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Curcumin suppresses invasiveness and vasculogenic 
mimicry of squamous cell carcinoma of the larynx 
through the inhibition of JAK-2/STAT-3  
signaling pathway
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Abstract: To determine the role of JAK-2/STAT-3 signaling pathway in invasion and vasculogenic mimicry of laryn-
geal squamous cell carcinoma. HEp-2 cells were treated with 1 or 10 μmol/L curcumin and AG490 (the inhibitor 
of JAK-2) for 48 h, the invasion and vasculogenic mimicry of tumor cells were tested with Transwell chamber test 
and tube formation experiment. RT-PCR was used to measure the expression of MMP-2 and VEGF. Western blot 
assay was employed to determine the expression of JAK-2, STAT3, p-STAT3, MMP-2 and VEGF. Compared to control 
group，there were less tumor cells permeating membrane and less formed tubes after curcumin or AG490 treat-
ment, RT-PCR showed that the expression of MMP-2 and VEGF at mRNA level were decreased (P < 0.01). Western 
blotting indicated that the expression of JAK-2, p-STAT3, MMP-2 and VEGF at protein levels were decreased (P < 
0.01), while that of STAT-3 protein had no difference among each group (P > 0.05). Immunofluorescence staining 
demonstrated that the expression of eNOS was down-regulated (P < 0.01). Curcumin and AG490 significantly in-
hibits invasion and vasculogenic mimicry of laryngeal squamous cell carcinoma in vitro, and JAK-2/STAT-3 signaling 
pathway promotes above processes.
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Introduction 

Head and neck squamous cell carcinoma 
(HNSCC) is the sixth most common type of can-
cer worldwide, representing about 6% of all 
cancer cases [1]. Laryngeal squamous cell car-
cinoma (SCC) has the second highest incidence 
of all head and neck squamous cell carcino-
mas. In recent years, the incidence of laryngeal 
cancer is about 160,000 new cases diagnosed 
per year [2]. Despite significant advances in 
surgery and radiotherapy over the last few 
decades, no treatment has been shown to 

achieve a satisfactory therapeutic outcome and 
the mortality rate of laryngeal SCC is still high, 
with a 5-year survival rate of 64% [3]. Given the 
high mortality rate of laryngeal SCC, it is a criti-
cal need to explore the molecular pathogenesis 
and develop the new relevant biomarker to 
increase specificity or sensitivity for early diag-
nosis and prognosis.

In 1999, Maniotis [4] reported that blood ves-
sels of highly aggressive uveal melanomas are 
formed by tumor cells instead of endothelial 
cells. He termed this novel concept in tumor 
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vasculogenic mimicry (VM). The discovery of 
PAS-positive channels in the microcirculation of 
highly aggressive uveal melanomas initiated 
studies on VM. Light microscopy, transmission 
EM, and immunohistochemical staining reveal 
that PAS-positive pattern channels are lined 
externally by melanoma cells but have no inner 
lining of endothelial cells [4-7]. Since then, VM 
has been seen in several malignant tumor 
types such as breast cancer, lung cancer, kid-
ney cancer, ovarian cancer, melanoma, and 
prostate cancer [8-13]. 

At present little is known about the molecular 
mechanisms involved in VM. It is therefore dif-
ficult to propose a precise clinical-pathological 
relationship and tumor therapy strategy. Many 
investigators involved in basic research on VM 
are trying to find an anti-VM therapy in laryngeal 
SCC [14]. Therapies targeting VM have only 
been performed in vitro till date [15]. Recently, 
STAT-3 was identified as important mediators 
of VM [16]. This study documented that the 
anti-VM effect of curcumin was due to inhibition 
of STAT-3 phosphorylation, as confirmed by 
specific inhibitors. Others have reported that 
PI3K is important for angiopoietin-1-mediated 
endothelial cell sprouting by regulating MMP-2 
[17] critical for angiogenesis. On the basis of 
these observations, we sought to investigate 
the potential role of JAK-2/STAT-3 as a media-
tor of VM of squamous cell carcinoma of the 
larynx.

