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Abstract 

Background: In cervical cancer, most patients die of metastasis. The epithelial-to-mesenchymal transition (EMT) is a 
pivotal and intricate process that increases the metastatic potential of cervical cancer. C-phycocyanin (C-PC) is a natu-
ral marine product isolated and purified from Spirulina platensis, has been investigated that has anti-cancer function. 
The aim of this study was to explore the inhibitory effect of C-phycocyanin on the migration and invasion of cervical 
cancer cells induced by transforming growth factor-β1 (TGF-β1), so as to provide a new idea for the treatment and 
prognosis of cervical cancer.

Methods: A wound-healing assay, an invasion assay, immunofluorescence assay, western blot, flow cytometry and 
real-time reverse transcriptione polymerase chain reaction were explored in cervical cancer Caski cell lines. TGF-β/
smad signaling pathway was evaluated of in Caski cell lines.

Results: Our study indicated that TGF-β1 induced EMT in cervical cancer cells. C-phycocyanin inhibited EMT in Caski 
cells by down-regulating N-cadherin and up-regulating E-cadherin protein expression. Furthermore, C-phycocyanin 
could inhibit the expression and proteins Twist, Snail and Zeb1 transcription factors related to EMT. In addition, 
C-phycocyanin could inhibit the migration and invasion of Caski cells induced by TGF-β1. Besides, C-phycocyanin 
inhibited EMT through TGF-β/smads signaling pathway. We also found C-phycocyanin induced cell cycle G0/G1 arrest 
by decreasing protein expression levels of Cyclin D1 and p27.

Conclusions: C-phycocyanin reversed TGF-β1-induced epithelial-to-mesenchymal transition in cervical cancer cells 
and down-regulated the TGF-β/samd signaling pathway induced G0/G1 arrest of tumor cell cycle.

Keywords: C-phycocyanin, EMT, Caski cells, TGF-β1/smad signal pathway, Cancer

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://crea-
tivecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdo-
main/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Cervical cancer is the most common female genital 
malignant tumor in developing countries. With the 
extensive development of cervical cancer screening pro-
grams [1], early diagnosis and treatment of cervical can-
cer and precancerous lesions have been improved, but 
for advanced or metastatic cervical cancer, it has not 
achieved satisfactory therapeutic effects [2]. Infiltra-
tion and metastasis are still the main causes of death in 

patients with cervical cancer. Studying the underlying 
mechanism of invasion and metastasis of cervical cancer 
is particularly important for the treatment and prognosis 
of cervical cancer [3].

EMT refers to the biological process by which epithe-
lial cells are transformed into mesenchymal phenotype 
cells by a specific procedure. Under the actions of some 
factors, epithelial cells lose cell polarity, lose tight con-
nections and adhesion connections between cells, obtain 
infiltration and migration ability, and become cells with 
morphology and characteristics of mesenchymal cells 
[3, 4].There is no doubt that this is also why cancer cells 
spread in the body. The most familiar change that occurs 
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during EMT is the downregulation of surface E-cadherin 
expression and upregulation of N-cadherin [5].

TGF-β is an important factor in the induction of EMT 
in vivo [6]. Previous studies have shown that TGF-β pro-
moted tumor metastasis in genetically engineered mouse 
models and preclinical studies of TGF-β antagonists 
showed an anti-tumor effect [7, 8]. The most important 
signal transducers for the transmission of TGF-β1 sign-
aling are the smads [9]. TGF-β signal requires the bind-
ing of TGF-β to TGF-β typeII receptor(TβRII) or the 
transphosphate of TGF-β typeI receptor(TβRI), and the 
subsequent phosphorylation of Smad2 and Smad3. Phos-
phorylation of Smad2/3 binds to Smad4 to form trimer 
and then translocated to the nucleus [10]. It interacts 
with transcription factors, co-activating factors and 
co-inhibitors in the nucleus to inhibit epithelial genes 
expression but promote the expression of stroma genes. 
The gene expression mediated by smad 3/4 induced by 
TGF-β drives the gene reprogramming in the EMT pro-
cess [11]. Firstly, the expression of the main transcription 
factors (Snail, Zeb1 and Zeb2) and twist, as well as the 
synergistic effect of smad 3/4 complex with these tran-
scription factors, are initiated. In addition to Smad sig-
nals, TGF-β1 can activate other signaling pathways, such 
as phosphoinositide 3-kinase (PI3K)–AKT, extracellular 
signal-regulated kinase (ERK)-mitogenactivated protein 
kinase (MAPK) and p38MAPK [12].

