
Avicenna J Med Biochem. 2014 September; 2(1): e19002.                                                                                     DOI: 10.17795/ajmb-19002 

Published online 2014 September 25. Research Article

Cloning and Expression of Human Keratinocyte Growth Factor in 
Escherichia coli for Recombinant Drug Production

Fatemeh Ebrahimzadeh 1; Yeganeh Talebkhan 2; Hassan Mirzahoseini 2; Ghasem Barati 1; 
Massoud Saidijam 1,*

1Research Center for Molecular Medicine, Department of Molecular Medicine and Genetics, Hamadan University of Medical Sciences, Hamadan, IR Iran2Department of Biotechnology, Biotechnology Research Center, Pasteur Institute of Iran, Tehran, IR Iran
*Corresponding author: Massoud Saidijam, Research Center for Molecular Medicine, Department of Molecular Medicine and Genetics, School of Medicine, Hamadan University of 
Medical Sciences, Hamadan, IR Iran. Tel: +98-9121324616, Fax: +98-8138380464, E-mail: Sjam110@yahoo.com

 Received: March 17, 2014; Accepted: April 21, 2014

Background: Keratinocyte growth factor (KGF) is a member of fibroblast growth factor (FGF) family which induces proliferation and 
differentiation in a wide variety of epithelial tissues. KGF plays an important role in protection, repair of various types of epithelial cells, 
and re-epithelialization of wounds. Therefore, in patients with hematologic malignancies receiving high doses of chemotherapy and 
radiotherapy, treatment with KGF decreases the incidence and duration of severe oral mucositis.
Objectives: The aim of this study was to express the recombinant form of human keratinocyte growth factor in Escherichia coli.
Materials and Methods: KGF gene was amplified by PCR and cloned into the expression vector pET28a(+). The recombinant vectors 
were transformed into E. coli BL21(DE3) as expression host and expression of the desired protein was induced by IPTG. The expression was 
evaluated at RNA and protein levels by reverse transcriptase PCR  (RT-PCR) and SDS-PAGE analyses, respectively and the expressed protein 
was confirmed through western blotting.
Results: Cloning was confirmed by PCR and restriction digestion. RT-PCR and SDS-PAGE represented expression of KGF in E. coli. The 
optimized expression was achieved 16 hours after induction with 0.3 mM IPTG at 37°C in luria broth (LB) containing kanamycin. The 18 kDa 
protein was confirmed by western blotting, using anti-His antibodies.
Conclusions: The result of the present study indicated that E. coli expression system was suitable for overexpression of recombinant 
human KGF and the expressed protein can be considered as a homemade product.
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Implication for health policy/practice/research/medical education:
In order to make a home-made recombinant human KGF, PET system and E. coli could be applied by Iranian researchers. As our knowledge, this is the first 
project in our country about this manner.
Copyright © 2014, Hamadan University of Medical Sciences; Published by Hamadan University of Medical Sciences. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work 
is properly cited.

1. Background
Oral mucositis results from injury of normal oral epi-

thelium, exposed to toxic agents, in patients with hema-
tologic malignancies receiving chemotherapy and radio-
therapy. Oral mucositis is one of the common problems 
in patients with cancer undergoing chemotherapy (1). Ke-
ratinocyte growth factor (KGF) is an epithelial cell-specific 
growth factor and plays a role in proliferation, migration 
and morphogenesis of these cells. Palifermin as a recom-
binant form of human KGF, due to its ability to cause pro-
liferation of the oral mucosa and protect against mucosal 
injury, is a treatment option for high-risk patients for oral 
mucositis, specifically ones with hematological malignan-
cies receiving stem cell transplantation. Mucositis is also a 
problem for patients receiving treatment for nonhemato-
logical tumors. Palifermin is the first FDA-approved drug 
which reduces the incidence and duration of severe oral 
mucositis by protecting those cells and stimulating the 
growth of new epithelial cells, to build up the mucosal bar-

rier in patients with hematologic malignancies (2). KGF is a 
member of fibroblast growth factor family. FGFs influence 
proliferation and differentiation of various cell types.

The KGF gene contains three exsons and an intron, locat-
ed in 15q13-q22 of chromosome 15. The KGF cDNA encodes 
a 194-amino acid protein. Its 31 N-terminal amino acids are 
separated to produce the active and secretory form of the 
protein. The first 23 amino acid residues of KGF could be 
removed without decreasing biological activity, so when 
human keratinocyte growth factor expressed in E.coli a 
protein with molecular size 18 kDa was obtained (3). KGF 
binds to FGFR2b isoform, its specific receptor expressed 
predominantly by epithelial cells, and they exert their bio-
logical activities as follows:

• Stimulating mitogenic activity in a variety of epithelial 
cells (4).

• Increased migration of normal keratinocytes after epi-
thelial tissue injury (5).
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• Role in the early stages of differentiation (6).
• Morphogenesis of epithelium and re-epithelialization 

of wounds (7).
• Antiapoptotic effects (8).
• Cellular protective effects on epithelial cells (9).
Since KGF affects proliferation and differentiation of epi-

thelial cells, it is used for treatment of pathologies in liver, 
lungs, gastrointestinal tract, and especially wound heal-
ing, in many tissues and organs (2, 9). Due to specificity of 
KGF and its receptor in epithelial tissues and upregulation 
of KGF after epithelial injury, there is a focus to identify its 
clinical applications in cases that the integrity of epithelial 
surfaces are at risk (4, 10).

