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Objective Curcumin promotes oral wound healing; however, the underlying mecha-

nism remains unknown. We hypothesized that curcumin may regulate gene expression 

in human gingival fibroblasts (hGFs). This study investigated the effect of curcumin on 

the expression of wound healing–related genes, collagen type I (COL1), keratinocyte 

growth factor (KGF)-1, and epidermal growth factor receptor (EGFR), in the in vitro 

wound healing model of hGFs, as well as the signaling pathway involved in the 

regulation of these genes by curcumin.

Materials and Methods The hGFs were treated with curcumin in the unwounded con-

dition and in the in vitro wound healing model (scratch assay). Gene expression was deter-

mined by quantitative polymerase chain reaction. PD98059 was used to elucidate whether 

extracellular signal regulated kinase (ERK) signaling is involved in the curcumin-regulated 

gene expression in hGFs. Cell migration was also analyzed by the scratch assay.

Statistical Analysis Data were analyzed by independent t-test or one-way analysis 

of variance (ANOVA) followed by Tukey’s Honestly Significant Difference (HSD) test.

Results In unwounded hGFs, curcumin significantly increased KGF-1 and EGFR 

expressions but not COL1 mRNA expression. Interestingly, curcumin significantly 

upregulated COL1, KGF-1, and EGFR expressions in the in vitro wound healing model. 

Furthermore, PD98059 significantly decreased the curcumin-induced COL1 and EGFR 

expressions, but did not significantly affect KGF-1 upregulation by curcumin. However, 

hGF migration was not affected by curcumin treatment.

Conclusion Curcumin induced KGF-1 and EGFR expressions in unwounded hGFs. In 

the in vitro wound healing model, curcumin upregulated COL1 and EGFR expression 

via the ERK pathway and increased KGF-1 expression, possibly by an ERK-independent 

mechanism.
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Introduction

Oral wound healing is a complicated biological process 

that requires signals from different cell types, including 

keratinocytes, endothelial cells, immune cells, and fibro-

blasts.1 Generally, the wound healing process consists of 

four overlapping stages, that is, hemostasis, inflamma-

tion, proliferation, and remodeling.1 Gingival fibroblasts 

(GFs) play a key role in the proliferative phase by releasing 

several growth factors such as keratinocyte growth factor 

(KGF)-1 and transforming growth factor-β, which exhibit 
autocrine and paracrine effects to promote wound healing. 

Furthermore, GFs are responsible for synthesis of extra-

cellular matrix (ECM) during granulation tissue formation 

for subsequent wound remodeling. Type-I collagen (COL1) 

is a major protein in the extracellular matrix that serves 

as a structural scaffold in many tissues.2 When tissues are 

disrupted following injury, fibroblasts are responsible for 

collagen synthesis, thus providing an extracellular matrix 

framework for cell adhesion and migration during wound 

healing.3

Keratinocyte growth factor-1 (KGF-1) or fibroblast growth 

factor-7 (FGF-7) is an important growth factor produced 

mainly by fibroblasts and acts specifically in a paracrine 

fashion on keratinocytes.4 KGF-1 expression is upregulated 

shortly after a wound occurs, suggesting that this growth fac-

tor is involved in the early phases of the repair process.4 KGFs 

promotes reepithelialization by increasing keratinocyte pro-

liferation and migration.4

Epidermal growth factor (EGF), first discovered in the sali-

vary gland of a mouse, is produced mainly by parotid salivary 

glands in human with a higher concentration in saliva than 

in plasma.1 Increased level of EGF in saliva during oral wound 

healing suggests the important role of EGF in repair of oral 

mucosa.1,5 At wound site, platelets, macrophages, and fibro-

blasts are the source of EGF which stimulates wound clo-

sure.6 EGF binds to epidermal growth factor receptor (EGFR) 

