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Abstract
The ectopic expression of cellular retinoic acid binding protein 2 (CRABP2) is 
associated with various tumorigenesis. However, the effects of CRABP2 on the 
progression of cervical cancer are still unclear. The current study aimed to inves-
tigate the role of CRABP2 in the malignant phenotypes of cervical cancer cells. 
CRABP2 was artificially regulated in CaSki, SiHa, and C-33A cells. CCK-8 assay 
and flow cytometry were used to assess the cell proliferation and apoptosis abili-
ties, respectively. Wound healing assay and transwell assay were employed to mea-
sure the cell migration and invasion abilities, respectively. The results showed that 
CRABP2 was highly expressed in cervical carcinoma tissues and cell lines, and its 
high expression was associated with poor overall survival. Knockdown of CRABP2 
promoted the cell apoptosis and inhibited cell proliferation, migration, and invasion 
in cervical carcinoma cells, whereas CRABP2 overexpression exhibited the op-
posite results. Mechanically, CRABP2 silencing suppressed the Integrin β1/FAK/
ERK signaling via HuR. Treatment with siITGB1 or a FAK inhibitor PF-562271 
or an ERK inhibitor FR180204 reversed the promoting effects of CRABP2 on cell 
proliferation, migration, and invasion. Moreover, the overexpression of CRABP2 
reverted the HPV16 E6/E7 knockdown-induced inhibition of cell proliferation, mi-
gration, and invasion in cervical cancer cells. These results suggested that HPV16 
E6/E7 promoted the malignant phenotypes of cervical cancer by upregulating the 
expression of CRABP2. In conclusion, CRABP2, upregulated by HPV E6/E7, pro-
moted the progression of cervical cancer through activating the Integrin β1/FAK/
ERK signaling pathway via HuR.
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Introduction

Cervical cancer is the second largest gynecological tumor preceded by breast cancer 
(Bedell et al. 2020; Burd 2003). In recent years, the incidence of cervical cancer is 
rising rapidly (Lei et al. 2020; Moghimi-Dehkordi and Safaee 2012). Especially, the 
proportion of women suffering from cervical cancer has reached 25% in develop-
ing countries (Harro et al. 2001). In the early 1980s, studies have confirmed that the 
occurrence of cervical cancer is related to the persistent infection of human papil-
lomavirus (HPV)(Burd 2003; Franco 1995). Until 1996, HPV is considered a vital 
cause of cervical cancer (Burd 2003). The common HPVs related to cervical cancer 
include HPV 16, HPV 18, HPV 31 and HPV 35(Gecer 2023; Harro et al. 2001). More 
than 70% of patients with cervical cancer are caused by HPV16 and HPV18(Hariri et 
al. 2011). HPV16 is the main type that causes cervical cancer infiltration, followed by 
HPV18(de Sanjosé et al. 2007; Stanley 2010). E6 and E7 are the two key viral genes 
of HPV16, which can activate host DNA synthesis, stimulate cell cycle progression 
and replicate the viral genome (Peng et al. 2021; von Knebel Doeberitz et al. 1992). 
However, the underlying mechanism of HPV E6/E7 in promoting cervical cancer 
progression is still unclear.

Cellular retinoic acid binding protein 2 (CRABP2), a member of the intracellular 
lipid-binding protein family, involves in the regulation of cell proliferation, apop-
tosis, invasion and metastasis (Liu et al. 2022a; Noy 2000, 2010; Sessler and Noy 
2005; Tang et al. 2022). Interestingly, CRABP2 is considered to play a different role 
in the development of various tumors. On one hand, several studies have reported 
that CRABP2 exerts a promoting function in tumors. For example, CRABP2 pro-
motes the invasion and metastasis of breast cancer cells (Feng et al. 2019). The high 
expression of CRABP2 is related to the poor prognosis of non-small cell lung cancer 
and malignant glioma (Kim et al. 2018; Liu et al. 2016). On the other hand, CRABP2 
have been found to act as an anti-cancer part in head and neck squamous cell carci-
noma (Calmon et al. 2009; Vo and Crowe 1998). These studies suggest that CRABP2 
is closely related to the occurrence of human malignant tumors. Notably, a recent 
study has reported a decreased expression of CRABP2 in HPV16-positive oropha-
ryngeal cancer cells (Martinez et al. 2007). Interestingly, another study has testified 
the upregulation of CRABP2 in epidermal cells transfected with HPV16 E6/E7(Yang 
et al. 2019). As a potential downstream factor of HPV16 E6/E7, CRABP2 might 
have the potential to mediate the pro-cancer role of HPV16 E6/E7 in cervical cancer. 
The function of CRABP2 in cervical cancer evoked us much interest. However, there 
were no reports on it.

