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1 Introduction
Colorectal cancer (CRC) refers to tumors caused by malignant 

lesions of the colorectal mucosa under the action of various 
carcinogenic factors such as environment or genetics (Brody, 
2015; Weitz et al., 2005). As a common malignant tumor of the 
digestive tract, CRC reduces the quality of life of patients and 
imposes a great financial burden on patients (Patel & Ahnen, 2018). 
Although many treatments such as surgery and chemoradiotherapy 
have made many efforts to improve the survival rate of CRC 
patients, the prognosis is still not satisfactory (Sheng  et  al., 
2018; Wang et al., 2019). In recent years, the anti-cancer effect 
of traditional Chinese medicine (TCM) extracts has received 
great attention (Danciu, 2020; Li et al., 2016). Curcumin is one 
of the main active ingredients in the TCM turmeric, which has 
been proven to have various pharmacological effects such as 
anti-inflammatory and anti-oxidant (Kotha & Luthria, 2019; 
Nelson et al., 2017). With the deepening of research, curcumin is 
found to have a wide range of anti-cancer effects in many cancers 
including CRC (Pricci et al., 2020; Unlu et al., 2016). Therefore, 
elucidating the potential molecular mechanism of curcumin 
regulating CRC progression can help us better understand the 
anti-cancer function of curcumin.

Circular RNA (circRNA), a non-coding RNA with a special 
covalent closed loop structure, has been found to be abnormally 
expressed in human diseases (Zhang  et  al., 2018c). There is 
increasing evidence that circRNA is involved in the malignant 
progression of cancer and can be used as potential therapeutic 
targets for cancer (Lei et al., 2019; Zhang et al., 2018a). In CRC-

related researches, it has been confirmed that many circRNAs 
are related to CRC progression, such as hsa_circ_000166 (Hao 
& Zhang, 2020), hsa_circ_002144 (Wu  et  al., 2020) and 
hsa_circ_0000392 (Xu et al., 2020). In past studies, Tian et al. 
(2019) discovered that hsa_circ_0004585 (derived from KIAA 
family 1199 (KIAA1199) genic, also called circ_KIAA1199) 
was upregulated in CRC tissues and the peripheral blood of 
patients, and could be used as a potential diagnostic marker 
for CRC (Tian et al., 2019). However, it is not clear whether 
circ_KIAA1199 was involved in regulating the progression of CRC.

The endogenous competitive RNA (ceRNA) mechanism of 
circRNA reveals that circRNA can be served as the ceRNA of 
microRNA (miRNA) to indirectly regulate downstream gene 
expression (Song et al., 2020; Wu et al., 2019). Our study showed 
that curcumin could regulate circ_KIAA1199 expression, so we 
speculated that curcumin might mediate the progression of CRC 
by regulating circ_KIAA1199. In addition, we also revealed the 
molecular mechanism of curcumin’s anti-cancer effect through 
the hypothesis of circRNA/miRNA/mRNA axis.

2 Materials and methods

2.1 Cell culture and curcumin treatment

Human CRC cells (HCT116 and SW480) and normal 
colorectal mucosa cells (FHC) (ATCC, Manassas, VA, USA) were 
cultured in RPMI-1640 medium (containing double antibiotics; 
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Solarbio, Beijing, China) containing 10% fetal bovine serum (FBS; 
Gibco, Waltham, MA, USA) at 37 °C with 5% CO2. Curcumin 
(Sigma-Aldrich, St. Louis, MO, USA) was diluted to different 
concentrations (5, 10, and 20 μM) with DMSO (Sigma-Aldrich). 
Different concentrations of curcumin were used to treat CRC 
cells for 48 h.

2.2 Colony formation assay

CRC cells were seeded into 6-well plates (150 cells/well). 
After culturing for 2 weeks, the cells were fixed with 4% 
paraformaldehyde (Solarbio) and stained with 0.5% crystal violet 
(Solarbio). The number of colonies (> 50 cells) were counted 
under a microscope (Nikon, Tokyo, Japan).

2.3 MTT assay

HCT116 and SW480 cells were seeded into 96-well plates 
(1 × 103 cells/well). After the cells attached to the wells, MTT 
solution (Sangon, Shanghai, China) was added into cells at the 
indicated time points for 4 h, following by incubating with 
Formazan Solubilization Solution (Sangon) for 10 min. The optical 
density (OD) value at 570 nm was measured by the microplate 
reader (Bio-Rad, Hercules, CA, USA).