expressed on many cell types including fibroblasts and epi-

thelial cells.7 EGFR signaling is essential in wound healing by 

regulating migration, proliferation, and differentiation of epi-

thelial and mesenchymal cells, as well as collagen deposition 

and granulation tissue formation.1,7,8

Curcumin (diferuloylmethane), a yellow substance in 

turmeric rhizome, belongs to a family of chemicals known 

as curcuminoids.9 Curcumin has been used as a spice and a 

powerful medicinal herb because of its anti-inflammatory, 

antioxidant, antibacterial, and anticarcinogenic effects.10-12 

In addition, curcumin has been reported to promote healing 

in different types of dermal and oral wounds.13-15 Curcumin 

enhances dermal wound healing in part by stimulating col-

lagen production and reducing oxidative stress.13 However, 

little is known about the mechanism by which curcumin 

promotes oral wound healing. Curcumin regulates expres-

sion of several proteins, growth factors, and inflammatory 

cytokines in many cell types.16 The effect of curcumin in reg-

ulating gene expression in hGFs, however, remains unclear. 

We hypothesized that curcumin may regulate the expression 

of genes involved in wound healing in hGFs. Therefore, the 

aim of this study was to investigate the effect of curcumin 

on the expression of wound healing–related genes, COL1,  

KGF-1, and EGFR, in unwounded hGFs and in the in vitro 

wound healing model. Furthermore, the signaling pathway 

by which curcumin regulates these genes was also elucidated.

Materials and Methods

Cell Culture

HGFs were isolated from healthy gingival tissue 

explants from three donors (two males and 1 female; 

mean age, 21.3 years) who were undergoing sur-

gical removal of third molars at the Department of 

Surgery, Faculty of Dentistry, Chulalongkorn University. 

Signed consent forms were obtained from the patients.  

The study protocol was approved by the Ethics Committee of 

the Faculty of Dentistry, Chulalongkorn University.

The gingival tissues were immediately transferred in the 

ice-cold Dulbecco’s modified Eagle’s medium (DMEM; Sigma, 

United States) consisting of 10% fetal bovine serum (FBS, Gibco, 
United States), 1% L-glutamine (Gibco, United States), and 1% 
antibiotic-antimycotic (Gibco, United States). The specimens 

were washed twice with phosphate-buffered saline (Gibco, 

United States). The collected gingival tissues were cut into 

1 mm × 1 mm pieces and placed in 60-mm dishes, and 

cultured in DMEM containing 10% FBS, 1% L-glutamine, and 
1% antibiotic-antimycotic at 37°C in a humidified 5% carbon 
dioxide atmosphere. After reaching confluence, the cells were 

subcultured using 0.125% trypsin (Gibco, United States) at a 
1:3 ratio. The medium was renewed every 2 days. Primary 

human GFs (hGFs) from the third to the fifth passage were 

used in the experiments.

To investigate the effect of curcumin on gene expression, 

hGFs were seeded at 6 × 105 cells per 60-mm dish in DMEM 

with 10% FBS, 1% L-glutamine, and 1% antibiotic-antimycotic. 
The next day, the cells were washed and switched to serum-

free DMEM for 24 hours. The cells were then treated with 

0, 0.1, 1, 10, or 20 μM curcumin (Sigma, United States) for 
24 hours. The cells were harvested for total RNA extraction 

and gene expression was determined by quantitative poly-

merase chain reaction (PCR).

In vitro Wound Healing Assay (Scratch Assay)

To determine the effect of curcumin on gene expression in 

wounded GFs, a scratch assay was performed to mimic a 

scratch wound.17 Briefly, hGFs were seeded at 6 × 105 cells 

per 60-mm dish in DMEM with 10% FBS. On the follow-

ing day, the cells were washed and switched to serum-free 

DMEM for 24 hours. When the cells reach confluence, a 

sterilized pipette tip (200 μL) was used to create a straight 
scratch line across the cell monolayer. After the wounding, 

the media was removed and the cells were treated with 

dimethyl sulfoxide (DMSO) or 1 μM curcumin for 24 hours. 
Then, the cells were harvested for total RNA extraction 

and gene expression was determined by quantitative PCR. 

To determine the role of ERK signaling in the curcumin- 

regulated gene expression, the cells were incubated 
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with dimethyl sulfoxide (DMSO) or a MEK/ERK signaling 

inhibitor, PD98059, (100 nM) (Cell signaling technology, 

United States) for 1 hour prior to vehicle (DMSO) or 1 µM  

curcumin treatment for 24 hours.