The aim of this study was to explore the role of CRABP2 in the malignant pheno-
types of cervical carcinoma cells. We found that CRABP2 was upregulated in cervical 
carcinoma tissues by bioinformatics analysis, consistent with the results of cell lines. 
The expression of CRABP2 was artificially regulated in cervical carcinoma cells. 
The cell proliferation, apoptosis, migration, and invasion abilities were assessed in 
the gain or loss of CRABP2. The underlying mechanism was further investigated.
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Materials and Methods

Bioinformatics Analysis

The mRNA expression of CRABP2 in various cancer tissues was analyzed according 
to TCGA dataset by GEDS (http://bioinfo.life.hust.edu.cn/web/GEDS/) and TNMplot 
(https://tnmplot.com/analysis/) platforms. The results of CRABP2 protein expression 
by immunohistochemical staining were obtained from The Human Protein Atlas plat-
form (https://www.proteinatlas.org/). The association between CRABP2 and overall 
survival, disease-special survival, and disease-free interval were analyzed following 
TCGA dataset by LOGpc platform (https://bioinfo.henu.edu.cn/DatabaseList.jsp).

Cell Culture

SiHa (HPV16+), CaSki (HPV16+), C-33 A (HPV−), HeLa (HPV18+) and HaCaT 
cells were purchased from Procell (Wuhan, China). Short tandem repeat profiling and 
PCR Mycoplasma Test Kit (Wanleibio, Shenyang, China) were used to last confirm 
the cell lines without other cell lines and mycoplasma contamination on June, 2022. 
C-33 A, HaCaT, HeLa, and SiHa cells were cultured in MEM medium (Solarbio, Bei-
jing, China) supplemented with 10% fetal bovine serum (FBS). CaSki cells were cul-
tured in RPMI-1640 medium (Hyclone, Logan, UT, USA) within 10% FBS. All cells 
were cultured in an incubator with 5% CO2 at 37 °C. We wonder whether CRABP2 
could exert an effect on the malignant phenotypes of both HPV16+ and HPV16− 
cells. Thus, CaSki, SiHa, and C-33 A cells were chosen for the further investigation.

Cell Transfection

For the overexpression of CRABP2, the CDS of CRABP2 was subcloned and inserted 
into pcDNA3.1 vector. Blank vectors were used as the negative control. C-33 A cells 
were transfected with the CRABP2-overexpressed plasmid. siRNAs sequences tar-
geting CRABP2 or ELAV like RNA binding protein 1 (HuR) were synthetized by 
Genescript (Nanjing, China). SiHa and CaSki cells were transfected with CRABP2 
siRNA. To investigate the role of integrin β1 signaling in the CRABP2-mediated 
effects, C-33 A cells were co-transfected with ITGB1 siRNA and CRABP2-overex-
pressed plasmid. To explore the role of HuR in the relationship between CRABP2 
and integrin β1, C-33 A cells were co-transfected with CRABP2-overexpressed plas-
mid and HuR siRNA1/2. Then, to explore whether HPV16 E6/E7 participated in the 
regulation of CRABP2, SiHa cells were co-transfected with HPV16 E6/E7 siRNA 
and CRABP2-overexpressed plasmid. Lipofectamine 3000 reagent (Invitrogen, 
Carlsbad, California, USA) was used for cell transfection. The sequences of siRNA 
were listed in Table 1.