C-phycocyanin (C-PC) is a natural marine product 
isolated and purified from Spirulina platensis, and it has 
the characteristics of water solubility and spontaneous 
red fluorescence [13]. C-phycocyanin has been reported 
to have good medicinal value, such as improving human 
immunity, anti-oxidation [14], anti-inflammatory [15] 
and anti-tumor [13]. More studies have shown that 
C-phycocyanin exerts anti-cancer effect in various cancer 
cell types (such as cervical cancer [16], pancreatic can-
cer [17], non-small cell lung cancer [18] and breast can-
cer [19, 20] and so on) in vitro and in vivo. However, the 
effect of C-phycocyanin in EMT of cervical cells is not 
clear.

In our study, we investigated the effect of C-phycocy-
anin on TGF-β-induced epithelial mesenchymal trans-
formation in cervical cancer Caski cells, and revealed 
the molecular mechanism of its anticancer activity. We 
found that C-phycocyanin inhibited the expression of 
EMT-related N-cadherin, Twist, Snail and Zeb1, pro-
moted the expression of E-cadherin, and finally inhibited 
the migration and invasion of Caski cells. In addition, 
C-phycocyanin triggered G0/G1 phase cell cycle arrest, 
down-regulating the expression of CyclinD1. In addi-
tion, we uncovered that C-phycocyanin mediated EMT 
inhibition was regulated by inhibiting TGF-β/smad path-
way. These results strongly suggested an important role 

of C-phycocyanin in repressing epithelial–mesenchymal 
transition and cancer progression.

Materials and methods
Reagents and antibodies
C-phycocyanin (lot#R320190412) was purchased from 
Taizhou Binmei Biotechnology Co., Ltd., Taozhou, China. 
Recombinant human TGF-β1 (lot#0713AF354-1 L0618) 
was purchased from Proteintech Co., Ltd., Wuhan, 
China. Anti-human N-cadherin, E-cadherin, MMP-9, 
TGF-β ReceptorII, phospho-smad2/3, smad2/3 were 
purchased from Cell Signaling Technology, Inc. Danvers, 
MA, USA. The immunofluorescence staining kit (lot No. 
13I13H10A0964) was purchased from Boster Biological 
Engineering Co., Ltd. All other chemicals reached ana-
lytical grade.

Cell culture
Human cervical cancer Caski was provided by the Affili-
ated Hospital of Qingdao University. Caski was cultured 
in high glucose DMEM supplemented with 10% (v/v) FBS 
(Gibco, Thermo Fisher Scientific, Inc.), 100 mg/ml strep-
tomycin and 100 units/ml penicillin in a humidified incu-
bator with 5%  CO2/95% air atmosphere at 37 °C.

Western blot analysis
Cells were washed once with ice-cold PBS and lysed in 
radioimmunoprecipitation assay (RIPA) buffer, after 
the cell lysates were centrifuged, the protein samples 
were detected using a BCA protein assay kit (Beyotime 
Biotechnology, Shanghai, China). Firstly, 30  μg protein 
was mixed with SDS loading buffer (5×) and heated for 
10 min at 95 °C. Then the protein samples were separated 
by 10% SDS-PAGE, transferred to PVDF membrane (Mil-
lipore), the membrane was blocked with 5% bovine serum 
albumin for 2 h at room temperature and then incubated 
with specific primary antibodies at 4  °C for overnight. 
After washed for three times with TBS-Tween 20 (0.1%, 
v/v), the membrane was incubated with the appropri-
ate HRP-secondary antibody for 1 h. After washed with 
TBST for three times, the blots were detected using an 
enhanced chemiluminescence (Millipore).

