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Granulocyte-macrophage colony-stimulating factor (GM-CSF) is a pleiotropic hematopoietic growth
factor and an activator of mature myeloid cells, and recombinant GM-CSF is increasingly under clin-
ical studies for the treatment of various diseases including cancer, infectious diseases and hematopoietic
diseases. We constructed a recombinant mouse GM-CSF expression plasmid with pelB leader sequence
and His.Tag under T7 promoter control, and showed that the construct produced a 20 kDa recom-
binant protein in 8M urea. We also showed that the 20 kDa recombinant protein prepared in 8M urea
stimulated colony formation in vitro, indicating that the recombinant mGM-CSF can be renatured to
its native form to show the colony stimulating activity.
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Colony-stimulating factors (CSFs) are cytokines which
stimulate the expansion and differentiation of bone mar-
row progenitor cells. Different CSFs act on bone marrow
cells at different developmental stages and promote spe-
cific colony formation of different lineages. Granulocyte-
macrophage colony-stimulating factor (GM-CSF) is a
pleiotropic hematopoietic growth factor and an activator
of mature myeloid cells (3). It is produced by activated T
cells, macrophages, endothelial cells and stromal fibro-
blasts, and acts on bone marrow cells to increase inflam-
matory leukocyte populations including granulocytes and
macrophages (22, 27). GM-CSF also shows macrophage-
activating factor activity in vitro, stimulating a variety of
antimicrobial activities and potentiating inflammatory
responses (4, 13, 16, 24, 25, 29). It is also thought to pro-
mote differentiation of Langerhans cells into dendritic
cells and to recruit dendritic cells into tumor cells (21).

GM-CSF along with other cytokines is used to speed up
bone marrow recovery after cancer chemotherapy and to
harvest bone marrow stem cells in bone marrow trans-
plantation (1, 17). It also has potential clinical significance
in the management of inflammatory diseases and certain
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leukemias where GM-CSF plays a pathogenic role (8, 9,
10). Recent studies of GM-CSF secreting tumor cell vac-
cination and GM-CSF gene therapy showed potent anti-
tumor immunity (11, 23, 26, 28), suggesting the potential
use of GM-CSF in cancer treatment. Recently, recom-
binant GM-CSF is increasingly under clinical study for
the treatment of various diseases including cancer, infec-
tious diseases and hematopoeitic diseases, and becomes
one of the most clinically successful application of any
biological therapeutic agents (7, 12, 14, 19, 20). It also
showed potential as a prospective adjuvant for vaccination
(2, 5, 15).

The mouse GM-CSF (mGM-CSF) ¢cDNA gene of pIC-
muGM-CSF plasmid was amplified using a set of PCR
primers 5'-atcaccgccGCACCCACCCGCTCACCC-3' with a
Ncol restriction site and 5'-atcaggtgaccTTTTGGACTG-
GTTTTTTGCATTC-3' with a BstEIl restriction site. PCR
amplifaication of pICmuGM-CSF plasmid DNA pro-
duced a single amplified DNA fragment of 0.4 Kb as
expected. The 0.4 kb DNA fragment was successfully
cloned into the Ncol and BstEIl cloning sites of the pFCH
plasmid (18) to produce the pFCHmGM-CSF construct.
The pFCHmGM-CSF construct contains a pelB leader
sequence, mGM-CSF coding region and His.Tag under
control of the lacZ promoter and lacl repressor. Expres-
sion of the recombinant mGM-CSF protein from the
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Fig 1. Schematic diagram of the linearized pPETmGM-CSF expression
construct. The mGM-CSF cDNA insert is cloned into the pET-22b(+)
vector and is under the control of the T7 promoter and lacl repressor.

pFCHMGM-CSF construct was performed using the
IPTG induction method as described by Kim et al. (18).
50 ml cultures were grown in the medium supplemented
with glucose and ampicillin to an OD650 of approxi-
mately 1.5. The cultures were then washed with 25 mi of
glucose free medium and the resulting cell pellets were
resuspended in a fresh medium supplemented with IPTG
and ampicillin to induce cloned mGM-CSF expression.
After 5 and a half hours of induction, the cells were har-
vested and subjected to protein extraction from the peri-
plasmic space, cytoplasm and cellular inclusion as
described by Kim et al. (18). For the periplasmic protein
extraction, cell pellets were subjected to osmotic shock
treatment with TES buffer (0.5M sucrose, 0.1mM EDTA,
0.2M Tris-Cl, pH7.4) for 40 min. The remaining cell pellets
were subjected to sonication protein preparation using
sonication buffer (0.25M NaCl, 0.05M Tris, pH7.5), and
the insoluble remnants were dissolved in urea denaturing
buffer (8M urea, 0.IM NaH2PO4, 0.01M Tris pH8.0).
The extracted protein preparations were then subjected to
Ni-NTA agarose purification as described by the man-
ufacturer (Qiagen, USA), and the recombinant protein
expressions were examined. However, the production of
recombinant mGM-CSF protein from the pFCHmGM-
CSF expression construct appeared not to be successful.
Ni-NTA purification of any of periplasmic, cytoplasmic
and urea preparations did not yield a significant protein
band of approximately 20 KDa, indicating failure of
recombinant mGM-CSF expression using the lacZ pro-
moter system (data not shown).

