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Down-regulated serum microRNA-101 is associated with aggressive progression and poor prognosis of cervical cancer
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Abstract
ObjectiveMicroRNAs (miRNAs) play a vital role in pathogenesis and progression of many cancers, including cervical cancer. However, importance of serum level of miR-101 in cervical cancer has rarely been studied. In the present study, clinical significance and prognostic value of serum miR-101 for cervical cancer was investigated.

MethodsAssociation between miR-101 level in cervical cancer tissues and prognosis of patients was analyzed by using data retrieved from The Cancer Genome Atlas (TCGA) database, which was followed with our clinical study in which miR-101 serum level comparison between cervical cancer patients and healthy controls was conducted by real-time quantitative polymerase chain reaction (PCR).

ResultsTCGA database demonstrated that miR-101 was down-regulated in cervical cancer tissues compared with normal cervical tissues, and univariate Cox regression analysis indicated that decreased miR-101 expression was a highly significant negative risk factor. Similar trend was found in the serum miR-101. Serum level of miR-101 was associated with International Federation of Gynecology and Obstetrics (FIGO) stage (p=0.003), lymph node metastasis (p=0.001), and serum squamous cell carcinoma antigen (SCC-Ag) level >4 (p=0.007). The overall survival time of cervical cancer patients with a higher level of serum miR-101 was significantly longer than that of patients with a lower level of serum miR-101. Moreover, multivariate Cox regression analysis indicated that the down-regulated serum level of miR-101 was an independent predictor for the unfavorable prognosis of cervical cancer.

ConclusionSerum level of miR-101 is closely associated with metastasis and prognosis of cervical cancer; and, hence could be a potential biomarker and prognostic predictor for cervical cancer.
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INTRODUCTION
Cervical cancer is one of the most common malignancies among women across the world. Global data from 2012 indicated 527,000 new onset cases and 265,700 deaths [1]. More recently, declining trends in the incidence of cervical cancer have been observed as a result of the introduction of various screening methods and programs [2]. However, cervical cancer still remains a leading cause of cancer-related mortality in women. Further, despite treatment modalities such as chemotherapy, radiotherapy, and surgery, a considerable number of patients succumb to cervical cancer metastasis and recurrence. Therefore, it would be of great clinical significance if cervical cancer could be accurately evaluated and if metastasis and recurrence could be discovered at an early stage. This would enable early prediction and prognosis of cervical cancer so that timely individualized therapy could be provided.
MicroRNA (miRNA) is an important area of focus in cancer research for the ability to target oncogenes and suppress tumor activity [3]. Studies suggest that a significant difference exists between healthy persons and cancer patients in terms of miRNA expression profile [4]; therefore, circulating miRNA is of great importance for the early diagnosis, staging, and prognostic evaluation in cancers [5, 6, 7].
MiR-101 is located in 1p31.3 encoded by MIRN101-a and MIRN101-b allele. MiR-101 has been speculated to be involved in the pathogenesis and metastasis of various cancers, and associated with the pathological characteristics, survival, prognosis, and the execution of targeted therapy [8, 9, 10, 11, 12]. However, the expression profile of miR-101 in the peripheral blood of cervical cancer patients remains unclear and the comparison to healthy women has also been rarely reported. In the current study, the expression level of serum miR-101 was investigated, and the prognostic value of miR-101 for cervical cancer metastasis was explored in order to elucidate the possibility of miR-101 as the molecular biomarker of cervical cancer.

