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Abstract. – OBJECTIVE: Esophageal can-
cer is the 8th most common cancers world-
wide and the 6th most common cause of death 
among cancers. Curcumin has been reported to 
have the function of anti-inflammatory, antioxi-
dant, anti-rheumatoid, and anti-atherosclerosis 
role. It can also reduce lipid, eliminate free rad-
icals and inhibit the growth of the tumor. Many 
reports had suggested that curcumin has shown 
great potential in the treatment of tumors by in-
ducing apoptosis. Little is known about the ef-
fects of curcumin on cell adhesion of tumor can-
cer. Therefore, in this study, we attempted to 
look for a new approach to target resistant cells 
and improve efficacy without toxicity.

MATERIALS AND METHODS: Human esoph-
ageal cancer cell line (Eca-109 cells) was cul-
tured. Cell adhesion was detected under a mi-
croplate reader. Reactive oxygen species were 
measured using Fluostar Omega Spectrofluo-
rimeter. SOD activity and GSH content in cells 
were detected by commercial determination kit. 
The expression of p-JAK, p-STAT3 and STAT3 
were measured by Western blot and RT-PCR. 

RESULTS: Cell adhesion assay showed cur-
cumin enhances cell-cell adhesion and cell-ma-
trix adhesion in Eca-109 cells. ROS levels, SOD 
activity and total GSH content were detected and 
the results showed curcumin decreases intracel-
lular ROS levels but increases SOD activity and 
total GSH content. Then, NAC (ROS inhibitor) 
and ICI (ER inhibitor) were pre-treated. Results 
showed ICI reversed the decreasing of intracel-
lular ROS levels and the increasing of SOD ac-
tivity and total GSH content affected by curcum-
in, but NAC had no such impact. Taken together, 
ER rather than ROS involves in cell adhesion af-
fected by curcumin. Meanwhile, the downregu-
lating of p-JAK, p-SATA3 and total STAT3 were 
caused by curcumin but NAC had no such influ-
ence. They were reversed by ICI, but NAC had no 
such influence. 

CONCLUSIONS: Curcumin could increase cell 
adhesion through inhibiting JAK/STAT3 mediat-
ed by ER in Eca-109.

Key Words:
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adhesion molecules.

Introduction

Esophageal cancer is the 8th most common 
cancers worldwide and the 6th most common 
cause of death among cancers1,2. In recent 5 
years, the survival rate of esophageal can-
cer was only 10 to 15% for the United States 
and 10% for Europe, despite advances in sur-
gery and neoadjuvant therapy3. In recent years, 
many medical workers and researchers have 
devoted to the study of mechanism of esoph-
ageal cancer. The pathogenesis is still unclear. 
At present, chemotherapy, radiation therapy 
and esophagogastric resection are the current 
treatments, and chemotherapy is one of the 
most common methods for esophageal cancer 
treatment. Many studies showed chemotherapy 
drugs have side effects on human body. There-
fore, it is necessary to look for a new approach 
to target resistant cells and improve efficacy 
without toxicity. 

A number of natural products derived from ed-
ible plants have been reported to exhibit low tox-
icity and potential antitumor activity4,5. Curcumin 
is a kind of yellow pigment extracts from zingib-
eraceae plants, such as turmeric rhizome and so 
on. It also exists in other zingiberaceae plants. 
Modern researches have found that curcumin has 
the function of anti-inflammatory, antioxidant, 
anti-rheumatoid, and anti-atherosclerosis role6,7. It 
can also reduce lipid, eliminate free radicals and 
inhibit growth of tumor8. Many reports had sug-
gested that curcumin has shown great potential in 
the treatment of tumors by inducing apoptosis9-11. 
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Adhesion, which includes cell-cell adhesion and 
cell-matrix adhesion, is an important process in 
tumor progression12,13. Little is known about the 
effects of curcumin on cell adhesion. Therefore, 
the effect of curcumin was explored on adhesion 
of esophageal cancer. 

Cell-cell adhesion and cell-matrix are strictly 
controlled in normal cells. Cell adhesion is an 
important process in tumor progression and is 
frequently observed in cancer progression12,13. 
Cell adhesion rate is generally reduced in hu-
man cancer cells. The reduction of intercellu-
lar adhesiveness results in the destruction of 
histological and it is a morphological hallmark 
of malignant tumors14,15. Adhesion plays an im-
portant role in cell invasion and migration, and 
it has been used to assess the aggressive and 
malignant in cancer cells. The mechanism of 
adhesion is implicated13,16. Transduction of cell 
signals plays key roles in the initiation and pro-
gression of adhesion. 

