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Abstract. Pterygium is an inflammatory and degenerative ocular 
surface disease, in which the conjunctiva on the cornea grows to 
form a fibrous tissue in the shape of a triangle. Although pterygium 
surgery is used broadly in clinical practice, its high recurrence 
rate poses a great concern for patients and doctors. In the present 
study, we examined the effects of curcumin on the apoptosis 
and proliferation of human pterygium fibroblasts (HPFs) in an 
in vitro culture system. HPFs were incubated with curcumin for 
24 to 72 h (5, 20, 80 or 200 µmol/l). The proliferation-inhibiting 
effects of curcumin were assayed by MTT assay at different time 
points and at various concentrations. The expression of vascular 
endothelial growth factor (VEGF) in each group was detected by 
RT-qPCR and ELISA. The apoptotic effects of curcumin were 
detected by flow cytometry (FCM). Treatment with curcumin 
at 80 µmol/l for 48 h significantly inhibited HPF proliferation. 
Curcumin significant induced the apoptosis of HPFs. Our find-
ings thus suggest that curcumin suppress cell proliferation in 
the pterygium by inducing HPF apoptosis and inhibiting VEGF 
expression. Thus, curcumin has potential for use as a novel agent 
for the treatment of pterygium in the near future.

Introduction

Pterygium is an inflammatory and degenerative ocular surface 
disease in which the conjunctiva on the cornea grows to form 
fibrous tissue in the shape of a triangle (Fig. 1). Pterygium has 
a worldwide distribution though it is considered more common 
in warm, dry climates with a reported prevalence as high 
as 22% in equatorial areas and less than 2% in latitudes above 
40 degrees (1). It is speculated to be associated with corneal and 

conjunctival microtrauma from exposure to sunlight and/or dust. 
A higher prevalence of pterygium has been recorded among 
outdoor workers as compared to indoor workers in Nigeria, 
South India and Southwest China (2-4). The pathogenesis of 
the disease is not yet completely understood; however, recent 
evidence suggests that pterygium is histologically composed 
of proliferating fibrovascular tissue and is correlated strongly 
with exposure to ultraviolet (UV) radiation (5-7). Inflammation 
and fibrovascular proliferation may be other factors associ-
ated with the occurrence of pterygium. DNA damage has 
been reported to initiate pterygium development. Hereditary 
predisposition may be the underlying factor in the occurrence 
of pterygium (8). UV light has been shown to induce the activa-
tion of pro-inflammatory cytokines, chronic inflammatory cells 
and growth factors. It may also damage DNA in predisposed 
individuals. However, the integration of factors associated with 
the occurrence of pterygium has not yet been reported (9,10). 
Furthermore, evidence indicates that vascular endothelial growth 
factor (VEGF) and basic fibroblast growth factor (bFGF) expres-
sion is increased in pterygium (11-13). Therefore, these growth 
factors may be directly or indirectly involved in the pathogenesis 
of pterygium. Pterygium fibroblasts are tumour-like transformed 
cells that grow much more rapidly in medium without high 
concentrations of serum and can grow in a semisolid agar in 
contrast to normal fibroblasts (14). Surgical excision is the first-
choice treatment for pterygium; however, the high recurrence rate 
is a burden for patients. Therefore, the treatment of pterygium 
remains quite controversial. The identification of effective drugs 
for the treatment of pterygium is urgently required.

Curcumin is a yellow-coloured polyphenol that is isolated 
from the plant, Curcuma longa, and is the principal curcumi-
noid of the popular spice, turmeric. Curcumin has been widely 
studied for its antioxidant, anti-inflammatory, anti-angiogenic 
and wound-healing effects (15,16). Curcumin has been shown 
to exert antitumour effects that are mediated by a wide variety 
of mechanisms both in vitro and in vivo. Curcumin inhibits the 
proliferation and induces the apoptosis of a variety of cancer 
cell types in vitro, including cells from cancers of the breast, 
prostate, lung, pancreas, ovary, bladder, cervix, head and neck, 
brain, kidney and skin (16-26). A previous study demonstrated 
that curcumin significantly inhibited the proliferation of HPFs, 
which resulted in the arrest of HPFs in the G0/G1 phase (27). 
However, the apoptosis of HPFs and the VEGF pathway was not 
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examined. The purpose of the present study was to investigate 
the inhibitory effects of curcumin on human pterygium fibro-
blasts (HPFs) in vitro. To the best of our knowledge, this study 
is the first to examine the inhibitory effects of curcumin on 
the expression of VEGF in HPFs. The two studies coordinately 
investigate the effects of  curcumin on the inhibition of HPFs.

