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ARTICLE INFO ABSTRACT

Keywords: Background: Scars affects the appearance and results in tissue damage. In this research, we preliminarily studied
Scars the function and mechanism of curcumin (CUR) on cell proliferation and soluble collagen synthesis in NIH-3T3
TGFp1 cells.

E:lllr:‘g:" Methods: CCK-8 was used to detect the IC50 of CUR. Moreover, Western blot was used to measure the expression

of cell proliferation-related, soluble collagen synthesis and pathway-related proteins. Sircol assay was de-
termined the expression of soluble collagen. Furthermore, reverse transcription quantitative PCR (RT-qPCR) was
used to determined miR-29a, a-smooth muscle aorta (a-SMA), soluble collagen 1 (Col 1) and Col 3 expression.
Results: CUR inhibited cell viability and proliferation-related proteins expression. Transforming growth factor-f
(TGFP1)-induced heightened the expression of proliferation-related proteins and soluble collagen synthesis-re-
lated proteins. CUR inhibited TGFp1-induced proliferation and soluble collagen synthesis. Furthermore, CUR
positively related miR-29a and miR-29a mimic inhibited TGFp1-induced proliferation and soluble collagen
synthesis. Besides, transfection with miR-29a inhibitor could partly reverse the effects of CUR. CUR inhibited the
ERK1/2 and B-catenin pathways and the miR-29a inhibitor reversed the above results. Otherwise, soluble col-
lagen 1 (Col 1) partly reversed the effects of CUR on proliferation and soluble collagen synthesis and silenced Col
1/3 could inhibit ERK1/2 and B-catenin signaling pathways.

Conclusion: CUR restrained TGFB1-induced proliferation and soluble collagen synthesis in NIH-3T3 cells by up-
regulation of miR-29a via ERK1/2 and B-catenin signaling pathways.

1. Introduction

Scars is called by a joint name for the facade and histopathological
variations of skin when skin is damaged by trauma, cut wounds, burns
and so on (desJardins-Park et al., 2019). Scars not only affect the fa-
cade, but also cause dysfunction. This is bringing vastly pain to the
patient. Current studies had verified that the formation of scars was
strongly associated with the excessive proliferation of fibroblasts. It was
stated that the direct cause of scars was the unusual accumulation of
extracellular matrix (A. Xiao and Ettefagh, 2019). In this process, fi-
broblasts play a key role. Fibroblasts firsthandly synthesize a-smooth
muscle aorta (a-SMA), soluble collagen 1 (Col 1) and soluble collagen 3
(Col 3) and form extracellular matrix, followed by releasing trans-
forming growth factor-p (TGFP1) which is capable of controlling the
metabolism of extracellular matrix (Carswell and Borger, 2019). At
present, the drugs for treating scars include glucocorticoids,
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antihistamines, immunesuppressive agents and so on, but there are
numerous disadvantages such as recurrence, side effects, and long-term
administration (Ogawa, 2019). Therefore, it is particularly vital to
screen safer and more effective drugs from natural drugs.

Curcumin (CUR) is a polyphenolic substance extracted from the
traditional Chinese medicine turmeric. Its main functions are elimina-
tion of inflammation, inhibition of tumors, and anti-fibrosis (Yuan
et al., 2019). Studies in vitro and in vivo had confirmed the role of CUR
in scars (Bondan et al., 2017; Yuan et al., 2017, 2015). It had found that
CUR could promote wound healing in rabbit (Jia et al., 2014). Further
study found that CUR could significantly control fibroblast proliferation
and soluble collagen synthesis and they constructed a model of scars
disease (Saidi et al., 2019). This model was used for reference in this
experiment. Moreover, literatures displayed CUR restrained tumor
progress by microRNAs (miRNAs) (Zhou et al., 2017).

miRNA is a non-coding RNA of approximately 21-25nt in size. In
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recent years, the regulation of miRNAs involved in skin wound repair
had been widely proven (Zhang et al., 2018; Zhao et al., 2018aa; Zhao
et al., 2018bb). miR-29a is one of the miRNAs that can regulate this
process. It can accelerate fibroblast migration (Tu et al., 2018). miR-29a
had been shown to play an vital part in scars (L. Xiao et al., 2017), so
study miR-29a may be a potential treatment option.

