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Background: Oxaliplatin (OXA) resistance is a main obstacle to the chemotherapy of
colorectal cancer (CRC). Epithelial-mesenchymal transition (EMT), which is mainly regu-
lated by TGF-B/Smad signaling pathway, has gradually been recognized as an important
mechanism for tumor chemoresistance. Studies have shown that curcumin regulated EMT
processes in many human cancers. However, whether curcumin could regulate OXA resis-
tance in CRC through modulating TGF-f/Smad signaling-mediated EMT remains unclear.
Methods: In an attempt to investigate the effect of curcumin on OXA resistance in CRC,
OXA-resistant cell line HCT116/OXA was established firstly. The effect of curcumin on cell
proliferation was evaluated by MTT assay and Ki67 immunofluorescence staining, respec-
tively. Cell apoptosis was evaluated by flow cytometry. In addition, transwell assay was used
to detect the effect of curcumin on cell invasion and the activation of TGF-f/Smad signaling
was examined by immunofluorescence and Western blot. Moreover, the therapeutic potential
of curcumin was further examined in vivo using a CRC animal model.

Results: The OXA-resistant cell line HCT116/OXA was successfully established, and combi-
nation of OXA with curcumin reduced OXA resistance in vitro. Besides, the combination
treatment inhibited the expressions of p-p65 and Bcl-2, but increased the level of active-
caspase3. In addition, curcumin inhibited EMT via regulation of TGF-/Smad2/3 signaling
pathway. Moreover, in vivo study confirmed curcumin could reverse OXA resistance in CRC.
Conclusion: Our study indicated that curcumin could reserve OXA resistance in CRC
through dampening TGF-f/Smads signaling in vitro and in vivo.

Keywords: colorectal cancer, oxaliplatin resistance, curcumin, epithelial-mesenchymal
transition, TGF-B/Smad signaling pathway

Introduction

The 2018 American Cancer Society (ACS) report shows that there are more than 1
million new cases of colorectal cancer (CRC) annually, with a mortality rate close
to 33%." The age-standardized incidence rate of CRC in China is 27/100,000, and
that of women is 23/100,000; the incidence rate is increasing at an annual rate of
4.2%." The National Comprehensive Cancer Network (NCCN) guidelines recom-
mend that patients with advanced colon cancer take a combination of surgery-based
and chemotherapy-based treatments. The 2017 NCCN Guidelines established the
FOLFOX and CapeOX regimens containing oxaliplatin (OXA) as first-line che-
motherapy. However, studies have shown that the median disease-free survival and
overall survival of advanced patients with standardized treatment regimens were
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only 10.3 months and 23.7 months, respectively.? The
main reason for the poor prognosis is the acquired che-
moresistance of tumor cells, which occurs about half of
patients with late-stage CRC receiving chemotherapy.” In
addition, neuropathy is a major limitation to the continued
administration of OXA. Therefore, identifying key mole-
cules responsible for tumor chemoresistance is of great
importance for improving the efficacy of chemotherapy
drugs for patients with CRC.

Curcumin is a naturally occurring polyphenolic sub-
stance extracted from the curcumaceae plant Curcuma
longa and is often used as flavoring agent or pigment.”*
Curcumin has been proven to have anti-inflammatory and
anti-tumor effects as a traditional Chinese medicine
extract.* The anticancer effect of curcumin is mainly
achieved by its negative regulation of various inflamma-
tory cytokines, growth factors, transcription factors, pro-

molecules.>”’

tein kinases and other carcinogenic
Recently, curcumin is reported to have the ability in redu-
cing the chemoresistance of tumor cells.®* However, the
detailed mechanisms underlying the effect of curcumin on
chemoresistance remain poorly understood.

TGF- belongs to transforming growth factor-f§ (TGF-f)
superfamily which contains many growth factors, growth
differentiation factor (Growth and differentiation factors,
GDFs) and bone morphogenetic proteins (BMPs).'°
Receptor dimers composed of TGF-BRI and TGF-BRII then
lead to the phosphorylation of R-Smads proteins (Smadl, 2,
3, 5, 8), which enter into nucleus together with Smad4 and
leading to the transcription of downstream genes.'' In recent
years, TGF- has been found to be an important inducer of
Epithelial-mesenchymal transition (EMT).!? Recent studies
have reported that curcumin downregulated TGF-f/Smads
signaling in many human diseases.'*'> Therefore, we
hypothesized that inhibition of TGF-B/Smad2/3 signaling
pathway may be an important mechanism for curcumin to

reverse OXA resistance in CRC.

