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INTRODUCTION 
 

Cervical cancer is a common malignant tumor that 

threatens the health and life of the female population. It 

has been reported that the morbidity and mortality of 

cervical cancer both rank fourth among malignant 

tumors worldwide [1]. In China, the incidence of 

cervical cancer is increasing year by year [2]. Although 

multiple therapies such as surgery, chemotherapy and 

radiotherapy, have been widely applied to treat cervical 

cancer patients, the overall efficiency and prognosis are 

still unsatisfactory, owing to the lack of systematic 

understanding of the underlying mechanism. Therefore, 

it is necessary to elucidate the exact mechanism to 

develop targeted drugs. 
 

Plenty of evidence has manifested that long non-coding 

RNAs (lncRNAs), possessing no capacity to encode 
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ABSTRACT 
 

Cervical cancer is one of the most common malignancies in the female population. Long non-coding RNA small 
nucleolar RNA host gene 7 (lncRNA SNHG7) has been reported to be an oncogene. In the current study, we 
aimed to investigate the effects of lncRNA SNHG7 on malignant phenotypes of cervical cancer cells. Firstly, 
upregulation of lncRNA SNHG7 and downregulation of microRNA-122-5p (miR-122-5p) were found in cervical 
cancer, and lncRNA SNHG7 augmented resistance to cisplatin and promoted proliferative, migratory and 
invasive capacities of cervical cancer cells. Moreover, we found miR-122-5p functioned as the downstream 
molecule of lncRNA SNHG7 to inhibit the effects of lncRNA SNHG7 on malignant phenotypes of cervical cancer 
cells. Further investigation revealed that miR-122-5p directly targeted forkhead box p1 (FOXP1), and FOXP1 
overexpression reversed lncRNA SNHG7 knockdown-attenuated chemoresistance and proliferative, migratory 
and invasive capacities of cervical cancer cells. The in vivo experiment indicated lncRNA SNHG7 knockdown 
suppressed growth of cervical cancer. Taken together, our research uncovered lncRNA SNHG7/miR-122-
5p/FOXP1 axis boosted malignant phenotypes of cervical cancer, highlighting an alternative mechanism 
contributing to pathogenesis of cervical cancer. 
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Table 1. The characteristics of patients with cervical cancer. 

Characteristic lncRNA SNHG7 low lncRNA SNHG7 high p value 

Age (year) 
  

0.961 

< 45 15 13 
 

  18 16 
 

Tumor diameter (cm) 
  

0.036 

< 3 19 9 
 

  14 20 
 

Lymphatic metastasis 
  

0.02 

No 23 9 
 

Yes 13 20 
 

TNM staging 
  

0.022 

I~II 21 10 
 

III~IV 12 19 
 

 

functional proteins, function as crucial regulators in 

pathogenesis of cervical cancer by epigenetically 

modulating targeted molecules [3, 4]. Generally, 

lncRNAs act as the oncogenes in development and 

progression of cervical cancer. LncRNA NEAT1, a 

well-known oncogenic lncRNA, contributes to the 

increased proliferative and invasive abilities of cervical 

cancer cells [5]. Recent research reveals that the 

overexpressed lncRNA SOX2OT facilitates malignant 

phenotypes of cervical cancer cells by evaluating the 

proliferative, migratory and invasive abilities [6]. 

However, some other lncRNAs exert inhibitory effects 

on cervical cancer cells. Wang et al. have reported that 

cervical cancer expresses lower level of lncRNA GAS5-

AS1, and lncRNA GAS5-AS1 overexpression inhibits 

degradation of GAS5 by methyl adenosine modification to 

suppress development of cervical cancer [7]. In addition, 

decreased expression of lncRNA miR503HG has been 

shown in cervical cancer, and the in vitro assays indicate 

lncRNA miR503HG acts as a sponge of miR-155 to 

induce apoptosis and increase sensitivity of cervical cancer 

cells to cisplatin [8]. Therefore, lncRNAs function as the 

double-edged swords in pathogenesis of cervical cancer. 

Recently, researchers concentrate on the pro-tumor effects 

of lncRNA SNHG7 in malignant tumors [9]. In addition, 

overexpression of lncRNA SNHG7 exists in cervical 

cancer [10]. However, the exact mechanism of lncRNA 

SNHG7 in cervical cancer needs to be fully elucidated. 