Oxidative stress is that the body is suffered 
from harmful stimulation, high activity mole-
cules, such as reactive oxygen species free rad-
icals (ROS) and reactive nitrogen free radicals 
(RNS) overproduces. Oxidation degree exceeds 
the removal of oxide, the oxidation system and 
antioxidant system imbalance, resulting in tis-
sue damage. Mean molecular targets include 
estrogen receptors (ERs) and reactive oxygen 
species (ROS). Many reports indicate oxidative 
stress often expresses higher in cancer cells 
than normal cells17-19.

JAK/STAT signaling pathway, which is short 
for Janus kinase/Signal transducers and acti-
vators of transcription, has been reported to 
involve in cancer cells20. When receptors are 
combined by cytokines, JAK (a tyrosine pro-
tein kinase) is activated by phosphorylation. 
Then monomer STAT3 of cytoplasm increases 
and p-STAT3 forms. p-STAT3 releases from 
receptors and enters the nucleus. In nucleus, 
p-STAT3 binds to special DNA sites and reg-
ulates the downstream target genes, thus pro-
moting cell malignant transformation and tum-
origenesis21,22. Many papers have reported JAK/
STAT3 pathway is activated in cancer cells23,24. 

In this study, the effect of curcumin on cell ad-
hesion in esophageal cancer (Eca-109 cells) was 
explored and the mechanism was verified. Results 
showed curcumin could increase cell adhesion 
through inhibiting JAK/STAT3 signal pathway 
mediated by ER in Eca-109. Therefore, curcumin 
has great potential in treating cancer. 

Materials and Methods

Materials
Roswell Park Memorial Institute 1640 (RPMI 

1640) and fetal bovine serum (FBS) were ob-
tained from Gibco (Grand Island, NY, USA). 
Penicillin/streptomycin and pancreatin were 
from Sigma-Aldrich (St. Louis, MO, USA). Di-
methyl sulfoxide (DMSO) was purchased from 
Sigma-Aldrich (St. Louis, MO, USA). N-ace-
tyl-l-cysteine (NAC, the scavenger of ROS) was 
obtained from Beyotime Institute of Biotechnol-
ogy (Nantong, Jiangsu, China). ER inhibitor ICI 
182780 and 2’, 7’-dichlorofluorescein diacetate 
(DCFH-DA) were from Sigma-Aldrich (St. Louis, 
MO, USA). Western lysis buffer, BCA protein kit 
and enhanced chemiluminescence (ECL) kit were 
from Beyotime Institute of Biotechnology (Nan-
tong, Jiangsu, China). Antibodies for p-JAK1 
(Tyr 1022), p-STAT3 (Ser 727) and STAT3 were 
purchased from BBI (Sangon Biotech, Shanghai, 
China). α-tubulin was from Sigma-Aldrich (St. 
Louis, MO, USA).

 
Cell Culture and Drug Treatments

Human esophageal cancer cell line (Eca-109)
was obtained from the Institute of Biochemistry 
and Cell Biology (SIBS, CAS, Shanghai, China). 
Eca-109 was maintained in RPMI-1640 medi-
um (HyClone, South Logan, UT, USA). Media 
was supplemented with 10% fetal bovine serum 
(FBS) (Boster, Wuhan, China) and 1% penicillin/
streptomycin (Solarbio, Beijing, China) at 37°C 
in a 5% CO2 humidified cell culture incubator.

Cell-matrix Adhesion Assay
Eca-109 cells were digested with trypsin 

(0.1%) and re-suspended with RPMI-1640 me-
dium. Cells were seeded at a density of 1×104 

cells/well in flat-bottomed 96-well plate and in-
cubated for 0.5 h, 1 h, 1.5 h and 2 h, respectively 
at 37°C. Non-adherent cells were removed and 
washed by phosphate-buffered saline (PBS) and 
adherent cells were fixed with paraformalde-
hyde solution (4%, 50 μL) at room temperature 
for 15 min. Wells were washed with PBS for 
three times and cells were stained with 1% crys-
tal violet at room temperature for 15 min. Then, 
excess dye was removed and intracellular stain 
was solubilized by 1% SDS (50 μL). Absorbance 
was determined at 570 nm under a microplate 
reader. Cell-matrix adhesion ratio was calculat-
ed on the following formula: (A570 Experiment/
A570 Control) ×100%.
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Cell-cell Adhesion Assay
Eca-109 cells were digested with trypsin (0.1%) 