MATERIALS AND METHODS
1. Patients
The serum samples of 182 cervical cancer patients, prior to any treatment, were collected in the Department of Oncology, Maternal and Child Health Hospital, Jiangxi province, China between February 2012 and March 2016. The average age of patients was 53±9 years. The clinicopathological features including age, tumor size, pathological type, degree of differentiation, lymph node metastasis, International Federation of Gynecology and Obstetrics (FIGO) stage, and the serum squamous cell carcinoma antigen (SCC-Ag) level were archived. The serum sample of each patient was collected once again one month after treatment. The study also included 12 healthy control subjects.
Inclusion criteria: 1) clinical stage of the patients was defined in accordance to the 2009 FIGO staging standard, and the pathologic diagnosis was confirmed by at least 2 pathologists; 2) the patients received a thorough pre-treatment evaluation, including a detailed medical history, physical examination, whole blood cell count, liver and kidney function tests, imaging examination (chest X-ray, color Doppler ultrasound, computed tomography [CT], magnetic resonance imaging [MRI], and positron emission tomography [PET]), electrocardiogram (ECG), comprehensive assessment of electronic colposcopy for vulva, vagina, cervix, and cystoscopy. Colonoscopy was also included in the presence of a clinical indication; 3) the clinical stage of cervical cancer was determined by 3 chief gynecologic-oncologists; 4) the patients had complete records of clinicopathological and follow-up examinations, and had also signed the informed consent document; 5) radical hysterectomy and pelvic lymph node dissection (with or without para-aortic lymph nodes dissection) were performed for patients at stage IB1 to IIA1; and laparoscopic pelvic lymph node dissection in combination with abdominal lymph node dissection, followed with the postoperative concurrent chemo-radiotherapy for patients at stage of IIA2 to IIIB; and 6) the study was approved by the ethics committee of Maternal and Child Health Hospital, Jiangxi province.
Exclusion criteria: 1) the patients with cervical cancer in stage IA. Typically, stage IA patients usually underwent cold knife conization surgery to confirm the diagnosis. And the resected lesion of the cancer tissues more or less will have an impact on the serum expression level of miR-101. Therefore, the stage IA patients were excluded to diminish the possible errors; 2) patients with concurrent malignancy of other organ/organs; 3) patients with incomplete clinic pathological data; and 4) patients who were lost of follow-up or loss of follow-up for short term.

2. Database
The database of the gene was from The Cancer Genome Atlas (TCGA, https://tcga-data.nci.Nih.gov/tcga), which contains the clinical information and level 3 RNA-seq from 307 samples of cervical cancer and 3 tissue samples of normal cervix. The difference between normal cervical tissue and cervical cancer with reference to miR-101 expression level was analyzed by limma, an R/Bioconductor software package [13]. The data was downloaded on 10th March 2017. The data collection processes were in compliance with all laws and regulations.

3. Real-time quantitative reverse transcription polymerase chain reaction (RT-PCR) (qRT-PCR)
Whole blood sample (3.5 mL) was collected and put into a vacuum collection vessel, and incubated for 30 to 60 minutes. The serum was obtained by centrifugation at room temperature, 2,000 rpm for 15 minutes, and transferred to 1.5 mL EP tube, free of RNase, and stored at −80°C in a freezer. The period between sample collection from patients and PCR analysis is 50 days. Serum miR-101 was extracted and purified according to the instruction of RNA extraction kit. TaqMan® MicroRNA Assay Kits and Reverse Transcription Kits (Applied Biosystems, Foster City, CA, USA) were used for qRT-PCR determination of miRNA levels, performed on a 7500 Real-Time PCR System (Applied Biosystems). The experiment was conducted according to the manufacturer's instructions, and the concentration and purity of RNA was determined by a nucleic acid concentration detector. The concentration of RNA was normalized to 50 ng/µL for cDNA synthesis by specific reverse transcription primer (Applied Biosystems), and the reaction condition was set according to cDNA synthesis kit (Applied Biosystems). SYBR Green was utilized for real-time PCR, with 95°C denaturing for 10 minutes, followed with 50 cycles of 95°C denaturing for 15 seconds and 60°C annealing for 32 seconds. The melting curve was measured after 50 cycles PCR and Ct value of each sample was automatically calculated; and the relative quantitation of miRNA was calculated by 2-AACt algorithm. The samples were triplicated for assay and U6 was used as internal control for miRNA amplification.

4. Follow-up
A follow-up card was created for each cervical cancer patient upon admission, containing complete clinical, pathological, and follow-up records. The starting date point was the date of confirmed diagnosis, and the closing date was 31st March 2017. The survival period was calculated in terms of months. The patients were followed up once every 3 months for the first year after treatment; then followed up once every 3 to 6 months for the second year after treatment; and once every 6 months for the 3rd year after treatment; and once a year after the 5th year.

5. Statistical analysis
The association between serum miR-101 and the clinical and pathological features were analyzed by the χ2 test. The survival curve was plotted by Kaplan-Meier method, and compared by log-rank test. Cox proportional hazards model was utilized for analysis of prognostic factors. All data was statistically processed by software GraphPad prism 7.0 (GraphPad, La Jolla, CA, USA). p<0.05 was considered statistically significant.


RESULTS
1. TCGA derived data for comparison of miR-101 level between normal cervical tissue and cervical cancer, and association of miR-101 to prognosis
The association between miR-101 level in cervical cancer and prognosis was analyzed based on the TCGA retrieved data. The range of miR-101 in cervical cancer tissue was 756–144,886, and mean value with standard deviation was 27,585±1,349. miR-101 level was significantly decreased in cervical cancer (Fig. 1A, p<0.001). The patients were classified into a miR-101 low expression group and a miR-101 high expression group based on the median value (19,407) of miR-101. The overall survival time was significantly longer in the miR-101 high expression group compared with that of the miR-101 low expression group (Fig. 1B). The univariate Cox regression analysis indicated that decreased miR-101 expression was a significant risk factor for prognosis of cervical cancer (hazard ratio [HR]=2.404; p<0.001).