2. Objectives
Due to therapeutical importance of recombinant KGF, 

the aim of this study was to clone and overexpress the re-
combinant form of human KGF for the first time in Iran.

3. Materials and Methods

3.1. Gene Amplification
The synthetic KGF gene sequence including restriction 

enzyme recognition sites and His-tag signal, was designed. 
The KGF cDNA was amplified using Taq DNA polymerase 
and following primers: (F: 5-́ gatataccatgggccatcatcatcat-
catcatc -3;́ R: 5-́ ccgcctctcgagttaagttattgccataggaa -3)́. The 
synthetic KGF cDNA was used as a template. Amplification 
was performed according to the following program: dena-
turation at 95°C for 30 seconds, annealing at 56°C for 30 
seconds, extension at 72°C for 60 seconds; 30 cycles of PCR 
were conducted. The PCR product was visualized by elec-
trophoresis on 1% agarose gel.

3.2. Cloning of Keratinocyte Growth Factor Gene in 
pET28a

The PCR product and pET28a(+) expression vector were 
digested by NcoI and XhoI restriction enzymes (Fermen-
tas, Lithuania). Purifications of the digested PCR products 
and vector from agarose gels were performed by agarose 
gel extraction kit (Bioneer, USA). The purified DNA frag-
ment was cloned into pET28a(+) expression vector by T4 
DNA ligase (Fermentas, Lithuania) and the ligated prod-
ucts were transformed into E. coli TOP10Fʹ. Screening was 
performed by colony PCR. The recombinant plasmids were 
confirmed by restriction digestion.

3.3. Protein Expression
E. coli BL21(DE3) cells were transformed with recombi-

nant vectors and grown at 37°C in luria broth (LB) medium 
containing appropriate antibiotic until the optical density 
at 600 nm of 0.4-0.6 was reached. Afterwards, 0.5 mM IPTG 
was added to the bacterial cultures to induce the expres-
sion of recombinant protein and they were incubated for 
4 hours. Cellular pellets were collected by centrifugation 

at 6000 rpm for 5 minutes. First, total RNA was extracted 
and expression of recombinant protein was analyzed at 
RNA level by RT PCR. Then, expression was analyzed at pro-
tein level by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE), so that 15 µL of each sample 
was loaded on 15% SDS-PAGE gel. After the electrophoresis, 
the gel was stained with coomassie blue.

3.4. Immunoblotting of the Recombinant Protein
The proteins were transformed from SDS-PAGE gel to a 

nitrocellulose membrane, using transfer buffer and elec-
trophoresis. Afterwards, the nitrocellulose membrane was 
blocked with tween 20 at room temperature (RT) for two 
hours. The membrane was then washed three times by PBS-
T and incubated in diluted (1:200) His-tag antibody (Abcam, 
USA) at RT for two hours. It was repeatedly washed prior 
to adding the diluted (1:2000) secondary antibody (HRP-
conjugated, Abcam, USA) and then incubated at RT for one 
hour. The final reaction was detected using diaminobenzi-
dine tetrahydrochloride (DAB; Sigma, USA) substrate.

3.5. Optimization of Expression
Optimization of recombinant protein expression was 

performed by changing various parameters such as har-
vesting time following IPTG induction and concentration 
of IPTG, to find the optimal conditions for expression of 
the recombinant protein. Different IPTG concentrations 
(0.1-1 mM) and harvesting times after induction (4, 8, 12 
and 16 hours) were examined.

4. Results

4.1. Electrophoresis of the PCR Product
The KGF gene was amplified using designed primers by 

PCR and visualized on a 1% agarose gel (Figure 1).

Figure 1. Electrophoresis on 1 % Agarose Gel

Lane A, PCR product of the KGF gene amplification; lane B, negative con-
trol; lane C, 100 bp DNA size marker (Fermentas, Lithuania).
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4.2. Gene Cloning
The cloned KGF gene in pET28a was screened by colony 

PCR; a 497-bp product was detected, which was compat-
ible with the size of KGF gene (Figure 2).

NcoI and XhoI restriction enzymes were applied to di-
gest the plasmids extracted from positive colonies and 
presence of the 497-bp fragment confirmed cloning of 
the KGF gene into pET28a(+) vector (Figure 3).

Figure 2. Colony PCR

Lane A, positive control; lane B, The PCR-positive clone; lane C, The PCR-
positive clone; lane D, negative control; lane E, 100-bp DNA size marker 
(Fermentas, Lithuania).

Figure 3. Double-Digestion of the Recombinant pET28a(+) Vector With 
XhoI and NcoI

Lane 1, 1-kb DNA size marker (Fermentas, Lithuania); lane 2, undigested re-
combinant plasmid; lanes 3 and 4, digested recombinant plasmids; lane 
5, 100-bp DNA size marker.