and re-suspended with RPMI-1640 medium. Cells 
were seeded at a density of 1×104 cells/well in 
flat-bottomed 96-well plate. The plate was placed at 
a 37°C shaker (rotated at 80 rpm) for 1 h. Then, the 
number of single and aggregates cells was counted 
under a hemacytometer. Cell-cell adhesion ratio 
was calculated on the following formula: Nd/Nc. 
Nc is the number of single cells forming aggrega-
tion in control and Nd is the group cells detected in 
cultures at various time points. 

Measurement of ROS Generation
The generation of ROS was determined by 

DCFH-DA, which is a cell-permeable, nonfluores-
cent probe. This probe is cleaved by intracellular 
esterase into a highly fluorescent dichlorofluores-
cein upon reaction with H2O2. Eca-109 cells were 
plated in at a density of 1×106 cells/well in flat-bot-
tomed 6-well plate and treated with curcumin (5, 20 
and 50 μM) for 24 h, NAC (5 mmol, 2 h) in RPMI- 
1640 medium alone or composite processing. Con-
trol group was treated with PBS in medium. Cells 
were stained with DCFH-DA (10 μmol/L) at 37°C 
for 30 min. The generation of ROS was determined 
by dichlorofluorescein fluorescence. Fluorescence 
intensities were determined at an excitation of 
488 nm and an emission of 525 nm using Fluostar 
Omega Spectrofluorimeter (Thermo Fisher Scien-
tific, Waltham, MA, USA). 

Determinations of Oxidative 
Stress-Related Parameters

SOD activity and GSH content in cells were 
detected by commercial determination kit (Nan-
jing Jiancheng Bioengineering Institute, Nanjing, 
Jiangsu, China) dichlorofluorescein fluorescence. 
Eca-109 cells were seeded in flat-bottomed 6-well 
plate at a density of 1×106 cells/well and treated 
with curcumin (5, 20 and 50 μM) for 24 h, NAC (5 
mmol, 2 h) in RPMI-1640 medium alone or com-
posite processing. Control group was treated with 
PBS in medium. Cells were dissolved in physio-
logical and disrupted using ultrasound equipment 
and then centrifuged at 6000 rpm for 10 min. The 
supernatants were used to determined enzyme 
activity. 

Western Blot Analysis
The cells were lysed with Western lysis buf-

fer (containing 1% phenylmethylsulfonyl fluori-
de (PMSF)) for 10 min at 4°C and centrifuged at 
13000 rpm under a high speed refrigerated (Ep-

pendorf, Hamburg, Germany) at 13000 rpm, 4°C 
for 15 min to precipitate the insoluble material. 
Protein concentration was detected by bicincho-
ninic acid (BCA) protein kit. An equal amount of 
protein (80 μg) was loaded and separated by 12% 
sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred to 
PVDF (polyvinylidene fluoride) membranes. The 
membrane was blocked in Tris buffered-saline 
(TBS) containing 5% milk and Tween-20 for 1 h. 
The membrane was incubated with anti-p-JAK1, 
anti-p-STAT3, STAT3 and α-tubulin overnight 
at 4°C. The membrane was washed with TBST 
(Tris buffered saline containing Tween-20) and 
incubated with the appropriate horse radish pe-
roxidase (HRP)-conjugated secondary antibody 
(Abcam, Cambridge, MA, USA). Finally, the pro-
tein was detected by chemiluminescence. 

Reverse Transcription-Quantitative  
Polymerase Chain Reaction (RT-PCR) 

Quantitative Real-time PCR (qRT-PCR) was 
performed using an Applied Biosystems platform 
(Applied Biosystems, Foster City, CA, USA). In 
brief, total RNA in cells was isolated and column 
purified using a RNeasy Mini Kit (Qiagen, Su-
zhou, Jiangsu, China) and reverse-transcribed 
with 250 μM dNTPs, 12.5 ng/μL oligo(dT)12-18 
primer, 75 ng/μL random primers, 10 mM dith-
iothreitol, 1 U/μL RNaseOUT, and 5 U/μL Su-
perScript II reverse transcriptase (Invitrogen, 
Carlsbad, CA, USA). Real-time polymerase chain 
reaction (PCR) amplification using 20 ng worth of 
total RNA, 1×Platinum SYBR Green qPCR Su-
perMix-UDG (Invitrogen, Carlsbad, CA, USA), 
and 0.2 μM both forward and reverse prim-
ers were performed on the Corbett Rotor-Gene 
6000 (Qiagen, Suzhou, Jiangsu, China). GAPDH 
mRNA amplified from the same samples served 
as an internal control. Relative expression of tar-
geted gene was normalized by subtracting the 
corresponding GAPDH threshold cycle (Ct) val-
ues using the ∆∆Ct comparative method. 