Immunofluorescence analysis
Caski cells were treated with 10  ng/ml TGF-β1 and 
300  mg/ml C-phycocyanin for 24  h. Subsequently, 
cells were fixed with 4% paraformaldehyde for 15  min, 
and blocked with goat serum (1:10) for 30  min, incu-
bated with specific primary antibodies at 4  °C for 
overnight After washing, cells were exposed to FITC-
conjugated goat anti-rabbit second antibody (diluted 
1:200). Finally, the nuclei were counterstained with 
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DAPI. Immunofluorescence analysis was detected by 
 ImageXpress® Micro, Molecular Devices (USA).

Scratch assay
For the Scratch assay, Caski cells (4 × 10 5 cells per well) 
were plated into 6-well, and cultured until 80–90% con-
fluent. Scratches were created using micropipette tips, 
then replaced the culture medium with or without 10 ng/
ml TGF-β1 and 300 μg/ml C-phycocyanin. The scratches 
were observed by phase-contrast microscopy and cap-
tured at the 0, 24 and 48 h. The percentage of migration 
was calculated according to the formula:

Transwell migration and invasion assay
The migration and invasion assay was conducted by using 
a Transwell chamber with 8.0 mm pore size. In the migra-
tion assay, the upper part of the chamber was containing 
Caski cells (1 × 104 cells/200  μl) with DMEM medium 
free of FBS. The lower part of the chamber contained 
600 μl DMEM with 20% FBS. After incubation for 24 h, 
washed twice with PBS, chambers were fixed 30 min by 
100% methanol, then stained with 0.1% crystal violet for 
15 min. Use a cotton swab to erase the upper layer of the 
cells that are not migrated. In the invasion assay, used a 
Matrigel-coated Transwell chamber .The steps are con-
sistent with the migration assay. The images were pho-
tographed under an EVOS phase-contrast microscope 
(Thermo Fisher Scientific). Cell number was counted for 
each field of images and averaged for each chamber.

Quantitative real‑time PCR measurements of mRNA
Total RNA was extracted using TRIzol reagent (Inv-
itrogen) according to the manufacturer’s instruction. 
Complementary DNAs (cDNAs) were generated using 
the one-stepiScript cDNA Synthesis Kit (Bio-Rad). The 
cDNA was synthesized with 1 μg total RNA and random 
primers by reverse transcription. The mRNA expression 
levels of genes were detected by real-time quantitative 
reverse transcription PCR in the ABI 7900HT real-time 
PCR system. Human glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was normalized to the endogenous 
reference gene. The levels of N-cadherin, Snail, Twist 
and GAPDH mRNA were measured by the SYBR Green 
I assay. N-cadherin was amplified by using the primers 
with the sequence 5′-GAT ACT CAG GCA GAG ATG ATC 
TAC CC-3′ (forward) and 5′-AGA CCA GGC ACC AGA 
CCA AAGA-3′ (reverse). The Snail primer was 5′-ACC 
ACT ATG CCG CGC TCT T-3′ (forward) and 5′-GGT CGT 
AGG GCT GCT GGA A-3′ (reverse). The Twist primer was 
5′-GGC ACC ATC CTC ACA CCT CT-3′ (forward) and 
5′-GCT GAT TGG CAC GAC CTC T-3′ (reverse).The Zeb1 

Migration (%) = Width of the scratch (0− 24 h)/0 h× 100%.

primer was 5′-AGC AGT GAA AGA GAA GGG AATGC-
3′  (forward) and 5′-GGT CCT CTT CAG GTG CCT CAG-
3′ (reverse). The GAPDH primer was 5′-ACC CAG AAG 
ACT GTG GAT GG-3′ (forward) and 5′-CAG TGA GCT 
TCC CGT TCA G-3′ (reverse).The reaction was carried 
out under the following conditions: 95  °C for 5  min, 45 
cycles at 95 °C for 5 s, and 60 °C for 30 s. Values of each 
group mRNA level were calculated as  2−ΔΔCt levels and 
performed at least four times.

