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Using silkworm Bombyx mori Bm5 cells, we established a stable cell line expressing the human kerati-
nocyte growth factor (hKGF), named by the Bm5-hKGF cell, in which the protein hKGF is synthesized
in the cell and secreted in the cell culture supernatant (CCS) at approximately 15-20 ng/ml. When
the Bm5-hKGF cell was co-expressed with B. mori protein disulfide isomerase (bPDI) cDNA, its secre-
tion increased by about two times the original amount. Through wound healing migration assay, it
was demonstrated that the secreted hKGF included in the CCS has a very powerful biological activity
of keratinocyte proliferation. We expect to produce useful human recombinant proteins from silkworm
cultured cells in large quantities at low prices.
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Introduction

These days, many mammalian culture cell systems are

used for production of recombinant proteins. However, ex-

pensive human hormones and fetal bovine/calf serum are

required for maintenance of cell culture, which is one of the

main factors in the increase of production-cost. In addition,

those added hormones create two major problems that not

only cause difficulty in purification of recombinant proteins,

but also production of different components by each process.

Recently, insect cell culture systems have been strongly con-

sidered as bioreactors instead of mammalian culture cell sys-

tems, because insect cells have mammalian cell-like endo-

plasmic reticulum for production of glycoprotein. Actually,

the insect cell of the silkworm Bombyx mori, Bm5, has an

endoplasmic reticulum in which mammalian-like post-

translational modification processes occur, giving it merit as

a potentially valuable tool for mass production of low-cost

glycoprotein using no expensive hormones and/or growth

factors. So far, although many types of recombinant proteins

are successfully produced by a baculovirus-expression sys-

tem using Bm5 cells, direct production of useful those from

Bm5 cells has some advantages, including no baculovirus

inactivation step, and no rejection of consumers of useful

biomaterials produced by baculovirus [5].

Keratinocyte growth factor (KGF) is encoded by the FGF7

gene, and is a member of the fibroblast growth factor family,

which shows broad biological activities. Many recent studies

of the biological/pharmacological function of KGF have re-

ported results that can be directly applied for clinical use.

For example, stimulation of macrophage inflammatory pro-

tein 3 alpha and keratinocyte-derived chemokine secretion,

prevention of intestinal mucositis by KGF, better repair of

skin defects and radiation-induced wounds, selective pro-

tection of normal epithelia during radiotherapy, and com-

bined-treatment of KGF with p53 improve T-cell recon-

stitution after bone marrow transplantation [1,4,6,8].

Following a number of clinical demands, recombinant hu-

man KGF (hKGF) has been produced in many organisms,

including microbes, yeast, mammalian cells, and plant cells.

However, these organisms have weak points for production

of bioactive type recombinant hKGF. Here, for the first time,
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we have established a transgenic Bm5 (Bm5- hKGF) cell line

in which constantly bioactive recombinant hKGF was se-

creted, with results showing remarkable proliferation of hu-

man keratinocyte cells. In addition, we obtained results

showing that B. mori protein disulfide isomerase (bPDI) in-

creased its production about two times. We suggest that the

protein production system using insect cells of silkworm B.

mori can be expected to supply recombinant proteins on a

large scale at a low price.

Materials and Methods

Bm5 cells (silkworm Bombyx mori cell line derived from

ovary) were cultured in Grace’s insect medium (WelGENE,

Daegu, Korea), including 10% FBS and 1% anti-

biotic-antimycotic solution (Sigma-Aldrich, St. Louis, USA),

at 26℃ [2]. A cDNA encoding hKGF was cloned into the

Sac I and EcoR V sites of the insect expression vector

pIZT/V5-His (containing green fluorescent protein as a

screening marker). The resulting vector was transfected into

Bm5 cells using lipofectin reagent (Invitrogen, Carlsbad,

USA). Transfected cells were cultured under 200 μg/ml anti-

biotic Zeocin (Invitrogen) for 14 day. Successfully transfected

cells (Bm5-hGM-CSF) were screened by RT-PCR and green

fluorescence under a fluorescence microscope. Total RNA

from cultured cells was extracted using an RNA isolation

reagent (TRI-Reagent; Ambion, Austin, USA). RT-PCR using

the forward primer (F) 5'-TATATAGAGCTCATGCCGC

TGGAG-3’ and the reverse primer (R) 5'-GGGGGGGTCT

AGATAAGACTTGATTTTT-3’ for hKGF was performed for

27 cycles with the follows conditions: 94℃ for 30 sec; 57℃

for 40 sec; and 72℃ for 40 sec (but 10 min in the final cycle)