Primer sets (Invitrogen, Carlsbad, CA, USA) 
were designed using DNASTAR software 
(Promega, Madison, WI, USA).

E-cadherin-Fw: 5’  AGGACCAGGTGAC-
CACCCTAGA3’, E-cadherin-Rw: 5’ATGC-
CCAAGATGGCAGGAAC3’, N-cadherin-Fw: 
5’TCCATGTGCCGGATAGC3’, N-cadherin-Rw: 
5’AGTTCAGTCATCACCTCCACCATACA3’, 
CD29-Fw: 5’AATGAAGGGCGTGTTGGTAG3’, 
CD29-Rw: 5’CTGCCAGTGTAGTTGGG-
GTT3’, GAPDH-Fw: 5’GCACCGTCAAGGCT-
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GAGAAC3’, GAPDH-Rw: 5’TGGTGAAGACGC-
CAGTGGA3’

Statistical Analysis
The results were analyzed by SPSS 17.0 soft-

ware (SPSS Inc., Chicago, IL, USA). All data 
were presented as the mean±SD and analyzed 
with ANOVA with Tukey’s multiple compari-
son tests. A value < than 0.05 (p<0.05) and 0.01 
(p<0.01) were considered statistically significant 
and highly significant, respectively.

Results 

Curcumin Enhanced Cell-Cell Adhesion 
and Cell-matrix adhesion in Eca-109 Cells

To investigate the effect of curcumin on cell 
adhesion of human esophageal cancer cell line, 
Eca-109 cells were treated with curcumin (5, 20 
and 50 μM) for 24 h, NAC (5 mmol, 2 h) in 
Roswell Park Memorial Institute-1640 (RPMI 

-1640) medium alone or composite processing. 
Then, cells were digested with trypsin (0.1%) 
and re-suspended with RPMI-1640 medium. 
Eca-109 cells were plated at a density of 1×104 

cells/well in flat-bottomed 96-well plate and 
treated according to the above-described steps. 
Results showed the cell-cell adhesion was en-
hanced after treated with curcumin in dose-de-
pendent manner (Figure 1A). Quantitative 
analysis of cell-cell adhesion was also detect-
ed and results indicated that curcumin signifi-
cantly increased the ratio of cell-cell adhesion. 
The ratio of cell-cell adhesion was increased 
to 192% in 50 μM curcumin-treated cells com-
pared with the control (Figure 1B). The result 
showed cells were adhered quickly after treated 
with curcumin compared with the control (Fig-
ure 1C). Meanwhile, results showed the effect 
of curcumin on cell adhesion ratio reached the 
biggest in 50 μM curcumin-treated for 1.5 h. 
Above all, curcumin enhances cell-cell adhe-
sion and cell-matrix adhesion in Eca-109 cells.

Figure 1. Effect of curcumin on the cell-cell adhesion and cell-matrix adhesion of Eca-109 cells. Eca-109 cells were treated 
with curcumin (5, 20 and 50 μM) for 24 h. Then, cells were digested and seeded at a density of 1×104 cells/well in flat-bottomed 
96-well plate. (A) The plate was placed at a 37°C shaker (rotated at 80 rpm) for 1 h. Then the number of single and aggregates 
cells was counted under a hemacytometer. (B) Quantitative analysis of cell-cell adhesion was calculated. (C) Cells were incubat-
ed for 0.5 h, 1 h, 1.5 h and 2 h, respectively at 37°C. Cell-matrix adhesion ratios are detected under a microplate reader. In (A), 
(B) and (C), values are percent as the mean ± SD of three independent experiments. 0.01 <*p <0.05 and **p <0.01 vs. control.
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ity and total GSH content affected by curcumin, 
but NAC had no such impact. Meanwhile, ICI 
reversed the enhancement of cell-cell adhesion 
and cell-matrix adhesion induced by curcumin. 
(Figure 4) Taken together, ER rather than ROS 
involves in cell-cell adhesion and cell-matrix ad-
hesion affected by curcumin.