2.4 Transwell assay

Transwell chamber (8.0 μm; BD Biosciences, Franklin 
Lakes, NJ, USA) was used to detect cell migration and invasion 
ability. It should be noted that for the detection of invasion, the 
upper chamber needed to be pre-coated with a Matrigel (BD 
Biosciences). HCT116 and SW480 cells suspended with RPMI-
1640 medium were seeded into the upper chambers, and the 
lower chambers were filled with RPMI-1640 medium and 10% 
FBS. After 24 h, the cells on the lower surface were fixed and 
stained to count the numbers of migrated and invaded cells 
under a microscope (100 ×; Nikon).

2.5 Flow cytometry

The Annexin V-FITC Apoptosis Detection Kit (Sigma-
Aldrich) was used to detect apoptotic cells by flow cytometry. 
CRC cells were collected and re-suspend with 1 × Binding Buffer. 
After staining with Annexin V-FITC and Propidium Iodide 
Solution for 10 min, the cells were subjected to flow cytometer 
(BD Biosciences) to analyze cell apoptotic rate (%).

2.6 Clinical specimens

A total of 43 patients with CRC who undergoing routine 
surgery were enrolled from Chongqing University Three Gorges 
Hospital. CRC tumor tissues and the corresponding adjacent 
normal tissues were stored at -80 °C. This study was approved by 
the Ethical Committee of Chongqing University Three Gorges 
Hospital, and informed consent was obtained from all patients.

2.7 Quantitative real-time PCR (qRT-PCR)

RNAiso Plus (Takara, Tokyo, Japan) was utilized to isolate 
total RNA from tissues and cells. After the RNA was reversely 
transcribed into cDNA using PrimerScript RT Reagent Kit (Takara), 

the qRT-PCR was conducted using SYBR Green PCR Master Mix 
(Bio-Rad). GAPDH and U6 were used as internal controls and the 
results was presented by 2−ΔΔCt method. The primers were shown as 
below: circ_KIAA1199, F 5’-GACCGTGACAGCAAGATGTG-3’, 
R 5’-GGGAAGCAGGTCAGAGTGAG-3’; KIAA1199, 
F  5 ’ - C AC G G TC TAT TC C ATC C AC ATC - 3 ’,  R 
5’-GGTTCGCAAAACAATCGGCT-3’; miR-433-
3p, F 5’-GCCGAGATCATGATGGGCTCCT-3’, R 
5’-ATCCAGTGCAGGGTCCGAGG-3’; 
A  d i s i n t e g r i n  a n d  m e t a l l o p r o t e i n a s e 
10 (ADAM10), F 5’-ATGGGAGGTCAGTATGGGAATC-3’, 
R 5’-ACTGCTCTTTTGGCACGCT-3’; GAPDH, 
F  5 ’ - C T C T G C T C C T C C T G T T C G A C - 3 ’,  R 
5 ’ - C G A C C A A AT C C G T T G A C T C C - 3 ’ ;  U 6 , 
F 5’-GCTTCGGCAGCACATATACTAAAAT-3’, R 
5’-CGCTTCACGAATTTGCGTGTCA-3’.

2.8 Subcellular localization assay

Nuclear and cytoplasmic RNA of CRC cells were separately 
isolated using PARIS Kit (Invitrogen, Carlsbad, CA, USA). 
QRT-PCR was used to analyze the circ_KIAA1199, GAPDH 
and U6 expression in the nucleus and cytoplasm of HCT116 and 
SW480 cells.

2.9 Actinomycin D (ActD) assay

CRC cells were treated with ActD solution (Sigma-Aldrich) 
for 1 h. After the cells were further cultured for indicated times 
(0, 8, 16 and 24 h), the expression of circ_KIAA1199 and linear 
KIAA1199 mRNA was examined with qRT-PCR.

2.10 Cell transfection

The vectors and oligonucleotides were obtained from 
GenePharma (Shanghai, China) and were transfected into cells 
using Lipofectamine 3000 reagent (Invitrogen). The vectors 
included circ_KIAA1199 pCD-ciR overexpression vector 
and lentiviral overexpression vector (circ-KIAA1199 and 
lenti-circ_KIAA1199) or their controls (vector and lenti-NC). 
The oligonucleotides included miR-433-3p mimic and inhibitor 
(miR-433-3p and anti-miR-433-3p) or their scrambled controls 
(miR-NC and anti-miR-NC), ADAM10 small interference RNA 
(si-ADAM10) and its negative control (si-NC).