 

Notably, involvement of microRNAs (miRNAs) as 

downstream molecule of lncRNA SNHG7 is a key point 

to regulate biological function of cancer cells [9]. In 

breast cancer, the increased lncRNA SNHG7 could 

sponge miR-34a to induce epithelial-mesenchymal 

transition (EMT) and augment proliferative and 

invasive abilities [11]. In addition, lncRNA SNHG7 

small interfering RNA (siRNA) abolished its inhibitory 
role in miR-140-5p to impair proliferation of 

nasopharyngeal carcinoma cells [12]. Currently, miR-

122-5p was screened as a downstream molecule of 

lncRNA SNHG7 by using the online database 

(http://starbase.sysu.edu.cn/panCancer.php), and we 

aimed to explore contribution of lncRNA SNHG7/miR-

122-5p in pathogenesis of cervical cancer. 
 

RESULTS 
 

Aberrant expression of lncRNA SNHG7 and miR-

122-5p existed in cervical cancer 

 

Firstly, upregulation of lncRNA SNHG7 and 

downregulation of miR-122-5p were found in cervical 

cancer tissues compared with that in tissues adjacent to 

cervical cancer (Figure 1A and 1B). Moreover, cisplatin-

resistant cervical cancer tissues displayed a dramatically 

higher expression of lncRNA SNHG7 and a lower 

expression of miR-122-5p compared with cervical 

cancer tissues (Figure 1C and 1D). We also found the 

negative relationship between the expression of lncRNA 

SNHG7 and the expression of miR-122-5p (Figure 1E). 

In addition, the clinicopathological data revealed that 

upregulation of lncRNA SNHG7 was positively 

correlated to the tumor size, lymphatic metastasis and 

the TNM staging (Table 1). Meanwhile, we identified 

lncRNA SNHG7 was elevated and miR-122-5p was 

reduced in cervical cancer cells lines (Figure 1F and 

1G)., and we selected HeLa and SiHa in the subsequent 

analysis due to the expression of lncRNA SNHG7 and 

miR-122-5p. As was shown in Figure 1H, lncRNA 

SNHG7 was upregulated in HeLa and CR-HeLa cells, 

and CR-HeLa cells possessed a higher level of lncRNA 

SNHG7 than HeLa cells. In addition, the decreased miR-

122-5p existed in HeLa and CR-HeLa cells, and CR-

HeLa cells displayed a lower level of miR-122-5p in 

comparison with HeLa cells (Figure 1I). 

 

LncRNA SNHG7 acted upstream of miR-122-5p 
 

ENCORI database suggested the potential binding sites 

between lncRNA SNHG7 and miR-122-5p (Figure 2A). 

http://starbase.sysu.edu.cn/panCancer.php
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Luciferase reporter assay showed that HeLa and SiHa 

cells co-transfected with wild type lncRNA SNHG7 and 

miR-122-5p mimics displayed the weakened luciferase 

activity compared with that co-transfected with wild type 

lncRNA SNHG7 and mimics NC (Figure 2A and 

Supplementary Figure 1A). To further confirm the 

sponge role of lncRNA SNHG7, we performed cell 

transfection with lncRNA SNHG7 overexpression vector 

or lncRNA SNHG7 siRNA into HeLa and SiHa cells to 

assess the efficacy, and the results were shown in Figure 

2B and 2C, and Supplementary Figure 1B and 1C. We 

found that lncRNA SNHG7 overexpression suppressed 

the expression of miR-122-5p (Figure 2D and 

Supplementary Figure 1D). In contrast, lncRNA SNHG7 

siRNA facilitated miR-122-5p expression (Figure 2E and 

Supplementary Figure 1E). The above findings indicated 

that miR-122-5p was sponged by lncRNA SNHG7. 

 

MiR-122-5p antagonized the biological roles of 

lncRNA SNHG7 in promoting malignant behaviors 

of HeLa and SiHa cells 

 

To figure out the biological effects of lncRNA SNHG7 

on cervical cancer, we performed the following assays. 

 

 
 

Figure 1. Aberrant expression of lncRNA SNHG7 and miR-122-5p existed in cervical cancer. (A and B) Relative expression of 
lncRNA SNHG7and miR-122-5p in cervical cancer tissues and non-tumor tissues adjacent to cervical cancer. (C and D) Relative expression of 
lncRNA SNHG7 and miR-122-5p in cervical cancer tissues and cisplatin-resistant cervical cancer tissues. (E) The correlation between lncRNA 
SNHG7 and miR-122-5p in clinical samples. (F and G) Relative expression of lncRNA SNHG7 and miR-122-5p in human cervical epithelial cell 
line H8 cells and human cervical cancer cell lines. (H and I) Relative expression of lncRNA SNHG7 and miR-122-5p in human cervical epithelial 
cell line H8 cells, human cervical cancer cell line HeLa cells and cisplatin-resistant HeLa cells. N, non-tumor tissues adjacent to cervical cancer; 
T, cervical cancer tissues; R, cisplatin-resistant cervical cancer tissues. CR-HeLa, cisplatin-resistant HeLa cells. **p < 0.01, ***p < 0.001. 
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CCK-8 assay showed that lncRNA SNHG7 

overexpression increased the IC50 value of HeLa and 

SiHa cells (Figure 3A and Supplementary Figure 2A). 