RNA Extraction and qRT-PCR

TRI pure (BioTeke, Beijing, China) was used to isolate total RNA from cell lines 
according to the manufacturer’s protocol. Then, SuperScript M-MLV reverse tran-

1 3

2688

http://bioinfo.life.hust.edu.cn/web/GEDS/
https://tnmplot.com/analysis/
https://www.proteinatlas.org/
https://bioinfo.henu.edu.cn/DatabaseList.jsp


Biochemical Genetics (2024) 62:2686–2701

scriptase (BioTeke) was used for the reverse transcription of total RNA into cDNA. 
The amplification was performed using SYBR Green PCR reagents (Solarbio). 
β-actin was served as an internal control. The relative expression levels were ana-
lyzed by 2−∆∆CT method. The primer sequences were listed in Table 2.

Western Blot and Co-immunoprecipitation

RIPA buffer (Beyotime, Shanghai, China) was used to extract proteins of cell lines, 
and the BCA kit (Beyotime) was used to determine the protein concentration. Then 
the protein was separated by SDS-PAGE electrophoresis and transferred to polyvi-
nylidene fluoride membranes (Millipore, Billerica, MA, USA). After blocked with 
5% skim milk at room temperature for 1 h, the membranes were probed with pri-
mary antibodies at 4 °C overnight. The antibodies were as follows: anti-CRABP2 (1: 
500, ABclonal, Wuhan, China), anti-HuR (1;1000; proteintech, Wuhan, China), anti-
Integrin β1 (1: 500, Wanleibio, Shenyang, China), anti-p-FAK (1: 1000, ABclonal), 
anti-FAK (1: 500, Wanleibio), anti-p-ERK (1: 1000, Wanleibio), anti-ERK (1: 1000, 
Wanleibio), and anti-β-actin (1: 2000, proteintech). Subsequently, the membrane 
was incubated with secondary antibodies HRP-conjugated goat anti-rabbit IgG (1: 
10,000; proteintech) or HRP-conjugated goat anti-mouse IgG (1: 10,000; protein-
tech) for 40 min at 37 °C. Bands were visualized by gel imaging system (LIU YI 
Biotech, Beijing, China).

Immunoprecipitation assay was performed to detect the endogenous protein inter-
action. Briefly, the CRABP2 antibodies were crosslinked to protein G-agarose beads 
(Millipore). Protein lysates were incubated with resin-antibody complex at 4 °C. 

Table 1 The sequences of siRNAs
Forward sequences (5’-3’) Reverse sequences (5’-3’)

CRABP2 
siRNA1

UGGUCUGUGAGCAGAAGCUCCUGAATT UUCAGGAGCUUCUG-
CUCACAGACCATT

CRABP2 
siRNA2

UGGACCAGAGAACUGACCAACGAUGTT CAUCGUUGGUCAGUU-
CUCUGGUCCATT

ITGB1 siRNA GGAGGAUUACUUCGGACUUTT AAGUCCGAAGUAAUC-
CUCCTT

HPV16 E6/E7 
siRNA

AGGAGGAUGAAAUAGAUGGTT CCAUCUAUUUCAUC-
CUCCUTT

HuR siRNA1 GAACGAAUUUGAUCGUCAATT UUGACGAUCAAAU-
UCGUUCTT

HuR siRNA2 GCAGAUGUUUGGGCCGUUUTT AAACGGCCCAAACAU-
CUGCTT

Table 2 The sequences of primers
Forward primer sequences (5’-3’) Reverse primer sequences (5’-3’)

CRABP2 GGGTGAATGTGATGCTGA TCTGGTCCACGAGGTCTT
ITGB1 GCACGATGTGATGATTTA CTTTGCTACGGTTGGTTA
HPV16 E6/
E7

CAGAGCTGCAAACAACTATACATGATATAA CCCGAAAAGCAAAGT-
CATATACCT

HuR GCCTGTTCAGCAGCATTG GGCGAGCATACGACACCTTA
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Then, the complex was rinsed with buffer, and the protein was separated on the SDS-
PAGE electrophoresis.

