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Cloning of Bovine Macrophage Colony-stimulating Factor

Tae-yung Kim, Cheol-ho Kim', Sang-gil Lee? and Chung-boo Kang? *
Animal Health Division, Ministry of Agriculture and Forestry, Kwacheon 427-719, Korea

ABSTRACT : Macrophage colony-stimulating factor (M-CSF) is a growth factor required for growth and differentiation of
mononuclear phagocyte lineage. Total and 16 poly (A) mRNA of bovine M-CSF were isolated from healthy bovine peripheral
mononuclear cells stimulated by phobol 12-myristste 13-acetate (TPA). The more compatible cultured mononuclear cells were 5x10/ml
for RNA isolation. TPA-activated mononuclear cells increased the level of M-CSF-mRNA more than concanavalin A (Con A) and
lipopolysaccharide (LPS). The optimal analysis of reverse transcriptase-polymerase chain reaction (RT-PCR) for14 Macrophage colony-
stimulating factor (M-CSF) as a growth factor required for bovine M-CSF was denaturation at 94°C for 1 minute, annealing at 57°C for
1 minute, extension at 72°C for 1 minute for 30 cycles. The size of cDNA of bovine M-CSF by RT-PCR was 774 base pairs. A 774 base
pairs cDNA encoding bovine M-CSF was synthesized by reverse transcriptase polymerase chain reaction (RT-PCR). Ligated cDNA was
transformed to competent cells and then plasmid isolation and digestion was performed. Molecular cloning and sequencing were
performed for cDNA of bovine M-CSF. The size of cloned cDNA of bovine M-CSF was 774base pairs. The homology of base sequence
and amino acid sequence was 88% and 86% compared with known human M-CSF, respectively. From a high degree of sequence
similarity, the obtained cDNA of bovine M-CSF is thought be a specific gene of bovine M-CSF. (4sian-Aust. J. Anim. Sci. 2005. Vol

18, No. 6 : 892-897)
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INTRODUCTION

Macrophage colony stimulating factor (M-CSF) has
long been recognized as the most strong immunomodulator

(Motoyoshi et al., 1983; Stanley et al, 1983). M-
CSF directly affects monocytes and macrophages to
produce the granulocyte-CSF (G-CSF), granulocyte/

macrophage-colony stimulating factor (GM-CSF) and also
affects monocyte to enhance the tumor killing activity.
Given these information, it was recognized as useful edicine
source (Das and Stanley, 1982; Motoyoshi et al., 1983;
Morgan and Stanley, 1984; Met-calf, 1986; Motoyoshi et al.,
1986; Horiguchi et al, 1987; Horiguchi et al., 1988;
Antczak and Gorman, 1989; Andreani et al., 1991).

Human M-CSF is a lipoprotein with 85 kDa of
molecular weight and is known as a hemopoietic factor to
activate the monocyte, neutrophil and thrombocyte. It
exhibits several other effects such as reduction of blood
cholesterol level, placental formation, maintenance of
pregnancy, amplification of monocyte antitumor activity etc
(Bartocci, 1983). Studies related to cloning, expression and
clinical applications of human and mouse M-CSFs were
reported (Stanley and Heard, 1977; Guilbert and Stanley,

* Corresponding Author: C. B. Kang. Tel: +82-55-751-5814,
Fax: +82-55-751-5803, E-mail: cbkang@gsnu.ac.kr

! Livestock Promotion Institute, Gyeongsangnamdo, Jinju 660-
3601, Korea.

2 College of Veterinary Medicine (The Institute of Animal
Medicine), Gyeongsang National University, Jinju 660-701,
Korea.

Received December 26, 2004; Accepted March 5, 2005

1980; Hanamura et al., 1980; Ralph et al., 1980; Das et al.,
1981; Tushinski et al., 1982; Chen et al., 1983; Stanley et al.,
1983; Bartelmez and Stanley, 1985; Rettenmer et al., 1986;
Horiguchi et al., 1987; Rambaldi et al., 1987; Rambaldi et
al., 1988; Sariban et al., 1988) but research related to the
separation, purification, cloning, expression and application
of M-CSF of cattle was very few (Oshima et al., 2003;
Yoshihara et al., 2003).