Colony formation assay revealed that lncRNA SNHG7 

overexpression promoted the proliferative ability 

(Figure 3B and Supplementary Figure 2B). Wound 

healing assay depicted that lncRNA SNHG7 

overexpression facilitated the migratory ability (Figure 

3C and Supplementary Figure 2C). Moreover, transwell 

assay showed that lncRNA SNHG7 overexpression led 

to the increased invasive ability (Figure 3D and 

Supplementary Figure 2D). These results demonstrated 

lncRNA SNHG7 exerted a positive role in boosting 

chemoresistance, proliferation, migration and invasion 

of HeLa and SiHa cells. On the contrary, miR-122-5p 

mimics partially reversed the increased IC50 value 

(Figure 3A and Supplementary Figure 2A), and 

proliferative (Figure 3B and Supplementary Figure 2B), 

migratory (Figure 3C and Supplementary Figure 2C) 

and invasive (Figure 3D and Supplementary Figure 2D) 

abilities of HeLa and SiHa cells in the presence of 

lncRNA SNHG7 overexpression plasmid. 

 

 
 

Figure 2. LncRNA SNHG7 acted upstream of miR-122-5p. (A) The schematic diagram of binding sites between lncRNA SNHG7 and miR-
122-5p, and the binding capacity was evaluated by luciferase reporter assay. (B and C) Relative expression of lncRNA SNHG7 in HeLa cells with 
SNHG7 OE or si-SNHG7. (D and E) Relative expression of miR-122-5p in HeLa cells with SNHG7 OE or si-SNHG7. WT SNHG7, wild type lncRNA 
SNHG7; Mut SNHG7, mutant type lncRNA SNHG7; mimics NC, negative control mimics; SNHG7 OE, lncRNA SNHG7 overexpression; si-NC, 
negative control siRNA; si-SNHG7, lncRNA SNHG7 siRNA. ***p < 0.001. 
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FOXP1 was the downstream molecule of miR-122-5p 

 

The miRBase and TargetScanHuman database were 

utilized to identify FOXP1 as the potential target of 

miR-122-5p (Figure 4A). Next, luciferase reporter assay 

showed that HeLa and SiHa cells co-transfected with 

wild type FOXP1 and miR-122-5p mimics exhibited a 

remarkably lower luciferase activity compared with that 

co-transfected with mutant type FOXP1 and mimics NC 

(Figure 4A and Supplementary Figure 3A). The miR-

122-5p level was measured to confirm the efficiency 

of miR-122-5p mimics (Figure 4B and Supplementary 

Figure 3B) and miR-122-5p inhibitor (Figure 4C and 

Supplementary Figure 3C) in HeLa and SiHa cells. It 

was shown that miR-122-5p mimics inhibited FOXP1 

(Figure 4D and Supplementary Figure 3D), but miR-

122-5p inhibitor augmented FOXP1 mRNA level 

(Figure 4E and Supplementary Figure 3E). In addition, 

we found the upregulated FOXP1 in cervical cancer 

tissues (Figure 4F), and cisplatin-resistant cervical 

cancer tissues expressed more FOXP1 mRNA than 

cervical cancer tissues (Figure 4G). Western blot 

analysis showed that the protein level of FOXP1 was 

higher in cervical cancer tissues than that in non-tumor 

 

 
 

Figure 3. MiR-122-5p antagonized the biological roles of lncRNA SNHG7 in promoting malignant behaviors of HeLa cells. IC50 
value (A), colony formation (B), migratory capacity (C), and invasive capacity (D) of HeLa cells in the presence or absence of SNHG7 OE and 
miR-122-5p mimics. mimics NC, negative control mimics; SNHG7 OE, lncRNA SNHG7 overexpression; mimics, miR-122-5p mimics; IC50, half 
maximal inhibitory concentration. *p < 0.05, **p < 0.01, ***p < 0.001. 
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tissues adjacent to cervical cancer (Figure 4H). In 

addition, we found the expression of FOXP1 was 

negatively related to the expression of miR-122-5p, 

but positively related to the expression of lncRNA 

SNHG7 (Figure 4I and 4J). The qRT-PCR analysis 

showed that CR-HeLa cells expressed the highest 

mRNA level of FOXP1 among the three cell lines in 

our study (Figure 4K). 