2.11 Western Blot (WB) analysis

Total protein was extracted using RIP Assay Kit (Solarbio), 
and its concentration was quantified using BCA Kit (Beyotime, 
Shanghai, China). Then, the protein was separated by 10% SDS-
PAGE gel and transferred to PVDF membrane (Beyotime). 
The membrane was blocked with 5% skimmed milk for 1 h, and 
then treated with anti-Bcl-2 (1:500, 100126-T36, Sino Biological, 
Beijing, China), anti-Bax (1:2,000, 106076-T32, Sino Biological), 
anti-ADAM10 (1:10,000, 310235-T34, Sino Biological) or 
anti-GAPDH (1:2,000, 10094-T52, Sino Biological) overnight 
at 4 °C. The membrane was incubated with HRP-labeled Goat 
anti-Rabbit IgG (H+L) (1:1,000, A0208, Beyotime) for 2 h. 
The membrane was finally reacted with BeyoECL Moon ECL 
chemiluminescence Kit (Beyotime) to detect protein bands.
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2.12 Dual-luciferase reporter assay

The binding or mutated sequences of circ_KIAA1199 and 
ADAM10 3’UTR with miR-433-3p were inserted into the 
pmirGLO-REPORT reporter vector (Promega, Fitchburg, WI, 
USA) to construct the corresponding wild-type (WT) or mutant 
type (MUT) vectors, respectively. HCT116 and SW480 cells in 
24-well plates were co-transfected with the reporter vectors and 
miR-433-3p mimic or miR-NC. Relative luciferase activity was 
detected using Dual-Luciferase Reporter Assay Kit (Vazyme, 
Nanjing, China).

2.13 Mice xenograft models

Twelve male BALB/c nude mice (Vital River, Beijing, China) 
were divided into 4 groups (n = 3). 2 groups were subcutaneously 
injected with HCT116 cells (2 × 106) and then intraperitoneally 
injected with 50 mg/kg curcumin or the same amount of DMSO 
(as control) every day. The other 2 groups were subcutaneously 
injected with SW620 cells transfected with lenti-NC or lenti-
circ_KIAA1199 and then intraperitoneally injected with 
curcumin every day. After 10 days, the tumor width (W) and 
length (L) were measured every 5 days to calculate tumor volume 
(L × W2/2). After 30 days, the mice were euthanized and the 
tumors were removed for other experiments. Our animal study 
was approved by the Animal Ethical Committee of Chongqing 
University Three Gorges Hospital.

2.14 Immunohistochemistry (IHC) staining

The paraffin-embedded sections of mice tumor tissues were 
dewaxed and rehydrated before treatment with 3% hydrogen 
peroxide solution (Fusheng Biotechnology, Shanghai, China) 
for 30 min. The sections were incubated with anti-Ki67 (1:100, 
SAB4501880, Sigma-Aldrich) or anti-Cleaved caspase3 (1:100, 
SAB1305630, Sigma-Aldrich) for 24 h, followed by hatching 
with HRP-labeled Goat anti-Rabbit IgG (H+L) (1:1,000, A0208, 
Beyotime). After that, the sections were stained with hematoxylin 
(Sigma-Aldrich). The Ki67 and Cleaved caspase3 positive cells 
were observed under a microscope (40 ×; Nikon).

2.15 Statistical analysis

The GraphPad Prism 7 software (GraphPad, La Jolla, CA, 
USA) was used for statistical analysis. The data were presented 
as mean ± standard deviation. The comparisons were analyzed 
using Student’s t-test or analysis of variance with Tukey’s post-hoc 
test. Pearson correlation analysis was performed to analyze the 
correlations among circ_KIAA1199, miR-433-3p and ADAM10. 
P < 0.05 indicated a statistically significant.

3 Results

3.1 Curcumin inhibited proliferation, migration, invasion 
and enhanced apoptosis in CRC cells

To confirm the effect of curcumin on the progression of 
CRC and to screen the optimal treatment concentration of 
curcumin, HCT116 and SW480 cells were treated with different 
concentrations (5, 10, and 20 μM) of curcumin. After curcumin 
treatment, we found that the number of colonies and the viability 

of HCT116 and SW480 cells were markedly reduced in a 
concentration-dependent manner (Figure 1A-C). Not only that, 
the migration and invasion abilities of HCT116 and SW480 cells 
were decreased significantly with the increase of curcumin 
concentration (Figure  1D,  E). The results of flow cytometry 
showed that curcumin treatment could significantly promote 
the apoptotic rate of HCT116 and SW480 cells, and the higher 
the concentration of curcumin, the higher the cell apoptosis 
(Figure 1F). Since the suppressive effect of 20 μM curcumin 
on CRC progression was superior to other concentrations, the 
treatment concentration of curcumin in subsequent experiments 
was 20 μM.