In this experiment, NIH/3T3 cells were used as the experimental
object to investigate the therapeutic function of CUR on scars in vitro.
We observed the functions of CUR and miR-29a on the cell proliferation
and soluble collagen synthesis in scars and explored the possible me-
chanism of action of CUR on scars. In this paper, the basic research
about CUR provided a new basis for the clinical treatment of scars.

2. Materials and methods
2.1. Cell culture and treatment

NIH-3T3 cells (China Center for Type Culture Collection, CCTCC,
Wuhan, China) were cultured in Dulbecco's modified Eagle medium
(DMEM, Gibco, Grand Island, NY, US). The medium containing 10 %
fetal bovine serum (FBS, Gibco) 100 U/mL penicillin (Beyotime,
Haimen, China) and 100 pg/mL streptomycin (Beyotime) at 5 % CO,,
37 °C. The culture medium was replaced every two day. CUR (Sigma, St.
Louis, US) was diluted with DMSO in 10 mM, immediately after, diluted
to DMEM at a concentration of 0-10 uM. The dosing time was 12h.
TGFp1 (Abcam, Cambridge, UK) was reconstituted with ddH,O, 0.1 %
BSA (Beyotime) to 10 ng/mL and the processing time is 24 h. Col 1 were
purchased from Advanced Biomatrix (San Diego, CA, US) and recon-
stituted with 0.1 M acetate solution to 10 pg/mL according to instruc-
tion.

2.2. CCK-8 assay

Cells were inoculated in 96-well plates (Beyotime) at a 5 X 10°
cells/well. After the dosing treatment, the CCK-8 solution (Bioswamp,
Wuhan, China) was added to the medium according to the instructions,
the plates were incubated 1h in the dark at 5 % CO,, 37 °C. The ab-
sorbance was quantitated by microplate reader (Bio-Rad Labs,
Sunnyvale, US) at 450 nm.

2.3. Reverse transcription quantitative PCR (RT-qPCR)

Trizol was used to extract RNA (Molecular Research Center,
Cincinnati, Ohio). The Tagman MicroRNA Reverse Transcription Kit
(Thermo Fisher Scientific, Runcorn, UK) and Tagman Universal Master
Mix II within TagMan MicroRNA Assay of miR-29a and U6 (Thermo
Fisher Scientific) were used for detecting miR-29a expression. RNA PCR
Kit (AMV) Ver.3.0 (TaKaRa Biotechnology, Dalian, China) was used for
the test the RNA expression of a-SMA, Col 1, Col 3. Samples were run in
triplicate. The 2_ sacc equation was used to quantify the data.

2.4. Transfection

The miR-29a inhibitor, NC inhibitor, si-Col1, si-Col3 and si-NC were
synthesized by GenePharma Co. (Shanghai, China). Lipofectamine 3000
(Carlsbad Life Technologies, Carlsbad, US) was used on cell transfec-
tion. The transfection efficiency was evaluated by qRT-PCR.

2.5. Measurement of soluble collagen protein

The expression of soluble collagens in culture supernatants were
measured by sircol assay kit (Biocolor, Newtonabbey, UK). Samples
were run in duplicate and average it.
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2.6. Western bolt

Proteins were extracted from cells by RIPA lysis buffer (Beyotime)
plus protease inhibitor (Beyotime). We used protein assay kit
(Bioswamp) quantified the proteins. This experiment was established
by using the Bio-Rad system. Primary antibodies contained anti-VEGF
antibody (ab1316, Abcam), anti-CyclinD1 antibody (ab16663, Abcam),
anti-CDK1 antibody (ab131450, Abcam), anti-B-actin antibody
(ab8227, Abcam), anti-a-SMA (ab32575, Abcam), anti-Col 1 antibody
(ab34710, Abcam), anti-Col 3 antibody (ab7778, Abcam), anti-ERK1 +
ERK2 antibody (ab184699, Abcam), anti-ERK1 (phospho T202) +
ERK2 (phospho T185) antibody (ab201015, Abcam), anti-B-catenin
antibody (ab32572, Abcam). Primary antibodies were prepared at a
dilution of 1:1000 in 5 % blocking buffer. The primary antibodies were
cultured at 4 °C overnight, washed and incubated with secondary an-
tibodies goat anti-rabbit IgG (ab6721, Abcam, 1:5000) 1h at 25°C.
After rinsing, the polyvinylidene fluoride (PVDF) membrane bring the
antibody were shifted to system. Finally, added 200 pL. HRP substrate
(Millipore Corp., Billerica, US) to the surface. Captured signal and
quantified by Image Lab™ Software (Bio-Rad). The above experiments
were used f-actin as internal parameters.