Materials and methods
Cell culture and establishment of OXA-

resistant cell lines

Human CRC cell lines HCT116 and SW480 were pur-
chased from American Type Culture Collection (ATCC,
Manassas, VA, USA). Cells were cultured in Roswell Park
Memorial Institute1640 medium (RPMI1640, Invitrogen,
Gaithersburg, MD, USA) with 10% fetal bovine serum
(FBS, and

Invitrogen), 1% penicillin (Invitrogen)

streptomycin (Invitrogen) at 37°C, 5% CO,. For establish-
ment of stable OXA-resistant cells, cells were treated with
gradually increased concentration of OXA (Pharmacia,
New Jersey, USA). The initial concentration of OXA was
0.5 pM. When the cell density reached about 80%, the
cells were passaged. The stable OXA-resistant cell line
HCT116/0XA was established in house (OXA maintained
at a concentration of 5 uM). TGF- was provided by R&D
(Minneapolis, MN, USA).

3-(4,5)-dimethylthiahiazo (-z-yl)-3,5-di-
phenytetrazoliumromide (MTT) assay

To explore the effect of OXA on the growth of HCT116 and
HCT116/0XA cells, HCT116 and HCT116/OXA cells were
cultured in RPMI1640 containing 0.5, 1, 2, 4, 8, 16 or 32 uM
OXA for 48 hrs. To explore the effect of curcumin on
HCT116/0OXA cell growth, the cells were cultured with 1, 2,
4, 8, 16, 32 or 64 puM curcumin (MedChemExpress,
Monmouth Junction, NJ, USA) for 48 hrs. The cytotoxicity
of OXA, curcumin and combination of treatment were
assessed by using cell growth determination kit (MTT based)
(Sigma-Aldrich, St. Louis, MO, USA) according to the man-
ufacturer’s instruction. In brief, HCT116 and HCT116/0XA
cells (in the logarithmic growth phase) were seeded into 96-
well plate with 3.0x10° cells per well. MTT reagent was added
into each well and incubated for 4 hrs. Then, 150 pl dimethyl
sulfoxide (DMSO, Invitrogen, Carlsbad, CA, USA) was
added into each well for 10 mins. The absorbance at 570 nm
(As79) was measured by Thermo Fisher Multiskan FC
(Thermo Fischer Scientific, Waltham, MA, USA).

Trypan blue staining

HCT116/0OXA cells were centrifuged for 15 mins at 1000 g
and resuspended in PBS. After that, cell suspension (90 pl)
was mixed with 0.4% trypan blue staining buffer (10 pl) for
5 mins. Then, the number of cells was counted with a
microscope. Living cells were colorless, while dead cells
were stained blue.

Cell apoptosis assay

To detect cell apoptosis, Annexin V-FITC apoptosis detec-
tion kit (Beyotime, Jiangsu, China) was used according to the
protocol. Cells were harvested and stained with annexin V-
FITC (5 pL) and propidium iodide (PI, 5 pl). Then, the cells
were incubated in dark at room temperature for 20 mins. Cell
apoptosis rate was assessed by flow cytometry (Becton,
Dickinson and Company, Franklin Lake, NJ, USA).
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Immunofluorescence staining assay

Cells were seeded into 12-well plates with 2.0x10° cells/
well. The cells were treated with 0.5% Triton-10 for 20
mins, following fixed with 4% paraformaldehyde for 15
mins. Then, the cells were blocked with 10% goat serum
for 30 mins at room temperature, and incubated with
primary antibodies, anti-Ki67 (1:500 dilution, Cell
Signaling Technology, MA, USA) and anti-Smad4 (1:500
dilution, Cell Signaling Technology), at 4°C overnight,
followed by incubation with secondary antibodies (goat
anti-rabbit IgG antibody, 1:2000 dilution, Cell Signaling)
at 37°C for 1 hr. Stained the nuclei with DAPI for 5 mins,
finally, the cells were observed under a fluorescence
microscope (Nikon, Tokyo, Japan).