3.2 Curcumin reduced the expression of circ_KIAA1199, an 
upregulated circRNA in CRC tissues and cells

In the CRC tumor tissues, we discovered that circ_KIAA1199 was 
remarkably higher than in adjacent normal tissues (Figure 2A). 
Besides, the expression of circ_KIAA1199 also was upregulated 
in HCT116 and SW480 cells compared with that in FHC cells 
(Figure 2B). To our delight, in HCT116 and SW480 cells treated with 
different concentrations of curcumin, circ_KIAA1199 expression 
was significantly decreased in a concentration-dependent 
manner (Figure 2C). Using the subcellular localization assay, we 
confirmed that circ_KIAA1199 was mainly distributed in the 
cytoplasm (Figure 2D, E), suggesting that circ_KIAA1199 was 
mainly involved in post-transcriptional regulation. In addition, 
ActD assay showed that circ_KIAA1199 was much more stable 
than its linear RNA KIAA1199 (Figure 2F, G), confirming that 
circ_KIAA1199 was indeed a circRNA. These data showed that 
circ_KIAA1199 was an upregulated circRNA in CRC and its 
expression was regulated by curcumin.

3.3 Circ_KIAA1199 overexpression relieved the inhibition of 
curcumin on CRC progression

In order to confirm that curcumin regulated CRC 
progression by mediating circ_KIAA1199, we constructed the 
circ_KIAA1199 overexpression vector for functional verification. 
First, we determined that the circ_KIAA1199 overexpression 
vector could indeed promote circ_KIAA1199 expression without 
affecting linear KIAA1199 mRNA expression (Figure 3A, B). 
After the transfected HCT116 and SW480 cells were treated 
with curcumin, we found that the suppressive effects of 
curcumin on the number of colonies and cell viability could be 
abolished by circ_KIAA1199 overexpression (Figure 3C-E). Also, 
overexpressed circ_KIAA1199 could overturn the inhibiting 
regulation of curcumin on the migration and invasion of 
HCT116 and SW480 cells, and the promoting effect on cell 
apoptosis (Figure 3F-H). Additionally, the detection results of 
apoptosis markers (Bcl-2 and Bax) showed that curcumin could 
decrease Bcl-2 protein expression and promote Bax protein 
expression in HCT116 and SW480 cells, while these effects could 
be reversed by overexpressing circ_KIAA1199 (Figure  3I-J). 
Therefore, we confirmed that curcumin hindered CRC progression 
by regulating circ_KIAA1199.
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Figure 1. Curcumin inhibited CRC cell progression. HCT116 and SW480 cells were treated with different concentrations (5, 10, and 20 μM) of 
curcumin. Non-treated cells were used as control. (A) The number of colonies was measured using colony formation assay. (B-C) The cell viability 
was detected by MTT assay. (D-E) The numbers of migrated and invaded cells were determined using transwell assay. (F) Flow cytometry was 
used to test the apoptotic rate of cells. *P < 0.05.

Figure 2. The expression of circ_KIAA1199 in CRC tissues and cells. (A) Circ_KIAA1199 expression in CRC tumor tissues (Tumor) and adjacent 
normal tissues (Normal) was examined using qRT-PCR. (B) The expression of circ_KIAA1199 in FHC cells and CRC cells (HCT116 and SW480) 
was detected by qRT-PCR. (C) QRT-PCR was used to detect circ_KIAA1199 expression in HCT16 and SW480 cells treated with different 
concentrations (5, 10, and 20 μM) of curcumin. (D-E) Subcellular localization assay was performed to assess the localization of circ_KIAA1199 
in the nucleus and cytoplasm of CRC cells. (F-G) ActD assay was used to evaluate the stability of circ_KIAA1199 in HCT16 and SW480 cells. 
*P < 0.05.
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3.4 Circ_KIAA1199 targeted miR-433-3p