RNA Extraction and Quantitative Polymerase Chain 

Reaction

Total RNA was extracted using a Total RNA Mini Kit (Geneaid, 

Taiwan) according to the manufacturer’s instruction. The RNA 

concentration was determined by measuring the absorbance 

at 260 and 280 nm with a Thermo Scientific NanoDrop 2000 

Spectrophotometer. A total RNA of 2 μg of each sample was 
reverse transcribed to single-strand cDNA using Moloney Murine 

Leukemia Virus Reverse Transcriptase (M-MLV RT; Promega, 

United States) following the manufacturer’s instruction.

The cDNA template was amplified using iTaq Universal 

SYBR Green Supermix (Bio-Rad, United States). The mix-

ture contained 5 μL iTaq Universal SYBR Green Supermix 
(2X), 0.25 µL primer, and 2.5 μL DNA template. Nuclease-
free water was added to a final volume of 10 μL. The PCR 
program was 95°C for 5 minutes followed by 45 cycles for 

the amplification phase; each cycle consisted of dena-

turation for 30 seconds at 95°C, annealing for 30 seconds 

at 56°C for glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH), and 50°C for other genes, and extension for 

30 seconds at 72°C. The primer sequences used for PCR 

amplification are shown in ►Table 1. All quantitative PCR 

reactions were performed in duplicate. Agarose gel elec-

trophoresis and melting curve analysis were used to verify 

the specificity of PCR products. Relative gene expression 

was calculated by normalizing the expression of each gene 

with GAPDH expression using the double delta Ct analysis.

Migration Test

To evaluate the effect of curcumin on hGF migration, after 

wounding, the cells were treated with vehicle (DMSO) or 

1 µM curcumin for 48 hours. Images of the wounded area 

were captured at 0, 24, and 48 hours after curcumin treat-

ment using photomicrograph (×100) at the same culture 

plate position by marking the bottom of the plates. Three 

independent experiments were performed with GFs from 

three different patients (n = 9). The wound area in each 

photomicrograph was measured three times using Image-

Analysis J Software and the average wound area was calcu-

lated as percentage of the wound area at 0 hour.

Statistical Analysis

The data were reported as mean ± standard deviation (SD) from 

three independent experiments with GFs from three different 

patients in each experimental condition (n = 9). The normal-

ity of the data was determined by the Shapiro–Wilk test. Data 

with normal distribution was analyzed by independent t-test 

or one-way analysis of variance (ANOVA) followed by Tukey’s 

Honestly Significant Difference (HSD) test. Differences at  

p < 0.05 were considered statistically significant.

Results

Curcumin Induced KGF-1 and EGFR Expressions in hGFs

In unwounded GFs, curcumin at 0.1 to 20 μM did not sig-

nificantly affect COL1 mRNA expression (►Fig.  1A). In 

contrast, curcumin at 1 μM significantly increased KGF-1 
and EGFR mRNA expressions (p < 0.05) while 0.1, 1, and  

10 μM had no significant effect (►Fig. 1B and 1C). Therefore, 

1 μM curcumin was used in subsequent experiments.

Curcumin Upregulated Wound Healing–Related Gene 

Expression in the In Vitro Wound Healing Model

To investigate the effect of curcumin on expression of 

wound healing–related genes in the in vitro wound healing 

model, the hGF cell monolayer was wounded prior to 1 μM 
curcumin treatment. After 24 hours, the mRNA expression 

of COL1, KGF-1, and EGFR was determined by quantitative 

PCR (qPCR). Curcumin significantly upregulated COL1,  

KGF-1, and EGFR mRNA expressions (p < 0.05) compared 

with the vehicle-treated control in the in vitro wound healing  

model (►Fig. 2).