Cell Counting Kit-8 (CCK-8) Assay

Cells were seeded in a 96-well plate at a density of 3 × 103 cells per well. After trans-
fection, cells were treated with/without PF-562,271 (10 µM, Beyotime) or FR180204 
(40 µM, Beyotime). Then, Cell viability was determined by CCK-8 kit (Sigma, St. 
Louis, MO, USA) according to the manufacturer’s instructions. Subsequently, the 
optical density (OD) values at the wavelength of 450 nm.

Wound Healing Assay

Cells were seeded into a 6-well plate. When the cell density reached about 90%, cells 
were cultured in a serum-free medium, followed by 1 µg/mL of mitomycin C (Sigma) 
treatment for 1 h. Subsequently, a 200 µL pipette tip was used to scratch a wound 
across the center of the cell well. Then, cells were visualized at 0 and 24 h under a 
microscope and the wound healing ratio of each group was calculated.

Transwell Assay

The transwell invasion assay was performed as shown in the manufacturer’s protocol. 
Briefly, the inserts (Corning, NY, USA) coated with the Matrigel matrix (Corning) 
were placed in a 24-well plate. Then, the upper chamber of the insert was added with 
200 µL of cell suspension (3 × 104 cells per well). The lower chamber was added with 
800 µL of medium containing 10% FBS. Then, cells were fixed in 4% paraformalde-
hyde for 25 min and then stained with 0.4% crystal violet for 5 min. Subsequently, 
cells were photographed and counted.

Flow Cytometry Assay

The cell apoptosis assay was performed by using the Annexin V-FITC Apoptosis 
Detection Kit (Beyotime) according to the user’s instructions. Briefly, the cells were 
collected and stained with 5 µL Annexin V-FITC and 10 µL propidium iodide (PI) 
for 15 min in the dark. Cell apoptosis assay was performed using a NovoCyte flow 
cytometer (ACEA Biosciences, San Diego, California, USA).

Statistical Analysis

Comparison between two groups was assessed using the unpaired t-test. One-way or 
two-way ANOVA was applied to compare the differences among multiple groups. 
P < 0.05 was considered statistically significant. All the experiments were repeated 
for triplicate. Data were shown as mean ± SD. All statistical analyses were performed 
using GraphPad Prism 8.0 (GraphPad, San Diego, CA, USA).
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Results

CRABP2 was Upregulated in Cervical Cancer Tissues and Cell Lines

As shown in Fig. 1a, c, and d, bioinformatics analysis demonstrated that both the 
mRNA and protein expression of CRABP2 was up-regulated in cervical cancer 
according to TCGA dataset. There was a trend that high expression of CRABP2 was 
linked with poor overall survival, disease-special survival, and disease-free interval 
(Fig. 1b). Consistent with the results of high expression of CRABP2 in cervical can-
cer tissues, cervical cancer cells (CaSki, SiHa, HeLa, and C-33 A) exhibited higher 
level of CPABP2 mRNA and protein expression than that of human keratinocyte 
lines (HaCaT) (Fig. 1e). Then, we artificially regulated the expression of CRABP2 in 
CaSki, SiHa, and C-33 A cells. Decreased expression of CRABP2 mRNA and pro-
tein levels were observed in CRABP2-silenced CaSki and SiHa cells, and CRABP2-
overexpressed C-33 A cells exhibited the opposite results (Fig. 1f-i). Two fragments 
with the highest interference efficiency were selected for subsequent experiments.

CRABP2 Silence Inhibited Cell Proliferation and Induced Cell Apoptosis of Cervical 
Cancer Cells

We further explored the function of CRABP2 on cervical cancer cell proliferation and 
apoptosis abilities. The results of CCK-8 assay revealed that loss of CRABP2 exerted 
an inhibitory effect on the proliferation of CaSki and SiHa cells, and CRABP2 over-
expression led to the contrary results in C-33 A cells (Fig. 2a-c). Then, cell apoptotic 
ability was promoted by CRABP2-silencing in CaSki and SiHa cells (Fig. 2d-g). Col-
lectively, these data indicated that CRABP2 knockdown repressed cell proliferation 
and induced cell apoptosis of cervical cancer cell lines.