The results that circ_KIAA1199 was mainly distributed 
in the cytoplasm suggested that circ_KIAA1199 might act 
as a miRNA sponge. To confirm the targeted miRNAs of 
circ_KIAA1199, we performed the bioinformatics analysis 
using circinteractome software (https://circinteractome.nia.
nih.gov/). It was found that miR-433-3p had complementary 
binding sites with circ_KIAA1199 (Figure 4A). Further dual-
luciferase reporter assay results showed that miR-433-3p mimic 
reduced the luciferase activity of the circ_KIAA1199-WT vector, 
but it had no affect that of the circ_KIAA1199-MUT vector 
(Figure 4B-C), confirming the interaction between miR-433-3p 
and circ_KIAA1199. By detecting miR-433-3p expression, we 
discovered that miR-433-3p expression could be inhibited by 
circ_KIAA1199 overexpression (Figure 4D), while enhanced by 
curcumin (Figure 4E). Compared to FHC cells, miR-433-3p was 
discovered to be lowly expressed in HCT116 and SW480 cells 
(Figure 4F). Furthermore, a significantly downregulated miR-433-

3p was found in CRC tumor tissues (Figure 4G), and correlation 
analysis showed that miR-433-3p expression was negatively 
correlated with circ_KIAA1199 expression in CRC tumor tissues 
(Figure 4H). All data showed that circ_KIAA1199 acted as miR-
433-3p sponge in CRC.

3.5 Circ_KIAA1199 sponged miR-433-3p to participate in 
the regulation of curcumin on CRC progression

To further determine whether circ_KIAA1199 sponged 
miR-433-3p during the process of curcumin regulating CRC 
progression, we co-transfected with circ_KIAA1199 overexpression 
vector and miR-433-3p mimic into HCT116 and SW480 cells. 
The detection results of miR-433-3p expression confirmed that 
the addition of miR-433-3p mimic could abolish the inhibiting 
effect of circ_KIAA1199 on miR-433-3p expression (Figure 5A). 
Then, the transfected cells were treated with curcumin. Function 
analysis results showed that miR-433-3p overexpression could 

Figure 3. Curcumin regulated circ_KIAA1199 to mediate CRC progression. (A-B) After HCT16 and SW480 cells were transfected with circ_
KIAA1199 overexpression vector or vector, the expression of circ_KIAA1199 and linear KIAA1199 was measured by qRT-PCR. (C-J) HCT116 and 
SW480 cells were transfected with or without circ_KIAA1199 overexpression vector or vector, and then treated with curcumin. Non-transfected 
and non-treated cells were used as control. (C) Colony formation assay was performed to detect the number of colonies. (D-E) MTT assay was 
used to measure the cell viability. (F-G) The numbers of migrated and invaded cells were analyzed by transwell assay. (H) The apoptotic rate of 
cells was examined using flow cytometry. (I-J) The protein levels of Bcl-2 and Bax were determined using WB analysis. *P < 0.05.
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reverse the promotion effect of circ_KIAA1199 on the number of 
colonies and cell viability, as well as the numbers of migrated and 
invaded cells in HCT116 and SW480 cells treated with curcumin 
(Figure  5B-F). Also, overexpressing of miR-433-3p reversed 
the apoptotic rate of curcumin-treated CRC cells inhibited by 
circ_KIAA1199 overexpression (Figure  5G). Moreover, the 
addition of miR-433-3p mimic also overturned the regulation 
of circ_KIAA1199 on the protein levels of Bcl-2 and Bax in 
curcumin-treated CRC cells, which could be observed by the 
decreased Bcl-2 level and the increased Bax level in the co-
transfection group (Figure 5H, I). All data revealed that curcumin 
regulated CRC progression by regulating the circ_KIAA1199/
miR-433-3p axis.

3.6 MiR-433-3p targeted ADAM10 in CRC

MiRNA can usually bind to the 3’UTR of the target gene to 
cause mRNA degradation or transcription inhibition (Pu et al., 
2019). Here, the Starbase3.0 software (http://starbase.sysu.
edu.cn/) was used to predict the targets for miR-433-3p and 
ADAM10 3’UTR was found to can bound with miR-433-3p 
(Figure 6A). Moreover, we confirmed that only the luciferase 

activity of the ADAM10-WT vector could be inhibited by 
miR-433-3p mimic, which further confirmed that miR-433-
3p could interact with ADAM10 (Figure 6B, C). In order to 
determine the regulation of miR-433-3p on ADAM10, we 
overexpressed and knocked down the expression of miR-433-3p 
using its mimic and inhibitor (Figure 6D). Our data suggested 
that ADAM10 expression could be reduced by miR-433-3p 
overexpression and enhanced by miR-433-3p inhibition at the 
mRNA level and protein level (Figure 6E, F). Through detecting 
ADAM10 expression, we discovered that ADAM10 mRNA and 
protein expression was markedly higher in CRC tumor tissues 
than in adjacent normal tissues (Figure 6G, H), and its mRNA 
expression also was negatively correlated with miR-433-3p 
expression and positively correlated with circ_KIAA1199 expression 
in CRC tumor tissues (Figure 6I,  J). Besides, the remarkably 
increased ADAM10 mRNA and protein expression also was 
detected in HCT116 and SW480 cells compared with that in 
FHC cells (Figure 6K, L). In addition, we found that curcumin 
had an inhibition effect on the mRNA and protein expression of 
ADAM10 (Figure 6M, N), which was consistent with the effect 
of curcumin on circ_KIAA1199 expression. In HCT116 and 
SW480 cells transfected with circ-KIAA1199 overexpression 