Transwell assay

For cell invasion analysis, transwell assay was performed
in this study. The upper chamber is pre-treated with 100 pl
of Matrigel and exposed to UV light for 2 hrs. Cells were
seeded into the upper chamber in serum-free medium, and
the density was adjusted to about 1.0x10° cells per cham-
ber. RPMI1640 medium with 10% FBS was added in the
lower chamber. Then, these chambers were incubated for
48 hrs at 37°C, and stained the lower chamber with 0.1%
crystal violet and counted the cell images under a micro-
scope (LEICADMLB2, Frankfurt, Germany).

Western blotting assay

Total protein was extracted using RIPA plus buffer. The
protein concentration was measured using BCA Protein
Assay Kit (Takara, Dalian, China) as manufacturer’s
instruction. 30 pg proteins were electrophoresed on 10%
SDS-PAGE, and transferred to PVDF membrane (Sigma-
Aldrich). The PVDF membranes were blocked with 5%
non-fat milk at room temperature for 1 hr, and incubated
with the primary antibodies at 4°C overnight. Following by
incubation with goat anti-rabbit IgG antibody (1:10000
dilutions, Cell Signaling Technology) marked with horse-
2 hrs.
Membranes were scanned by using an Odyssey Imaging
System and analyzed with Odyssey v2.0 software (LICOR
Biosciences, Lincoln, NE, USA). The primary antibodies

radish peroxidase at room temperature for

used in this study are as follows: anti-phosphorylated p65
(1:1000 dilution, Cell Signaling Technology), anti-p65
(1:1000 dilution, Cell Signaling Technology), anti-Bcl-2
(1:1000 dilution, Cell Signaling Technology), anti-active-
caspase3 (1:1000 dilution, Abcam Cambridge, MA, USA),

anti-phosphorylated Smad2 (1:1000 dilution, Cell Signaling
Technology), anti-phosphorylated Smad3 (1:1000 dilution,
Cell Signaling Technology), anti-E-cadherin (1:1000 dilu-
tion, Cell Signaling Technology), anti-N-cadherin (1:1000
dilution, Cell Signaling Technology) and anti-B-actin
(1:1000 dilution, Cell Signaling Technology).

Animal study

BALB/c nude mice (6-8 weeks old, 20+2 g weight) were
obtained Vital River (Beijing, China). HCT116/0OXA cells
were transplanted subcutaneously into the right flank in
each mouse according to the previous research.'® The mice
were housed in pathogen-free conditions until the tumor
volume reached ~200 mm?>. National Institutes of Health
guide for the care and use of laboratory animals was
followed by us. Then, the mice were divided into four
groups (six mice per group) and daily administrated by 7.
p. injection with vehicle [PEG400: ethanol: dextrose 5% in
water (D5SW)=4: 1:
group], daily; i.p. injection with 10 mg/kg OXA weekly

5, to dissolve curcumin, vehicle

(OXA alone group); i.p. injection with 60 mg/kg curcumin
(curcumin alone group) daily; i.p. injection with 10 mg/kg
OXA and 60 mg/kg curcumin (OXA + curcumin alone
group) for 3 consecutive weeks. The tumor volume was
calculated weekly according to the reference.'!” Mice were
sacrificed in 3 weeks using CO,, and the tumor weight was
calculated. These animal experiments were performed fol-
lowing a protocol approved by the Ethics Committees of
Shanghai Luodian Hospital.

Statistical analysis

SPSS 22.0 statistical software (Version 22.0 SPSS,
Chicago, IL; USA) was performed for statistical analysis.
Data were represented as mean + standard deviation (SD).
All experiments were repeated at least in three times. The
comparison between two groups was analyzed by
Student’s #-test. Comparisons among multiple groups
were made with one-way analysis of variance (ANOVA)
followed by Dunnett’s test. P<0.05 was accepted as a

statistically significant difference.