Curcumin, the major yellow coloring pigment 
found in the household spice turmeric, has 
been used for centuries in food preparation 
[18]. Curcumin has low toxicity and has been 
shown to have antineoplastic potential, inhibit-
ing the development of chemically induced 
tumors of the oral cavity, skin, forestomach, 
duodenum and colon in rodents [19]. The effect 
of curcumin on pathological angiogenesis asso-
ciated with laryngeal squamous cell carcinoma 
has not been defined. In this study, we tested 
the hypothesis that JAK-2 regulates VM in laryn-
geal SCC by mediating the activities of STAT-3. 
Addition of curcumin and AG490, a specific 
inhibitor of JAK-2, inhibited the ability of HEp-2 
cells to engage in VM on 3-dimensional type-I 
collagen matrices and to invade a defined 
matrix in vitro. Furthermore, addition of this 
inhibitor decreased the levels of active JAK-2 
and the expression of pSTAT-3 and the activity 
of MMP-2 in vitro. Moreover, Western blot anal-

yses revealed a decrease in the levels of the 
VEGF after inhibition of STAT-3. Taken together, 
these results implicate JAK-2 as a key regulator 
of laryngeal squamous cell carcinoma VM by 
mediating the activation of STAT-3 which may 
serve as new molecular targets for therapeutic 
intervention of the signaling cascade underly-
ing this unique process. 

Material and methods

Cell culture and proliferation assay

HEp-2 cell line was originally thought to be 
derived from an epidermoid carcinoma of the 
larynx. In this study, HEp-2 cells were pur-
chased from Clontech (San Diego, CA, USA) and 
were cultivated in DMEM low-glucose medium 
supplemented with 10% inactivated fetal 
bovine serum and 100 U/ml penicillin and 100 
μg/ml streptomycin under standard culture 
conditions (37°C, 95% humidified air and 5% 
CO2). Supernatant and cell lysates were collect-
ed at 3 days after reseeding. A total of 3 × 104 
HEp-2 cells per well were seeded onto fibronec-
tin-coated 24-well plates, and proliferation 
assays were performed according to the manu-
facturer’s instructions. After pretreatment with 
1 μM/10 μM curcumin and 1 μM AG490 for 6, 
12, 24 and 48 h, or left untreated. Then, cells 
were re-suspended and counted. Each condi-
tion was assessed in triplicate. 

HEp-2 cell Transwell migration assay

The chemotactic motility of HEp-2 cells was 
determined using Transwell migration cham-
bers (BD Biosciences) with 6.5-mm-diameter 
polycarbonate filters (8-µm pore size) as 
described previously [20]. In brief, cells were 
pretreated with curcumin or AG490 for 1-3 
hours as indicated. Thereafter, the bottom 
chambers were filled with 600 µL of DMEM 
media containing all supplements. HEp-2 cells 
(3 × 104 per well) were seeded in top chambers 
in 100 µL DMEM media without serum. Cells 
were allowed to migrate for 8 h. Non-migrated 
cells were removed with cotton swabs, and 
migrated cells were fixed with ice cold ethanol 
and stained with 0.01% crystal violet. Images 
were captured using Olympus DP72 digital 
camera on Olympus microscope with magnifi-
cation x100 and invasive cells were quantified 
by manual counting.
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HEp-2 cell capillary-like tube formation assay

To examine the effect of curcumin on in vitro 
angiogenesis, tube formation assay was per-
formed as described previously [21]. Matrigel-
Matrix (BD Biosciences, Franklin Lakes, New 
Jersey, USA) was pipetted into pre-chilled 
96-well plates (50 µL matrigel per well) and 
polymerized for 45 min at 37°C. HEp-2 cell (2 × 
104 per well) in complete media were simulta-
neously seeded in matrigel coated plates. Then 
culture plates were exposed to curcumin/
AG490 for 1-3 hours as indicated. After 12 h of 
incubation, tubular structures were photo-
graphed. Images were acquired under a fluo-
rescent microscope (IX-71; Olympus, Tokyo, 
Japan) with 12.8 M pixel recording digital color 
cooled camera (DP72; Olympus). Capillary tube 
branch points were counted in six randomly 
selected fields per well, and used as an index 
for tube formation.