with Taq DNA polymerase. Immunoblotting analysis was

performed according to standard procedures. Bm5-hKGF

cells were scraped, lysed by addition of SDS sample buffer

[62.5 mM Tris-HCl, pH 6.8, 6% (w/v) SDS, 30% glycerol,

125 mM DTT, 0.03% (w/v) bromophenol blue], and sepa-

rated by SDS-PAGE. Proteins were transferred to a nitro-

cellulose membrane, which was then incubated with the pri-

mary antibody (recognizing His tag) overnight at 4℃. Blots

were developed using the kit for the ECL Western blotting

detection system (GE Healthcare, Piscataway, USA) and

BioMax Light film (Kodak, Rochester, USA). ELISA

(enzyme-linked immunosorbent assay) was performed using

the hKGF ELISA kit (KOMA Biotech, Seoul, Korea) in

96-well culture plates. After treatment with the coating anti-

body recognized by hKGF for 2 hr at room temperature,

cell culture supernatant (CCS) containing secreted hKGF

was added and reacted. After 2 hr at room temperature and

washing with PBST (0.1% Tween 20 in PBS), horse-

radish-peroxidase (30 min reaction) and TMB solution (10

min reaction) were added. When light was emitted, 2 M

H2SO4 was added, and the 96-well culture plate was esti-

mated at 450 nm by a microplate reader. Wound healing

migration assay was performed as described with mod-

ification [7]. Human keratinocytes of HaCaT were cultured

to confluence in a 6-well plate. The monolayer culture was

then scrape-wounded with a sterile micropipette tip to create

a denuded gap of constant width. After washing with PBS

for removal of cellular debris, cells were exposed to various

conditions. The scratch on the monolayer culture was ob-

served by inverted microscope and photographed immedi-

ately after wounding for 24 hr. The wound area was meas-

ured by the program Image J. Unless otherwise noted, all

chemicals were purchased from Sigma-Aldrich.

Results and Discussion

Bm5 cells were transfected with the modified pIZT/

V5-His vector containing genes of both green fluorescent

protein (GFP) and hKGF, for easy observation of expression

of the transfectant using a fluorescence microscope. For se-

lection of cells with stable expression of the hKGF gene,

Zeocin was added at a concentration of 200 μg/ml 12 hr

post-transfection. GFP was observed 5 day after transfection.

By that time, Bm5 control cells were detached from the cul-

ture plate. After 14 day of transfection, a transfectant con-

taining hKGF, coined as Bm5-hKGF cells, was confirmed by

Western blot analysis using His 1
st

antibody.

Fig. 1A shows the results from Western blotting; on the

left panel, hKGF was detected only in the cell lysate of

Bm5-hKGF cells between 20-25 kDa, which means that a

transfected cDNA of hKGF was successfully processed to

transcription and translation in Bm5 cells. Next, we checked

to see whether or not hKGF in a cell is correctly secreted

into the extracellular environment. On the right panel, a 25

kDa hKGF was detected at cell culture supernatant (CCS)

collection of Bm5-hKGF cells. Although many types of

cDNA can be transfected into a cultured cell line, it is not

always expressed by its mRNA and protein. These results

demonstrated that exogenous hKGF cDNA was successfully

transcripted and translated (left panel), and secreted (right
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Fig. 1. Production of recombinant hKGF from Bombyx mori Bm5 cells. (A) Western blotting of hKGF. Bm5 cells were cultured in

Grace’s insect medium that included 10% FBS and 1% antibiotic-antimycotic solution at 26oC. Insect expression vector

pIZT/V5-His contained hKGF cDNA in the Kpn I and EcoR I sites. The resulting vector was transfected into Bm5 cells

using lipofectin, and transfected cells (Bm5-hKGF cells) were screened under Zeocin (200 μg/ml) for 14 day. The RT-PCR

product of hKGF corresponding to the full length hKGF was detected (data not shown). Left panel is the cell lysate.