Results
Establishment of HCT | | 6/OXA cell line

and optimization of combination strategy
The chemical structure of curcumin was shown in Figure 1A.
To explore the effect of OXA or/and curcumin on CRC cell
growth, MTT assay was performed. The results indicated that

OncoTargets and Therapy 2019:12

submit your manuscript

3895

Dove


http://www.dovepress.com
http://www.dovepress.com

Yin et al Dove

B 120 -@- HCT116 C 1204 -@- HCT116/0XA

—i- HCT116/0XA

100 100 1

80 ] 80

60 ] 60

Inhibition rate (%)
Inhibition rate (%)

407

Chemical structure of curcumin 201

0 g A g T T T T T

1 2 4 8 16 32 64
curcumin concentration (mM)
control OXA_4 pM -
D 1207 curcumin (mM) E O OVE 959 ol o) ®) b GY %D F “
- 0 0 e 0%%% %oo 00509 & e
1007 - 2 OO0 P OO0 520% Of

o 90 00" FPROE g ¥ -
- - 4 S 55 o ° J 3),0001 2
g 8 8 it 5985 P 2 o 3 g
2 SEoLS OJA-’)O OO OOOO(’Q 8220
£ T Qe s £ az
oS0 o2 B Sam S0al 1
2 curcumm _8 pM 0XA+curcum|n =10 4

- -
£ ,5_@0 D2 O 5] @" o’ . ';% —
G Q
o o%-g 0% % Oo 0 -_-0 Xy _@
005 Q N S &
L 09885 00 0™ ".g 5‘ ] L A
OXA i | R0 Q Q. 5 e 1 o‘f? O*Y
concentration (uM) % O
0RO 90 %8 > |
bty 2 ’3 1AOEX (9%

HCT116/0XA

Figure | Establishment of HCT| 16/OXA cell line and optimization of combination strategy. (A) Chemical structure of curcumin. (B) MTT assay was performed to calculate
the growth inhibition rate of HCT116 and HCT | |6/OXA cells treated with 0.5, I, 2, 4, 8, 16 or 32 pM OXA for 48 hrs. (C) The growth inhibition rate of HCT | 16/OXA
cells treated with 1, 2, 4, 8, 16, 32 or 64 pM curcumin for 48 hrs. (D) The growth inhibition rate of HCT | 16/OXA cells treated with the combination of OXA and curcumin.
(E) HCT 1 16/OXA cell death was detected with trypan blue staining. (F) Trypan blue positive cell rate in each group was calculated. Each experiment was repeated three
times. **P<0.01 compared to control group; **P<0.01, compared to OXA alone group.

HCT116/0OXA was more resistant to OXA than parental Cyrcumin increased OXA-induced growth

HCT116 cells (Figure 1B). The IC50 values of OXA were inhibition in HCT 1 16/OXA in vitro
about 4.47+0.19 pM and 20.5+1.96 uM in parental HCT116

cells and in HCT116/0OXA cells, respectively. On the other
hand, curcumin showed negligible toxicity to HCT116/0XA
cells when its concentration is less than 8 uM (Figure 1C), and

Next, we explored if curcumin could reverse the resistance
of HCT116/0OXA cells to OXA. Flow cytometry results
showed that although OXA treatment only induced mod-
erate cell apoptosis, combination treatment significantly
enhanced the sensitivity of HCT116/OXA cells to OXA.
In addition, curcumin alone did not cause obvious cell

thus this concentration was used in the following experiments
unless otherwise stated. Notably, curcumin dose-dependently
enhanced OXA-induced growth inhibition in HCT116/0XA
cells (Figure 1D, Table 1). Moreover, the result of trypan blue
staining indicated 8 uM curcumin combined with 4 uM OXA
significantly induced HCT116/OXA cell death, compared
with 4 uM OXA alone (Figure 1E and F). Additionally, the
results obtained from SW480 cells were consistent with that of
HCT116 cells (Figure SIA-D). All these data suggested cur-
cumin reduced the chemoresistance of CRC cells to OXA.

apoptosis (Figure 2A and B). In Ki67 immunofluorescence
staining assay, OXA-induced growth inhibition was also
reversed by curcumin (Figure 2C and D). Furthermore,
combination of curcumin with OXA notably decreased
the migratory ability of HCT116/OXA cells (Figure 2E
and F). Collectively, these results indicated that curcumin
sensitized HCT116 cells to OXA treatment.