 

 
 

Figure 4. FOXP1 was the downstream molecule of miR-122-5p. (A) The schematic diagram of binding sites between FOXP1 and miR-
122-5p, and the binding capacity was evaluated by luciferase reporter assay. (B and C) Relative expression of miR-122-5p in HeLa cells with 
miR-122-5p mimics transfection or miR-122-5p inhibitor transfection. (D and E) Relative expression of FOXP1 in HeLa cells with miR-122-5p 
mimics transfection or miR-122-5p inhibitor transfection. (F and G) Relative mRNA level of FOXP1 in non-tumor tissues adjacent to cervical 
cancer, cervical cancer tissues and cisplatin-resistant cervical cancer tissues. (H) The protein level of FOXP1 in non-tumor tissues adjacent to 
cervical cancer and cervical cancer tissues. (I) The correlation between FOXP1 and miR-122-5p or lncRNA SNHG7. (J and K) Relative mRNA 
level of FOXP1 in human cervical epithelial cell line H8 cells, human cervical cancer cell line HeLa cells and cisplatin-resistant HeLa cells. WT 
FOXP1, wild type FOXP1; Mut FOXP1, mutant type FOXP1; mimics NC, negative control mimics; inhibitor NC, negative control inhibitor; N, 
non-tumor tissues adjacent to cervical cancer; T, cervical cancer tissues; R, cisplatin-resistant cervical cancer tissues. CR-HeLa, cisplatin-
resistant HeLa cells. ***p < 0.001. 
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FOXP1 overexpression rescued the biological roles 

of lncRNA SNHG7 knockdown in HeLa and SiHa 

cells 

 

As FOXP1 was the direct downstream molecule of 

miR-122-5p, it was speculated that FOXP1 might 

function downstream of lncRNA SNHG7. The qRT-

PCR analysis showed that lncRNA SNHG7 

overexpression promoted the expression of FOXP1 

(Figure 5A and Supplementary Figure 4A), which was 

inhibited by lncRNA SNHG7 siRNA (Figure 5B and 

Supplementary Figure 4B). In parallel, the western blot 

analysis showed the similar results (Figure 5C and 

Supplementary Figure 4C). We found that lncRNA 

SNHG7 siRNA-induced decreased IC50 value was 

reversed by FOXP1 overexpression (Figure 5D and 

Supplementary Figure 4D). It was demonstrated that 

lncRNA SNHG7 siRNA inhibited proliferative, 

 

 
 

Figure 5. FOXP1 overexpression rescued the biological roles of lncRNA SNHG7 knockdown in HeLa cells. (A–C) Relative 

expression of FOXP1 in HeLa cells with SNHG7 OE and si-SNHG7 transfection. IC50 value (D), colony formation (E), migratory capacity (F), 
and invasive capacity (G) of HeLa cells in the presence or absence of si-SNHG7 and FOXP1 OE. SNHG7 OE, lncRNA SNHG7 overexpression; si-
NC, negative control siRNA; si-SNHG7, lncRNA SNHG7 siRNA; FOXP1 OE, FOXP1 overexpression; IC50, half maximal inhibitory concentration. 
**p < 0.01, ***p < 0.001. 



www.aging-us.com 8 AGING 

migratory and invasive abilities (Figure 5E, 5F and 5G). 

Notably, FOXP1 overexpression reversed the inhibitory 

effects of lncRNA SNHG7 knockdown on malignant 

behaviors of HeLa and SiHa cells (Figure 5E, 5F and 

5G, and Supplementary Figure 4E, 4F, 4G). 

 

LncRNA SNHG7 knockdown suppressed cervical 

cancer growth in vivo 

 

Finally, we performed animal experiments to 

investigate the effect of lncRNA SNHG7 in vivo. The 

efficacy of lncRNA SNHG7 shRNA transfection was 

evaluated by qRT-PCR (Figure 6A). As was 

represented in Figure 6B and 6C, the lumps isolated 

from mice injected with lncRNA SNHG7 shRNA-

transfected HeLa cells presented the smaller size and 

lighter weight than that from the control group. The 

qRT-PCR analysis indicated that the lumps isolated 

from mice injected with lncRNA SNHG7 shRNA-

transfected HeLa cells expressed less lncRNA SNHG7 

(Figure 6D) and FOXP1 (Figure 6F), but more miR-

122-5p (Figure 6E). Moreover, the protein level of 

FOXP1 was lower in the lumps isolated from mice 

injected with lncRNA SNHG7 shRNA-transfected 

HeLa cells (Figure 6G). 
 