Figure 4. Circ_KIAA1199 targeted miR-433-3p. (A) The binding sites and corresponding mutate sites of circ_KIAA1199 and miR-433-3p were 
shown. (B-C) The interaction between circ_KIAA1199 and miR-433-3p was confirmed by dual-luciferase reporter assay. (D) The expression 
of miR-433-3p was measured by qRT-PCR in HCT116 and SW480 cells transfected with vector or circ_KIAA1199 overexpression vector. (E) 
QRT-PCR was used to detect miR-433-3p expression in HCT16 and SW480 cells treated with 20 μM curcumin. (F) QRT-PCR was employed 
to examine the expression of miR-433-3p in FHC cells and CRC cells (HCT116 and SW480). (G) MiR-433-3p expression in CRC tumor tissues 
(Tumor) and adjacent normal tissues (Normal) were measured by qRT-PCR. (H) The correlation between circ_KIAA1199 and miR-433-3p was 
analyzed using Pearson correlation analysis. *P < 0.05.
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vector and miR-433-3p mimic, we uncovered that circ_
KIAA1199 could promote ADAM10 expression, and this effect 
could be abolished by miR-433-3p overexpression (Figure 6O, P). 
Our data illuminated that circ_KIAA1199 sponged miR-433-3p 
to regulate ADAM10 in CRC.

3.8 ADAM10 silencing reversed the regulation of miR-433-
3p inhibitor on the progression of curcumin-treated CRC 
cells

After that, anti-miR-433-3p and si-ADAM10 were co-
transfected into HCT116 and SW480 cells to perform function 
experiments for confirming the existed miR-433-3p/ADAM10 axis 
in CRC. The si-ADAM10 could abolish the promoting effect of 
miR-433-3p inhibitor on ADAM10 mRNA and protein expression, 
indicating that the transfection was successful (Figure 7A, B). 
Under the treatment with curcumin, we discovered that miR-
433-3p inhibitor could enhance the number of colonies, the 
cell viability, and the numbers of migrated and invaded cells 
in curcumin-treated CRC cells. However, the addition of si-
ADAM10 could reverse the regulation of miR-433-3p on the 
proliferation, migration and invasion of curcumin-treated 

CRC cells (Figure 7C-G). Also, knockdown of ADAM10 also 
abolished the suppressive effect of miR-433-3p inhibitor on 
the apoptotic rate of HCT116 and SW480 cells treated with 
curcumin (Figure  7H). Meanwhile, miR-433-3p inhibitor 
promoted the Bcl-2 protein level and reduced the Bax protein 
level in curcumin-treated CRC cells, while ADAM10 silencing 
also could overturn these effects (Figure 7I, J). Hence, all results 
suggested that miR-433-3p targeted ADAM10 to be involved in 
the regulation of curcumin on CRC progression.

3.9 Circ_KIAA1199 abolished the reduction of curcumin on 
CRC tumor growth in vivo

Animal experiments were performed to further confirm the 
role of curcumin on CRC tumor growth. The detection results 
of tumor volume and tumor weight showed that curcumin 
treatment could markedly reduce the tumor volume and tumor 
weight of mice. However, the tumor volume and tumor weight 
of mice in the curcumin + lenti-circ_KIAA1199 group were 
significantly enhanced compared to the curcumin + lenti-NC 
group (Figure 8A, B). In the tumor tissues of mice, we discovered 
that the circ_KIAA1199 expression was decreased, miR-433-3p 