Curcumin downregulated the expressions
Table | The IC50 of OXA on HCTII16/OXA cells with or of p_p65 and Bcl-2 and upregular_ed the
without curcumin .

level of active-caspase3

Combination strategy IC5 values (uM) Previous reference reported that curcumin reverses the resis-
OXA+0 uM curcumin 20.5 tance of CRC to OXA by inhibiting NF-kB pathway.'® Indeed,
OXA+2 pM curcumin 19.59 as shown in Figure 3A and B, OXA plus curcumin treatment
HBO+4 uM curcumin 10.06 significantly downregulated the level of p-p65 in HCT116/
HBO*8 uM curcumin 4.588 OXA cells. Although the expression of apoptosis-related
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Figure 2 Curcumin increased OXA-induced growth inhibition in HCT | 16/OXA in vitro. HCT | 16/OXA cells were treated with OXA or/and curcumin for 48 hrs. (A) Cell
apoptosis was detected with Annexin V/PI staining. (B) Cell apoptosis rate was subsequently calculated with flow cytometry. (C/D) Cell proliferation ability was analyzed by
Ki67 immunofluorescence staining assay. (E/F) Cell invasion ability was analyzed by Transwell assay. Each experiment was repeated three times. *P<0.05, **P<0.01 compared

to control group; "*P<0.01, compared to OXA alone group.

proteins Bcl-2 and active-caspase3 were not obviously chan-
ged in OXA-treated HCT116/0OXA cells, their levels were
significantly reduced by the combination treatment. In contrast,
the level of cleaved-caspase3 in HCT116/OXA cells was sig-
nificantly increased by OXA plus curcumin. However, curcu-
min alone did not have an obvious effect on the levels of p-p65,
Bcl-2 and cleaved-caspase3 (Figure 3A-D). Therefore, we
suggested combination of OXA with curcumin notably inhib-
ited the pro-survival signaling in HCT116/OXA cells.

Curcumin reversed EMT through
dampening TGF-/Smad2/3 pathway

To explore the impact of curcumin on EMT, the levels of
phosphorylated Smad2 (p-Smad2), phosphorylated Smad3
(p-Smad3), E-cadherin and N-cadherin in cells were mea-
sured. As shown in Figure 4A-E, the levels of p-Smad2,
p-Smad3 and N-cadherin were markedly decreased, while
E-cadherin level was increased by curcumin (alone or in
combination with OXA). Furthermore,
cence staining indicated that Smad4 was evenly distributed

immunofluores-

throughout the cytoplasm and nucleus in control and
OXA-treated HCT116/0OXA cells.
treatment induced apparent cytoplasmic localization of
Smad4,

However, curcumin

indicating an inhibition of TGF-f signaling

(Figure 4F). Meanwhile, TGF-p was used to confirm the
impact of curcumin on TGF-B pathway. As indicated in
Figure 5A and B, the inhibitory effect of curcumin plus
OXA on the growth of HCT116/0OXA cells was comple-
tely abolished in the presence of TGF-B. The data of
apoptosis assay were consistent with trypan blue staining
(Figure 5C and D). All these data suggested that curcumin
could reverse EMT through downregulating TGF-p/
Smad2/3 signaling pathway in HCT116/OXA cells.

Curcumin reduced OXA
chemoresistance in CRC by inhibiting
Smad?2/3 pathway in vivo

Finally, we investigated the effects of curcumin on OXA
chemoresistance in CRC by using HCT116/0OXA xenograft
mode in vivo. As shown in Figure 6A—C, the tumor volumes
and weights were significantly reduced in mice administered
with OXA plus curcumin than those administered with vehi-
cle, OXA or curcumin alone. Consistent with this finding, the
levels of p-Smad2 and p-Smad3 in tumor tissues were reduced
in mice administered with OXA plus curcumin, compared
with those administered with OXA alone (Figure 6D-G).
Collectively, curcumin significantly sensitized CRC to OXA
treatment by inhibiting Smad2/3 pathway in vivo.
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Figure 3 Curcumin downregulated the expressions of p-p65 and Bcl-2 and upregulated the level of active-caspase3. HCT116/OXA cells were treated with OXA or/and
curcumin for 48 hrs. (A-D) The relative protein levels of p-p65, p65, Bcl-2 and active-caspase3 in cells were assessed by Western blotting assay. Each experiment was
repeated three times. *P<0.05, *P<0.01 compared to control group; “P<0.05, *P<0.01, compared to OXA alone group.
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Figure 4 Curcumin inhibited EMT in CRC through inhibiting TGF-B/Smad2/3 pathway. HCT 1 16/OXA cells were treated with OXA or/and curcumin for 48 hrs. (A-E) The
relative protein levels of p-Smad2, p-Smad3, E-cadherin and N-cadherin in cells were measured by Western blotting assay. (F) The distribution of Smad4 in cells was detected
by immunofluorescence staining assay. Each experiment was repeated three times. **P<0.01 compared to control group; “*P<0.01, compared to OXA alone group.
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Figure 5 The inhibitory effect of curcumin plus OXA on the growth of HCT | 16/OXA cells was completely abolished by TGF-p. HCT116/OXA cells were treated with
HCT I 16/OXA cells were treated with 4 pM OXA plus 8 pM curcumin or 2 ng/mL TGF-B for 48 hrs. (A) HCT | 16/OXA cell death was detected with trypan blue staining.
(B) Trypan blue positive cell rate in each group was calculated. (C) Cell apoptosis was detected with Annexin V/PI staining. (D) Cell apoptosis rate was subsequently