DISCUSSION 
 

LncRNA SNHG7, located at Chromosome 9q34.3, 

belongs to the lncRNA SNHGs family, all of which are 

 

 
 

Figure 6. LncRNA SNHG7 knockdown suppressed cervical cancer growth in vivo. (A) Relative expression of lncRNA SNHG7 in HeLa 

cells transfected with sh-SNHG7. (B) The size of the lumps isolated from mice injected with negative control shRNA- or lncRNA SNHG7 shRNA-
transfected HeLa cells. (C) The weight of the lumps isolated from mice injected with sh-NC- or sh-SNHG7-transfected HeLa cells. (D–G) 
Relative expression of lncRNA SNHG7, miR-122-5p, FOXP1 mRNA and FOXP1 protein in lumps isolated from mice injected with sh-NC- or sh-
SNHG7-transfected HeLa cells. sh-NC, negative control shRNA; sh-SNHG7, lncRNA SNHG7 shRNA. ***p < 0.001. 
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tightly correlated to the development and progression of 

a variety of malignant tumors [13, 14]. Functional 

exploration about the effect of lncRNA SNHG7 on 

tumor cells is originally reported in lung cancer, and 

this research reveals that inhibiting the upregulated 

lncRNA SNHG7 impairs proliferative, migratory and 

invasive abilities of lung cancer cells, which may result 

from lncRNA SNHG7 knockdown-induced 

downregulation of Fas apoptotic inhibitory molecule 2 

[15]. A recent study has reported that prostate cancer 

cells display a remarkably higher lncRNA SNHG7, and 

silencing lncRNA SNHG7 reduces N-cadherin and 

increases E-cadherin to suppress EMT by directly 

sponging miR-324-3p [16]. In hepatocellular 

carcinoma, lncRNA SNHG7 is screened as a candidate 

that is involved in the metastasis and recurrence of 

hepatocellular carcinoma cells by using bioinformatic 

analysis [17]. The in vitro experiments demonstrate that 

lncRNA SNHG7-mediated upregulation of ribosomal 

protein L4 contributes to the enhancive malignant 

phenotypes of hepatocellular carcinoma cells [18]. In 

addition, lncRNA SNHG7 functions as a oncogene in 

pathogenesis of breast cancer, melanoma and glioma 

[11, 19, 20]. Herein, our research showed the increased 

lncRNA SNHG7 existed in cervical cancer tissues and 

cell lines, which coincides with the previous reporter 

[10]. Phenomenally, we found lncRNA SNHG7 

reinforced chemoresistance, proliferation, migration and 

invasion of cervical cancer. Given that the crucial role 

of lncRNA SNHG7 in promoting the malignant 

progression of cervical cancer, targeting lncRNA 

SNHG7 may serve as a promising therapeutic strategy 

for the treatment of cervical cancer. Meanwhile, the 

correlation of lncRNA SNHG7 with the clinical 

characteristics of cervical cancer should be identified by 

more investigations. Based on the critical function of 

lncRNA SNHG7 and the clinical correlation with 

cervical cancer, the diagnostic and prognostic 

significance of lncRNA SNHG7 will be identified and 

lncRNA SNHG7 may serve as a potential biomarker for 

cervical cancer. 

 

Functioning as the sponge of miRNAs is a critical 

characteristic of lncRNAs, and miRNAs exert the 

regulatory effect downstream of lncRNAs [21]. We 

screened miR-122-5p as the direct target of lncRNA 

SNHG7. It can be concluded that miR-122-5p is a 

specific microRNA for liver diseases [22]. Recently, A 

group of evidence suggests that miR-122-5p is engaged 

in pathogenesis of malignant tumors. In hepatocellular 

carcinoma cells, miR-122-5p overexpression distinctly 

impedes the abnormal growth and metastasis of the 

tumor in vitro and in vivo [23]. Xu et al. has 

demonstrated the inhibitory effects of miR-122-5p on 

proliferative and invasive abilities of bile duct 

carcinoma cells [24]. In addition, miR-122-5p inhibits 

development of pancreatic ductal adenocarcinoma, 

breast cancer and gastric cancer [25–27]. Moreover, the 

reduced miR-122-5p in serum of patients with clear cell 

renal cell carcinoma predicts a poor prognosis [28]. We 

found cervical cancer exhibited the downregulated miR-

122-5p, and miR-122-5p overexpression antagonized 

the effects of lncRNA SNHG7 on cervical cancer cells. 