Flow cytometry to detect cell cycle
The cells were treated with TGF-β and C-phycocyanin for 

24  h, and then were digested into cell suspensions with 
EDTA-free trypsin. The cells were washed 3 times with 
pre-cooled PBS buffer, and added with 1 ml of pre-cooled 
70% ethanol at 4 °C for 2 h followed by adding 25 μl of PI 
staining solution and incubation at 37  °C for 30  min in 
the dark. The cell suspension was filtered through a sin-
gle cell strainer and the cell cycle was detected by flow 
cytometry.

Statistical analysis
Each experiment was conducted three or four times inde-
pendently. The results were expressed by mean ± stand-
ard deviation (SD). Statistical analyses were carried out 
by the Student’s test or the one-way analysis of variance 
(ANOVA) using a statistical software package (SPSS, 
USA). P < 0.05 was considered as statistically significant. 
Statistical significance was also taken as *P < 0.05, and 
**P < 0.01.

Results
TGF‑β1 can induce EMT in epithelial cell line Caski
Cervical cancer Caski cells treated with TGF-β1 (10 ng/
ml) for 24 h showed a significant change in cell morphol-
ogy from the original polygon to the long spindle type. 
The connection between cells and cells became loose, 
losing the characteristics of the original epithelial pheno-
type (Fig.  1a). E-cadherin and N-cadherin, the hallmark 
proteins in the process of EMT [21], were detected in 
cervical cancer Caski cells after TGF-β1 treatment (0 h, 
24 h, 48 h, 72 h) by western blotting. The expression of 
epithelial phenotype marker protein E-cadherin was 
gradually decreased, and the expression of the intersti-
tial phenotype marker protein N-cadherin was gradually 
increased, indicating that TGF-β could induce epithelial–
mesenchymal transition in cervical cancer Caski cells 
(Fig.  1b). Subsequently, we examined the expression of 
TGF-β type II receptor in the TGF-β signaling pathway. 
The results showed that the expression of TGF-β type II 
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receptor was positively correlated with the stimulation 
time of TGF-β1, indicating that TGF-β can affect TGF-β 
signaling pathway in cervical cancer Caski cells (Fig. 1c). 
These results indicated that TGF-β could induce epithe-
lial–mesenchymal transition in cervical cancer Caski 
cells.

C‑phycocyanin can inhibit TGF‑β1‑induced EMT
The cervical cancer Caski cells were treated with TGF-β 
(10 ng/ml) and treated with C-phycocyanin (300 μg/ml) 
for 24 h. The morphology of the cells in the combined 
group was similar to that in the control group, the epi-
thelial phenotype remained normal and the cells were 
arranged closely (Fig. 2a). Subsequently, we found that 

C-phycocyanin can increase the level of E-cadherin 
protein and decrease the protein expression level of 
N-cadherin by western blot and immunofluorescence 
(Fig. 2b, c). In Fig. 2b, western blot showed that TGF-β1 
upregulated the expression of N-cadherin and down-
regulated the expression of E-cadherin and this state 
was reversed after C-phycocyanin treatment. In Fig. 2c, 
after TGF-β1 treatment, compared with control group, 
the fluorescence intensity of E-cadherin decreased 
but that of N-cadherin increased. However, the fluo-
rescence intensity of E-cadherin increased and the 
fluorescence intensity of N-cadherin decreased after 
C-phycocyanin co-treatment. These results indicated 
that C-phycocyanin was able to inhibit TGF-β-induced 
epithelial–mesenchymal transition.