CRABP2 Promoted Cell Migration and Invasion of Cervical Cancer Cells

To evaluate the effect of CRABP2 on cervical cancer cell migration and invasion, 
wound healing assay and transwell invasion assay were performed, respectively. A 
lower migration rate was observed in CRABP2-silenced CaSki and SiHa cells, indi-
cating that loss of CRABP2 repressed cervical cancer cell migration. The result in 
C-33 A cells with CRABP2 overexpression was opposite (Fig. 3a-d). Meanwhile, 
cervical cancer cell invasion ability was suppressed by CRABP2 deficiency in 
CaSki and SiHa cells and was promoted by CRABP2 overexpression in C-33 A cells 
(Fig. 3e-h). Taken together, the results revealed that CRABP2 acted as a promoted 
part in cervical cancer cell migration and invasion.

CRABP2 Deficiency Inhibited the Progression of Cervical Cancer by Suppressing 
the Integrin β1/FAK/ERK Signaling Pathway via HuR

We further investigated the underlying mechanism of the pro-cancer effects of 
CRABP2. Our results showed that CRABP2 deficiency inhibited the expression of 
Integrin β1, p-FAK and p-ERK in CaSki and SiHa cells, indicating that CRABP2 
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Fig. 1 CRABP2 was upregulated in cervical carcinoma tissues and cell lines. (a) The expression of 
CRABP2 in various cancer tissues, and the data was obatined from TCGA datasets on GEDS platform. 
(b) High expression of CRABP2 was associated with poor overall survival, disease-special survival, 
and disease-free interval, and the data was collected from TCGA dataset on LOGpc platform. (c) 
CRABP2 mRNA was upregulated in cervical carcinoma tissues, and the data was obatined from TCGA 
dataset on TNMplot platform. (d) Protein expression of CRABP2 was increased in cervical carci-
noma tissues, which was detected by immunohistochemical staining. The data was obatined from The 
Human Protein Atlas platform. Scale bar: 200 μm. (e) mRNA and protein expression of CRABP2 in 
HaCaT, HeLa, CaSki, SiHa, and C-33 A cells. (f) The mRNA levels of CRABP2 in CRABP2-silenced 
CaSki and SiHa cells. (g-i) The mRNA and protein levels of CRABP2 in CRABP2-silenced CaSki and 
SiHa cells as well as CRABP2-upregulated C-33 A cells. N = 3. **p < 0.01 vs. NC siRNA or Vector; 
##p < 0.01 vs. HaCaT
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deficiency inhibited the Integrin β1/FAK/ERK signaling pathway (Fig. 4a). Further-
more, the mRNA level of ITGB1 was decreased in ITGB1-silenced C-33 A cells 
(Fig. 4b). The results of CCK-8 assay showed that the CRABP2 overexpression-
induced promotion of cell viability was suppressed by ITGB1 silencing, FAK antago-
nist PF-562,271 or ERK antagonist FR180204 (Fig. 4c). Then, the facilitated cell 
migration and invasion abilities in C-33 A cells with CRABP2 upregulation were 
inhibited by ITGB1 knockdown, PF-562,271 or FR180204 (Fig. 4d-g). Therefore, 
these data demonstrated that the loss of CRABP2 inhibited the proliferation, migra-
tion, and invasion of cervical cancer cells via suppressing the Integrin β1/FAK/ERK 
signaling pathway.

Next, the relationship between CRABP2 and Integrin β1 evoked us much atten-
tion. We explored the interaction of the two proteins. Co-immunoprecipitation dem-
onstrated that there were no physical interactions between them in C-33 A cells 
(Fig. 5a), suggesting that the regulation of Integrin β1 by CRABP2 might be indi-
rect. Interestingly, we found that CRABP2 bound with HuR (Fig. 5b), which was 
an upstream factor of Integrin β1. Then, CRABP2 was upregulated in C-33 A cells 