Since the production of the recombinant mGM-CSF
expression was not obtained using the pFCHmGM-CSF
construct, we prepared another expression construct under
T7 promoter control. The mGM-CSF ¢cDNA insert was
cleaved out from the pFCHmGM-CSF construct using
Ncol and Nod restriction enzymes and subcloned into the
corresponding restriction sites of the pET22b(+) vector
(Novagen, Germany), resulting in the pETmGM-CSF
expression construct (Fig 1). As the pFCHmGM-CSF
construct, the pETmGM-CSF construct contains a pelB
leader and a His.Tag, while possessing a T7 promoter
instead of a lacZ promoter under control of lacl repressor.
The pETmGM-CSF construct was induced by IPTG and
examined for recombinant mGM-CSF production as
described above. After induction, protein extractions from
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Fig 2. SDS-PAGE and Western blot analyses of the purified recom-
binant mGM-CSF protein from pETm GM-CSF. MW represents molec-
ular weight standard of 94, 67, 43, 30, 20, and 14 KDa proteins. Lanes
1 and 2 represent SDS-PAGE of the Ni-NTA purified recombinant pro-
tein from the 8M urea preparation and Western blotting with His.Tag
specific antibody, respectively. The image was processed using Gel-Doc
System (Bio-Rad, USA).

periplasmic space, cytoplasm and urea treatment were
prepared and subjected to Ni-NTA agarose purification.
Although, significant amounts of 20 kDa recombinant
proteins were not detected in periplasmic and cytoplasmic
preparations, a single and strong protein band of 20 kDa
was detected in the 8M urea preparation (Fig 2), indi-
cating that recombinant mGM-CSF proteins may be
expressed as an insoluble inclusion form. The 20 kDa pro-
tein in the urea preparation was further characterized
using ELISA and Western blot assays using His.Tag and
mGM-CSF specific antibodies. Western blot assay using
His.Tag specific antibody (Sigma) revealed interaction of
the 20 kDa protein band to the antibody, indicating that
the 20 KDa protein possesses the His.Tag (Fig 2). ELISA
assay using the mGM-CSF specific antibody (Endogen,
USA) also showed significant reactivity of the protein to
the antibody (Data not shown), indicating that the 20 kDa
protein in the urea preparation could be the recombinant
form of mGM-CSFE. This study clearly showed recom-
binant mGM-CSF could be expressed using pelB leader
and T7 promoter system, providing the possibility of the
application of this system to other protein expression
including recombinant human GM-CSF.

Colony stimulating activity of the purified 20 kDa
recombinant mGM-CSF proteins from the urea preparation
of the pPETmGM-CSF construct was also examined. Since
the recombinant mGM-CSF proteins in 8M urea were
apparently denatured due to the high concentration of
urea, we tried to renature the recombinant protein using
dialysis in PBS. The 20 kDa recombinant protein was not
precipitated but well solubilized in PBS and the colony
stimulating activities of the PBS solublized protein prep-
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Fig 3. Colony stimulating activity of the purified 20 kDa recombinant
mGM-CSF protein.
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Fig 4. Cellular morphologies of the representative colonies from the
recombinant mGM-CSF treated bone marrow cell culture. Generally,
colonies with spherical cells (a) and mixed cells (b) were predominant
in the assay.

arations were examined in triplicates in 24 well plates as
described by Garland (29). Bone marrow cells from six
week old BALB/c mouse were resuspended in complete
DMEM (Sigma) medium supplemented with 10% FCS
and the 1 ml of the bone marrow cell suspension was then
plated into the wells (2 X 108 cells/well). To the wells, 0, 5
or 15ug of dialyzed Ni-NTA purified proteins in PBS
were added and then solidified with 2.2% low melting
temperature agarose. The wells were incubated at 37°C in
humidified atmosphere containing 5% CO,. One week
later, the numbers of colonies were recorded at the 5 ran-
dom sites of each well and the average numbers of the
resulting colonies were compared. The cellular morphol-
ogies of the representative colonies were also examined.
Additions of purified 20 kDa protein at concentrations of
5 and 15 ug/ml significantly increased colony formation
compared to that of the negative control (Fig 3 and 4), indi-
cating that the 20 kDa protein from the urea preparation
possessed colony stimulating activity. It also suggest that
the denatured 20 kDa recombinant mGM-CSF protein in
the 8M urea preparation was rightfully renatured to a bio-
logically active form through simple dialysis.
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