Application of bovine M-CSF would be rather broader
than that of human M-CSF (hM-CSF). These might be
included the analysis of etiology, prevention, and indicator
of treatment for mastitis, infectious diseases and metabolic
diseases, giving a serious damage to cattle. Hence, in the
present study, we cloned bovine M-CSF.

MATERIALS AND METHODS

Isolation and purification of total RNA and mRNA from
Cattle M-CSF

Peripheral blood (200 ml) of healthy cattle (Holstein, 9)
was collected and centrifuged (4°C) to isolate total RNA.
Mononuclear cells were separated and collected from the
buffy coat layer harvested after centrifugation.

These cells were used to determine the appropriate
levels of macrophage stimulants and the cell numbers.
Concanavalin A (Con A, Sigma-Aldrich Co.), phorbol 12-
myristate  13-acetate (TPA, Sigma-Aldrich Co.) and
lipopolysaccharide (LPS, Sigma-Aldrich Co.) were used as
the stimulants.

Various levels of the mononuclear cells were grown in
the medium of 10% FCS RPMI 1640 (w/v) 10% FCS at a
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5% CO, incubator for 24 h. Only adherent cells were
collected, cesium trifluoroacetate (Sigma-Aldrich Co.)
treated, and finally purified by ethanol precipitation. The
concentration was determined by spectrophotometric
method (Manchester, 1995; Wilfinger et al., 1997). mRNA
was purified from total RNA wusing a oligo (dT)
cellulose column and then spin column chromatography
(Union 3,R plus, Hanil, Kor.).

Conditions for 5' and 3' primers synthesis

Primers were synthesized from four amino acid
sequences (301, 302, 303, 304) of human M-CSF which are
identified amino acid of M-CSF sequence. Simulatneously,
forward primer 5' GAA CAG TTG AAA GAT CCA and
GTG, and reverse primer 5' TCG GAC GCA GGC CTT
GTC ATG 3' (Perkin-Elmer Co. USA) were used.

Already purified Total RNA and mRNA were used as
templates.

Reverse transcriptase-polymerase chain reaction (RT-
PCR)

RT-PCR condition was determined for each primer and
product from each synthesized primer (base combinations)
as well. Simultaneously, RT-PCR conditions for
denaturation, annealing, extension and cycling were also
carried out. PCR product being produced was vortexed,
spin-downed to remove the mineral oil, added
chloroform(99%, 100 pl) and vortexed for 5 min. DNA was
collected from this mixture by the low temperature
centrifugation (100 g) and stored suspended DNA (60 pul) at
-20°C.

Detection of PCR products

PCR products were separated by agarose gel (2%)
electorphoresis using 0.5% TBE buffer consisting of tris
(hydroxymethyl) aminomethane (>99%), boric acid (>99.5%),
and Na, EDTA-2H,0. The products being stained with
ethidium bromide (EtBr) were detected under UV. The
A/Hind III was used as a marker.

Southern hybridization

The PCR products (cDNA) marked in the under UV
was denatured in a 0.4 N NaOH solution for 15 min. Finally,
the marker was southern-transferred onto the Hybond
N+membrane (Amersham Co. USA) for 12-16 h. The
membrane transferred was neutralized in a 2xSSC solution
for one min, and dried with 3 mm filter paper, and then
stored, wrapped with a 3 mm filter pater until use. Before
hybridization of the product, it was prehybridized in the
solution of prehybridizing buffer consisting final
concentration of 5xSSC solution, 5xDenhardt’s solution,
and 0.5% (w/v) SDS solution.

To the sealing bag containing the transferred membrane
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was added hybridization buffer and electrically sealed.
More than 2 h after incubation of this bag in a water bath
(37°C), labelled M-CSF probe DNA was added and
continuously shaked in a shaking water bath (37°C) for
overnight, After hybridization, the bag was cut and
substantial amount of hybridization solution was aspirated.
Hybridized membrane was mixed in a solution of
2xSSC/0.1% SDS (250 ml) at 37°C for 10 min to remove
excess 32p. This process was repeated until no 32p was
detected by Aloka (TGS-121) survey meter (monitor). The
hybridized membrane was autoradiographied.