Fig. 2 CRABP2 silence inhibited cell proliferation and induced cell apoptosis of cervical carcinoma 
cells. (a-c) CCK-8 assay was used to examine the cell viability of CRABP2-silenced CaSki cells and 
SiHa cells, as well as CRABP2-overexpressed C-33 A cells. (d-g) Flow Cytometry was performed 
to detect cell apoptosis of CaSki and SiHa cells. N = 3. *p < 0.05, **p < 0.01 vs. NC siRNA or Vector
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transfected with CRABP2-overexpressed vector (Fig. 5c). HuR was downregulated 
in C-33 A cells transfected with HuR siRNA 1/2 (Fig. 5d). C-33 A cells were further 
co-transfected with CRABP2-overexpressed vectors and HuR siRNA1/2. The knock-
down of HuR reversed the CRABP2 overexpression-induced upregulation of HuR, 
Integrin β1, p-FAK, and p-ERK (Fig. 5e), implying that HuR is needed by CRABP2 
to promote Integrin β1/FAK/ERK signaling.

HPV16 E6/E7 Deficiency Inhibited the Malignant Phenotypes of Cervical Cancer 
Cells via Downregulating CRABP2

To explore the upstream regulator of CRABP2, SiHa cells were co-transfected HPV16 
E6/E7 siRNA and CRABP2-overexpressed plasmid. We first detected the expression 

Fig. 3 CRABP2 promoted cell migration and invasion of cervical carcinoma cells. (a-d) Wound heal-
ing assay was carried out to measure the cell migration of CRABP2-silenced CaSki and SiHa cells, as 
well as CRABP2-overexpressed C-33 A cells (× 100). Scale bar: 200 μm. (e-h) Transwell assay was 
used to assess the cell invasion of CaSki, SiHa, and C-33 A cells (× 200). Scale bar: 100 μm. N = 3. 
**p < 0.01 vs. NC siRNA; ##p < 0.01 vs. Vector
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of HPV16 E6/E7 and CRABP2 in HPV16 E6/E7-silenced CaSki and SiHa cells. Our 
results showed a decreased expression level of HPV16 E6/E7 and CRABP2 (Fig. 6a-
f). The results of CCK-8 assay showed a decreased cell viability curve in SiHa cells 
with HPV16 E6/E7 deficiency, which was increased by CRABP2 overexpression 
(Fig. 6g). The wound healing assay and transwell invasion assay demonstrated that 
HPV16 E6/E7 deficiency repressed the cervical cancer migration and proliferation 
capacity, which was reversed by CRABP2 overexpression (Fig. 6h-k). Collectively, 
our results indicated that HPV16 E6/E7 deficiency inhibited cervical cancer cell pro-
liferation, migration, and invasion by downregulating the expression of CRABP2.

Discussion

In the current study, we found that CRABP2 was highly expression in cervical cancer 
tissues according to TCGA dataset, which was consistent with the results in cervical 
cancer cell lines. The loss of CRABP2 repressed the cell proliferation, migration, and 
invasion, as well as induced apoptosis abilities by downregulating the Integrin β1/
FAK/ERK signaling via HuR. CRABP2 overexpression led to the opposite results. 
Then, we found that the pro-cancer effects of HPV16 E6/E7 were at least partly medi-

Fig. 4 CRABP2 deficiency inhibited the progression of cervical cancer by suppressing the Integrin 
β1/FAK/ERK signaling pathway. (a) Western blot bands of Integrin β1, p-FAK, FAK, p-ERK and 
ERK in CRABP2-silenced CaSki and SiHa cells. (b) The expression of ITGB1 mRNA in C-33 A 
cells transfected with siITGB1 (c) CCK-8 assay was used to examine the cell viability of CRABP2-
overexpressed C-33 A cells transfected with siITGB1 or treated with PF-562,271 or RF-180,204. (d, e) 
Wound healing assay was carried out to measure the cell migration of C-33 A cells (× 100). Scale bar: 
200 μm. (f, g) Transwell assay was used to assess the cell invasion of C-33 A cells (× 200). Scale bar: 
100 μm. N = 3. ##p < 0.01 vs. Vector; *<0.05, **p < 0.01 vs. NC siRNA or CRABP2-OE
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ated by the upregulation of CRABP2. The finding implied that CRABP2 might be a 
novel therapeutic target in the treatment of cervical cancer.