Curcumin Inhibited JAK/STAT3 Signal 
Pathway in Eca-109 cells

JAK/STAT3 pathway had been reported to in-
volve in the occurrence and development of can-
cer. Therefore, the effect of JAK/STAT3 signal 
pathway was investigated on the adhesion regu-
lation affected by curcumin. Eca-109 cells were 
seeded in 60 mm dishes (1×106 cells/dish) and in-
cubated overnight. After 24 h, Eca-109 cells were 
treated with curcumin (5, 20 and 50 μM) for 24 h. 

ER Rather Than ROS Involved in Cell-Cell 
Adhesion and Cell-Matrix Adhesion were 
Affected by Curcumin

It had been reported that oxidative stress in-
volved in cell adhesion and assessed the mecha-
nism of cell adhesion induced by curcumin, intra-
cellular ROS levels, SOD activity and total GSH 
content of Eca-109 were detected after treated by 
curcumin. Results showed curcumin decreased 
intracellular ROS levels but increased SOD ac-
tivity and total GSH content (Figure 2). These 
results indicated that curcumin inhibits the oxi-
dative stress of Eca-109 cells. In order to further 
study the function of ROS and ER in the adhesion 
affected by curcumin, NAC (ROS inhibitor) and 
ICI (ER inhibitor) were pre-treated. As shown in 
Figure 3, ICI reversed the decreasing of intracel-
lular ROS levels and the increasing of SOD activ-

Figure 2. Effect of curcumin on oxidative stress in Eca-109. Eca-109 cells were plated in at a density of 1×106 cells/well in 
flat-bottomed 6-well plate and treated with curcumin (5, 20 and 50 μM) for 24 h. (A) Cells were stained with DCFH-DA (10 
μmol/L) at 37°C for 30 min. The generation of ROS was determined by dichlorofluorescein fluorescence. Meanwhile, cells were 
dissolved in physiological and disrupted using ultrasound equipment and then centrifuged at 6000 rpm for 10 min. The superna-
tants were used to determined SOD activity (B) and GSH content (C). In (A), (B) and (C), values are percent as the mean ± SD 
of three independent experiments. 0.01 <*p <0.05 and **p <0.01 vs. control.
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The expression of p-JAK, p-SATA3 and STAT3 
were detected using Real-time PCR and West-
ern blot. Results showed curcumin significantly 
down-regulated the expression of p-JAK, p-SA-
TA3 and STAT3 compared to the control (Fig-
ure 5). These results indicated curcumin inhibits 
JAK/STAT3 signal pathway in Eca-109. 

Curcumin Inhibited JAK/STAT3 Signal 
Pathway via Down-regulated ER 

The experimental results had showed ER and 
JAK/STAT3 signal pathway were both inhibited 
after treated by curcumin in Eca-109. Therefore, 
the possible correlation between ER and JAK/
STAT3 pathway in Eca-109 cells after treated was 
detected. Eca-109 cells were pre-treated with NAC 

and ICI and incubated with curcumin (50 μM) 
for 24 h. The expression of p-JAK, p-SATA3 and 
STAT3 were detected using Real-time PCR and 
Western blot. Results indicated supplement ICI 
reversed the downregulating of p-JAK, p-SATA3 
and total STAT3 caused by curcumin; NAC had 
no such influence (Figure 6). Taken together, these 
results suggested curcumin inhibits JAK/STAT3 
signal pathway via down-regulating ER not ROS. 

Discussion

Esophageal cancer is the 8th most common can-
cer worldwide. In recent 5 years, the survival rate 
of esophageal cancer was still low for the United 

Figure 3. Oxidative stress affected by curcumin were inhibited by ICI not NAC in Eca-109. Eca-109 cells were plated in at a 
density of 1×106 cells/well in flat-bottomed 6-well plate and incubated with curcumin (5, 20 and 50 μM) for 24 h with or with-
out NAC and ICI. (A) ROS levels, (B) SOD activity, and (C) GSH content were assessed as described in figure 2. In (A), (B) and 
(C), values are percent as the mean ± SD of three independent experiments. 0.01 <*p <0.05 and **p <0.01 vs. control. 0.01 <#p 
<0.05 and ##p <0.01 vs. curcumin alone.
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Figure 4. Cell adhesion affected by curcumin were inhibited by ICI not NAC in Eca-109. Eca-109 cells were incubated with 
curcumin (5, 20 and 50 μM) for 24 h with or without NAC and ICI. Then cells were digested and seeded at a density of 1×104 
cells/well in flat-bottomed 96-well plate. (A) Morphological photo of cell-cell adhesion, (B) quantitative analysis of cell-cell ad-
hesion, and (C) cell-matrix adhesion ratio were detected as described in figure 1. In (A), (B) and (C), values are percent as the 
mean ± SD of three independent experiments. 0.01 <*p <0.05 and **p <0.01 vs. control. 0.01 <#p <0.05 and ##p <0.01 vs. cur-
cumin alone.