Figure 5. Curcumin regulated CRC progression by regulating circ_KIAA1199/miR-433-3p. (A) HCT16 and SW480 cells were transfected with 
vector, circ_KIAA1199, circ_KIAA1199 + miR-NC or circ_KIAA1199 + miR-433-3p. The expression of miR-433-3p was detected by qRT-PCR. 
(B-I) After transfection, HCT116 and SW480 cells were treated with curcumin. Non-transfected and non-treated cells were used as control. (B) The 
number of colonies was examined using colony formation assay. (C-D) MTT assay was employed to determine the cell viability. (E-F) Transwell 
assay was performed to test the numbers of migrated and invaded cells. (G) The apoptotic rate of cells was determined by flow cytometry. (H-I) 
WB analysis was utilized for examining the protein levels of Bcl-2 and Bax. *P < 0.05.
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Figure 6. MiR-433-3p targeted ADAM10 in CRC. (A) The binding sites and corresponding mutate sites of miR-433-3p and ADAM10 3’UTR were 
shown. (B-C) Dual-luciferase reporter assay was utilized for assessing the interaction between miR-433-3p and ADAM10. (D) The transfection 
efficiencies of miR-433-3p mimic and inhibitor were confirmed by detecting miR-433-3p expression using qRT-PCR. (E-F) The mRNA and protein 
expression levels of ADAM10 were measured by qRT-PCR and WB analysis in HCT116 and SW480 cells transfected with miR-NC, miR-433-3p, 
anti-miR-NC or anti-miR-433-3p. (G-H) The mRNA and protein expression of ADAM10 in CRC tumor tissues (Tumor) and adjacent normal 
tissues (Normal) were determined using qRT-PCR and WB analysis. (I-J) Pearson correlation analysis was utilized for evaluating the correlation 
between ADAM10 mRNA expression and miR-433-3p or circ_KIAA1199 expression in CRC tumor tissues. (K-L) QRT-PCR and WB analysis 
were employed to examine the mRNA and protein expression of ADAM10 in FHC cells and CRC cells (HCT116 and SW480). (M-N) QRT-PCR 
and WB analysis were used to detect the mRNA and protein expression of ADAM10 in HCT16 and SW480 cells treated with 20 μM curcumin. 
(O-P) HCT116 and SW480 cells were transfected with vector, circ_KIAA1199, circ_KIAA1199 + miR-NC or circ_KIAA1199 + miR-433-3p. The 
mRNA and protein expression levels of ADAM10 were examined by qRT-PCR and WB analysis. *P < 0.05.
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2018). Studies have shown that curcumin may regulate the 
radio-sensitization of nasopharyngeal carcinoma through 
mediating circRNA network (Yang et al., 2020; Zhu et al., 2020). 
Unfortunately, it is unclear whether curcumin can participate in 
CRC progression by regulating the circRNA network.

Tian et al. screened the differentially expressed circRNAs in CRC 
tissues and normal tissues by microarray analysis, and uncovered 
that circ_KIAA1199 was overexpressed in CRC tissues (Tian et al., 
2019). Here, we verified the highly circ_KIAA1199 expression in 
CRC tissues and cells. To our surprise, we found that curcumin 
could inhibit circ_KIAA1199 expression. Around the hypothesis 
that curcumin might mediate the circ_KIAA1199 network, we 
conducted out the circ_KIAA1199 overexpression experiment 
in curcumin-treated CRC cells. The results indicated that the 
regulation of curcumin on CRC proliferation, metastasis and 
apoptosis could be abolished by overexpressing circ_KIAA1199. 
Additionally, in vivo experiments also revealed that the anti-
tumorigenesis role of curcumin in CRC also could be reversed 
by circ_KIAA1199 overexpression. These results confirmed 
that curcumin indeed mediated the progression of CRC via 
regulating circ_KIAA1199.

It has been widely demonstrated that circRNAs function as 
molecular sponges of miRNAs (Song et al., 2020; Wu et al., 2019). 

was increased, and ADAM10 mRNA and protein expression was 
inhibited in the curcumin treatment group, while these effects 
were eliminated in the curcumin + lenti-circ_KIAA1199 group 
(Figure  8C-F). In addition, IHC staining revealed that the 
Ki67 positive cells was decreased and Cleaved caspase3 positive 
cells was enhanced in the tumor tissues of the curcumin group, 
and circ_KIAA1199 overexpression could reverse these effects 
(Figure  8G). Therefore, we confirmed that curcumin could 
reduce CRC tumor growth by regulating the circ_KIAA1199/
miR-433-3p/ADAM10 pathway.