[image: Figure F1 ]Fig. 1

Expression level of miR-101 in cervical cancer was significantly decreased and positively associated with the prognosis of patients. (A) MiR-101 expression levels of cervical cancer patients (n=307) and healthy persons (n=3) from the TCGA database were analyzed. (B) The survival analysis for 2 groups of patients with low or high expression levels of miR-101.
TCGA, The Cancer Genome Atlas.







2. Expression level of miR-101 in serum of cervical cancer patients
The expression level of miR-101 in the serum was determined by qRT-PCR for 182 patients with cervical cancer and 12 healthy women. U6 expression was utilized as internal control. The serum level of miR-101 was significantly lower in the patients with cervical cancer compared with that of the healthy controls (Fig. 2A, p<0.001).

[image: Figure F2 ]Fig. 2

The relative expression levels of miR-101 for 182 cervical cancer patients, before and after treatment, and 12 healthy women. The average value is indicated by the horizontal lines among the spots. The serum level of miR-101 was significantly higher in the healthy women compared with that from cervical cancer patients (p<0.001).





3. Association between serum miR-101 and clinical feature of cervical cancer patients
The median expression level of miR-101 (4.02) were used as a cut-off value to divide all 182 patients into 2 groups: cervical cancer patients who express miR-101 at levels less than the cut-off value were assigned to the low expression group (n=80) and those with miR-101 expression higher than the cut-off value were assigned to the high expression group (n=102). The cervical cancer patients were classified into different groups according to the clinical and pathological features, with the objective to discover the association between serum miR-101 and the clinical and pathological features of cervical cancer. The serum level of miR-101 was closely associated with the FIGO stage (p=0.003), lymph node metastasis (p=0.001), and serum SCC-Ag level >4 (p=0.007) (Table 1); however, it was not associated with age, tumor size, and histopathological differentiation degree (p>0.050).

Table 1
Correlation of clinicopathological characteristics and serum miR-101 expression in the cervical cancer patients	Variables	No. of patients (n=182)	MiR-101 expression	p-value
	Low	High
	Age (yr)				0.325
		≤50	134	56 (41.8)	78 (58.2)
		>50	48	24 (50.0)	24 (50.0)
	FIGO stage				0.003
		IB1–IIA1	153	60 (39.2)	93 (60.8)
		IIA2–IIIB	29	20 (69.0)	9 (31.0)
	Tumor size (cm)				0.123
		≤4	150	62 (41.3)	88 (58.7)
		>4	32	18 (56.3)	14 (43.7)
	Histology				0.972
		Squamous	139	61 (43.9)	78 (56.1)
		Adenocarcinoma	43	19 (44.2)	24 (55.8)
	Differentiation				0.078
		Well-moderate	161	67 (41.6)	94 (58.4)
		Poor	21	13 (61.9)	8 (38.1)
	Lymph nodes metastasis				0.001
		No	145	55 (37.9)	90 (62.1)
		Yes	37	25 (67.6)	12 (32.4)
	SCC-Ag (ng/L)				0.007
		≤4	132	50 (37.9)	82 (62.1)
		>4	50	30 (60.0)	20 (40.0)

Values are presented as number (%).
FIGO, International Federation of Gynecology and Obstetrics; SCC-Ag, squamous cell carcinoma antigen.





4. Association between serum miR-101 and prognosis of cervical cancer patients
The association between serum level of miR-101 from 182 cervical cancer patients and their overall survival time was analyzed by the Kaplan-Meier method and log-rank test. A total of 31 of 182 patients (17.0%) died during the follow-up period. Fig. 3 shows the overall survival time was longer for the patients with a higher miR-101 level than the patients with a lower miR-101 level (log-rank test: p=0.004). The univariate analysis suggested that there was a significant association between the overall survival time and the FIGO stage (p=0.004), lymph node metastasis (p=0.042), SCC-Ag (p=0.042), and serum miR-101 level (p=0.004) (Table 2); however, there was no obvious association between the overall survival time and age, tumor size, and histological type. In addition, multivariate Cox regression model indicated that the FIGO stage (p=0.003), lymph node metastasis (p=0.015), and serum miR-101 level (p=0.006) were independent risk factors for the prognosis of cervical cancer.