Electrophoresis for cDNA gel extraction

Electrophoresis was performed as mentioned above
using 2% agarose gel and 1xTris-acetate (TAE) buffer
except for using a bromophenol blue (BPB) as a dye, 90 V
and 150 mA. cDNA band was immediately confirmed and
cut under UV after electrophoresis, and put a sterile
eppendorf tube (1.5 ml) for extraction of the DNA.

Gel extraction for cDNA fragments

Extraction of the c¢cDNA contained in the gel was
performed according to manufacture’s instruction (Qiagen
Co. Kit, USA). The cDNA was precipitated in ethanol,

concentrated and stored (5 pl) at -20°C until use for cloning.

Cloning of M-CSF ¢cDNA

Cloning of M-CSF cDNA was conducted by Cloning kit
(Invitrogen Co., USA).

Before cloning, considered the insert DNA and its size,
cloning vector of pGEM (3 Kb) was diluted with TE buffer.
The cDNA cleavaged with EcoRI was ligated into
the plasmid at 12°C for overnight in the reaction mixture
consisting double distilled water (4.5 ul), 10xligation buffer
1 (1 pl), diluted vector (2 ul), insert DNA (2.5 ul), T4 DNA
ligase (1 pl). Transformation was performed by transfection
of the ligated reactants to competent cells in the presence of
2-mercaptoethanol (2-ME).

Transformants were grown on the LB agar plate which
consisted of bactotryptone, bacto-yeast extract, NaCl and 5-
bromo-4-chloro-3-indolyl-f-D-galactoside(IPTG), and only
white colonies transplated onto the new LB agar plates or
into sterile Asist tube and incubated in a shaking incubator
(37°C). Pure white colonies were collected and plasmids
were separated. The white colonies was cultured in 2 ml LB
medium containing Kanamycin (50 pg/ml) with shaking.

Separation of plasmids

For Separation of plasmids, 1-1.5 ml of the medium
containing transformants was used.

The plasmids separated were identified with 2% agarose
gel electrophoresis.
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774 bp

Figure 1. The cDNA blot of bovine M-CSF by immobilization
analysis.

Plasmid digestion
Plasmid (insert cDNA) digestion was performed in a 15
pul  volume containing the isolated plasmid (5 pl),
10xdigestion buffer (1.5 pl), EcoR1 enzyme (10 pg/ul)
(0.5 ul), and distilled water (8 ul).

cDNA sequencing

The cDNA was incubated in a 2 N NaOH/2 mM EDTA
solution for 30 min in a water bath (37°C), and denatured
by 3 M NaOAc (pH 4.4) solution and absolute ethanol.
After these processes, annealing labeling reaction and
termination were basically followed the instruction of
sequenase Kit (version 2.0, labeled dCTP, USA). After
termination, Polyacrylamide gel (7%) electrophoresis was
performed for 90 min with loading volume (2.5 pl) and
1,500 volt and then sequenced by autoradiography.

RESULTS

Optimum number of mononuclear cells
The Optimum number for this experiment was found to
be 5x10%ml.

Effects of stimulants

The expression of M-CSF mRNA treated by TPA (40
ng/ml) was larger than the treatment of Con A (10 pg/ml)
and LPS (10 pg/ml).

Condition for Reverse transcriptase-polymerase chain
reaction (RT-PCR)

Optimum condition was found to be 30 cycles with
denaturation at 94°C for 1 min, annealing at 57°C for 1 min,
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and extension at 72°C for 1 min.

c¢DNA of PCR products

A PCR product of 774 bp was obtained from 30 cycles
operated by denaturation at 94°C for one min, annealing at
57°C for one min and extension at 72°C for 1 min (Figure

1.

c¢DNA gel extraction

c¢DNA contained in the specific band obtained by RT-
PCR was extracted from the gel and was exactly same as
reported (Yoshihara et al., 1998).

c¢DNA cloning of M-CSF
The cDNA identified by 2% agarose gel electrophoresis
was found to be 774 bp.

c¢DNA gene sequencing

Sequence of the cDNA revealed that the cDNA size was
appeared to be 774 bp (Figure 2). Its homology was 88%
and 86% in DNA base sequence and amino acid sequence
with human M-CSF (Rambaldi et al., 1987; Rambaldi et al.,
1988).