CRABP2 has been reported to upregulated in many cancers including Wilms 
tumor, pancreatic ductal adenocarcinoma, bladder cancer, bladder cancer, lung can-
cer, and serous sarcoma (Gupta et al. 2006, 2008; Han et al. 2014; Jin et al. 2013; 
Toyama et al. 2012; Xiao et al. 2014). In glioblastoma, increased expression of 
CRABP2 is associated with poor prognosis (Liu et al. 2016). The similar results were 
obtained in the current study. Herein, we found that the mRNA and protein levels of 
CRABP2 were upregulated in cervical cancer tissues according to TCGA dataset by 
LOGpc and The Human Protein Atlas platforms. It is better to testify the expression 
changes of CRABP2 in clinical samples of cervical cancer, which is a limitation of 
the current study. Moreover, it has been confirmed that CRABP2 depletion promotes 
cell apoptosis ability in hepatocellular carcinoma (Chen et al. 2020). Xie et al. have 
found that CRABP2 contributes to the progression of ovarian cancer by accelerating 
the epithelial mesenchymal transition (Xie et al. 2022). These studies suggest the 
pro-tumor potential of CRABP2. Similarly, herein, we found that the knockdown 
of CRABP2 repressed the malignant phenotypes of cervical cancer cells, whereas 
CRABP2 overexpression obtained the contrary effects.

Altered expression levels of Integrin β1 is frequently found in cancers, where 
Integrin β1 acts as a vital role in supporting the malignant properties and regulat-
ing the switch of tumor cells from a formant state to active metastasis (Ganguly 
et al. 2013; Guo and Giancotti 2004; Teng et al. 2013; Wu et al. 2019). Integrin 
β1 could be activated to recruited and auto-phosphoryate FAK, and further regulate 
various signaling including the FAK/ERK pathway (Wang et al. 2020) Wu et al. 
have reported that CRABP2 facilitates the progression of lung cancer by suppress-
ing the Integrin β1/FAK/ERK signaling (Wu et al. 2019). Consistent with the results, 

Fig. 5 CRABP2 enhances the Integrin β1/FAK/ERK signaling by the upregulation of HuR. (a-b) 
The interaction of CRABP2 and Integrin β1 or HuR in C-33 A cells was detected by co-immuno-
precipitation, respectively. (c) mRNA and protein expression of CRABP2 in C-33 A cells transfected 
with CRABP2 overexpressed vectors (CRABP2OE). (d) mRNA and protein expression of HuR in 
C-33 A cells transfected with HuR siRNA1/2 (HuRsiRNA1/2). (e) Western blot bands of Integrin β1, 
p-FAK, FAK, p-ERK and ERK in C-33 A cells co-transfected with CRABP2OE and HuRsiRNA1/2. N = 3. 
**p < 0.01 vs. Vector or NC siRNA
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our findings showed that ITGB1 siRNA, PF-562,271 (a FAK inhibitor), FR180204 
(an ERK inhibitor) reversed the CRABP2-induced proliferation, migration, invasion 
of cervical cancer cells, indicating that the tumorigenic effects of CRABP2 were at 
least partly mediated by the regulation of Integrin β1/FAK/ERK signaling pathway. 
The underlying mechanism of the relationship between CRABP2 and Integrin β1 
remained unclear. We found that there were no physical interactions between them 
in C-33 A cells, suggesting that the upregulation of Integrin β1 by CRABP2 might 
be indirect. Interestingly, CRABP2 was bound to HuR, which is a known upstream 
factor of Integrin β1(Mukherjee et al. 2009) (Wu et al. 2019). Wu et al. have reported 
that the pro-cancer role of CRABP2 in lung cancer is mediated by the promotion of 
Integrin β1 via HuR (Wu et al. 2019). The similar results were obtained in the current 
study. The depletion of HuR reversed the CRABP2 overexpression-induced promo-

