GTA CAA GAC ATA ATA GAT GAG ? 1.2
GCC TTT TTT T GGT ACA AGA CAT AAT AGA G "go -
GCC TTT TTT [T GGT ACA AGA CAT AAT AGA |TGA|G g

:5 0.8 -

g 0.6
op/opPy M-CSF RT-PCR products S o4
GCC TTT TTT [TCT GGT ACA AGA CAT AAT AGA [TGA|G 02
GCC TTT TTT [TCT GGT ACA AGA CAT AAT AGA|TGA|G 0 AR S
GCC TTT TTT |[TCT GGT ACA AGA CAT AAT AGA |TGA|G oplopPy op/+Py
GCC TTT TTT [TLT GGT ACA AGA CAT AAT AGA [TGA|G
GCC TTT TTT |TCT GGT ACA AGA CAT AAT AGA |TGA(G Fig. 6 Growth of op/opPy and op/+Py tumors. Samples containing

1x106 op/opPy and op/+Py cells were inoculated subcutaneously into
the flank of groups of at least 5 BALB/c SCID mice. The weight of the
fumors produced was determined on day 28. op/+Py tumors were
ignificantly larger than op/opPy tumorg<0.05, Student's-test).

he result shown is representative of the data obtained in at least four
ndependent experiments

Fig. 4 Reverse transcriptase/polymerase chain reactRm-RCR
analysis of M-CSF transcripts in fibroblastoid cell lines derived fro
op/op mice and phenotypically normal littermates. M-CSF cDNA we
amplified by RT-PCR and subcloned into pUC19; individual clon
were sequenced
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Fig. 5 M-CSF production by pCDM8- and pCDM8.mM-CSF-trans-F'9- 7 Macr_ophage content of op/opPy and o_p/+Py tumors. Acetone-
fected op/opPy cells. Samples comprising1D* PBL were incubated fiXed cytospin preparations of enzymatically disaggregated tumor cell
with various concentrations of medium conditioned by pCDMS- gtuspensions were stained with mAb directed againstitheibunit of
pCDM8.mM-CSF-transfected op/opPy cells. The number of macrjlac-1 (TIB128), the F4/80 antigen (HB198) and 114/A10 using an
phage colonies containing more than 10 cells was determined on d&\fiirect immunoperoxidase technique. Each point represents the mean

10-12 following fixation and staining in a solution of 1% methylene- SEM of at least 3 experiments in which tumors were pooled from
blue in methanol groups of 3 or more mice. On each cytospin at least 200 cells were

counted. The percentage of Mac-1-positive and F4/80-positive cells
present in op/opPy tumors was significantly lowpr(0.05) than in
op/+Py tumors. There was no significant difference in the percentage

. R of 114/A10-positive cells = 0.14). p values were obtained using
functional M-CSF, and to rule out other possibilities, suctudent'st-test

as the production by these cells of soluble mediators that

block the action of M-CSF or other hemopoietic growth

factors, op/opPy cells were transfected with a pCDM8-

based episomal expression vector encoding murine M-CSISF was fully capable of generating large numbers of
and supernatants conditioned by these cells or by contraacrophage colonies. Control supernatants conditioned by
pCDM8-transfected cells were tested for their ability top/opPy cells transfected with the pCDM8 vector alone had
support the proliferation and/or differentiation of macroro supportive capacity.

phage precursors in vitrcAs shown in Fig. 5, medium

conditioned by op/opPy cells transfected with pCDM8.M-
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g N accumulation of tumor-associated macrophages, it does
= E nevertheless, have an effect on the phenotype of these
3 = cells. Indeed, in support of such a role, Northern blot
= analysis demonstrated that the macrophages found within
> - op/opPy tumors expressed far lower levels of [k-and
ol vl TNF-a and FcRIl mRNA than did equivalent cells isolat-
2 s s s ed from op/+Py tumors (Fig. 8).
e o < ©
= FeRyll
- Discussion
i - IL-18