DISCUSSION

Cytokines are cellular soluble factors to induce
proliferate and differentiate of cells. Variety cytokines
including the M-CSF entered into cells via receptors
expressed on the cell surface of target cells, and then exerts
several biological activities. Several powerful functions of
M-CSF were known, so that its application to cattle has
important meanings. It is very hot topic to study isolation,
purification and expression of human M-CSF (hM-CSF)
since it is a hemopoietic factor and involved in the lipid
metabolism and embryo development as well. Moreover
monocytes and macrophages exhibits antitumor activities so
that it is positivie for M-CSF to provides antitumor
mechanism in the body; thus currently, its isolation,
purification and expression are being extensively studied
(Ralph et al., 1980; Motoyoshi et al., 1983; Motoyoshi et al.,
1986; Horiguchi et al., 1987, Rambaldi et al., 1987
Horiguchi et al., 1988).

It was proven that when monocyte of human peripheral
blood was cultured with hM-CSF, it exhibited very high
antitumor activity for human leukaemia cell lines K562, 16
HL60 and U937 (Horiguchi et al., 1987).

Rambaldi et al. (Rambaldi et al., 1988) reported that in
the expression experiment of human M-CSF isolated 36
from peripheral blood, better expression results was
obtained from incubation for 2 h with 1x10° cells/ml of
mononuclear cell. This result was omewhat different from
our result of 5x10%ml, but it is not clear whether this was
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Figure 2. Neucleotide sequence of bovine macrophage colony-stimulating factor cDNA gene.

resulted from stimulation differences between macrophages
of human and cattle. It might be a reason that Percoll 40 of
isolation solution used in this study was different from
Ficoll-Conray used by Rambaldi et al. (1998).

Rambealdi et al. (Rambaldi et al., 1987; Rambaldi et al.,
1988) reported that Y-interferon (Y-IFN) 500 U/ml or
phorbol myristate acetate (PMA) 10™'° Mol/L released from
activated T cell and NK cell was suitable for macrophage
activation. Horiguchi et al. (1987) also reported that
maximum RNA was produced in human peripheral blood

M-CSF when stimulated for 6 hrs with TPA. Sariban et al.
(Sariban et al., 1988) performed an experiment to stimulate
human tumor necrosis factor (TNF) gene expression of
monocytes derived from healthy human peripheral bloods
with TPA, cycloheximide (CHX), an inhibitor of protein
synthesis, and actinomycin D (ACT), an antitumor agent.
They found that RNA amount of TNF stimulated by ACT (5
pg/ml) for one h was rather decreased to 25%, and by CHX
(10 pg/ml), no RNA detected; however, by TPA (32 nM),
increased to 50 fold. These results suggested that TPA is a
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suitable stimulant for M-CSF and TNF as well.

The M-CSF gene size cloned from peripheral blood of
cattle was 774 bp.

No report was appeared in the literature, so it very
difficulties to interpret this result at this moment; however
even its size is somewhat different from known human M-
CSF gene size 4.0 or 4.6 Kb, they exhibited 88% homology
in base sequence and 86% homology in amino acid
sequence. This suggests that the 774 bp gene could be a
bovine specific M-CSF gene (Ralph et al., 1980; Das et al.,
1982; Kawasaki et al., 1985; Horiguchi et al., 1987). We
believe that even though the 774 bp obtained from
this study is not full gene size of bovine M-CSF gene, it is
necessary to investigate the expression and functions of M-
CSF gene, due to its several important biological functions.
New techniques for genomic DNA separation and aquisition
are required other than currently proceeded RT-PCR for
cDNA aquisition.

Blood activity fo normal human M-CSF (hM-CSF) was
turned out 174+£76 U/ml (about 40 bM) assayed by
radioimmunoassay (RIA) (Das et al,, 1981) and 5.5+1.1
ng/ml assayed by enzyme-linked immunosorbent assay
(ELISA) (Hanamura et al., 1988).