4 Discussion
A large number of studies have confirmed that curcumin 

can regulate anti-tumor molecule targets in cancer (Pandya et al., 
2021), which is expected to achieve a breakthrough in the 
research of natural targeted drugs. Curcumin can not only 
inhibit the proliferation and metastasis, but also attenuate the 
chemotherapy resistance of cancer cells (Su et al., 2018). In this 
study, we confirmed that curcumin indeed suppressed CRC 
cell proliferation, metastasis and accelerated apoptosis in vitro, 
and inhibited tumor growth in vivo. CircRNA is a key regulator 
of cancer progression and has been widely demonstrated as a 
potential molecular target for cancer therapy (Kristensen et al., 

Figure 7. Curcumin inhibited CRC progression via the miR-433-3p/ADAM10 axis. (A-B) HCT16 and SW480 cells were transfected with anti-
miR-NC, anti-miR-433-3p, anti-miR-433-3p + si-NC or anti-miR-433-3p + si-ADAM10. The mRNA and protein expression of ADAM10 was 
detected by qRT-PCR and WB analysis. (C-J) After transfection, HCT116 and SW480 cells were treated with curcumin. Non-transfected and 
non-treated cells were used as control. (C) Colony formation assay was employed to measure the number of colonies. (D-E) Cell viability was 
tested using MTT assay. (F-G) Transwell assay was utilized to assess the numbers of migrated and invaded cells. (H) Flow cytometry was used 
to detect the apoptotic rate of cells. (I-J) The protein levels of Bcl-2 and Bax were tested using WB analysis. *P < 0.05.
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extracellular matrix degradation, and cell adhesion by binding 
with cell membranes (Toonen et al., 2016; White, 2003). At the 
same time, ADAM10 has also been confirmed to exert an 
important function in cancer development (Tsang et al., 2018). 
In past studies, ADAM10 was proved to be overexpressed in CRC 
and to promote CRC malignant progression (Hong et al., 2020; 
Sun et al., 2019). Here, we uncovered that circ_KIA1199 could 
sponge miR-433-3p to positively regulate ADAM10. Besides, the 
reversal effect of ADAM10 silencing on miR-433-3p inhibitor 
regulating the progression of curcumin-treated CRC cells 
confirmed that the miR-433-3p/ADAM10 axis taken part in 
the regulation of curcumin on CRC progression.

In conclusion, our data showed that curcumin could 
suppress CRC proliferation and metastasis through regulating 
the circ_KIAA1199/miR-433-3p/ADAM10 axis. Our study not 
only uncovered the new discovery that curcumin mediated 
CRC progression through the circRNA axis, but also revealed 
the role and mechanism of a novel circRNA, circ_KIAA1199, in 
CRC. These results provided a theoretical basis for us to better 
understand the anti-cancer effect of curcumin.
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Through bioinformatics prediction and dual-luciferase reporter 
assay verification, we discovered that circ_KIAA1199 could 
interact with miR-433-3p. MiR-433-3p is underexpressed in many 
types of cancer and has been shown to play tumor suppressive 
effects in cancers, such as esophageal squamous cell carcinoma 
(Shi et al., 2018), bladder cancer (Wang et al., 2020), and renal 
carcinoma (Cai et al., 2020). In CRC-related studies, low miR-
433 expression was considered to be a marker of early relapse in 
CRC patients, and it played an anti-tumor role in CRC by inhibiting 
cell proliferation and metastasis (Li et al., 2017; Zhang et al., 
2018b). In this, we found that miR-433-3p expression could be 
promoted by curcumin. The rescue experiments revealed that 
the enhancing effect of circ_KIAA1199 on the progression of 
curcumin-treated CRC cells could be reversed by miR-433-3p. 
All data suggested that circ_KIAA1199 could act as miR-433-3p 
sponge to be involved in the regulation of curcumin on CRC 
progression.

MiR-433-3p was found to target CCAR1, FGF2, and GRB2 to 
regulate cancer development (Cai et al., 2020; Shi et al., 2018; 
Wang et al., 2020). Here, we discovered that ADAM10 was a 
newly target of miR-433-3p. ADAM10 is a member of ADAM 
family with proteolytic enzyme activity (Seegar et  al., 2017). 
Studies have shown that ADAM10 regulates the process of 
many physiological processes such as cell signal transduction, 

Figure 8. Curcumin reduced CRC tumor growth through regulating the circ_KIAA1199/miR-433-3p/ADAM10 axis in vivo. Tumor volume (A) 
and tumor weight (B) were detected in each group. (C-E) The expression levels of circ_KIAA1199, miR-433-3p and ADAM10 in the tumor tissues 
of each group were measured by qRT-PCR. (F) The ADAM10 protein level in the tumor tissues of each group was determined by WB analysis. 
(G) IHC staining was used to detect the Ki67 and Cleaved caspase3 positive cells to assess the proliferation and apoptosis of tumor cells. *P < 0.05.
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