Importantly, FOXP1 was screened to be a direct 

downstream molecule of miR-122-5p in our research. 

Meanwhile, in the present study, we identified that miR-

122-5p served as a potential tumor suppression in 

cervical cancer. As the miRNA-based anti-tumor 

strategies have been developed for many years, the 

delivery and target system for miR-122-5p in the 

treatment of cervical cancer need to be explored in 

future. Due to that miRNAs have presented the 

diagnostic and prognostic values in cancers, the clinical 

expression and significance of miR-122-5p should be 

identified by further studies. 

 

As a key transcription factor, FOXP1 participates in 

regulation of biological process of tumor cells [29]. In 

diffuse large B-cell lymphoma, FOXP1 downregulation 

promotes sensitivity of the tumor cells to doxorubicin 

[30]. Additionally, the overexpressed FOXP1 increases 

resistance of ovarian cancer cells to cisplatin and radio-

resistance of hepatocellular carcinoma cells [31], [32]. 

Beyond that, FOXP1 accelerates growth of non-small 

cell lung cancer [33]. Li et al. has reported that miR-

374b-5p-induced inhibition of malignant phenotypes 

of ovarian cancer cells is abolished by FOXP1 

overexpression [34]. In cervical cancer, FOXP1 

strengthens the growth and radio-resistance by 

counteracting the inhibitory role of miR-449b-5p [35]. 

It has been also shown that FOXP1 reduces the amount 

of tumor infiltrating lymphocytes to protect breast 

cancer [36]. Therefore, FOXP1 could be an oncogene 

by regulating biological function of tumor cells as well 

as lymphocytes. In our work, FOXP1 desensitized 

cervical cancer cells to cisplatin and exerted the pro-

tumor effects on cervical cancer cells. Meanwhile, it has 

been reported that FOXP1 regulates skeletal aging by 

modulating mesenchymal stem cell senescence and 

commitment [37]. In this study, we identified that 

lncRNA SNHG7 induced FOXP1 expression by 

targeting miR-122-5p. The potential function of 

lncRNA SNHG7/miR-122-5p/FOXP1 axis in the 

regulation of aging and senescence deserves to be 

explored in future investigations. 

 

Taken together, our research unveiled the engagement 

of lncRNA SNHG7/miR-122-5p/FOXP1 axis enabled 

cervical cancer cells to gain the potentiated 

chemoresistance, proliferation, migration and invasion in 
vitro and to grow in vivo, highlighting a critical role of 

lncRNA SNHG7 in the pathogenesis of cervical cancer. 
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METHODS 
 

Ethics statement 
 

Investigation was conducted in accordance with the 

ethical standards and according to the Declaration of 

Helsinki. The experiments involving clinical tissue 

samples and mice were approved by Ethics Committee 

of Jinan Maternal and Child Health Hospital. 

 

Clinical samples 
 

The clinical tissue samples from patients with cervical 

cancer (n = 62) containing a group of patients with 

cisplatin-resistant cervical cancer (n = 29), who 

underwent surgical treatment, were obtained from 

2016 to 2018 at Beijing Jishuitan Hospital. The 

characteristics of the participants were shown in Table 

1. The investigators had informed the participants of the 

purposes and methods of usage of the tissues, and the 

participants agreed to signed the informed consent. All 

of the procedures were authorized by Jinan Maternal 

and Child Health Hospital. 

 

Tumor-bearing mice 

 

A total of twelve female nude mice were obtained 

from Beijing Jishuitan Hospital, and housed in cages 

at temperature between 22°C–26°C under the 

condition of 12 h light-dark cycles, and randomly 

grouped: control group and experimental group. Mice 

in control group were injected with HeLa cells with 

negative control short hairpin RNA (sh-NC) 

transfection, and mice in experimental group were 

injected with HeLa cells with short hairpin RNA 

against lncRNA SNHG7 (sh-SNHG7) transfection. To 

obtain a stable lncRNA SNHG7 knockdown cell line, 

we treated the transfected cells with Puromycin (2 

mg/mL, Thermo Fisher Scientific, USA) before 

injecting the cells in the experimental mice. After 4 

weeks, the mice were anesthetized with pentobarbital 

sodium (5 mg/100 g body weight) intraperitoneally, 

and killed by decapitation. The lumps were isolated 

carefully to be weighed. The procedures were in 

accordance with guidelines of Animal Use and Care 

Committee of Jinan Maternal and Child Health 

Hospital. The animal experiments were carried out in 

accordance with the requests of Animal Use and Care 

Committee of Jinan Maternal and Child Health 

Hospital. 