Simultaneously, blood activity of pregnant women was
not consistent: its value was elevated by pregnancy,
increased to 2-3 fold at the late stage of pregnance,
decreased by parturition, and finally returned to original
value after 2-3 weeks later of parturition (Hanamura et al.,
1988). In a mouse experiment, normal mouse treated with
gonadotropin has an increased uterus weight as well as M-
CSF activity; however in the ovariectomied mouse treated
with gonadotropin no such effect was observed, facts that
gonadotropin stimulates M-CSF growth in uterus via ovary
(Guilbert and Stanley, 1980). Monocytes of human
peripheral blood cultured with hM-CSF exhibited an
increase antitumor activity against human leukemia cell line
(K562, 35 HL60, U937, etc) (Horiguchi et al., 1987).

As mentioned, the hM-CSF acts not only as a
hemopoietic growth factor, but is tightly related to lipid
metabolism and development of fetal. Furthermore, it
induced antitumor activity of monocytes and macrophages
for body defence mechanism.

In animals, estrus cycle and spleen macrophage activity
of rats during pregnancy, Kang and Kwak (Kang and Kwak,
1994) proved that the macrophage activity was highest
(68+6.4%) at proestrus and lowest (49+4.6%) at metestrus,
and during pregnancy, the activity was less than 5% at 1
first day, but it was slowly increased from days, rapidly
increased around 12 days and continued the increase before
delivery. Especially, the reason why macrophage activity
was low to 5% at day 1 is might due to ovulation which is
thaught to be a big injury.

The activity is being used for cure it, after which the
activity is increased due to in response to pregnancy
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phenomenon (Metcalf, 1986). The activity of spleen
macrophage observed from pregnant rats by Kang and
Kwok was quite agreed with the fact of increased hM-CSF
activity in blood of pregnant during pregnancy investigated
by Hanamura et al. (Hanamura et al., 1988) suggesting that
M-CSF activity is closely related to macrophage activity.
Hence, bovine M-CSF gene expression and its
functional tests, macrophage activity could be used to
markers for identify causes of mastitis, other infectious
disease, metabolic disease and for prognosis of cattle
(Newby and Bourne, 1977; Craven, 1986; Colditz and
Mass, 1987; Duhamel, 1987; Oshima et al., 2003; Yoshihara
et al., 2003).

CONCLUSION

Mononuclear cells were isolated from peripheral blood
of cattle for cloning the M-CSF gene of cattle. TPA was
best stimulant for mRNA production at mononuclear cell
(5x10%ml) among other stimulants (Con A, LPS) tested.
RT-PCR with template from total RNA and mRNA of the
peripheral blood produced a cDNA fragment with 774 bp
long, identified by southern hybridization. After gel
extraction of cDNA with a band (774 bp), M-CSF cDNA
was cloned. Competent cell was trasfected by the vector
ligated with cDNA obtained. After incubaion, white colony
was collected and digested. Cattle’s M-CSF insert DNA
(gene) was separated from the digest and sequenced to get
774 bp size of gene. Base sequence of M-CSF gene showed
88% homology with human gene and amino acid sequence
was 86% homology with human indicating that this gene
might be a specific M-CSF gene of cattle. However, further
systemic researches should be performed for the gene
expression and the functions of its product.

REFERENCES

Andreani, C. L., D. W. Payne, J. N. Packman, C. E. Resnick, A.
Hurwitz and E. Y. Adashi. 1991. Cytokine-mediated regulation
of ovarian function. Tumor necrosis factor o
inhibits gonadotropin-supported ovarian androgen. J Biol
Chem. 266(11):6761-6766.

Antczak, D. F. and N. T. Gorman. 1989. Cellular interaction in
immune responses. In: (Ed. N. T. Gorman and R. E. Halliwell).
Veterinary Clinical Immunology W.B. Sauders Co. Philadelphia.
107-123.

Bartelmez, S. H. and E. R. Stanley. 1985. Synergism between
hemopoitic growth factors (HCFs) detected by their effects on
cells bearing receptors for a lineage specific HGF: Assay of
hemopoietin-1. J. Cell Physiol. 122:370-378.