Fig. 1 Effects of TGF-β1 on cellular morphological changes and the expressions of E-cadherin, N-cadherin and TβRII in Caski cells. a Morphological 
changes of cells treated with TGF-β1 for 24 h. Scale bar, 10 μm. b The expressions of E-cadherin and N-cadherin were determined by western blot. c 
The expressions of TGF-β type II receptor were determined by western blot. Quantitative representation of grayscale ratio of target protein/β-actin. 
**P < 0.01 vs control group and ***P < 0.001 vs control group
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C‑phycocyanin can reduce the expression levels 
of transcription factors Twist, Snail, Zeb1
To investigate the effect of C-phycocyanin on the mRNA 
level of EMT-related Twist, Snail and Zeb1, Caski cells 
were stimulated by TGF-β1 in the presence and absence 
of C-phycocyanin (300  μg/ml), then evaluated by RT-
qPCR. As presented in Fig.  3a, TGF-β1-induced Caski 
cells, the protein expression and mRNA levels of Twist, 
Snail and Zeb1 were markedly increased compared with 
in the control group. However, after 24  h of treatment 

with TGF-β1 and C-phycocyanin, the expression lev-
els of Twist, Snail and Zeb1 decreased significantly. In 
addition, we further detected the expression of Snail, 
Twist and ZEB1 at the protein level. The results showed 
that TGF-β1 up-regulated the expression of Snail, Twist 
and ZEB1, and after the addition of C-phycocyanin, the 
protein expression of Snail, Twist and ZEB1 was down-
regulated, as shown in Fig.  3b. In conclusion, these 
results suggested that C-phycocyanin might inhibit 

Fig. 2 Effects of C-phycocyanin on morphological changes and the expressions of E-cadherin and N-cadherin in Caski cells. a Morphological 
changes of cells treated with TGF-β1 (10 ng/ml) alone, C-phycocyanin (300 µg/ml) alone or both for 24 h. Scale bar, 10 μm. b The expressions 
of E-cadherin and N-cadherin were determined by western blot. Quantitative representation of grayscale ratio of target protein/β-actin. c The 
fluorescence intensity of E-cadherin and N-cadherin detected by immunofluorescence. Scale bars, 5 µm. *P < 0.05, **P < 0.01 vs control group
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epithelial-to-mesenchymal transition induced by TGF-β1 
by reducing the expression of EMT-related transcription 
factors.

C‑phycocyanin inhibited the TGF‑β1‑induced migration 
and invasion of cervical cancer Caski cells
Recently, some researches had found that tumor cell 
enhance migration and invasion by TGF-β1 stimulation 
[6, 8, 21, 22]. To determine the effects of C-phycocy-
anin on the metastatic abilities, we performed tran-
swell migration, wound-healing, and transwell invasion 
assays in Caski cells. The results showed that the 
migration and invasion activity increased significantly 
after TGF-β1 (10  ng/ml) stimulation in comparison to 

control cells. In transwell migration assays, different 
concentrations of C-phycocyanin (150, 300, 500  μg/
ml) showed inhibitory effect on migration, and then 
the inhibitory effect was enhanced with the increase 
of C-phycocyanin concentration (Fig.  4a). Similarly, 
in wound scratch migration assays, C-phycocyanin 
(300  μg/ml) inhibited the migration activity of Caski 
cells induced by TGF-β1, and showed significant inhibi-
tory effect at 48  h, as shown in Fig.  4b. Furthermore, 
through transwell invasion assay, we found that C-phy-
cocyanin (150, 300, 500 μg/ml) could inhibit the TGF-
β1-induced invasion and the inhibitory effects were 
in a concentration-dependent manner (Fig.  4c). These 
results suggested that C-phycocyanin prevented the 
TGF-β1-induced migration and invasion of Caski cells.