 

Cell culture 

 
DMEM (ThermoFisherScientific, USA) containing 

10% FBS (Gibco, USA) was used to culture the 

human cervical epithelial immortalized cell line H8 

and human cervical cancer cell line C-33A, C-4 II, 

Hela, SiHa, and HT-3 at 37°C. The cisplatin-resistant 

HeLa cell line (CR-HeLa) was established by using 

cisplatin (Selleck, USA), and cultured in the same 

condition. 

 

Cell transfection 
 

The lncRNA SNHG7 overexpression vector pEXP-RB-

Mam (SNHG7 OE) and FOXP1 overexpression vector 

(FOXP1 OE) were purchased from RIBOBIO (China). 

Small interfering RNA against lncRNA SNHG7 (si-

SNHG7), miR-122-5p mimics, miR-122-5p inhibitor 

and sh-SNHG7 were purchased from GenePharma 

(China). Lipofectamine 3000 (Invitrogen, USA) was 

adopted to conduct cell transfection. The relevant 

sequences were displayed in Table 2. 

 

Detection of the gene expression 

 

TRIzol (Ambion, USA) was utilized to extract the total 

RNA. SuperScript III (Invitrogen, USA) was used to 

obtain cDNA. SYBR Premix Ex Taq II (Takara, Japan) 

was utilized to perform quantitative real-time PCR 

(qRT-PCR). U6 and GAPDH were utilized as the 

internal control. The relative expression of the indicated 

genes was calculated by using the comparative Ct  

(2−ΔΔCT) method. The primer sequences were shown in 

Table 2. All of the primers were synthesized and 

purchased from Sangon (China). 

 

Detection of the protein expression 

 

The cells were lysed with RIPA (Beyotime, China) 

followed by quantification by using BCA Protein 

Assay Kit (Thermo Fisher Scientific, USA). SDS-

PAGE (Beyotime, China) was utilized to test the 

protein samples. Primary antibodies (Anti-FOXP1, 

1:2000, Abcam, USA; Anti-GAPDH, 1:2000, 

Beyotime, China) were used at 4°C overnight. The 

protein bands were detected by using ChemiDoc 

XRS+ (Bio-Rad, USA). 

 

Luciferase reporter assay 

 

ENCORI database was used to obtain the binding sites 

between lncRNA SNHG7 and miR-122-5p, and 

miRBase and TargetScanHuman database were used to 

obtain the binding sites between FOXP1 and miR-122-

5p. Wild type lncRNA SNHG 7, mutant lncRNA SNHG 

7, wild type FOXP1 and mutant FOXP1 were cloned 

into pmirGLO vector followed by transfection into 

HeLa cells in the presence of miR-122-5p mimics or 

negative control mimics (mimics NC). Bio-Glo™ 

Luciferase Assay System (Promega, USA) was utilized 

to evaluate the luciferase activity. 
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Table 2. Sequences of primers, siRNAs, mimics, and inhibitor used in this study. 

Gene Sequence (5′–3′) 

U6 Forward: TGCGGGTGCTCGCTTCGGCAGC 

Reverse: CCAGTGCAGGGTCCGAGGT 

GAPDH Forward: AGACCACAGTCCATGCCATC 

Reverse: CAGGGCCCTTTTTCTGAGCC 

lncRNA SNHG7 Forward: CGATACCATTGAACACGCTGC 

Reverse: GGTTGAGGGTCCCAGTG 

miR-122-5p Forward: TGCGGTTGGAGTGTGACAATGG 

Reverse: TGGTGTCGTGGAGTCG 

FOXP1 Forward: CGGTACTCAGACAAATACAA 

Reverse: GRCGGAAGTAAGCAAACA 

si-SNHG7 GCUGGAAUAAAGAGUAACAUU 

si-NC AAUUCUCCGAACGUGUCACGU 

miR-122-5p mimic AACGCCAUUAUCACACUAAAUA 

mimic NC UUCUCCGAACGUGUCACUGUU 

miR-122-5p inhibitor CAAACACCAUUGUCACACUCCA 

inhibitor NC CAGUACUUUUGUGUAGUACAA 

 

Measurement of cell viability 
 

Cell Counting Kit-8 (CCK-8, Beyotime, China) was 

adopted to detect cell viability. After transfection, 6000 

cells were seeded into each well in a 96-well plate for 

indicated time, and cultured in 110 ml culture medium 

containing 10 ml CCK-8 solution for 2 h at 37°C. Optical 

density (OD) 450 was the indicator of cell viability. 