Materials and methods

Reagents. Curcumin, RNase and MTT were purchased from 
Sigma-Aldrich (St Louis, MO, USA). Dulbecco's modified 
Eagle's medium (DMEM), trypsin, fetal bovine serum (FBS), 
PBS, penicillin and streptomycin were obtained from 
Gibco-BRL (Carlsbad, CA, USA). Propidium iodide (PI), 
Annexin V-FITC were purchased from BD Biosciences 
(San Jose, CA, USA).

Preparation of curcumin. Curcumin was dissolved in 
0.05% DMSO to prepare a stock solution at a concentration of 
10 mmol/l that was stored at -20˚C. DMEM complete medium 
was added to dilute the curcumin to the appropriate concentra-
tions prior to use.

Culture and passage of HPFs. The pterygium specimens were 
obtained from 5 female and 3 male patients, aged 54±8 years, 
who underwent pterygium removal after they had provided 
written informed consent. The representative morphology of 
pterygium on the cornea shown in Figs. 1 and 2 was from a 
52-year-old female patient. The present study was reviewed 
and approved by the Institutional Review Board of the First 
Hospital of Jilin University, Changchun, China. HPFs were 
cultured from explants of the fresh pterygium tissue from 
the surgical excision patients via a previously reported 
method (28). Briefly, the head of a fresh pterygium specimen 
was cut into small sections, washed in Hanks solution, and 
placed in a culture dish. DMEM with 15% FBS and genta-
micin (50 g/ml) was added to cover the explants (all from 
Gibco-BRL). The culture dish was placed in a CO2-regulated 
incubator in humidified 95% air/5% CO2 atmosphere over-
night. Culture medium (identical to the first medium, but the 
concentration of FBS was reduced to 10%) was added after 
the explants had adhered. In some cultures, epithelial cells 
also migrated from the explants in the early stage. However, 
epithelial cells rapidly became terminally differentiated and 
lost their viability in medium with high levels of serum and 
Ca2 . Furthermore, during subculture, the fibroblasts detached 
from the well more easily compared to the epithelial cells. 
After the detachment of the fibroblasts was almost complete, 
serum was added to block the effect of the enzyme so that the 
epithelial cells remained in the well and could not be passed to 
the subculture. Therefore, only fibroblasts were present in the 
subcultures. The morphology of HPFs was examined using an 
Olympus microscope (serial no. 36048; provided by Olympus, 
Tokyo, Japan). The cells were cultured in DMEM complete 
medium and passaged for 3 to 7 generations. The stable cells 
were used in the following experiments.

Inhibitory effect of curcumin on HPF proliferation. The 
inhibitory effects of curcumin on the proliferation of HPFs 
were detected by MTT assays. All experiment steps were 

performed following the instructions of the kit instructions. 
Briefly, the cells were seeded on 96-well plates at a density 
of 5x103/ml at a volume of 200 µl/well. All groups without or 
with curcumin (5, 20, 80 or 200 µmol/l) were incubated for 
24 to 72 h. MTT (1 mg/ml) was added to each well, and the cells 
were incubated for 4 h. The MTT solution was then aspirated, 
and 100 µl of DMSO was then added. The 96-well plates were 
read using a microplate spectrophotometer (BioTek Synergy 
H1; BioTek, Winooski, VT, USA) at 540 nm. The experiments 
were repeated in triplicate. The inhibition percentage was 
calculated as follows: (1 - the value in experimental group/the 
value in the control group) x100%.