2.7. Statistical analysis

All experiments were repeated three times. Data were expressed as
mean * Standard Deviation (SD). Statistical analyses were performed
by using Graph pad 6.0 (Graph Pad Software, CA, US). The P-values
were calculated using a one-way analysis of variance (ANOVA) and t
test. P < 0.05 was considered statistically significant.

3. Results
3.1. CUR inhibited proliferation of NIH-3T3 cells

Firstly, after CUR therapy, the viability of NIH-3T3 cells was de-
tected. The results presented CUR statistically depressed the viability of
NIH-3T3 cells at a dose-dependent method (Fig. 1A, P < 0.05,
P < 0.01 or P < 0.001). The IC50 was 6.026 = 0.276 uM. Therefore,
the 6 uM and 8 uM CUR was respectively used for next experiments. The
Western bolt results (Fig. 1B and 1C) showed that the expression of
proliferation associated proteins VEGF (P < 0.001), Cyclin D1
(P < 0.01) and CDK4 (P < 0.001) were significantly descended after
the addition of the 6 uM and 8 uM CUR.

3.2. CUR inhibited soluble collagen synthesis in NIH-3T3 cells

Firstly, we treated NIH-3T3 cells with TGFp1 (10ng/mL) and
TGFpB1 + CUR (6 uM and 8 uM) for 24 h. The results found that the
amount of soluble collagens were meaningfully increased when adding
TGFp1 (Fig. 2A, P < 0.001) and both 6 uM and 8 uM CUR inhibited the
above phenomenon (Fig. 2A, P < 0.05). The results of qRT-PCR
(Fig. 2B) displayed that CUR (6 uM or 8 uM) inhibited the expression of
a-SMA (P < 0.01), Col 1(P < 0.01) and Col 3 (P < 0.05 or
P < 0.01) which were caused by TGF-f1 and Western bolt (Fig. 2C and
2D) displayed that CUR (6 uM) inhibited the TGF-B1-induced expres-
sion of a-SMA (P < 0.01), Col 1(P < 0.01) and Col 3 (P < 0.001).

3.3. CUR up-regulated miR-29a in NIH-3T3 cells

Many studies displayed CUR worked in disease through miRNAs
(Zhou et al., 2017), so we further investigated whether CUR can reg-
ulate miR-29a. The expression of miR-29a was tested by qRT-PCR in
NIH-3T3 cells after 6 uM or 8 uM CUR treatments. The CUR mean-
ingfully boosted the expression of miR-29a in NIH-3T3 cells (Fig. 3,
P < 0.01 or P < 0.001).
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Fig. 1. Curcumin (CUR) inhibited proliferation of NIH-3T3 cells.
(A) After CUR therapy, the viability of NIH-3T3 cells was detected. The results presented CUR statistically depressed the viability of NIH-3T3 cells at a dose-
dependent method. The IC50 was 6.026 + 0.276 uM. (B and C) The results showed that the expression of vascular endothelial growth factor (VEGF), Cyclin D1 and
cyclin-dependent kinases 4 (CDK4) were meaningfully descended after 6 uM and 8 pM CUR treatment. (* P < 0.05; ** P < 0.01; *** P < 0.001).
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Fig. 2. Curcumin (CUR) inhibited soluble collagen synthesis in NIH-3T3 cells.