While it is generally agreed that the overall macrophage
content of a tumor is determined both by the recruitment of
monocytes from the circulation and the local proliferation
B TNF-a and differentiation of macrophage progenitor cells within
the tumor microenvironment [14, 30, 33], at present, neither
the relative importance of each of these mechanisms, nor
- @ Actin the.precise mo[ecular events invo_lved_have been adequately
" ! defined. What is clear is that, while different experimental
] tumors may vary greatly in their macrophage content [14],
Fig. 8 Northern biot analysis of Fol, interleukin-18 (IL-18) and the percentage of macrophages present within a particular
tugfior necrosis facton (TNyFa) mRNA éxpression in op/opPy and op/tumo!’ remalns fairly constant both d”.””g periods of
+Py tumor-associated macrophages. Samples ofigfotal cellular 10garithmic growth and upon transplantation to secondary
RNA were run in each lane. Filters were hybridised witR-labeled recipients [14, 30, 33]. Moreover, metastatic tumor deposits
probes encompassing the entire coding regions of murineylEcR frequently contain the same proportion of macrophages as
IL-1B, TNFa and actin. The result shown is representative of thg,q primary tumors from which they were derived [47].
data obtained in three independent experiments Taken together, these findings suggest that signals derived
from tumor cells themselves, rather than tumor-associated
Role of tumor-cell-derived M-CSF in regulating the accutissue-specific stromal elements, are primarily responsible
mulation and phenotype of tumor-associated macrophages determining the macrophage content of a particular
tumor.
In order to define the role of tumor-cell-derived M-CSF in  Several tumor-cell-derived factors chemotactic for
regulating the accumulation and phenotype of tumor-assnenocytes have recently been identified [7, 32, 39, 46,
ciated macrophages,x1.0¢ op/opPy or op/+Py cells were52] and shown to play an important role in regulating the
inoculated subcutaneously into SCID mice and both tlecumulation of tumor-associated macrophages [4-6, 8,
size and weight of the tumors generated and their macB88, 40, 47]. These include MCP-1, MCP-2, MCP-3, and
phage content were determined on day 28. As shown\tEGF/VPF. There is also evidence that these are not the
Fig. 6, op/+Py tumors were significantly larger than thenly molecules involved in this complex process [30].
equivalent op/opPy tumors. The macrophage content of op/The major aim of the present study was to determine
opPy or op/+Py tumors was determined by indirect inwhat role, if any, tumor-cell derived M-CSF may play in
munoperoxidase staining of cytospin preparations of egetermining the total macrophage content of a tumor. M-
zymatically disaggregated tumor cell suspensions usingC8&F is an attractive candidate in this regard. It is constitu-
panel of anti-macrophage mAb. As shown in Fig. #ively produced at a high level by many histologically
although the proportion of Mac-1-positive and F4/80-poslistinct human and animal tumors [31] and has been
itive cells is significantly higher in op/+Py tumors, bottshown to function both as a monocyte-specific chemoat-
tumor types contain large numbers of macrophages and treectant [48], and to promote the survival, proliferation and
proportion of 114/A10-positive cells was remarkably sindifferentiation of monocytes and other macrophage precur-
ilar. Despite the fact that small day-10 tumors contain sor cells in vitro [45] and in vivo [6, 9]. The results of the
somewhat lower percentage of F4/80-positive cells than tpeesent study, however, demonstrate that tumors initiated
large day -28 tumors, the difference between op/+Py affdm M-CSF-deficient op/opPy fibroblastoid cells contain
op/opPy, while once again modest, is still significant (o@lmost as many macrophages as similar tumors initiated
+Py 21.7+1.6%: op/opPy 16.3+1.8%:<0.05). Interest- from M-CSF-producing op/+Py cells. These findings argue
ingly, however, the macrophages, present within op/opRgainst a prerequisite role of M-CSF for the accumulation
and op/+Py tumors exhibited obvious morphological diffesf macrophages within at least this tumor.
ences, with those present in op/opPy tumors appearingThis conclusion contrasts with those of recent studies, in
smaller and less mature (data not shown), suggesting theich the introduction of the human M-CSF gene into the
although M-CSF may not play a major role in regulating theaurine plasmacytoma cell line J558L was shown to in-
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crease dramactically the number of macrophages preseete morphologically distinct, and expressed lower levels
within tumors generated from these cells following inocwf IL-13, TNFa and FcR/Il mRNA than those present
lation into syngeneic BALB/c mice [11]. Growth of thesewithin op/opPy tumors. All three of these latter genes have
M-CSF-transduced tumors was only slightly inhibited, anseen shown previously to be induced by M-CSF in vitro. In
attempts to activate the tumor-associated macrophagesaldition, op/+Py tumors also appeared to grow somewhat
the systemic administration lipopolysaccharide and/or ifaster than op/opPy tumors initiated with the same number
terferony (IFNy) were unsuccessful. Although the reasoaf cells. How differences in tumor growth relate to the
for the difference between these results and the datiéered functional capabilities of the macrophages present
presented here remains to be determined, they may simpithin these tumors remains to be determined. It is inter-
reflect the fact that the very high and non-physiologicasting to note, however, that TidFwhich is expressed at a
level of M-CSF produced by transfected J588L cells ksigher level within the faster growing op/+Py tumors, has
sufficient to induce dramatic increases in both the numbleeen suggested to play an important role in the induction of
and functional activity of circulating monocyte/macrotumor angiogenesis in vivo [16, 17, 24, 27, 34, 44].
phages in tumor-bearing animals [11].