Flow cytometry (FCM) for cell apoptosis. Annexin V-FITC and 
PI double staining FCM analyses was carried out. The HPFs were 
plated in 96-well plates containing 200 µl medium at a density 
of 5x103 cells/well. The induction of apoptosis in the HPFs was 
examined for the presence or absence of curcumin (80 µmol/l). 
After 48 h in culture, the HPFs were collected in 1.5 ml centri-
fuge tubes, washed 3 times with cold PBS and binding buffer, and 
then stained with Annexin V-FITC and PI (Annexin V-FITC 
apoptosis detection kit; BD Biosciences) for apoptosis detection. 
Briefly, the HPFs in centrifuge tubes were first re-suspended 
in binding buffer. Subsequently, 5 µl of Annexin V-FITC was 
added to the tubes, which were incubated for 10 min followed 
by the addition of 5 µl PI. The samples were then incubated with 
PI for a further 15 min and immediately analysed using a flow 
cytometer (FACScan; BD Biosciences) with the FlowJo FACS 
analysis software. The cells in the different portions represented 
the different cell states as follows: the late apoptotic cells were 
present in the upper right portion, the viable cells were present in 
the lower left portion and the early apoptotic cells were present 
in the lower right portion.

qPCR. Total RNA was isolated from the HPFs using a Qiagen 
RNeasy Mini kit (Qiagen China Co., Ltd., Shanghai, China). 
Following the RNeasy Mini Kit instructions, 70% ethanol was 
added to the cell lysates or the homogenates and the samples 
were mixed by pipetting prior to being transferred to columns. 
Following centrifugation for 2 min at 4˚C and 12,000 x g, the 
flow-through extract was retained and stored on ice. RNA 
quality was assessed with an Agilent 2100 Bioanalyzer 
(Agilent Technologies GmbH, Waldbronn, Germany). cDNA 
was synthesized with SuperMix II reverse transcriptase using 
random hexamer primers (TransGen Biotech, Beijing, China) 
following the manufacturer's instructions. The primers for 
VEGF and GAPDH were designed and synthesized by the 
company, Sangon Biological Engineering Co., Ltd. (Shanghai, 
China). An Applied Biosystems StepOnePlus™ real-time PCR 
system was used to determine the mRNA levels of VEGF and 
GAPDH (internal control). The primer sequences for VEGF 
were as follows: sense, 5'-TGCCCACTGAGGAGTCCAAC-3' 
and antisense, 5'-TGGTTCCCGAAACGCTGAG-3'. The 
GAPDH primers were as follows: sense, 5'-CCAGGTGGTCTC 
CTCTGACTT-3' and antisense, 5'-GTTGCTGTAGCCAA 
ATTCGTTGT-3'. The reactions were performed using 3 µl of 
cDNA in a 20 µl reaction volume and the following thermal 
cycles profile: 10 sec for pre-denaturation at 94˚C, 5 sec for 
denaturation at 94˚C and 30 sec for extension at 60˚C, for 
40 cycles. The PCR products were 200 bp in length.
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Enzyme-linked immunosorbent assay (ELISA). The HPFs were 
plated at appropriate densities (5x103 cells/well) in 96-well 
plates. The culture supernatants were collected 48 h following 
incubation under each experimental condition without or with 
curcumin (5, 20, 80 or 200 µmol/l). VEGF production was 
assessed using an ELISA kit (Abcam, Cambridge, MA, USA). 
The optical densities were measured at 450 nm on a microplate 
spectrophotometer (Multiskan MCC/340; Thermo Fisher 
Scientific, Inc., Pittsburgh, PA, USA) and the VEGF concen-
trations were determined based on a standard curve.

Statistical analysis. All data were analysed and assessed for 
significance using the D'Agostino-Pearson omnibus normality 
test. All data are presented as the means ± the standard error 
of the mean. Mean values were compared using paired t-tests 
(2 groups) followed by the Bonferroni's correction for multiple 
comparison tests. P- values <0.05 were considered to indicate 
statistically significant differences. All statistical tests were 
performed using Prism software (GraphPad Software Inc., 
San Diego, CA, USA).

Results

Effects of curcumin on the proliferation of HPFs. Pterygium 
specimens were obtained from patients who underwent 
pterygium removal. HPFs were cultured from explants of fresh 
pterygium tissue from each surgical excision patient. The cells 
were cultured in DMEM complete medium and passaged for 

3 to 6 generations (Fig. 2). MTT assays revealed that curcumin 
significantly inhibited the proliferation of HPFs. The inhibitory 
effects of curcumin on HPFs were dose- and time- dependent 
within the ranges of 5-80 µmol/l and 24-72 h. Treatment with 
curcumin at 80 µmol/l for 48 h elicited the greatest inhibitory 
effect; this treatment inhibited the proliferation of HPFs with 
an inhibitory rate exceeding 90% compared with that of the 
blank control group (P<0.01). The time-effect curve is illus-
trated in Fig. 3.