Figure 5. Effect of curcumin on JAK/STAT3 signal patyway in Eca-109. Eca-109 cells were seeded in 60 mm dishes (1×106 
cells/dish) and incubated overnight. After 24 h, Eca-109 cells were treated with curcumin (5, 20 and 50 μM) for 24 h. The ex-
pression of p-JAK, p-SATA3 and STAT3 were detected using Western blot (A) and Real-time PCR (B). In (A) and (B), values 
are percent as the mean ± SD of three independent experiments. 0.01 <*p <0.05 and **p <0.01 vs. control.
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States and Europe despite advances in surgery 
and neoadjuvant therapy1,2. Curcumin has the 
function of anti-inflammatory, antioxidant, an-
ti-rheumatoid, and anti-atherosclerosis role.

Furthermore, it can also reduce lipid, eliminate 
free radicals and inhibit growth of tumor7,9. Adhe-
sion, including cell-cell and cell-matrix adhesive, 

has been reported to play an important role in tumor 
progression8. Furthermore, little is known about the 
effects of curcumin on cell adhesion. Therefore, the 
effect of curcumin was explored on cell adhesion of 
human esophageal cancer cell line (Eca-109). Resul-
ts showed curcumin could enhance cell-cell adhe-
sion and cell-matrix adhesion in Eca-109 cells in do-
se-dependent. Many reports have showed oxidative 
stress involves in cell adhesion and plays a key role 
in cancer cells. Therefore, the relationship between 
oxidative stress and curcumin-induced increasing of 
cell adhesion was investigated. Results indicated ER 
rather than ROS involves in cell-cell adhesion and 
cell-matrix adhesion affected by curcumin. JAK/
STAT3 pathway has been reported to be activated in 
cancer cells. After JAK is activated by phosphoryla-
tion, p-STAT3 is released from receptors and enters 
the nucleus, thus regulating the metabolism of tu-
mor cells19,27,28. The expression of JAK/STAT3 was 
detected in protein and gene level. Results indicated 
curcumin inhibits JAK/STAT3 signal pathway in 
Eca-109. Meanwhile, ICI (ER inhibitor) could rever-
se the downregulating of p-JAK, p-SATA3 and total 
STAT3 induced by curcumin, but NAC (ROS inhi-
bitor) had no such influence. Above all, curcumin 
inhibits JAK/STAT3 signal pathway via down-regu-
lating ER not ROS. 

Conclusions

Curcumin could increase cell adhesion by inhi-
biting ER-mediated JAK/STAT3 signal pathway 

Figure 6. JAK/STAT3 signal pathway affected by curcumin were inhibited by ICI not NAC in Eca-109. Eca-109 cells were 
seeded in 60 mm dishes (1×106 cells/dish) and incubated overnight. After 24 h, Eca-109 cells were incubated with curcumin 
(5, 20 and 50 μM) for 24 h with or without NAC and ICI. The expression of p-JAK, p-SATA3 and STAT3 were detected us-
ing Western blot (A) and Real-time PCR (B). In (A) and (B), values are percent as the mean ± SD of three independent exper-
iments. 0.01 <*p <0.05 and **p <0.01 vs. control. 0.01 <#p <0.05 and ##p <0.01 vs. curcumin alone.

Figure 7. Proposed mechanism of curcumin enhances cell 
adhesion of human esophageal cancer cell. Incubate of cur-
cumin firstly inhibits ER and suppresses oxidative stress. 
Next, it decreases phosphorylation of JAK and then phos-
phorylation of represses STAT3, which impacts cell adhe-
sion of human esophageal cancer cell.
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and has great potential in against cancer. Briefly, 
incubate of curcumin firstly inhibits ER and sup-
presses oxidative stress. Next, it decreases pho-
sphorylation of JAK and then phosphorylation of 
represses STAT3, which impacts cell adhesion of 
human esophageal cancer cell (Figure 7).
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