Additionally, different concentration of cisplatin was 

used to treat the HeLa cells with indicated transfection to 

calculate the half maximal inhibitory concentration 

(IC50) when the cell viability reached 50%. 
 

Colony formation assay 
 

Proliferative capacity was evaluated by using colony 

formation assay. After transfection, HeLa cells were 

seeded into the 6-well plate at a concentration of 5000 cells 

per well. Two weeks later, formaldehyde was utilized to 

fix the cells followed by staining cells with crystal violet. 
 

Wound healing assay 
 

Migratory ability was indicated by performing wound 

healing assay. After transfection, HeLa cells were 

seeded into a 6-well plate for 24 h. The cells were 

scratched by A 10 ml tip was used to scratch the cells, 

and serum-free medium was utilized to culture the cells. 
At the time point of 0 h and 24 h, the scratch was 

captured. The migratory distance was measured to 

calculate the wound healing rate. 

Measurement of invasive capacity 

 

Invasive capacity was evaluated with transwell assay. 

HeLa cells with indicated treatment were seeded in 

Millicell Standing Cell Culture 24 well containing 

Matrigel (Millipore, USA) for 24 h in according to the 

manufacturer’s guidelines. Formaldehyde was utilized 

to fix the cells followed by staining cells with crystal 

violet. 

 

Statistical analysis 

 

The experiments were performed independently three 

times at least. Mean ± standard deviation (SD) 

depicted the data in our research, and the data were 

analyzed by GraphPad Prism 8 Software (GraphPad, 

USA). The statistical analysis method was t-test and 

Chi-Squared test, and p < 0.05 indicated statistical 

difference. 
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SUPPLEMENTARY MATERIALS 
 

Supplementary Figures 
 

 
 

Supplementary Figure 1. LncRNA SNHG7 acted upstream of miR-122-5p. (A) The binding capacity was evaluated by luciferase 
reporter assay. (B and C) Relative expression of lncRNA SNHG7 in SiHa cells with SNHG7 OE or si-SNHG7. (D and E) Relative expression of 
miR-122-5p in SiHa cells with SNHG7 OE or si-SNHG7. WT SNHG7, wild type lncRNA SNHG7; Mut SNHG7, mutant type lncRNA SNHG7; 
mimics NC, negative control mimics; SNHG7 OE, lncRNA SNHG7 overexpression; si-NC, negative control siRNA; si-SNHG7, lncRNA SNHG7 
siRNA. **p < 0.01, ***p < 0.001. 
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Supplementary Figure 2. MiR-122-5p antagonized the biological roles of lncRNA SNHG7 in promoting malignant behaviors of 
SiHa cells. IC50 value (A), colony formation (B), migratory capacity (C), and invasive capacity (D) of SiHa cells in the presence or absence of 

SNHG7 OE and miR-122-5p mimics. mimics NC, negative control mimics; SNHG7 OE, lncRNA SNHG7 overexpression; mimics, miR-122-5p 
mimics; IC50, half maximal inhibitory concentration. *p < 0.05, **p < 0.01, ***p < 0.001. 
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Supplementary Figure 3. FOXP1 was the downstream molecule of miR-122-5p. (A) The binding capacity was evaluated by 
luciferase reporter assay. (B and C) Relative expression of miR-122-5p in SiHa cells with miR-122-5p mimics transfection or miR-122-5p 
inhibitor transfection. (D and E) Relative expression of FOXP1 in SiHa cells with miR-122-5p mimics transfection or miR-122-5p inhibitor 
transfection. **p < 0.01, ***p < 0.001. 
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Supplementary Figure 4. FOXP1 overexpression rescued the biological roles of lncRNA SNHG7 knockdown in SiHa cells. (A–C) 
Relative expression of FOXP1 in SiHa cells with SNHG7 OE and si-SNHG7 transfection. IC50 value (D), colony formation (E), migratory capacity 
(F), and invasive capacity (G) of SiHa cells in the presence or absence of si-SNHG7 and FOXP1 OE. SNHG7 OE, lncRNA SNHG7 overexpression; 
si-NC, negative control siRNA; si-SNHG7, lncRNA SNHG7 siRNA; FOXP1 OE, FOXP1 overexpression; IC50, half maximal inhibitory 
concentration. **p < 0.01, ***p < 0.001. 
 