Western blot analysis

For in vitro protein analysis HEp-2 cell samples 
were homogenized and processed for Western 
Blotting according to the manufacturer’s 
instructions. HEp-2 cells were processed for 
western blotting as suggested by the manufac-
turer. Total JAK-2, phospho-STAT-3 (p-STAT-3), 
MMP-2 antibodies were purchased from Santa 
Cruz (California, USA). Polyclonal anti-VEGF anti- 
body was purchased from Abcam (Cambridge, 
UK). GAPDH antibodies were purchased from 
Cell Signaling Technology (Beverly, MA, USA).

Immunofluorescence staining

HEp-2 cell monolayers were grown on cover-
slips to 80% confluence. Following curcumin or 
AG490 treatment, monolayers were rinsed 
once in phosphate-buffered saline (PBS), fixed 
with cold methanol for 30 min and blocked with 
5% bovine serum albumin in PBS with Ca2+ and 
Mg2+ for 60 min. Using eNOS antibody, followed 
by a secondary antibody (Invitrogen, Carlsbad, 
CA, USA), the effect of curcumin on eNOS expre- 
ssion was visualized. Coverslips were mounted 
on Superfrost slides (Fisher Scientific) with 
Prolong Antifade mounting medium (Invitrogen) 
and visualized using a fluorescence microscope 
(Olympus BX-40) and a Leica DFC 300FX cam-
era. Analyses were performed by a single blind-
ed researcher.

RNA preparation and semi-quantitative reverse 
transcription-PCR (RT-PCR)

Total RNA isolation from samples was per-
formed using the TRIzol reagent (Invitrogen, CA, 
USA) according to the manufacturer’s instruc-
tions. The concentrations and quality of the 
RNA were determined with a NanoDrop ND- 
1000 spectrophotometer (NanoDrop Techno- 
logies, DE USA) and agarose gel electrophore-
sis. The expression of VEGF and MMP-2 mRNAs 
was assayed using TaqMan mRNA reverse tran-
scription assays (Applied Biosystems) and app- 
ropriate primers (Applied Biosystems) following 
the manufacturer’s instructions. The primers 
for VEGF were using forward (5’-GAGGGCAGAA- 
TCATCACGAA-3’) and reverse (5’-GGGAACGCTC- 
CAGGACTTAT-3’); MMP-2 forward (5’-TTGCTGC- 
CACAAGAACTG-3’) and reverse (5’-TTGAAAGA- 
CTGGGAGAAG-3’); GAPDH forward (5’-GGGAA- 
ACTGTGGCGTGAT-3’) and reverse (5’-AAAGGT- 
GGAGGAGTGGGT-3’), respectively. The reaction 
conditions indicated in the manufacturer’s 
manual were used and the reaction mixtures 
were incubated at 50°C for 2 min, 95°C for 10 
min, followed by 40 cycles of 95°C for 15 sec 
and 60°C for 1 min. The ∆∆Ct method for rela-
tive quantization was used to determine mRNA 
expression levels. The ΔCt value was calculated 
by subtracting the Ct of GAPDH from the Ct of 
the mRNA of interest. The ∆∆Ct value was cal-
culated by subtracting the ∆Ct of the reference 
sample from the ΔCt of each sample. The fold-
change was determined as 2−∆∆Ct.

Statistical analysis

Data are expressed as means ± standard devi-
ation (SD). One-way ANOVA was used for statis-
tical analyses. SPSS software version 17.0 
(SPSS Inc., Chicago, IL, USA) was used. A value 
of p < 0.05 was considered significant.