4.3. Protein Expression in Escherichia coli
A recombinant vector pET28a-KGF was transformed into 

E. coli BL21(DE3) and expression of the desired protein was 
investigated by IPTG induction at RNA and protein levels 
by RT-PCR and SDS-PAGE. The results of RT-PCR are shown 
in Figure 4.

The results of SDS PAGE showed that the highest con-
centration of protein expression was at 0.3 mM IPTG and 
16 hours after induction and a band with corresponding 
molecular weight marker of 18 kDa was identified. KGF 
protein expression in a concentration of 0.3 mM IPTG at 
various induction times were analyzed by SDS-PAGE, as 
shown in Figure 5.

Figure 4. RT-PCR

Lane 1, E. coli BL21 containing pET28a; lane 2, E. coli BL21 containing pET28a-
KGF before induction; lane 3, RT-PCR negative control; lanes 4 and 5, E. coli 
BL21 containing pET28a-KGF after induction; lane 6, PCR negative control; 
lane 7, PCR positive control; lane 8, 100-bp DNA size marker.

Figure 5. Analysis of KGF Protein Expression at Different Harvesting 
Times in 0.3 mM IPTG Concentration

Lane 1, E. coli BL21 cell lysate with empty vector vector; lane 2, E. coli BL21 
cell lysate transformed by recombinant plasmid (before induction); lane 
3, E. coli BL21 cell lysate transformed by recombinant plasmid (16 hours 
after induction); lane 4, E. coli BL21 cell lysate transformed by recombi-
nant plasmid (12 hours after induction); lane 5, E. coli BL21 cell lysate trans-
formed by recombinant plasmid (8 hours after induction).
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Figure 6. Analysis of KGF Protein Expression at Different Harvesting 
Times and Concentrations of IPTG

Lanes 1 and 2: E. coli BL21 cell lysate  with empty vector (before and after 
IPTG induction). Lanes 3-8: E. coli BL21 cell lysate with recombinant plas-
mid before and after induction(4 h) by 1, 0.75 and 0.5 mM IPTG, respec-
tively ; Lane 9: Protein size marker (Sigma, USA); Lanes 10-13: E. coli BL21 cell 
lysate with recombinant plasmid before and after induction(16 h) by 0.3 
and 0.1 mM IPTG, respectively.

Figure 7. Western Blotting Analysis of Expressed r-KGF Using His-Tag 
Antibody

Lane A, E. coli BL21 cell lysate transformed by recombinant plasmid (after 
induction); lane B, E. coli BL21 cell lysate transformed by recombinant plas-
mid (before induction).

Immunoblotting with His-tag antibody confirmed the 
identity of the expressed recombinant protein (Figure 7).

5. Discussion
Chemotherapy and radiotherapy are the main ways 

to treat blood cancers. Oral mucositis is a common and 
often debilitating complication in cancer treatment (11, 
12). Oral mucositis refers to the particular inflammation 
and ulceration after injury to epithelial cells that line the 
oral cavity. The damage causes changes ranging from 

mild atrophy to severe ulceration. Serious consequences 
include pain requiring analgesic drugs. Currently, there 
is no standard therapy for oral mucositis (13, 14). There-
fore, identifying effective treatments for this condition 
is one of the useful measures. In this regard, beneficial 
therapeutic effects of KGF have been evaluated. Due to 
protective and regenerative effects of KGF on epithelial 
cells, morphogenesis of epithelium, and re-epithelializa-
tion of wounds, this factor plays a potential therapeutic 
role in treatment of oral mucositis. For overexpression 
of recombinant KGF protein, pET expression systems 
such as pET8c, pET9c and pET3c vectors were used in dif-
ferent studies. In this study, pET28a(+) was applied and 
good yields of recombinant protein production were ob-
served. Because of its strong and specific promoter, pET 
system is the most powerful system yet developed for 
cloning and expression of recombinant proteins in E. coli.

Since nonglycosylated KGF has specific activity and due 
to advantages of E. coli expression system, it could be a 
suitable host for expression of recombinant human KGF. 
The host used in this study was E. coli Bl21(DE3). This bac-
terium has also been used in other researches (15, 16). This 
bacterial strain has major features; the most important 
feature is its small number of extracellular proteases. 
Therefore, protease activity on the expressed recombi-
nant protein is less, compared with other bacterial or 
yeast hosts. Induction of lac promoter was performed us-
ing IPTG. In this study, by changing various parameters 
such as the harvesting time and concentration of IPTG, 
optimal conditions for protein expression were exam-
ined. Regarding the time of harvesting, the most appro-
priate time for expression was 16 hours after induction. 
To determine the appropriate concentration of IPTG, dif-
ferent concentrations were examined and 0.3 mM IPTG 
was the most suitable concentration to express the re-
combinant protein. At higher concentrations, expression 
of the protein was decreased. Results of the current study 
showed that induction of the recombinant clone pET28a-
KGF in E. coli Bl21 by IPTG could produce recombinant pro-
tein in the host. At the next stage, for final confirmation 
of the expressed proteins, western blotting with a stan-
dard anti-His antibody was performed and the result was 
positive for recombinant KGF.
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