(A) CUR (6 uM and 8 uM) restrained the transforming growth factor-f1 (TGF-B1)-induced rise of soluble collagen expression. (B) Reverse transcription quantitative
PCR (RT-qPCR) result discovered CUR (6 pM and 8 uM) restrained the expression of a-smooth muscle aorta (a-SMA), soluble collagen 1 (Col 1) and soluble collagen 3
(Col 3) which were enhanced by TGF-p1. (C and D) western blot result discovered CUR (6 uM) restrained the TGF-B1-induced expression of a-SMA, Col 1 and Col 3.

(* P < 0.05; ** P < 0.01; *** P < 0.001).
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Fig. 3. Curcumin (CUR, 6 uM and 8 uM) promoted the expression of miR-29a in
NIH-3T3 cells. (** P < 0.01).

mimic can meaningfully decline the TGFB1-induced expressions of so-
luble collagen (Fig. 4D, P < 0.05), a-SMA, Col 1 and Col 3 (Fig. 4E
and 4F, P < 0.01).

3.5. miR-29a inhibitor reversed the CUR-induced inhibition on cell
proliferation and soluble collagen synthesis

Based on the results of Fig. 4, we found that miR-29a inhibitor
statistically reduced miR-29a expression (Fig. 5A, P < 0.01). Further
results showed that miR-29a inhibitor alleviated the 6 pM CUR-reduced
cell viability. (Fig. 5B, P < 0.01) and the expression of VEGF (Fig. 5C
and 5D, P < 0.01), Cyclin D1 and CDK4 (Fig. 5C and 5D, P < 0.001).
Then we explored the impact of miR-29a inhibitor on soluble collagen
synthesis. The results of western blot (Fig. 5E and 5F) and qRT-PCR
(Fig. 5G) displayed that miR-29a inhibitor can meaningfully enhance

Molecular Immunology 116 (2019) 191-198

the amount of a-SMA (P < 0.01),Col1 (P < 0.01 or P < 0.001) and
Col 3 (P < 0.05 or P < 0.01) which was inhibited by 6 uM CUR. On
the other hand, the sircol assay results showed the same trend (Fig. 5H,
P < 0.05). In general, CUR inhibited cell proliferation and soluble
collagen synthesis by up-regulating miR-29a.

3.6. CUR and miR-29a were involved in ERK1/2 and B-catenin signaling
pathways

From Fig. 6A and B, we can see that 6 uM CUR inhibited the ratio of
p/t-ERK1/2 and the expression of -catenin (P < 0.001). After the
system was treated with miR-29a inhibitor, the ratio of p/t-ERK1/2
(Fig. 6A, P < 0.001) and the expression of p-catenin (Fig. 6B, P <
0.001) were increased. Otherwise, we discovered miR-29a mimic de-
clined the ratio of p/t-ERK1/2 (Fig. 6C, P < 0.01) and the expression
of B-catenin (Fig. 6D, P < 0.01). These results indicated that CUR and
miR-29a were involved in ERK1/2 and [-catenin signaling pathways.

3.7. Col 1 remitted the CUR-induced inhibition on cell proliferation, soluble
collagen synthesis and pathways

Col 1 enhanced the 6 uM CUR-induced decrease in cell viability
(Fig. 7A, P < 0.05) and the expression of soluble collagen (Fig. 7B,
P < 0.001). Then we explored the impact of Col 1 on cell pathways
and displayed Col 1 enhanced the ratio of p/t-ERK1/2 and the ex-
pression of 3-catenin (Fig. 7C and 7D, P < 0.001) which was caused
by CUR. These results indicated that Col 1 remitted the CUR-induced
inhibition on cell proliferation, soluble collagen synthesis and path-
ways.
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Fig. 4. miR-29a mimic inhibited cell proliferation and CUR-induced soluble collagen synthesis.
(A) miR-29a mimic statistically enhanced miR-29a expression. (B and C) miR-29a mimic reduced the expression of VEGF, Cyclin D1 and CDK4. miR-29a mimic can
meaningfully decline the TGFB1-induced expressions of (D) soluble collagen, (E and F) a-SMA, Col 1 and Col 3. (* P < 0.05; ** P < 0.01; *** P < 0.001).
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Fig. 5. miR-29a inhibitor reversed the curcumin (CUR)-induced inhibition on cell proliferation and soluble collagen synthesis.