Effects of curcumin on the expression of VEGF in HPFs. Based 
on the results of MTT assay, the cell pellets and cell culture 
supernatants were collected to detect the VEGF gene and protein 
concentrations 48 h following incubation under each experi-
mental condition, either without or with curcumin (5, 20, 80 
and 200 µmol/l). As illustrated in Fig. 4A, the mRNA expres-

Figure 1. The morphology of pterygium on the cornea of a 52-year-old female 
patient.

Figure 2. The morphology of human pterygium fibroblasts (HPFs). HPFs were 
cultured and characterized from explants of fresh pterygium tissue according 
to a previously described method by Yang et al (28). Cells from the 3rd to  the 
7th passages were used for the experiments.

Figure 3. Rates of inhibition of human pterygium fibroblasts (HPFs) following 
treatment with various concentrations of curcumin.

Figure 4. Curcumin inhibits the expression of vascular endothelial 
growth factor (VEGF) in human pterygium fibroblasts (HPFs). (A) qPCR 
analysis of VEGF mRNA expression in HPF cells treated with and without 
curcumin (5, 20, 80, and 200 µmol/l). (B) VEGF concentrations in cell cul-
ture supernatants were detected with enzyme-linked immunosorbent 
assays (ELISA). The 2 experiments were repeated at least 3 times.
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sion of VEGF in the curcumin-treated groups decreased by 
0.80-0.42-fold compared with the control group (P<0.05). 
The inhibitory effects were dose-dependent. Subsequently, the 
VEGF concentrations in the cell culture supernatant following 
curcumin treatment, were investigated. The HPFs secreted 
large amounts of VEGF (1,394.5±102.5 pg/ml). However, 
the concentration of VEGF decreased significantly following 
treatment with curcumin. The VEGF concentrations were 
1,120.5±75.5, 720.2±64.5, 180.3±35.2 and 280.6±59.5 pg/ml 
following treatment with 5, 20, 80 and 200 µmol/l curcumin, 
respectively (Fig. 4B). The inhibitory effects were dose-
dependent, and the 80 µmol/l curcumin concentration elicited 
the most potent inhibitory effect.

Annexin V-FITC and PI double staining assay. To explore whether 
curcumin also induces HPF apoptosis, an Annexin V-FITC and 
PI double staining assay was performed. HPFs were treated 
with curcumin at a concentration of 80 µmol/l for 48 h and were 
then analysed by FCM. As shown in Fig. 5A, compared with 
the control group, the numbers of early and late apoptotic cells 
increased significantly in the treated group. The proportion of 
early and late apoptotic cells in the curcumin-treatment group 
reached 38.6%, which was greater than the proportion observed 
in the control group (17.1%, P<0.001; Fig. 5B). This finding 
indicated that curcumin significantly induced HPF apoptosis.

Discussion

Pterygium is a common ocular surface disease that can cause 
loss of vision (28). The disorder may be characterized by cell 
proliferation, inflammatory processes, fibrosis, angiogenesis 
and the destruction of the extracellular matrix (29). Pterygium 
exhibits features that are similar to those of tumours, such as 

local invasion, metaplasia of epithelial cells, the presence of 
oncogenic viruses, the inactivation of tumour suppressor genes, 
and the loss of heterozygosity (30). Pterygium fibroblasts repre-
sent tumour-like transformed cells. Pterygium fibroblasts grow 
much more rapidly in medium without high concentrations of 
serum and can grow in a semisolid agar (11,28). The pathogen-
esis of pterygium and its recurrence following surgical excision 
are not yet completely understood. The identification of a new 
drug that inhibits HPF proliferation would be of significance 
for the treatment of pterygium.