Fig. 6 HPV16 E6/E7 deficiency inhibited cervical carcinoma cell proliferation, migration, and inva-
sion by downregulating CRABP2. (a, b) The expression of HPV16 E6/E7 mRNA in HPV16 E6/E7-
silenced CaSki and SiHa cells. (c, d) The expression of CRABP2 mRNA in CaSki cells and SiHa cells. 
(e, f) Western blot bands of CRABP2. (g) CCK-8 assay was used to examine the cell viability of SiHa 
cells co-transfected with HPV16 E6/E7 siRNA and CRABP2-OE. (h, i) Wound healing assay was car-
ried out to measure the cell migration of SiHa cells (× 100). Scale bar: 200 μm, (j, k) Transwell assay 
was used to assess the cell invasion of SiHa cells (× 200). Scale bar: 100 μm. N = 3. **p < 0.01 vs. NC 
siRNA; ##p < 0.01 vs. HPV16 E6/E7 siRNA + Vector
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tion of Integrin β1/FAK/ERK signaling, implying that HuR is needed by CRABP2 
to elevate Integrin β1 expression. HuR could stabilize the transcripts of targeted 
genes by interacting with specific sequences within their 3’UTR (López de Silanes 
et al. 2004). Interaction with CRABP2 enhances the affinity of HuR toward targeted 
mRNA (including the HuR-encoded gene Elavl1) and facilitates the transcript stabi-
lization in breast cancer cells (Vreeland et al. 2014). We preferred that similar mecha-
nism might be existed in the regulation of CRABP2 on HuR and downstream Integrin 
β1 in cervical cancer cells. This part of research evoked us much attention and it will 
be explored in our further investigation.

As the most important factors in HPV infection, the expression levels of oncopro-
teins E6 and E7 can change the HPV-mediated cervical lesion types (Ma et al. 2015; 
Scheurer et al. 2005). Briefly, E6 protein can promote the ubiquitin-dependent degra-
dation of p53 protein and other pro-apoptotic proteins whereas E7 protein can destroy 
the normal cell cycle and allow tumor growth via binding to retinoblastoma protein 
(pRB)(de Freitas et al. 2014; Dyson et al. 1989; Scheffner et al. 1990). Furthermore, 
Yang et al. have found that CRABP2 is upregulated in human keratinocytes trans-
fected with HPV16(Yang et al. 2019). The results indicate the potential of HPV16 
in the regulation of CRABP2, which evokes us much attention. We wonder whether 
the tumorigenic role of HPV16 E6/E7 protein in cervical cancer was associated with 
CRABP2. Herein, we revealed that HPV16 E6/E7 deficiency exerted an anti-tumor 
effect in cervical cancer via downregulating the expression of CRABP2, which might 
offer a novel target for cervical cancer treatment in the future. Furthermore, HPV16 
E6/E7 has the properties to regulate the expression of oncogenes on the transcription 
or post-translation levels. Yin et al. have found that reduced promoter methylation 
status of downstream gene was detected in cervical cancer cells with ectopic expres-
sion of HPV16 E6/E7, which might lead to its aberrant expression (Yin et al. 2017). 
Liu et al. have reported that HPV16 E6/E7 stabilizes downstream protein expression 
by decreasing its poly-ubiquitination in cervical cancer cells (S Liu et al. 2022b). 
These studies indicate that HPV16 E6/E7 upregulates the expression of downstream 
factors by the induction of transcription activation or the promotion of protein stabil-
ity. Given the observation of the changes of CRABP2 mRNA and protein, it is pos-
sible that HPV16 E6/E7 upregulates CRABP2 by enhancing its transcription or both 
transcription and post-translation levels. We attach much importance to the under-
lying mechanism of the regulation of HPV16 E6/E7 on CRABP2, which will be 
explored in our further investigation.

Conclusion

CRABP2 was upregulated in cervical cancer tissues and cell lines. Knockdown of 
CRABP2 repressed the cell proliferation, migration, and invasion of cervical cancer 
cells. The opposite results were obtained by CRABP2 overexpression. Depletion of 
CRABP2 induced the apoptosis of cervical cancer cells. The pro-cancer effects of 
CRABP2 were mediated by promoting the Integrin β1/FAK/ERK signaling pathway 
via the upregulation of HuR. Moreover, CRABP2 was the downstream factor of HPV 
E6/E7 to facilitate the malignant phenotypes of cervical cancer cells.
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