Bartocci, A., J. W. Pollard and E. R. Stanley. 1983. Regulation of
colony-stimulating factor during pregnancy. J. Exp. Med.
164:207-212.

Chen, B. D. M., H. S. Lin and S. Hus. 1983. Tumor-promoting
phorbol esters inhibits the binding of olony-stimulating factor
(CSF-1) to murine peritoneal exudate macrophages. J. Cell



CLONING OF MACROPHAGE COLONY-STIMULATING FACTOR

Physiol. 116:207-212.

Colditz, L. G. and P. J. C. M. Mass. 1987. The inflammatory
activity of activated complement inovine and bovine
mammary glands. Immunol. Cell Biol. 65:433-436.

Craven, N. 1986. Chemotactic factor for bovine neutrophils in
relation to mastitis. Comp. Immunol. Microbiol. Infect Dis.
9:29-36.

Das, S. K. and E. R. Stanley. 1981. Human colony-stimulating
factor radioimmunoassay: Resolution of three subslasses of
human colony-stimulating factors. Blood. 58(3):630-641.

Das, S. K. and E. R. Stanley. 1982. Structure-function of a colony
stimulating factor (CSF-1). J. Biol. Chem. 257(22):13679-
13684.

Duhamel, G. E. 1987. Distribution of T and B lymphocytes in
mammary dry secretions. Colostrum and blood of adult dairy
cattle. Vet. Immuno. Immunopathol. 14:101-122.

Guilbert, L. J. and E. R. Stanley. 1980. Specific interactions of
murine  colony-stimulating  factor ~with  mononuclear
phagocytic cell. J. Cell Biol. 85:153-159.

Hanamura, T., K. Motoyoshi, K. Yoshida, M. Saito, Y. Miura, T.
Kawashima, M. Nishida and F. Takaku. 1988. Quantitation and
identification of human monocytic colony-stimulating factor in
human serum by enzyme-linked immunosobent assay. Blood
72(3):886-892

Horiguchi, J., M. K. Warren and D. Kufe. 1987. Expression of the
macrophage-specific  colony-stimulating factor in human
monocytes treated with granulocyte- macrophage colony-
stimulating factor. Blood 69:1259-1261.

Horiguchi, J., M. L. Sherman, A. Sampson-Johannes and D. Kufe.
1988. CSG-1 and C-form gene expression in human carcinoma
cell lines. Biolchem. Biophys. Res. Commun. 157(1):395-401.

Kang, C. B. and S. D. Kwak. 1994. Activity and application of
20a-hydroxysteroid dehydrogenase in rat. II. Changes in
activities of the splenic macrophages and ovarian histological
findings. Kor. J. Vet. Res. 34(4):873-880.

Kawasaki, E. S., M. B. ladner, A. M. Wang, V. Arsdell, M. K.
Warren, M. Y. Coyne, V. L. Schweichart, M. T. Lee, K. J.
Wilson, A. Boosman, E. R. Stanley, P. Palph and D. F. Mark.
1985. Molecular cloning of a complementary DNA encoding
human macrophage- specific colony stimulating factor (CSF-
1). Science (Wash DC). 230:291-296.

Manchester, K. L. 1995. Value of A,4(/250 ratio for measurement of
purity of nucleic acid. Biothchniques. 19:208-219.

Metcalf, D. 1986. The molecualr biology and functions of the
granulocyte-molecualr  biology and function of the
granulocyte-macrophage colony-stimulating factors. Blood
67:257-263.

Morgan, C. J. and E. R. Stanley. 1984. Chemical cross-linking of
the mononuclear phagocyte specific growth factor CSF-1 to its
receptor at the cell surface. Biolchem. Biophys. Res. Commun.
119:35041.

Motoyoshi, K., F. Takaku and Y. Miura. 1983. High serum colony-
stimulating activity of leukocytopenic patients after intravenous
infusions of human urinary colony- stimulating factor. Blood
62:685-691.