calculated with flow cytometry.

Discussion
Tumor cell resistance to chemotherapeutic agents is a major
cause of chemotherapy failure.'” Drug reversal of tumor
multidrug resistance is an important strategy to improve the
sensitivity of chemotherapy drugs, but many reversal agents
such as cyclosporine A and verapamil have obvious adverse
events which largely restrain their clinical application.?’
Curcumin has the advantages of less adverse reactions, reg-
ulation and improvement of the body’s immune function,
more targets, long-term application without obvious adverse
events and reversal of multidrug resistance of tumors.?
However, the mechanisms by which curcumin reversed the
resistance of CRC to OXA remain unclear.

Curcumin is a major active ingredient such as turmeric
and medlar, and has a wide range of anti-cancer effects.

Previous studies have found that curcumin can enhance the
killing effect of various chemotherapy drugs on tumor
cells.®* 1In

Sulfinosine can induce apoptosis of drug-resistant non-

lung cancer, curcumin combined with
small cell lung cancer cell lines more effectively.?
Another study showed that curcumin can enhance the che-
motherapy effect of S5-fluorouracil (5-FU) and OXA on
CRC cell lines HTC116 and HT29 by inhibiting the expres-
sion of epidermal growth factor receptor and insulin-like
growth factor receptor.”® In gliomas, curcumin combined
with cisplatin and doxorubicin is beneficial to enhance the
death of meningioma cells.”” In addition, curcumin has the
property of reversing multidrug resistance of tumors. Wang
et al applied curcumin to paclitaxel-resistant breast cancer
cell line MCF-7/ADR, and found that curcumin can
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Figure 6 Curcumin reduced OXA chemoresistance in CRC by inhibiting TGF-p/Smad2/3 pathway in vivo. HCT116/OXA cells were subcutaneously implanted into nude
mice. Mice were divided into four groups: vehicle group, OXA alone group, curcumin alone group and OXA plus curcumin group. (A) Tumor volume of xenograft was
measured weekly. (B) The mice were sacrificed in 3 weeks, and the tumors were isolated (C) Quantification of tumor weights in each group. (D—-G) The relative protein
levels of p-Smad2, p-Smad3 and E-cadherin in tumor tissues were measured by Western blot. Each experiment was repeated three times. **P<0.0| compared to control

group; *P<0.01, compared to OXA alone group.

increase the accumulation of paclitaxel-targeted tumor cells,
MCF-7/ADR
Our results showed that combination of OXA

thereby  promoting paclitaxel-induced
apoptosis.?®
with curcumin significantly inhibited proliferation and inva-
sion, while promoted apoptosis in HCT116/OXA cells. The
results of this study suggested that curcumin could reduce
OXA resistance in CRC cells. Compared with the conven-
tional reversal agents, curcumin has the advantages of small
adverse reactions, low toxicity, good safety, low price and
easy availability. However, its main limitation is rapid sys-
tem elimination, decreased viability at alkaline pH and
limited oral bioavailability.** Therefore, in order to over-
come these limitations, how to increase its water solubility,
stability, oral bioavailability and control and targeted
administration will be further studied.