Curcumin is also known as diferuloylmethane and is 
obtained from Curcuma longa. Curcumin is regarded as a potent 
anticancer drug in relation to various types of tumour (31-34). 
Curcumin is extensively used in Ayurveda, Unani, Siddha and 
Chinese medicine for the management of various diseases and 
conditions, such as wounds, inflammation and cancer (35). The 
inhibition of tumour progression by curcumin primarily results 
from the downregulation of the expression of cancer formation 
and progression genes, such as p53, Egr-1 and c-Myc (36). 
Due to its ability to activate caspase-3 and cytochrome c 
release, curcumin induces the apoptosis of seeral tumour cell 
lines, including HepG2, CRC, A549, HL60 and others (37). 
Angiogenesis is an important mechanism of tumour formation. 
Angiogenic factors include angiotensin, epidermal growth 
factor, bFGF, transforming growth factor (TGF) and VEGF. 
These factors play critical roles in tumour angiogenesis via 
their actions in cancerous tumour cells (38). The present 
study demonstrated that curcumin significantly inhibited the 
proliferation of HPFs based on the results of MTT assay. FCM 
revealed that curcumin increased the proportions of numbers of 
early and late apoptotic HPFs from 17.1 to 38.6%. Our results 
revealed that curcumin suppressed cell proliferation via the 
apoptosis-inducing pathway.

Figure 5. Apoptosis detection by flow cytometry (FCM) in human pterygium fibroblasts (HPFs) treated with curcumin. (A) FCM analysis of apoptosis in HPFs 
treated with curcumin. The cells were exposed to either control solution (0.1% DMSO in medium) or curcumin at 80 µM/l and incubated for 48 h. The experiments 
were repeated at least 3 times. Upper left quadrant, necrotic cells; bottom left quadrant, viable cells; upper right quadrant, late apoptotic cells; lower right quadrant, 
early apoptotic cells. (B) Percentages of apoptotic cells. The apoptotic cells were calculated as the percentages of apoptotic cells in the upper right portion and the 
lower right portion relative to the total number of the cells. The data are expressed as the means ± SDs of 3 experiments (***P<0.001 vs. control).
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VEGF is a prominent pro-angiogenic and tumour growth-
promoting hormone that is expressed in many types of 
tumour cells. The expression of VEGF is often obligatory for 
tumour angiogenesis; thus, the inhibition of the expression or 
biological function of VEGF has been fervently pursued as 
a cancer treatment (39). Tumorigenesis is a multistep process 
that is affected by tumour genes, cytokines, and the host 
immune system (40). During tumour development, VEGF is 
among the important factors that are involved in the growth, 
invasion and metastasis of the tumour (41). VEGF is secreted 
in greater amounts by HPFs than conjunctival fibroblasts (42). 
Since 2001, when the first hypothesis about the potential 
benefits of anti-VEGF therapy in human pterygium was 
proposed, controversies have continuously arisen based on 
published articles that have reported the use of bevacizumab 
as an adjuvant therapy for human pterygium (43,44). Our 
findings demonstrate that the mRNA expression of VEGF 
in the curcumin-treated groups decreased by 0.8-0.42-fold 
compared with the control group (P<0.05) and that the 
inhibitory effects were dose-dependent. HPFs can secrete 
large amounts of VEGF; however, the concentration of 
VEGF significantly decreased following treatment with 
curcumin. The inhibitory effects were dose-dependent, and 
the 80 µmol/l curcumin concentration elicited the most 
potent inhibitory effect.

Curcumin modulates the expression of VEGF via the 
inhibition of the JAK2/STAT3 pathway in laryngeal squamous 
cell carcinomas (45). Curcumin specifically targets the PI3K/
Akt/IKK signalling axis, which consequently leads to the 
concurrent, but independent suppression of both the NF-κB 
and mTOR pathways, the concomitant activation of caspases, 
and the downregulation of VEGF. These events result in 
the induction of apoptosis, the prevention of angiogenesis, 
and ultimately the inhibition of adenoid cystic carcinoma 
progression (46). These mechanisms may represent novel targets 
for therapies. Therefore, our findings suggest that curcumin 
suppresses the proliferation of pterygium by inducing HPF 
apoptosis and inhibiting VEGF expression. To the best of our 
knowledge, this is the first study to demonstrate the inhibition 
of the expression of VEGF by HPFs by curcumin. However, 
additional studies on the molecular regulatory mechanisms are 
warranted to fully determine and understand the effects.
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