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miR-181a Inhibits Cervical Cancer Development  
via Downregulating GRP78
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Cervical cancer is among the most common cancers inflicting women worldwide. Understanding the patho-
logical mechanisms of cervical cancer development is critical for identifying novel targets for cervical cancer 
treatment. MicroRNAs (miRs) have various roles in regulating cancer development. In this study, we investi-
gated the potential role of miR-181a and its target in regulating cervical cancer development and chemotherapy 
resistance. The expression of miR-181a was evaluated and modulated in several human cervical cancer cell 
lines. The role of miR-181a in regulating cervical cancer growth and chemotherapy sensitivity was investigated 
in cell culture models and mouse tumor xenograft models. The target of miR-181a and its function were identi-
fied in cervical cancer models. We found a distinct expression profile for miR-181a in cervical cancer cell lines. 
Low expression of miR-181a was closely related to cervical cancer growth and oxaliplatin resistance. HSPA5/
GRP78 was identified as a target of miR-181a in cervical cancer cells. Upregulation of GRP78 led to a high cell 
proliferation rate and oxaliplatin resistance in cervical cancer models. In a retrospective cervical cancer cohort, 
high GRP78 expression was correlated with poor survival. miR-181a suppressed cervical cancer development 
via downregulating GRP78. High expression of GRP78 is a tumor-promoting factor in cervical cancer and is 
thus a potential target for novel treatment.
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INTRODUCTION

MicroRNAs (miRs) are small (approximately 20–22 
nucleotides in length), noncoding, RNA molecules that 
regulate the expression of their target genes1. Combined 
with the 3¢-untranslated regions (3¢-UTRs) of their tar-
get genes, miRs negatively regulate gene expression 
via inhibiting mRNA translation1. In cancer biology, 
depending on their target genes, miRs can be positive 
or negative in regulating tumor development1. In view 
of the clinical application, miRs have been identified 
as diagnostic and prognostic markers in various can-
cers1–3. Therefore, understanding the function of miRs 
would be critical in deciphering the tumor development 
regulatory network.

Glucose-regulated protein 78 (GRP78), also known as 
the immunoglobulin heavy-chain-binding protein (BiP), 
is a member of the heat shock protein (HSP) 70 family4,5. 
As one of the best-characterized endoplasmic reticulum 
(ER) chaperone proteins, GRP78 is involved in many 
cellular processes, including translocating newly synthe-
sized polypeptides across the ER membrane, facilitating 

misfolded proteins for proteasome degradation, main-
taining calcium homeostasis, and serving as a sensor for 
ER stress4,5. In cancer biology, studies have shown that 
stress induction of GRP78 was an important prosurvival 
mechanism because of its antiapoptotic property in the 
unfolded protein response4,5. Upregulation of GRP78 
in cancer cell lines was correlated with elevated tumor 
growth, invasion, and metastasis. In cancer treatment, 
a high expression of GRP78 was associated with che-
motherapy resistance in gastric cancer, prostate cancer, 
breast cancer, and lung cancer6–9.

Cervical cancer is among the most common cancers in 
women10. Human papillomavirus (HPV) infection is the 
major risk factor for cervical cancer and is associated with 
more than 90% of cervical cancer incidence11. Although 
HPV 9-valent vaccine has shown promising efficacy in 
preventing HPV infection, women who were previously 
infected by HPV were still at a high risk for cervical 
cancer12. A previous study has identified miR-181a as 
a key regulator of GRP78 protein in cerebral ischemia 
tissue13. However, the roles of miR-181a and GRP78 in 
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determining cervical cancer growth and drug sensitiv-
ity were still not clear. Based on the studies mentioned 
above, we hypothesized that miR-181a could inhibit cer-
vical cancer progression via downregulating GRP78.