EMT has gradually been recognized as a new and
important mechanism of tumor resistance. Tumor cells
have a tendency to be interstitial in the process of produ-
cing acquired drug resistance, and tumor cells with their
mesenchymal differentiation state are often characterized
by primary drug resistance.’® EMT phenomenon was
observed in cisplatin-resistant ovarian cancer cell lines/
pancreatic cancer cell lines, adriamycin-resistant breast
cancer cell lines and OXA-resistant CRC cell lines.>'*
Therefore, EMT may be a useful molecular marker and a

new therapeutic target for patients with CRC who are
resistant to neoadjuvant chemotherapy. Studies have
shown that curcumin can regulate EMT processes in
liver cancer, oral cancer, breast cancer and pancreatic
cancer through different mechanisms.'***3¢ Activation
of the NF-kB signaling pathway can induce the develop-
ment of EMT and promote the invasion and metastasis of
tumor cells. Previous studies have reported that curcumin
reversed OXA resistance in CRC by inhibiting p-p65, a
key molecule in the NF-kB signaling pathway.'® Similar to
this study, we also found NF-«B signaling was inhibited in
the presence of curcumin. In addition to NF-xB signaling,
the results of current study demonstrated that curcumin
treatment inhibited OXA resistance in CRC by inhibiting
TGF-B/Smad/EMT pathway in vitro and vivo.

In the process of tumorigenesis and development,
TGF-pB plays a two-way role in initial tumor suppression
and tumor promotion in the middle and late stages.’’ In
recent years, TGF-$ has been found to be an important
inducer of EMT, and EMT is regulated by Smad and non-
Smad signaling pathways.'” TGF-B signaling pathway is
involved in the development of chemotherapy drug resis-
tance in CRC. The study found that TGF- signaling path-
way plays a key role in adriamycin-resistant colon cancer
cells, and inhibition of TGF-B reverses EMT, thereby
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enhancing the sensitivity of colon cancer cell HCT116 to
doxorubicin.*® Smad4 plays an important role in TGF-p-
induced EMT. Studies have shown that Smad4 as a central
component of EMT transition in human CRC to down-
regulate E-cadherin expression.®® Similar to these findings
our data indicated that curcumin significantly inhibited
Smad4 entry into the nucleus.

In conclusion, based on cell studies and a mouse
model, this study provides a scientific evidence that com-
bination of OXA with curcumin could be an appropriate
strategy to inhibit OXA resistance in CRC. The novelty of
current study is the finding curcumin reversed OXA-
acquired resistance by inhibiting Smad/EMT pathway.
This study provides a scientific basis for revealing the
target of curcumin in reversing the drug resistance of
CRC to OXA.

Highlights

1. Combination of OXA with curcumin inhibited OXA
resistance in CRC cells.

2. Combination of OXA with curcumin inhibited the
expression of p-p65 and Bcl-2, but promoted active-
caspase3 level in CRC cells.

3. Curcumin inhibited EMT via downregulation of TGF-
B/Smad2/3 pathway in CRC cells.

4. Combination of OXA with curcumin inhibited OXA
resistance by inhibiting TGF-B/Smad2/3 pathway in
CRC in vivo.
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Figure S1 Curcumin reverses oxaliplatin resistance in SW480 cells. (A) MTT assay was

performed to calculate the growth inhibition rate of SW480 and SW480/OXA cells

treated with 0.5, I, 2, 4, 8, 16 or 32 pM OXA for 48 hrs. (B) The growth inhibition rate of SW480/OXA cells treated with the combination of OXA and curcumin. (C)
SW480/OXA cell death was detected with trypan blue staining. (D) Trypan blue positive cell rate in each group was calculated. Each experiment was repeated three times.

#P<0,01 compared to control group; **P<0.01, compared to OXA alone group.

OncoTargets and Therapy

Publish your work in this journal

OncoTargets and Therapy is an international, peer-reviewed, open
access journal focusing on the pathological basis of all cancers,
potential targets for therapy and treatment protocols employed to
improve the management of cancer patients. The journal also
focuses on the impact of management programs and new therapeutic

Submit your manuscript here: https://www.dovepress.com/oncotargets-and-therapy-journal

Dove

agents and protocols on patient perspectives such as quality of life,
adherence and satisfaction. The manuscript management system is
completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

OncoTargets and Therapy 2019:12

submit your manuscript 3903

Dove


http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