Fig. 3 The effect of C-phycocyanin on EMT-related transcription factor Twist, Snail and Zeb1. a RT-PCR. The mRNA level of Twist, Snail and Zeb1 in 
Caski cells treated with TGF-β1 alone and combined with C-phycocyanin was detected. b western blot. Twist, Snail and Zeb1 expression levels were 
detected in cells treatment with TGF-β1 alone and combined with C-phycocyanin. Data are expressed as mean ± SD (n = 3). **P < 0.01, compared 
with control. ***P < 0.001, compared with only TGF-β1 treated group
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C‑phycocyanin inhibits TGF‑β/smad2/3 signaling pathway 
in Caski cells
There are many kinds of signal pathways that regu-
late EMT, among which TGF-β/smads signaling path-
way plays an important role [21, 23]. In order to study 
whether C-phycocyanin can inhibit the TGF-β signaling 
pathway, the protein expression levels of TGF-β typeII 
receptor and smad2/3 were detected by western blot. The 
expression of TGF-β typeII receptor was significantly up-
regulated after TGF-β1 induction, and down-regulated 
after C-phycocyanin stimulation. Similarly, the protein 

expression level of p-Smad2/3 was inhibited with the 
addition of C-phycocyanin, as shown in Fig.  5a. There 
was no doubt that these results showed that C-phycocy-
anin played a certain inhibitory role in TGF- β/samd2/3 
signaling pathway.

C‑phycocyan inhibits G0/G1 phase arrest in cell cycle 
and regulates the proteins expression of p21/p27/CyclinD1 
in Caski cells treated with TGF‑ β1
Up to now, our previous studies have shown that C-phy-
cocyanin can inhibit tumor cell cycle arrest [13, 17, 

Fig. 4 Effect of C-phycocyanin on the TGF-β1-induced cell migration and invasion in Caski cells. a Analysis of Caski cells migration by transwell 
migration assay. Quantitative representation of migration cells after C-phycocyanin treatment for 24 h. Scale bar, 20 μm. b Analysis of Caski cells 
invasion by transwell invasion assay. Quantitative representation of invasion cells after C-phycocyanin treatment for 24 h. Scale bar, 20 μm. c Analysis 
of Caski cells migration by scratch assay. Percentage of cell migration into the wound scratch after C-phycocyanin treatment for 24 h and 48 h. Scale 
bar, 200 μm. Representative images of wound healing at 0 h, 24 h and 48 h following scratch induction and C-phycocyanin treatment
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19], but the effect on cancer cells treated with TGF-β 
is unknown. Therefore, Caski cells were treated with 
TGF-β1 and C-phycocyanin, and the DNA content of 
Caski cells was detected by flow cytometry. After 24  h 
of treatment, the proportion of G0/G1 phase of Caski 
cells treated with control group, TGF-β1 alone group, 
C-phycocyanin alone group and combination group was 
39.96%, 38.52%, 41.10% and 48.26%, respectively, and 
the proportion of S phase was 21.26%. 22.58%, 25.89% 
and 14.12%, and the proportion of G2 phase was 36.29%, 
37.46%, 29.90% and 35.99% (Fig.  6a). TGF- β alone 
could decrease the number of cells in G0/G1 phase, and 
increase of cell number in G2/M phase. C-phycocya-
nin alone could induce G0/G1 cell cycle arrest in Caski 
cells. The inhibitory effect of C-phycocyanin on the cells 
treated with TGF- β1 was more significant. In order to 
further study the mechanism of C-phycocyanin and 
TGF- β inhibiting cell cycle, we detected the levels of cell 

cycle regulatory proteins involved in G1/S conversion, 
including CyclinD1, CDK inhibitors p21 and p27. We 
found that the protein expression levels of CyclinD1, p21 
and p27 increased after 24 h of treatment with TGF- β1. 
At the same time, C-phycocyanin decreased the protein 
expression of CyclinD1 in Caski cells treated with TGF- 
β1. The expression level of p21 increased slightly, on the 
contrary, the protein expression level of p27 decreased 
(Fig.  6b). In addition, it has been confirmed that Cyclin 
D1 and p27 play an important role in promoting fibro-
blasts migration. All these results suggested that C-phy-
cocyanin could inhibit the expression of CyclinD1 and 
p27 in Caski cells treated with TGF- β1.