(A) The expression of miR-29a was significantly reduced compared to NC inhibitor when treated with miR-29a inhibitor. (B) miR-29a inhibitor significantly
enhanced the CUR-induced cell viability. (C and D) The expression of vascular endothelial growth factor (VEGF), Cyclin D1 and cyclin-dependent kinases 4 (CDK4)
were declined after adding CUR, and this proliferation were alleviated when miR-29a inhibitor transfected to the system. (E and F and G and H) The expression of a-
smooth muscle aorta (a-SMA), soluble collagen 1 (Col 1) and soluble collagen 3 (Col 3) were declined after adding CUR, and this soluble collagen synthesis were
alleviated when miR-29a inhibitor transfected to the system. (* P < 0.05; ** P < 0.01; *** P < 0.001).

3.8. Silenced Col 1 and Col 3 inhibited ERK1/2 and f-catenin signaling
pathways

When transfected si-Col 1 into cells (Fig. 8A, P < 0.01), the Col 1
expression were meaningfully declined. Besides, the ratio of p/t-ERK1/

2 and the expression of P-catenin were declined (Fig. 8B and 8C,
P < 0.01 or P < 0.001). Meanwhile, si-Col 3 declined the Col 3 ex-
pression (Fig. 8D, P < 0.01) and also declined the ratio of p/t-ERK1/2
and the expression of f-catenin (Fig. 8B and 8C, P < 0.01). These re-
sults indicated silenced Col 1 and Col 3 inhibited ERK1/2 and [3-catenin
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Fig. 6. Curcumin (CUR) and miR-29a were involved in ERK1/2 and B-catenin signaling pathways.
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Fig. 8. Silenced soluble collagen (Col) 1 and Col 3 inhibited ERK1/2 and B-catenin signaling pathways.
(A) si-Col 1 meaningfully declined Col 1 expression. Besides, it declined (B) the ratio of p/t-ERK1/2 and (C) the expression of B-catenin. Meanwhile, (D) si-Col 3
declined the Col 3 expression and also declined (E) the ratio of p/t-ERK1/2 and (F) the expression of 3-catenin. (** P < 0.01; *** P < 0.001).

signaling pathways.

4. Discussion

Scars are the result of abnormal body recovery after skin damage. Its
breaks the appearance and causes tissue damage at the same time
(Gauglitz et al., 2018). In this experiment, we were taking NIH-3T3
cells as research objects and different concentrations of CUR were used
to investigate the CUR functions. TGFP1 acted on NIH-3T3 cells, and it
was displayed that TGFP1 significantly controlled soluble collagen
synthesis. This indicated that we had successfully constructed a model
of scars disease. Next, through the observation of VEGF, Cyclin D1,
CDK4, Col 1, Col 3 and a-SMA expression, we explored the resistance to
scars effect of CUR in cell proliferation and soluble collagen synthesis.
In addition, we also found that miR-29a was up-regulated after the
addition of CUR. Then we are surprised to find that CUR exhibited
suppressive effects on cell proliferation and soluble collagen synthesis.
miR-29a and Col were involved the CUR-induced inhibition on cell
proliferation, soluble collagen synthesis and pathways. Although the
pronounced pathogenesis of scars remains unclear, TGFf} is currently
thought to be the major profibrotic growth factor (Lichtman et al.,
2016). TGFP has three different isomers. Among them, TGFf1 is the
most critical pathogenic factor of scars (Al-Qattan et al., 2018). TGF1
is highly expressed in scars tissue and fibroblasts, and fibroblasts are
very subtle to TGF-1. TGFf1 in scars principally accelerates fibrosis by
stimulating fibroblast proliferation and enhancing soluble collagen
synthesis (Han et al., 2019; Zhao et al., 2018aa; Zhao et al., 2018bb).
Our research also proved this. When adding TGF1 to NIH-3T3 cells,
the levels of soluble collagens, a-SMA, Col 1 and Col 3 were mean-
ingfully increased.