Although the molecular nature of the molecule(s) thdtcknowledgements This work was supported by grants from the
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or immune cells could perhaps provide sufficient amoun®Research Scientist.
of M-CSF to maintain monocyte/macrophage viability.
Arguing against this possibility, however, is the observa-
tion, discussed further below, that macrophages present
within tumors initiated from op/opPy cells express far
lower levels of several M-CSF-inducible mRNA tran-
scripts, including IL-B, TNFa and FcRIl, than equivalent
cells present within op/+Py tumors. Thus, if M-CSF i
produced within op/opPy tumors, it must be assumed th t Austyn JM, Gordon S (1981) F4/80, a monoclonal antibody
the levels generated, while sufficient to maintain monocyte/ girected specifically against the mouse macrophage. Eur
macrophage viability at a level similar to that seen in op/ J Immunol 11:805
+Py tumors, are nevertheless insufficient to induce equiv2 Bajorin DF, Jakubowski A, Cody B (1990) Recombinant macro-
alent levels of IL-B, TNFa and FcR/Il gene expression phage colony stimulating factor (rhM-CSF): a phase I clinical trial

. in patients with metastatic melanoma. Proc Am Soc Clin Oncol
within these cells. 9:183

GM-CSF can also promote monocyte survival in vitro 3. Bajorin DF, Cheung NV, Houghton AN (1991) Macrophage

Although most fibroblastoid cell lines do not constitutively — colony-stimulating factor: biological effects and potential applica-

produce GM-CSF, many can be induced to do so following goe”nsomgfaxce&fggrwg- BT'g?;bgiéiz G Ghersl P. Balotia C

stimulation with the_ macrophage—derlved c_ytoklnes [L—; Cianciolo GJ, Snyderman R, Dore JF, Mantovani A (1987)
TNFa or IFNy. Arguing against a role for this molecule in  chemotactic factor and P15E-related chemotaxis inhibitor in
the accumulation of tumor-associated macrophages, how-human melanoma cell lines with different macrophage content
ever, was the finding that GM-CSF was not constitutively %%?t;ggoggegggtg]rﬁdi mlg:ael's;rilmAmuETgrlalsii:iz%nGhezzi 5
produced at detectable levels by F."lth.er op/opPy or op/+ 7 Salmona M Mantovani A (i983) Cherﬁotactic activit‘y for mono-’
cells, nor could these cells be readily induced to secrete this nyclear phagocytes of culture’ supematants from murine and
cytokine following stimulation with IL-B or TNFa (data human tumor cells: evidence for a role in the regulation of the
not shown). Moreover, Northern blot analysis failed to fgat(irophaBge ;Olmetnt OIt_n?\loplAaSth tl??SUEBS-Ilnt_J Eagcer 31};_53
P . 5. Bottazzi B, Polentarutti N, Acero R, Balsari A, Boraschi D,
demonstrate thleh.presence of Slg_nlflcant quantltles.(.)f GM? Ghezzi P, Salmona M, Mantovani A (1983) Regulation of the
CSF mRNA within CD45/CD18- tumor cells purified macrophage content of neoplasms by chemoattractants. Science
from either op/+Py or op/opPy tumors (data not shown).  220:210
A final possibility is that op/opPy cells may elaborate a7. Bottazzi B, Colotta F, Sica A, Nobili N, Mantovani A (1990)
soluble mediator distinct from M-CSF or GM-CSF that can Chemoattractant expressed in human sarcoma cells (tumor-derived
t t ival i itrcEvid ti chemotactic factor, TDCF) is identical to monocyte chemoattrac-
promo.e monocyte survival In Vitrd=vi enc,:e supporung tant protein-1/monocyte chemotactic and activating factor (MCP-
the existence of such a molecule can be inferred from the 1/MCAF). Int J Cancer 45:795
observation that mice deficient in both M-CSF and GM-8. Bottazzi B, Walter S, Govoni D, Colotta F, Mantovani A (1992)
CSF still contain significant numbers of circulating mono- Monocyte chemotactic cytokine gene transfer modulates macro-

_ : phage infiltration, growth, and susceptibility to IL-2 therapy of a
cytes and near-normal numbers of macrophages in at least, | = 1 elanoma. J Immunol 148:1280

certain tissues [28]. . 9. Chikkappa G, Broxmeyer HE, Cooper S, Williams DE, Hangoc G,
Although tumor-cell-derived M-CSF does not appear to Greenberg ML, Waheed A, Shadduck RK (1989) Effect in vivo of
play a critical role in regulating the accumulation of tumor- multiple injections of purified and recombinant human macro-

; : phage colony-stimulating factor to mice. Cancer Res 49:3558
associated macrophages, it can have an effect on fhe'cpro " “prvbvia AE, MacDonald RJ, Rutter WJ (1979)
phenotype of these cells. This conclusion is based on the |spjation of biologically active ribonucleic acid from sources

finding that macrophages present within op/opPy tumors enriched in ribonuclease. Biochemistry 18:5294
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