Discussion
Cervical cancer is one of the most common malignant 
tumors in women. Most of the histological types of cer-
vical cancer are squamous cell carcinoma [24]. Accord-
ing to reports, the vast majority of countries in the world 
overall cervical cancer ranked second in cervical can-
cer, but in sub-Saharan Africa and most of South Asia, 
the five-year prevalence rate ranked first [1]. More than 
500,000 new cases of cervical cancer are confirmed each 
year, with a related death toll of about 250,000 [25]. At 
present, the treatment of cervical cancer is mainly sur-
gery combined with radiotherapy, but the clinical symp-
toms of cervical cancer are not obvious at the initial 
stage of the disease. Sometimes, the cancer has already 
metastasized and cannot be treated by surgery. The spe-
ciality of radiotherapy is poor. As a result, the mortality 
rate of patients remains high. It has been found that the 
invasion and metastasis of epithelial malignant tumors 
are mostly related to the acquisition of EMT character-
istics, because the basis of tumor invasion is the decrease 
of tumor cell adhesion and the enhancement of migra-
tion and motility [4, 8]. Therefore, the inhibition of early 
metastasis of tumor, to clarify the molecular mechanism 
of tumor metastasis, to find effective measures to control 
its metastasis is the focus of cervical adenocarcinoma 
research. It has been reported that C-phycocyanin can 
inhibit the proliferation of many kinds of tumor cells, 
induce tumor cell cycle arrest, and promote tumor cell 
apoptosis and autophagy. However, at present, there are 
few detailed reports on the effect of C-phycocyanin on 
EMT.

In the early stage of tumorigenesis, TGF-β can inhibit 
cell proliferation and induce apoptosis, but in the 
advanced stage of tumor, it can promote tumor cell infil-
tration and metastasis by inducing angiogenesis and 
promoting immune escape [6]. It is reported that TGF 
β1 can induce culture in  vitro during the development 
of some epithelial cell lines and embryos, such as TGF-β 
promoting the culture of pancreatic cancer Panc-1 cells 

Fig. 5 Effect of C-phycocyanin on TGF-β/smad2/3 signaling pathway 
in Caski cells. a After treatments, the expression levels of p-smad2/3 
and total smad2/3 were analyzed by western blot. Quantitative 
representation of grayscale ratio of target protein/β-actin. *P < 0.05, 
**P < 0.01, compared with control group
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in vitro [26]. In this study, Caski cells treated with TGF-β 
showed interstitial characteristics, such as spindle cell-
like morphology, down-regulation of E-cadherin, up-reg-
ulation of N-cadherin and TGF-β type II receptor, while 
cells treated with C-PC returned to epithelial phenotype.

Metastasis is a multicellular process involving the 
adhesion, migration and invasion of cancer cells [27]. 
A previous study has reported that Snail is a transcrip-
tional regulator and upstream regulator of E-cadherin, 

which negatively regulates the expression of E-cadherin. 
When EMT occurs, Snail is up-regulated and E-cadherin 
is down-regulated, which promotes the transforma-
tion of epithelial cells to mesenchymal phenotype, thus 
promoting tumor metastasis [3]. Zeb1 is an important 
component of the Zeb transcription factor family. The 
expression level of Zeb1 is negatively correlated with the 
expression level of E-cadherin. Zeb1 binds to the E-box 
sequence of E-cadherin and suppresses the transcription 