CUR is taken from the dried stem of the herbaceous turmeric, and its
medicinal properties are mild. Initially, it was used as spices and pig-
ment (Lelli et al., 2017). Recently, as its anti-inflammatory (Vecchi
Brumatti et al., 2014), anti-cancer (Devassy et al., 2015), anti-oxidation
(Luis et al., 2018) and other effects, it has been studied in numerous

disease models. Studies proved that CUR can meaningfully lower the
expression of VEGF, CyclinD1, and CDK4 in rats, which was consistent
with the previous in vitro studies (Huang et al., 2013). On the other
hand, a literature discovered that CUR down-regulated TGFp1 and
decreased the amount of Col 1, Col 3 and a-SMA (Wang et al., 2012).
The same results were obtained in our experiment. In general, CUR
played a protective part in scars. CUR inhibited cell viability and VEGF,
Cyclin D1 and CDK4 expressions. Moreover, CUR inhibited TGFp1-in-
duced soluble collagen, a-SMA, Col 1 and Col 3 levels. In addition, a
large number of studies had shown that CUR acted by regulating
miRNA. It was discovered that CUR promoted apoptosis of osteo-
sarcoma cells by sponging miR-125a (Chen et al., 2017). Likewise, CUR
restrained the tumor proliferation by sponging miR-130a (Dou et al.,
2017). So we further studied the relationship between CUR and miRNA
in scars.

In recent years, miRNAs have been shown to be involved in the
regulation of skin wound repair. For instance, studies had presented
miR-181b-5p promoted the proliferation of hypertrophic scars fibro-
blasts (Liu et al., 2019). It displayed that miR-29 were highly expressed
in scars (Bi et al., 2017)and miR-29 mimic can restrained fibroplasia in
derma (Gallant-Behm et al., 2018). In this study, we were pleasantly
surprised to find that miR-29 and CUR were positively correlated. The
miR-29 mimic reduced the expression of VEGF, Cyclin D1 and CDK4.
Moreover, it can meaningfully decline the TGFf1-induced expressions
of soluble collagen, a-SMA, Col 1 and Col 3. On the other hand, miR-29
inhibitor reversed the protective functions of CUR on cell proliferation
and soluble collagen synthesis. This was similar to the result of Gallant
(Gallant-Behm et al., 2018).

Collagen is the main component of the extracellular matrix, Col 1
and Col 3 are mainly present in human skin (Ricard-Blum, 2011). In
addition to its support for its own tissue structure, collagen also can
regulate cell migration and proliferation (Somaiah et al.,, 2015).
Moreover, Col 1 and Col 3 play an important role in the process of scar
formation (Lindsey et al., 2015; Zhao et al., 2018aa; Zhao et al.,
2018bb). In this study, we found Col 1 alleviated the CUR-induced
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decrease in cell viability and the expression of soluble collagen.
Moreover, Col 1 enhanced the ratio of p/t-ERK1/2 and the expression of
B-catenin. Meanwhile, si-Col 1 and si-Col 3 declined the ratio of p/t-
ERK1/2 and the expression of [-catenin.The ERK1/2 and [3-catenin
signaling pathways played vital parts in the regulation of scars. Pre-
vious studies had reported that ERK1/2 and [(-catenin pathways are
activated in scars and the two pathways are involved in the patho-
genesis of scars (Hahn et al., 2016). Some studies had found that TGFp1
played a part in scars through ERK1/2 and B-catenin pathways (Deng
et al., 2019; Grella et al., 2016). In addition, The research displayed
that tetrahydrocurcumin repressed colon tumor by ERK1/2 and p-ca-
tenin pathways (Lai et al., 2011). The other research presented miR-29
repressed breast tumor by [(3-catenin pathway (Rostas et al., 2014). In
our study, we discovered that p/t-ERK1/2 ratio and B-catenin expres-
sion were reduced after the addition of CUR, and these expression were
reversed when transfected miR-29a inhibitor. Otherwise, miR-29a
mimic directly declined the ratio of p/t-ERK1/2 and the expression of -
catenin. In short, CUR inhibited scars by ERK1/2 and [3-catenin path-
ways by up-regulating miR-29a.

5. Conclusion

In summary, CUR restrained TGF1-induced proliferation and so-
luble collagen synthesis in NIH-3T3 cells by up-regulation of miR-29a
via ERK1/2 and p-catenin signaling pathways. This article afforded a
new gist for the clinical treatment of scars.
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