Results

Curcumin inhibits HEp-2 cells growth, prolifera-
tion and migration

Vasculogenic mimicry involves multiple events 
in HEp-2 cells, including cell growth, prolifera-
tion and migration. To determine the anti-vas-
culogenic mimicry potential of curcumin and its 
potential mechanism of action through inhibi-
tion of JAK-2 expression, in vitro, vasculogenic 
mimicry assays measuring growth, prolifera-
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tion, and transmigration were performed in 
HEp-2 cells, using AG490 as a specific JAK-2 
inhibitor. Initial experiments were performed 
evaluating HEp-2 cells growth in a Transwell 
migration chambers, with cell expansion across 
a polycarbonate filters. Figure 1A demonstra- 
tes a potent anti-vasculogenic mimicry effect of 
10 µM curcumin compared with control cells. 1 
µM Curcumin-pretreated HEp-2 monolayer 
grew at rates almost similar to those of untreat-
ed cells. Curcumin demonstrated no cytotoxici-
ty at the dosages used in this study. The JAK-2 
inhibitor AG490 was a potent inhibitor of HEp-2 
cell growth (Figure 1B). Pretreatment of HEp-2 
cells with curcumin or the JAK-2 specific inhibi-

tor AG490 resulted in inhibition of cell transmi-
gration. 10 µM curcumin pretreatment of HEp-2 
cells inhibited transmigration, which was simi-
lar to the effect of the JAK-2 specific inhibitor 
AG490 (Figure 1C and 1D). 

Curcumin regulates HEp-2 cells tube formation 
in Vitro

To address the role of JAK-2/STAT-3 signaling 
pathway during laryngeal squamous cell carci-
noma VM, a specific inhibitor to JAK2 was used, 
AG490. The laryngeal carcinoma cell line HEp-2 
was cultured on a 3D-matrix (consisting of type 
I collagen) and left either untreated or treated 

Figure 1. Curcumin inhibits growth, proliferation and migration in HEp-2 cells. A, B. 1 µM curcumin inhibited HEp-
2 cells growth at rates almost similar to those of control cells. Potent anti-proliferation effect of 10 µM curcumin 
compared with no stimulation in HEp-2 cells. The JAK-2 inhibitor, AG490 was a potent inhibitor of cell growth. C. 
ffect of curcumin on the migratory potential of HEp-2 cells was examined using Transwell migration chambers. D. 
The number of HEp-2 cells transmigrated through the filter was decreased by curcumin stimulation; 10 M curcumin 
pretreatment of HEp-2 cells significantly inhibited HEp-2 cells transmigration. At least 15 random high-power fields 
(×200) per condition were counted and data were expressed as mean (SD). **P < 0.01, versus control group.
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Figure 2. Effect of curcumin on tube formation of HEp-2 cells. The cells were seeded into Matrigel-coated wells and 
allowed to form tubular structures. Phase-contrast photomicrograph demonstrates the HEp-2 cells in vitro tube 
formation on Matrigel; the formation of capillary-like structures was inhibited by curcumin pretreatment. Total tube 
length of the tubular network was quantified from the photographs taken 5 h after seeding. Tubular structures were 
photographed at 100x magnification (A) and tube length was measured (B). Data are expressed as the mean ± SD 
of three independent experiments, and significant differences from the control are indicated by **p < 0.01. 

Figure 3. Effect of curcumin on JAK-2 expression and pSTAT-3 production in HEp-2 cells. We further investigated 
whether the anti-VM activity of curcumin is associated with suppression of the invasive phenotype of the cells. 
(http://gut.bmj.com/content/57/11/1509.full - F2). A, B. Curcumin pretreatment of HEp-2 cells inhibited JAK-2 pro-
tein expression at 1 µM, with increasing effect at 10 µM curcumin. When the effect of AG490 on JAK-2 production 
of HEp-2 cells was tested, a significant inhibition was observed at a concentration of 1 μM AG490. C, D. Curcumin 
inhibited pSTAT-3 production, but not STAT-3, in HEp-2 cells in a dose-dependent manner. Data were expressed as 
mean ± SD. **p < 0.01 compared with no stimulation.
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with curcumin or AG490 for a period of 8 hours. 
The number of HEp-2 cells tubes formed in 
Matrigel was significantly inhibited by both cur-
cumin and AG490 (Figure 2A). Within the range 
of 1-10 μM curcumin inhibited tube formation 
of the HEp-2 cells in a dose-dependent manner 
(Figure 2B). This inhibitory effect of curcumin 
was not due to its cytotoxicity because more 
than 95% cell viability was retained throughout 
the range of test concentrations. These results 
indicate that inhibition of JAK-2 activity is linked 
to impaired HEp-2 vasculogenic mimicry in 
vitro.