Inhibiting ERK Signaling Attenuated Curcumin- 

Induced Gene Expression in the In Vitro Wound Healing 

Model

To investigate the role of ERK in the curcumin-induced 

wound healing–related gene expression, wounded hGF 

monolayer were pretreated with PD98059, a MEK/ERK 

signaling pathway inhibitor, for 1 hour prior to curcumin 

treatment. PD98059 significantly decreased the curcum-

in-induced COL1 and EGFR mRNA expressions (p < 0.05) as 

shown in ►Fig. 3A and 3C. However, the curcumin-induced 

KGF-1 mRNA expression was not significantly affected by 

PD98059 pretreatment (►Fig. 3B).

Curcumin Did Not Significantly Affect Gingival 

Fibroblast Migration

The scratch assay demonstrated that curcumin slightly  

accelerated the mi gration of hGFs into the wound area 

Table 1  Primer sequences used for qPCR

Gene Primer sequence Product 

size

COL1 Forward: 
5′-CCTCAAGGGCTCCAACGAG-3′
Reverse: 
5′-TCAATCACTGTCTTGCCCCA-3′

117

KGF-1 Forward: 
5′-CCCTGAGCGACACACAAGAAGT-3′
Reverse: 
5′-CCACAATTCCAACTGCCACTG-3′

182

EGFR Forward: 
5′-CCACCAAATTAGCCTGGACA-3′
Reverse: 
5′-CGCGACCCTTAGGTATTCTG-3′

118

GAPDH Forward: 
5′-TGAACGGGAAGCTCACTGG- 3′
Reverse: 
5′-TCCACCACCCTGTTGCTGTA- 3′

307

Abbreviations: COL1, collagen type I; EGFR, epidermal growth factor  
receptor; KGF 1, keratinocyte growth factor-1; qPCR, quantitative polymerase 
chain reaction GAPDH,  glyceraldehyde-3-phosphate dehydrogenase.
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compared with the vehicle-treated group at 24 hours 

(►Fig. 4B and 4E) and 48 hours (►Fig. 4C and 4F). However, 

the remaining wound area in each group was not signifi-

cantly different at both time points (►Fig. 4G).

Discussion

In the present study, we investigated the effect of curcumin 

on the expression of COL1, KGF-1, and EGFR in hGFs. A pre-

vious study from our laboratory demonstrated that 0.1 to  

Fig. 2 The expression of COL1 (A), KGF-1 (B), and EGFR (C) in hGFs 

in response to curcumin in the in vitro wound healing model. The 

hGF monolayer was scratched using a sterilized pipette tip and then 

treated with 1 μM of curcumin or DMSO for 24 hours. The level of 
gene expression was determined by qPCR. The data are the mean ±  

SD from three independent experiments in which each group has 

samples from three different patients (n = 9). Statistical analysis was 

performed by independent t-test. *indicates compared with the con-

trol group (p < 0.05). COL1, collagen type I; EGFR, epidermal growth 

factor receptor; hGFs, human gingival fibroblasts; KGF 1, keratino-

cyte growth factor-1; qPCR, quantitative polymerase chain reaction; 

SD, standard deviation.

Fig. 1 The mRNA expression of COL1 (A), KGF-1 (B), and EGFR  

(C) in hGFs in response to curcumin. Cells were treated with vary-

ing concentrations of curcumin or DMSO for 24 hours. The level of 

gene expression was determined by qPCR. The data are the mean 

± SD from three independent experiments in which each group has 

samples from three different patients (n = 9). Statistical analysis was 

performed by one-way ANOVA followed by Tukey’s HSD test. *indi-

cates compared with the control group (p < 0.05). ANOVA, analysis 

of variance; COL1, collagen type I; EGFR, epidermal growth factor 

receptor; hGFs, human gingival fibroblasts; HSD, honestly significant 

difference; KGF 1, keratinocyte growth factor-1; qPCR, quantitative 

polymerase chain reaction; SD, standard deviation.
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20 μM curcumin had no significant effect on cell viability or 
cell proliferation, whereas higher concentrations of curcumin 

induced a significant dose-dependent cytotoxicity. Thus, 0.1 

to 20 μM curcumin was used in this study. A similar study 
reported that cell viability of primary hGFs was not affected 

by curcumin concentration up to 10 μM.18

In unwounded GFs, only 1 μM curcumin significantly 
increased KGF-1 and EGFR mRNA expressions, while 0.1, 10, 

and 20 μM curcumin did not upregulate these genes. Even 
though COL1 mRNA expression was not significantly affected 

by 0.1 to 20 μM curcumin treatment, 1 μM curcumin exhibited 
a tendency to be the optimal concentration to induce COL1 

mRNA expression in hGFs. These findings indicated that 

the effect of curcumin on gene expression in hGFs is not 

dose-dependent but requires the optimal concentration 

of curcumin. Our results suggest that curcumin regulated 

expression of wound healing–related genes such as KGF-1 

and EGFR in unwounded hGFs.