MATERIALS AND METHODS

Cell Culture and Cell Viability Assay

Human cervical cancer cell lines HeLa, SiHa, C-33A, 
and HT-3 (Beijing Institute for Tumor Prevention and 
Treatment, P.R. China) were used in this study. The HeLa, 
SiHa, and C-33A cell lines were cultured in Eagle’s mini-
mum essential medium supplemented with 10% fetal 
bovine serum (FBS). The HT-3 cell line was cultured in 
McCoy’s 5a medium with 10% FBS. A final concentra-
tion of 100 U/ml penicillin and 100 µg/ml streptomycin 
was used to control cell culture contamination. All the cell 
lines were maintained in a humidified incubator with 5% 
CO2 at 37°C. After oxaliplatin (OXA) treatment, the cell 
lines were subjected to test cell viability using a CCK-8 
kit (Sigma-Aldrich, St. Louis, MO, USA). The manufac-
turer suggested the procedures that were followed for cell 
viability testing.

qRT-PCR

Total RNA was extracted by mirVana miRNA Iso-
lation Kit and was reverse transcribed using miScript 
Reverse Transcription Kit (Qiagen, Hilden, Germany). 
The expression measurement was performed with SYBR 
Green (Qiagen) and the LightCycler® 480 System (Roche 
Life Science, Indianapolis, IN, USA). The compara-
tive threshold cycle (Ct) method was used to determine 
relative gene expression. The 18S rRNA was chosen 
as an internal control for comparison. The primer for  
miR-181a was purchased from Applied Biosystems (Cat. 
No. 000480; Foster City, CA, USA).

Invasion Assay

Tumor cell invasion was measured by counting the 
number of tumor cells that invaded through Matrigel pre-
coated Transwell chambers with 8-mm pores (BD Bio-
sciences, San Jose, CA, USA). On the top of inserts, 12-h 
FBS-starved HeLa tumor cells with different miR-181a 
levels were placed. On the bottom chamber, 5% FBS cell 
culture medium was added. After incubation for 24 h for 
invasion, cells that invaded were fixed with 70% ethanol, 
stained with crystal violet, and counted in five random 
fields under a light microscope.

Animal Model

A subcutaneous cervical cancer mouse model was 
established using the HeLa cell line and 6-week-old female 
nude mice (18–20 g; Chinese Academy of Science, P.R. 

China). All animals were housed in the SPF environment 
and got unlimited water and food. To test the effects of 
miR-181a on tumor growth, 5 ́  106 HeLa cells with dif-
ferent miR-181a expression levels (wild type, transfec-
tion control, high expression, and low expression) were 
injected subcutaneously into the flank of each mouse. 
Eight mice were included in each group for this experi-
ment. To investigate the role of GRP78 on tumor develop-
ment and drug sensitivity, we subcutaneously inoculated 
2 ́  106 HeLa cells with different GRP78 expression status 
(wild-type expression, transfection control, overexpres-
sion, knockdown) into the flank of each mouse. Eight 
mice were used in each group. The tumor volume (calcu-
lated as width2 ́  length ́  p/6) of each mouse was recorded 
every 10 days. A single dose of OXA (20 mg/kg) was 
given to the tumors with different GRP78 expressions 
on day 20 to test drug response. The animal study was 
approved by the local committee of The Experimental 
Animal Use and Care of Jiangsu Province Hospital.

Dual-Luciferase Assay

The luciferase reporter assay was performed as described 
by the manufacturer’s instructions. HeLa cells were plated 
at a density of 2 ́  104 cells/well into 96-well plates 1 day 
before transfection. On day 2, cells were cotrans fected 
with 0.5 ng of firefly luciferase control reporter plasmid, 
0.01 ng of Renilla luciferase target reporter, and 40 ng 
of miRNA expression vector using Lipofectamine® 2000 
Transfection Reagent (Thermo Fisher Scientific, Waltham, 
MA, USA). Dual-luciferase assay was performed 48 h  
after transfection. Results are presented as relative lucifer-
ase activity by normalizing to the Renilla/firefly value of 
the empty control vector. The sequence of miR-181a wild 
type was 5¢-AACAUUCAACGCUGUCGGUGAGU-3¢. 
The sequence of miR-181a seed mutation (SM) was 
5¢-AUGUUAGUACGCUGUCGGUGAGU-3¢.