Curcumin inhibits JAK-2 expression and 
pSTAT-3 production in HEp-2 cells

Next we examined the effect of curcumin on 
JAK-2 protein expression. Pretreatment of 
HEp-2 cells with curcumin inhibit JAK-2 protein 
expression in a dose-dependent fashion. 
Western blot analyses of whole cell lysates 
from these experimental samples confirmed a 
reduction in JAK-2 activity after addition of cur-
cumin. The selective inhibitor of JAK-2, AG490 
(1 µM), abolished JAK-2 protein expression in 
HEp-2 cells (Figure 3A, 3B). Corresponding with 

Figure 4. Effect of curcumin on eNOS expression in HEp-2 cells. Immunofluorescence staining of HEp-2 cells pre-
treated with either 1 μM/10 μM curcumin or 1 μM AG490 demonstrated inhibition of eNOS expression. Immuno-
fluorescence staining for eNOS-positive cells revealed significantly difference in the treatment group compared to 
untreated controls. 
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the effect on JAK-2 expression, curcumin inhib-
ited pSTAT-3 production, but not STAT-3, in a 
dose-dependent fashion as determined by 
west-blot measurement of HEp-2 cells culture 

media. The pSTAT-3 production was completely 
inhibited by 1 μM AG490, indicating that pro-
duction of pSTAT-3 is dependent on JAK-2 activ-
ity in HEp-2 cells (Figure 3C, 3D).

Figure 5. Effect of curcumin on MMP-2 expression and VEGF production in HEp-2 cells. We further investigated 
the effect of curcumin on MMP-2 expression and VEGF production in HEp-2 cells. HEp-2 cells were treated with 
curcumin for 5 h. Whole-cell lysates were subjected to western-blot analysis for determining levels of total MMP-2 
and VEGF proteins. A and B. Inhibition of the JAK-2/STAT-3 pathways resulted in down-regulation and suppression of 
MMP-2 protein. Pretreatment of HEp-2 cells with either 1 µM curcumin, 10 µM curcumin or 1 µM AG490 significantly 
inhibited MMP-2 protein expression. C and D. Curcumin inhibits the activation of vasculogenic endothelial growth 
factor (VEGF) protein expression in HEp-2 cells. Pretreatment of HEp-2 cells with 10 µM curcumin resulted in inhibi-
tion of MMP-2 and VEGF production. E and F. indicated the effect of curcumin on MMP-2 and VEGF mRNA expres-
sion in HEp-2 cells. Semi-quantitative reverse transcription-PCR of MMP-2 and VEGF in HEp-2 cells demonstrates 
that MMP-2 and VEGF mRNA was down-regulated expression in HEp-2 cells. GAPDH was used as an internal loading 
control. The data are expressed as mean ± SD of three independent experiments, and significant differences from 
the control are indicated by **p < 0.01.
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Curcumin inhibits eNOS expression in HEp-2 
cells

In addition to the effect of curcumin on JAK-2 
expression, curcumin also affects expression 
of several genes associated with cell growth 
and/or apoptosis. Curcumin inhibition of endo-
thelial nitric oxide synthase (eNOS) expression 
in endothelial cells has been shown to contrib-
ute to impaired endothelial tube formation [22]. 
In addition, immunofluorescence staining of 
HEp-2 cells pretreated with either 1 μM/10 μM 
curcumin or 1 μM AG490 demonstrated inhibi-
tion of eNOS expression (Figure 4). Taken 
together, our results suggest that the antiangio-
genic activity of curcumin involves modulation 
of multiple pathways in HEp-2 cells.