Curcumin has been reported to promote oral wound heal-

ing in vivo; however, the mechanisms remain unclear.14,15 

Though not an ideal wound healing model, the scratch assay 

has been widely used to study the functions of various mol-

ecules on cultured keratinocytes and fibroblasts.17,19 In the 

present study, the scratch assay was used to determine the 

effect of curcumin on hGF gene expression following injury. 

Interestingly, curcumin significantly upregulated COL1, KGF-

1, and EFGR in this in vitro wound healing model. COL1 is 

the most abundant protein found in gingival tissues. Previous 

studies reported that collagen and collagen-derived frag-

ments regulate many cellular functions, including cell shape 

and differentiation, migration, and synthesis of multiple 

proteins.20,21 An in vitro study showed that COL1 promoted 

human keratinocyte migration.22 Furthermore, collagen 

induced endothelial cell monolayers to reorganize into a net-

work of branching and anastomosing capillary-like tubes.20 

Collagen plays an important role in fibroblast recruitment 

to the wounded area, and regulation of collagen and matrix 

metalloproteinase (MMP) synthesis.21 Our finding that cur-

cumin increased COL1 expression in hGFs is consistent with 

previous in vivo studies where curcumin stimulated collagen 

synthesis in irradiated wounds and corticosteroid-impaired 

abrasion wounds.23,24 These results suggest that curcumin 

might promote oral wound healing, partly by COL1 upreg-

ulation. Our findings that curcumin only stimulates COL1 

expression in wounded hGFs but not in unwounded cells 

also suggest that curcumin preferentially upregulates COL1 

when granulation tissue formation is required during wound 

healing. It remains unclear how curcumin regulates COL1 

in these different settings but could be a result of fibroblast 

activation and different gene expression upon wounding.19,25 

Mechanical injuries induce an increase of intracellular cal-

cium leading to activation of multiple cellular process includ-

ing gene expression.25 Curcumin has been reported to reduce 

the level of intracellular calcium release induced by chemical 

stimuli.26 Further investigations are required to investigate 

whether curcumin could modulate the release of intracellu-

lar calcium in response to mechanical injury.

KGF-1 binds to the keratinocyte growth factor receptor 

(KGFR), mainly expressed on keratinocytes and epithelial 

cells, with high affinity. KGF-1 controls several cellular pro-

cesses, such as cell proliferation, differentiation, migration, 

and survival. KGF-1 stimulated keratinocyte proliferation 

and migration during the reepithelialization stage.27 In the 

present study, we report for the first time that curcumin 

significantly upregulates KGF-1 mRNA expression in hGFs, 

suggesting that curcumin could enhance reepithelialization 

during oral wound healing via increased KGF-1 expression.

EGF has an established role as an important factor in oral 

wound healing.28 EGF exerts its effect via binding to EGFR, a 

membrane-bound receptor tyrosine kinase that is localized 

on the cell surface of several cell types including keratino-

cytes and fibroblasts.29,30 EGF functions in a paracrine and 

autocrine manner to promote wound healing by increasing 

Fig. 3 Effect of inhibiting ERK signaling on the curcumin-induced 

COL1 (A), KGF-1 (B), and EGFR (C) expressions in hGFs in the in vitro 

wound healing model. The hGF monolayer was scratched and treated 

with 100 nM PD98059 for 1 hour prior to 1 μM  curcumin for 24 hours. 
The level of gene expression was determined by qPCR. The data are 