Recombinant hKGF synthesized intracellularly is indicated by a lower arrow. Right panel is cell culture supernatant (CCS)

collection from Bm5-hKGF cells; a 25 kDa hKGF is indicated by an upper arrow. At both panels, each left lane is the negative

control using non-transfected cells. (B) Determination of hKGF concentration in CSS by ELISA. ELISA assay processing was

performed using the hKGF ELISA kit (KOMA Biotech, Korea), following the manufacturer’s instructions. The final concen-

tration was estimated at 450 nm by a microplate reader. (C) bPDI expression increased hKGF secretion from Bm5-hKGF

cells. hKGF, secretory hKGF from Bm5-hKGF cells; hKGF-bPDI, secretory hKGF from Bm5-hKGF cells co-transfected with

bPDI. hKGF concentration in CSS was measured by ELISA kit. (D) Wound healing migration assay. Monolayers of Bm5-hKGF

cells were scraped by a sterile micropipette tip and the cells were treated with various concentrations. a, treated with serum

free medium; b, normal culture medium; c, with CCS containing the secretory form of recombinant hKGF (50 ng/ml) for

24 hr. The wounded region was measured by the program Image J. The wound area of the culture was quantified in four

fields in each treatment, and data were calculated from three independent experiments.

panel) from Bm5-hKGF cells. We think that the cause of in-

creased molecular weight of hKGF (right panel) for the se-

creted form is due to posttranslational modification of glyco-

sylation (at 45th-amino acid) through the endoplasmic retic-

ulum quality control system.

The highest level of hKGF production in CCS collection

of Bm5-hKGF cells was detected by Western blotting 48 hr

following exchange of new culture medium. At this time,

the concentration of hKGF in CCS was estimated by ELISA.

The average concentration of secreted hKGF was 17.2 ng/

ml (Fig. 1B). We have previously demonstrated that B. mori

protein disulfide isomerase (bPDI) accelerated production of

recombinant proteins in Bm5 cells [3]. To produce a lot of

hKGF, a cDNA of bPDI was co-transfected in Bm5-hKGF
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cells. As shown Fig. 1C, we obtained approximately 2 times

the amount of the secreted form of hKGF (approximately

35 ng/ ml) compared with its control. In this case, no cell

morphological change and no early cell detachment were

observed (data not shown).

We next used the wound healing migration assay for de-

termination of whether or not hKGF in CCS has bioactivity.

The monolayer culture of human keratinocyte HaCaT was

scrape-wounded using a tip to create a denuded zone of

constant width. After exposure of the cells to different con-

ditions for 48 hr, respectively, one of three groups was treat-

ed with CCS containing 50 ng hKGF (Fig. 1D-c). The other

two groups were treated with Bm5 culture medium (Fig.

1D-b) and serum-free medium (Fig. 1D-a). As indicated in

Fig. 1D, the wound healing ability of HaCaT cells treated

with serum-free medium was markedly reduced, compared

to that observed in cells treated with CCS containing 50 ng

hKGF. We eventually demonstrated that hKGF produced

from Bm5-hKGF cells showed increased growth of human

keratinocytes nearly 5-fold higher than that of the control.

In addition, no morphologically abnormal keratinocytes

were detected (data not shown). It is then suggested that

secreted recombinant hKGF from Bm5 cells has a valuable

biological activity for keratinocyte proliferation.

In summary, one of the major problems in biotechnology

of recombinant protein production is that secretory and

membrane-bound proteins are generally produced in lower

amounts in insect cells compared to cytoplasmic and nuclear

proteins. In this study, exogenous human cDNA encoding

hKGF was successfully biosynthesized through correct tran-

scription and translation, eventually resulting in significant

production of the secretory form of the bioactive protein in

Bm5 cells (B. mori silkworm cell line). Other major advan-

tages of using Bm5 cells include low cost, mass-production

of bioactive proteins, and freedom from biohazards, with no

need for expensive hormones for culture.
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초록：누에배양세포에서 인간형 재조합단백질 각질세포 성장인자 생산
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인간형 재조합단백질 각질세포 성장인자를 안정적으로 생산하는 누에 배양 세포(Bm5-hKGF cell)을 만들었다,

이 세포에서 분비되어 배지에 포함된 양은 15-20 ng/ml 정도였다. Bm5-hKGF cell에 누에의 PDI를 함께 발현시

키면 세포외 분비량이 2배 증가하였다. Wound healing migration assay 결과 누에세포에서 생산된 인간형 재조

합단백질 각질세포 성장인자는 세포생장을 촉진하는 활성을 가지고 있었다. 본 실험의 결과는 누에배양세포를

사용하여 저비용으로 양질의 인간형 재조합단백질을 대량생산 할 수 있는 것을 기대한다.