[image: Figure F3 ]Fig. 3

The association between serum miR-101 level and overall survival time was analyzed by Kaplan-Meier method. The survival period was shorter in the cervical cancer patients with a lower expression level of miR-101 (p=0.004).





Table 2
Univariate and multivariate analyses of prognostic parameters in cervical cancer using the Cox regression model	Parameters	Univariable	Multivariable
	p-value	HR (95% CI)	p-value
	MiR-101 expression			0.006
		Low	0.004	2.820 (1.473–3.925)
		High	-	-
	Tumor size (cm)			-
		≤4	0.192	-
		>4	-	-
	Differentiation			-
		Well-moderate	0.260	-
		Poor	-	-
		SCC-Ag (μg/L)			0.746
		≤4	0.042	0.941 (0.452–2.103)
		>4	-	-
	FIGO stage			0.003
		IB1–IIA1	0.031	2.378 (1.653–3.946)
		IIA2–IIIB	-	-
	Lymph nodes metastasis			0.015
		No	0.042	2.023 (1.231–3.521)
		Yes	-	-

CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; HR, hazard ratio; SCC-Ag, squamous cell carcinoma antigen.






DISCUSSION
miRNA is a small non-coding RNA molecule (containing about 18 to 22 nucleotides), with the functions of post-transcriptional regulation of gene expression through complimentarily binding to the targeted 3'UTR of mRNA, to degrade mRNA or to inhibit its translation, similar to the functions of oncogene or anti-oncogene [14, 15, 16, 17, 18]. It has been reported that miRNAs regulate the expression of 1/3 coding genes of the human genome and participate in various life activities including cell proliferation, differentiation, metabolisms, cell cycle, apoptosis, and individual development [8, 9]. Serum miRNAs are mainly derived from apoptotic and necrotic cells, or active secretion from tissues, and lysis of circulating cells. Therefore, the expression profile of miRNA in serum and tissues is highly similar. The endogenous serum miRNA usually forms a silent complex with proteins after maturation resistant to RNase and seldom exists in the free form. Therefore, though the abundance of miRNA was much lower in the serum compared with that in the tissue, the stability of serum miRNA was very high, an essential feature of which makes serum miRNA play a crucial biological role as a tumor biomarker [19].
The abnormal expression of cervical cancer related miRNAs has been the focus of clinical studies. The abnormal expression of multiple types of miRNA was reported to be closely connected with the pathogenesis and development of cervical cancer [20, 21, 22]. MiR-101 belongs to the family of miRNAs and is found in many types of cells. The matured miR-101 contains 21 nucleotides, the sequence of which is highly conserved across species. MiR-101 has been found to be down-regulated in multiple types of solid tumors such as breast cancer, lung cancer, liver cancer, and ovarian cancer [10, 11, 12, 23]. Similarly, the expression of miR-101 was also found to be decreased in cervical cancer cells [24, 25]. Our bioinformatics analysis based on the TCGA database indicated that the expression of miR-101 in cervical cancer was decreased compared with that in the normal cervical tissue; and the overall survival in the patients with a high expression level of miR-101 was significantly longer than the patients with a low expression level of miR-101. To further investigate the clinical value of miR-101, the association between serum level of miR-101 and the clinical and pathological features of cervical cancer was analyzed. Our findings indicated that serum miR-101 was significantly reduced in patients with cervical cancer, and was correlated with the FIGO stage, lymph node metastasis, and the SCC-Ag. Meanwhile, we found that the low expression of serum miR-101 was an independent prognostic risk factor.
Currently, SCC-Ag has been widely accepted in the clinical diagnosis, therapeutic efficacy evaluation, and prognosis prediction for cervical cancer [26, 27]. The level of SCC-Ag has been closely associated with the progress of cervical cancer; the persistent presence or remaining at a high level indicates the persistence or recurrence of cervical cancer. Alterations in SCC-Ag levels were not only found in cervical cancer, but also in lung cancer, esophageal squamous cell carcinoma, and the other benign tumors [28, 29, 30]. The cut-off value of SCC-Ag level for the diagnosis of cervical cancer varied at different stages [31]. Therefore, the clinical value of SCC-Ag remains controversial and can hardly be considered an ideal biomarker for prognosis of cervical cancer.
Lymph nodes are the most common routes of metastasis in cervical cancer and therefore, also an important factor for prognosis. A study found survival was 80% in patients without para-aortic nodes while only 20% in patients with positive nodes at 48 months regardless of cervical cancer staging [32]. Indeed, lymph node metastasis status before the commencement treatment is a key factor for the determination of individual therapeutic strategy. Patients with para-aortic lymph nodes metastasis usually receive an “extended” radiation therapy to the abdominal main lymph node region in addition to routine pelvic radiation in order to achieve optimal therapeutic efficacy [33]. Therefore, accurate determination of lymph node metastasis is of great clinical significance for the diagnosis and treatment of cervical cancer. However, current imaging techniques cannot accurately determine the lymph node metastasis, and an accurate biomarker to reflect lymph node metastasis is lacking. Previous studies have indicated the overexpression of miR-101 could inhibit proliferation and invasion of cervical cancer cells, regulate the cell cycle, as well as promote apoptosis [24, 25].
The significant difference between cervical cancer and normal cervical tissue was discovered in terms of miR-101 expression level based on the bioinformatics analysis of the TCGA database. Our clinical study with cervical cancer patient samples indicated that serum level of miR-101 was closely correlated with FIGO stage, lymph node metastasis, and the SCC-Ag level. Our findings also suggested that the down-regulated expression level of miR-101 was associated with invasion, metastasis, and an unfavorable prognosis of cervical cancer; and that serum miR-101 had the potential to be an effective biomarker for the prediction and prognosis of cervical cancer. However, the underlying pathogenic mechanism and importance between miR-101 expression level and cervical cancer are not clear yet, further investigation with a larger number of samples and prospective clinical trials are needed.
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[image: Figure F1 ]Figure 1