the mean ± SD from three independent experiments in which each 

group has samples from three different patients (n = 9). Statistical 

analysis was performed by one-way ANOVA followed by Tukey’s HSD 

test. *indicates compared with the control group (p < 0.05), #indicates 
compared with curcumin-treated group (p < 0.05). ANOVA, analysis 

of variance; COL1, collagen type I; EGFR, epidermal growth factor 

receptor; hGFs, human gingival fibroblasts; HSD, honestly significant 

difference; KGF 1, keratinocyte growth factor-1; qPCR, quantitative 

polymerase chain reaction; SD, standard deviation.
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keratinocyte proliferation and migration.6,31 In addition 

to promoting reepithelialization, EGFR signaling stimu-

lates fibroblast proliferation, differentiation, migration, and  

survival.30,32-34 In the present study, we demonstrated that 

curcumin increased EGFR expression in the in vitro wound 

healing model of hGFs suggesting that curcumin could 

promote wound healing by increasing the signal from the 

EGFR-binding growth factors. However, further studies are 

necessary to investigate whether the downstream signaling 

of EGFR activation is elevated by curcumin treatment.

EGFR is essential for stimulating migration of fibroblasts 

toward multiple extracellular matrix components via an 

integrin-dependent pathway.30 EGFR expression is also 

required for fibroblast migration stimulated by platelet- 

derived growth factor (PDGF) which is a critical cytokine 

in the beginning stage of wound healing.35 In animal stud-

ies, curcumin-treated wounds showed early migration 

of fibroblasts and myofibroblasts into the wound bed.36 

However, our results demonstrated that curcumin did not 

have a significant effect on hGF migration in vitro, which is 

consistent with a previous study where curcumin did not 

affect NIH3T3 fibroblast migration.37 Our findings that cur-

cumin increased EGFR expression in wounded hGFs raised 

a question whether EGFR upregulation by curcumin could 

promote PDGF-induced and extracellular matrix-depen-

dent fibroblast migration in vivo. Further investigation is 

required to explore this possibility, which might explain 

the contradictory results between the effect of curcumin on 

fibroblast migration in vitro and the in vivo wound healing 

process that involved several growth factors and the extra-

cellular matrix.

Curcumin regulates gene expression by several mecha-

nisms including modulating enzyme activity, such as pro-

tein kinases.16 The mitogen-activated protein kinase (MAPK)  

pathway has been shown to play an important role in the 

transduction of extracellular signals to cellular responses.38 

MAPK plays a key role in many cellular functions including 

cell proliferation, differentiation, and apoptosis. The MAPK 

family consists extracellular signal-regulated kinase (ERK), 

C-Jun N-terminal kinase/stress activated protein kinase (JNK/

SAPK), and p38 MAPK.38 The ERK signaling pathway has an 

established role in cutaneous and corneal epithelial wound 

healing.25 Our data revealed that PD98059, an ERK signaling 

inhibitor, significantly decreased curcumin-induced COL1 

and EGFR mRNA expressions, but did not have a significant 

effect on KGF-1 mRNA expression. To our best knowledge, we 

Fig. 4 Effect of curcumin on gingival fibroblast migration. The hGF monolayer was scratched and then treated with DMSO (A–C) or 1 μM  curcumin 
(D–F) for 24 to 48 hours. The images are representative of three separate experiments. (G) The remaining wound area at 0, 24, and 48 hours was 

analyzed by Image-Analysis J Software. The data are the mean ± SD from three independent experiments in which each group has samples from 

three different patients (n = 9). Statistical analysis was performed by independent t-test. hGFs, human gingival fibroblasts; SD, standard deviation.
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demonstrated for the first time that curcumin regulation of 

COL1 and EGFR expressions in hGFs requires ERK activation.

Conclusion

In the present study, we demonstrated that curcumin sig-

nificantly upregulated the mRNA expression of COL1, KGF-1, 

and EGFR in hGFs in the in vitro wound healing model. ERK 

signaling is essential for curcumin-induced COL1 and EGFR 

mRNA expressions. Our results have expanded the insight 

into the complex mechanism of curcumin in regulation of 

wound healing–related gene expression. Further in vitro and 

clinical studies are necessary to understand how curcumin 

promotes oral wound healing.
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