Motoyoshi, K., F. Takaku, T. Mackawa, Y. Miura, K. Kimura, S.
Furasawa, M. Hattori, T. Nomura, H. Mizoguchi, M. Ogawa,
K. Kinugasa, T. Tomminaga, M. Shimoyama, K. Deura, K.
Ohta, T. Taguchi, T. Masaoka and I. Kimura. 1986. Protective
effect of partially purified human urinary colony-stimulating

897

factor on granulocytopenia after antitumor chemotheraphy.
Exp. Hematol. 14:1069-1075.

Newby, T. J. and J. Bourne. 1977. The nature of the local immune
system of the bovine mammary gland. J. Immunol. 118:461-
465.

Oshima, K., H. Watanabe, K. Yoshihara, T. Kojima, O. Dochi, N.
Takenouchi, M. Fukushima and M. Komatsu. 2003. Gene
expression of leukemia inhibitory factor (LIF) and macrophage
colony stimulating factor (M-CSF) in bovine endometrium during
carly pregnancy. Theriogenology 15;60(7):1217-26.

Ralph, P, M. K. Waren, M. T. Lee, L. J. Csejtey, J. F. Weaver, H. E.
Broxmeyer, D. E. Williams, E. R. Stanley and E. S. Kawasaki.
1980. Inducible production of human macrophage growth
factor, CSF-1. Bood 68:633-639.

Rambaldi, A., C. Y. Diane and J. D. Griffin. 1987. Expression of
the M-CSF (CSF-1) gene by human monocytes. Blood
69:1409-1413.

Rambaldi, A., N. Wakamiya, E. Vellenga, J. Horiguchi, Warren M-
Kim, D. Kufe and J. D. Grifffin. 1988. Expression of the
macrophage colony colony-stimulating factor and c-fms genes
in human acute myeloblastic leuksmia cells. J. Clin. Invest.
81:1030-1035.

Rettenmier, C. W., R. Sacca, W. L. Furman, M. F. Roussel, J. T.
Holf, A. W. Nienhuis, E. R. Stanley and C. J. Sherr. 1986.
Expression of the human c-fms proto- oncogen product
(colony-stimulating factor-1 receptor) on peripheral blood
mononuclear cells and choriocarcinoma cell lines. J. Clin.
Invest. 77:1740-1746.

Sariban, E., T. Mitchell and D. Kufe. 1985. Expression of the c-
fms proto-oncogene during human monocytic differentiation.
Nature (Lond). 316:64-66.

Sariban, E., K. Imamura, L. Robert and D. Kufe. 1988.
Transcriptional and post transcriptional regulation of tumor
necrosis factor gene expression in human monocytes.
J .Clin. Invest. 81:1506-1510.

Stanley, E. R. and P. M. Heard.
macrophage production and growth.
252(12):4305-4312.

Stanley, E. R., L. J. Guilbert, R. J. Tushinski and S. H. Bartelmez.
1983. CSF-1 A mononuclear phagocytic lineage-specific
hemopoietic growth factor. J. Cell Biolchem. 21:151-159.

Tushinski, R. J., I. T. Oliver, L. J. Guilbert, P. W. Tynan, J. R.
Warner and E. R. Stanley. 1982. Survival of mononuclear
phagocytes depends on lineage-specific growth factor that the
differentiated cells selectively destroy. Cell 28:71-81.

Wilfinger, W. W. and R. Cortini. 1997. Effect of pH and ionic
strength on the spectrophotometric assessment of nucleic acid
purity. Biotechniques 22:474-481.

Yoshihara, K., S. Inumaru, Y. Hirota and E. Momotani. 1998.
Cloning and sequencing of cDNA encoding bovine
macrophage colony-stimulating factor (bM-CSF) and
expression of recombinant bM-CSF using baculovirus. Vet.
Immunol Immunopathol. 12;63(4):381-91.

Yoshihara, K., K. Oshima, Y. Muneta, R. Kikuma, C. Yayota, T.
Hirai, N. Satoh, S. Matsuura, Y. Kikyo, M. Satoh, C. Kubota, S.
Inumaru, Y. Yokomizo and Y. Mori. 2003. Quantitation of
bovine macrophage -colony-stimulating factor in bovine
serum by ELISA. Vet. Immunol. Immunopathol. 15;95(3-
4):103-11.

1977. Factors regulating
J.Biol. Chem.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