Expression level of miR-101 in cervical cancer was significantly decreased and positively associated with the prognosis of patients. (A) MiR-101 expression levels of cervical cancer patients (n=307) and healthy persons (n=3) from the TCGA database were analyzed. (B) The survival analysis for 2 groups of patients with low or high expression levels of miR-101.
TCGA, The Cancer Genome Atlas.
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[image: Figure F2 ]Figure 2


The relative expression levels of miR-101 for 182 cervical cancer patients, before and after treatment, and 12 healthy women. The average value is indicated by the horizontal lines among the spots. The serum level of miR-101 was significantly higher in the healthy women compared with that from cervical cancer patients (p<0.001).
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The association between serum miR-101 level and overall survival time was analyzed by Kaplan-Meier method. The survival period was shorter in the cervical cancer patients with a lower expression level of miR-101 (p=0.004).
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Table 1

Correlation of clinicopathological characteristics and serum miR-101 expression in the cervical cancer patients	Variables	No. of patients (n=182)	MiR-101 expression	p-value
	Low	High
	Age (yr)				0.325
		≤50	134	56 (41.8)	78 (58.2)
		>50	48	24 (50.0)	24 (50.0)
	FIGO stage				0.003
		IB1–IIA1	153	60 (39.2)	93 (60.8)
		IIA2–IIIB	29	20 (69.0)	9 (31.0)
	Tumor size (cm)				0.123
		≤4	150	62 (41.3)	88 (58.7)
		>4	32	18 (56.3)	14 (43.7)
	Histology				0.972
		Squamous	139	61 (43.9)	78 (56.1)
		Adenocarcinoma	43	19 (44.2)	24 (55.8)
	Differentiation				0.078
		Well-moderate	161	67 (41.6)	94 (58.4)
		Poor	21	13 (61.9)	8 (38.1)
	Lymph nodes metastasis				0.001
		No	145	55 (37.9)	90 (62.1)
		Yes	37	25 (67.6)	12 (32.4)
	SCC-Ag (ng/L)				0.007
		≤4	132	50 (37.9)	82 (62.1)
		>4	50	30 (60.0)	20 (40.0)

Values are presented as number (%).
FIGO, International Federation of Gynecology and Obstetrics; SCC-Ag, squamous cell carcinoma antigen.
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Table 2

Univariate and multivariate analyses of prognostic parameters in cervical cancer using the Cox regression model	Parameters	Univariable	Multivariable
	p-value	HR (95% CI)	p-value
	MiR-101 expression			0.006
		Low	0.004	2.820 (1.473–3.925)
		High	-	-
	Tumor size (cm)			-
		≤4	0.192	-
		>4	-	-
	Differentiation			-
		Well-moderate	0.260	-
		Poor	-	-
		SCC-Ag (μg/L)			0.746
		≤4	0.042	0.941 (0.452–2.103)
		>4	-	-
	FIGO stage			0.003
		IB1–IIA1	0.031	2.378 (1.653–3.946)
		IIA2–IIIB	-	-
	Lymph nodes metastasis			0.015
		No	0.042	2.023 (1.231–3.521)
		Yes	-	-

CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; HR, hazard ratio; SCC-Ag, squamous cell carcinoma antigen.
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