Effect of curcumin on MMP-2 and VEGF activa-
tion in HEp-2 cells

Down-regulation of MMP-2 and VEGF expres-
sion by AG490 via JAK-2/STAT-3 dependent 
pathways has been shown in prostate cancer 
cells in vitro [23]. However, it is not known 
whether curcumin modulates the expression of 
MMP-2 and VEGF by inhibition of the JAK2/
STAT3 pathway in HEp-2 cells. Thus, we exam-
ined the effect of curcumin on pSTAT3-induced 
activation of MMP-2 and VEGF in HEp-2 cells. 
To confirm whether curcumin inhibits the acti-
vation of MMP-2 and VEGF in HEp-2 cells, these 
cells were pretreated with curcumin (1 μM/10 
µM). As shown in Figure 5, MMP-2 and VEGF 
was significantly decreased by curcumin pre-
treatment of HEp-2 cells. These results indicate 
that curcumin attenuates both MMP-2 and 
VEGF mRNA and protein expression. 

Discussion

VM (vasculogenic mimicry), a new pattern of 
blood supply to the tumor, has attracted the 
attention of many researchers, but many phe-
nomena unique to VM channel formation 
remain to be elucidated. Tumor cell vasculogen-
ic mimicry (VM) refers to the plasticity of 
aggressive cancer cells forming de novo vascu-
lar networks, which thereby contribute to perfu-
sion of rapidly growing tumors, transporting 
fluid from leaky vessels, and/or connecting 
with the constitutional endothelial-lined vascu-
lature [8]. VM has a totally different structure 
from endothelium-dependent vessels. Hence, 
traditional anti-vascular therapies aiming at 

endothelial cells have no remarkable effects on 
malignant tumor with VM. Anginex, TNP-470, 
and endostatin were effective angiogenesis 
inhibitors against endothelial cells but not 
against aggressive melanoma tumor cells with 
VM [19]. Similar results have been reported by 
Rybak et al. [24] in the B16F10 murine mela-
noma model with TNP470. When endothelium-
dependent vessels have been inhibited by end-
ostatin, VM may be do the job of endothelium- 
dependent vessels and maintain the tumor 
blood supply.

Aberrant activation of JAK/STAT3 signaling has 
been documented in a wide variety of human 
tumors, including hematopoietic malignancies 
and solid tumors such as head and neck, brea- 
st, and prostate cancers [25-27]. Constitutive 
STAT3 activation contributes to proliferation 
and oncogenesis by modulating the expression 
of a variety of genes required for tumor cell sur-
vival, proliferation, and angiogenesis, as well as 
invasion and metastasis and commonly sug-
gests poor prognosis [23, 28, 29]. Thus, JAK/
STAT3 signaling plays a central role in tumori-
genesis and is considered an important thera-
peutic target for novel drug development. In 
this study, we demonstrate that curcumin 
exerts potent effects on the vasculogenic mim-
icry of laryngeal SCC, inhibiting multiple stages 
in the angiogenic process. We have demon-
strated that (1) JAK-2 induction as well as 
pSTAT-3 production was blocked by curcumin; 
(2) AG490, a specific JAK-2 inhibitor, inhibited 
HEp-2 cells growth, proliferation, transmigra-
tion and tube formation. 