Fig. 6 Effects of C-PC on G0/G1 cell cycle arrest in TGF-β-induced Caski cells. a C-PC, TGF-β1 and TGF-β1 + C-PC induced G0/G1 cell cycle arrest in 
Caski cells. Quantitative representation of cell cycle distribution after treatment for 24 h. b C-PC, TGF-β1 and TGF-β1 + C-PC induced G0/G1 cell cycle 
arrest in Caski cells. Quantitative representation of cell cycle distribution after treatment for 48 h
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of E-cadherin [28]. Twist is an important transcription 
factor in EMT, which not only plays an important role 
in development. At the same time, it also has the abil-
ity to promote tumor invasion and metastasis, and has a 
high level of expression in a variety of malignant tumors 
[29]. In our study, the mRNA expression level of Twist, 
Snail, Zeb1 was significantly up-regulated in the cells 
treated with TGF-β1, but down-regulated by C-phyco-
cyanin. These results suggested that C-phycocyanin may 
inhibit the EMT of Caski cells by down-regulating the 
expression of transcription factors. In addition, we fur-
ther found that C-phycocyanin prevented the TGF-β1-
induced migration and invasion of Caski cells.

The most important signal transducers for TGF-β 
signaling are the Smads. The Smad protein family can 
be divided into three groups: receptor-activated Smads 
(R-Smads), universal ligand-type Smads (Co-Smads), and 
suppressive Smads (I-Smads) [30]. In the TGF-β signal-
ing pathway, TGF-β family members bind to the serine/
threonine kinase receptor to form and phosphorylate 
the heterotetrameric complex TGF-β type II receptor 
(TβRII), which in turn activates TGF-β1 receptor (TβRI). 
TβRI phosphorylates downstream R-Smads (Smad2 and 
Smad3), and R-Smads binds to Co-smad (smad4) to form 
a complex, enter cells, and accumulate in the nucleus 
[31]. This complex, together with other transcription 
factors (transcription factors, TFs), binds to the DNA 
duplex and regulates specific gene transcription [32]. In 
this study, our results showed that C-phycocyanin could 
effectively reduce the protein expression of TGF-β type 
II receptor and pSmad2/3, and then inhibit the TGF- β 
signaling pathway in cervical cancer Caski cells.

Cyclin D1 is one of the members of the D-type cell 
cycle protein family that regulates the G1/S phase tran-
sition of the cell cycle [33]. It is reported that cyclinD1 
binding proteins p21 and p27 also regulate migration. P21 
has an inhibitory effect on the number of genes related 
to controlling S phase and mitosis [34]. The enhanced 
expression of p21 leads to cell cycle arrest, which often 
occurs during G2/M transition and is accompanied by 
polyploidy [35]. P27 is an unstructured multifunctional 
protein that affects a variety of biological processes from 
cell cycle regulation to cell migration and transcriptional 
regulation [36]. Notably, it has been reported that in 
addition to the loss of nuclear p27, the increase of cyto-
plasmic p27 in many human tumors is usually related 
to the invasiveness of tumors and the poor prognosis of 
patients [37, 38]. Our results showed that the expression 
of p21 in Caski cells treated with TGF-β was significantly 
increased, which may be related to the inhibition of cell 
cycle arrest in G2/M phase. The expression of cyclinD1 
but p27 was increased protein down-regulated after 
C-PC treatment, which might be related to the inhibition 

of cell cycle arrest in G0/G1 phase as well as the inhibi-
tion of cell migration.

Conclusions
The study demonstrated that TGF-β1 can induce epithe-
lial-to-mesenchymal transition in cervical cancer cells, 
and C-phycocyanin can reduce the invasion and migra-
tion of cervical cancer cells. Down-regulation of TGF-β/
samd2/3 signal pathway can prevent epithelial–mes-
enchymal transformation and induce G0/G1 arrest of 
tumor cell cycle. These results suggest that C-phycocya-
nin can be used as a promising anticancer drug on cervi-
cal cancer.
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