Our findings suggest that curcumin exerts an 
inhibitory effect on laryngeal SCC line HEp-2 
cells growth, proliferation, migration and tube 
formation, and suppresses angiogenesis by 
inhibiting JAK-2 expression and pSTAT-3 pro-
duction. These data suggest that the inhibition 
of in vitro angiogenesis or reduced pSTAT-3 pro-
duction will result from the inhibitory effect of 
curcumin on JAK-2 activation. Previously stud-
ies have demonstrated that JAK-2 induced 
pSTAT-3 expression, and pSTAT-3 production 
plays an important role in hepatocellular carci-
noma cells angiogenesis [16]. In the present 
study, we demonstrate that curcumin inhibits 
the angiogenic effect of JAK-2 induced pSTAT-3 
protein expression as well as eNOS production 
in HEp-2 cells. The inhibitory effect of curcumin 
on JAK-2 expression in HEp-2 cells indicates 
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that curcumin is a potent inhibitor of JAK-2 
expression and pSTAT-3 production in laryngeal 
SCCs. JAK-2 expression and pSTAT-3 produc-
tion have been implicated as important mecha-
nisms in angiogenesis during tumour growth, 
as STAT-3 is upregulated in the tumor microen-
vironment [30], and STAT-3 is found to be con-
stitutively active in different carcinomas and 
inhibition of STAT-3 activation correlates with 
suppression of malignant cells both in vitro and 
in vivo [31, 32]. In the present study, we dem-
onstrate that the JAK-2 inhibitor AG490 
impaired in vitro vasculogenic mimicry in HEp-2 
cells, supporting the idea that JAK-2 derived 
pSTAT-3 play a central role in angiogenesis. 
Therefore, the inhibitory effect of curcumin 
could in part be the result of suppression of 
pSTAT-3 formation through inhibition of JAK-2 
expression. In addition to the effect of curcum-
in on JAK-2 expression, curcumin also affects 
expression of several genes associated with 
cell growth and/or apoptosis (eg, eNOS). 
Curcumin inhibition of endothelial nitric oxide 
synthase (eNOS) expression in endothelial cells 
has been shown to contribute to impaired 
endothelial tube formation [22]. Taken togeth-
er, our results suggest that the antiangiogenic 
activity of curcumin involves modulation of mul-
tiple pathways in laryngeal SCCs. 

To date, the use of antiangiogenic agents in the 
treatment of human cancer has undergone lim-
ited exploration. The prototypical antiangiogen-
ic agent thalidomide has been shown to benefit 
patients with refractory Crohn’s disease, but is 
fraught with problems, including its terrible leg-
acy of causing severe birth defects during its 
early clinical use and unacceptable rates of 
neuropathy as an adverse reaction when 
employed on a long-term basis [33, 34]. The 
potential for selective and non-selective JAK-2 
antagonists as antiangiogenic agents for the 
treatment of laryngeal squamous cell carcino-
ma is also problematic, as these agents will 
typically worsen bowel injury in animal models 
of the disease. Therefore, the addition of cur-
cumin, as an antiangiogenic agent which does 
not have the potential for clinical adverse side 
effects, may prove to be of significant benefit. 
At present, the majority of agents used for the 
treatment of laryngeal squamous cell carcino-
ma are felt to function through the inhibition of 
proliferation and migration, and the addition of 
an antiangiogenic compound may exert unique 
therapeutic benefit. 

The STAT-3 is known to influence the expres-
sion of genes that promote migration and inva-
sion [28]. Our results reveal that curcumin sig-
nificantly reduced the expression of matrix 
metalloproteinases (MMP-2), the crucial play-
ers involved in the degradation of the extracel-
lular matrix. The use of antiangiogenic agents 
in the treatment of gastrointestinal malignan-
cies has emerged as the standard of care for 
metastatic lesions [35]. The anti-VEGF antibod-
ies bevacizumab and cetuximab have proved 
successful in clinical trials, and optimal regi-
mens for the use of these antiangiogenic 
agents in patients with metastatic colorectal 
adenocarcinoma are being defined [36]. The 
potential for “cocktails” of antiangiogenic 
agents which may target multiple mechanisms 
in the angiogenic process has also been shown. 
Therefore, the potential for the addition of cur-
cumin in combination with other antiangiogenic 
strategies warrants evaluation. 

In summary, our present study indicates that 
curcumin is a potent inhibitor of angiogenesis 
in HEp-2 cells in vitro. Curcumin appears to 
exert its antiangiogenic effect through inhibi-
tion of JAK-2 expression and pSTAT-3 produc-
tion. Given the importance of angiogenesis and 
tumour neovascularization in cancer progres-
sion, our data also suggest that the anticancer 
effects of curcumin may also involve direct 
effects on vasculogenic mimicry. Future clinical 
studies evaluating the long-term benefit of cur-
cumin as an antiangiogenic agent in the treat-
ment of laryngeal squamous cell carcinoma are 
warranted. 
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