Western Blotting

The expression of GRP78 in the Hela cell line was 
measured by Western blotting assay. The cells were col-
lected and lysed by RIPA buffer with proteinase inhibi-
tor and phosphatase inhibitor. The total protein amount 
was measured and normalized by BCA assay and then 
separated by sulfate-polyacrylamide gel electrophoresis. 
The proteins were transferred to a PVDF membrane by 
a half-dry transferring system. The GRP78 protein was 
detected by the anti-GRP78 antibody (1:1,000 dilution; 
Abcam, Cambridge, MA, USA). The anti-GAPDH anti-
body (1:1,000 dilution; Abcam) was used for internal 
control. Horseradish peroxidase-conjugated secondary anti-
body (1:5,000 dilution; Abcam) and ECL Western blot-
ting detection reagents (Thermo Fisher Scientific) were 
used for imagining.
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Cell Infection

Human GRP78 overexpression lentivirus vector, 
GRP78 shRNA lentivirus vector, and control vector 
were pur chased from Origene Technologies (Rockville, 
MD, USA). Cells (293) were transfected with either 
GRP78 overexpression, GRP78 shRNA, or control vec-
tor for produc ing lentivirus to infect HeLa cells. After 
48 h of transfection, lentivirus was harvested and used 
for infecting HeLa cells. Expression of GRP78 was 
measured by Western blotting in each group to validate 
infection success.

ELISA

The amount of activated caspase 3 and BrdU in the 
tumor cells and tissues were measured by enzyme-linked 
immunosorbent assay (ELISA; kits were purchased from 
Thermo Fisher Scientific). The procedures suggested by 
the manufacturer were followed. The total protein amount 
in each sample was measured and normalized by BCA 
assay before loading into the ELISA plates.

Immunohistochemistry

A total of 105 cervical cancer patients diagnosed 
between October 2006 and September 2010 in Jiangsu 
Province Hospital were included for a retrospective sur-
vival analysis. Sixty-five patients were in stages III–IV 
when diagnosed. Informed consent was signed by each 
patient. This study was approved by the ethics committee 
of Jiangsu Province Hospital. Tumor tissues were obtained 
before chemoradiation. None of the patients had undergone 
chemotherapy or radiotherapy before the surgery.

GRP78 expression was detected in the collected  
cervical cancer tissues by immunohistochemistry (IHC). 
Briefly, the formalin-fixed paraffin-embedded sections 
were deparaffined by xylene and rehydrated with etha-
nol. The antigen was retrieved by heating the citric acid 
buffer (pH 6.0) and submerging slides in a water bath 
for 20 min. Incubation with 5% BSA–PBS for 30 min 
at room temperature was performed for blocking non-
specific antibodies. Primary antibodies (1:500 dilution; 
Abcam) were added to the slides and incubated overnight 
at 4°C. Horseradish peroxidase-conjugated secondary anti-
bodies (1:1,000 dilution; Abcam) were then added and 
incubated for 1 h at room temperature. Slides were then 
washed and mounted.

Statistical Analysis

All statistical analyses were performed using the 
GraphPad Prism version 6.0 software (GraphPad Soft-
ware, La Jolla, CA, USA). A two-sample t-test or one-way 
ANOVA was used to analyze the difference among means 
of experimental groups. Tukey’s multiple comparisons test 
were performed for two-group comparison after one-way  

ANOVA. The log rank test was used for retrospective  
survival analysis. A value of p < 0.05 for each hypothesis 
test was considered as statistical significance.

RESULTS

Expression of miR-181a Was Diverse in Cervical Cancer 
Cell Lines

To have a comprehensive view of miR-181a expres-
sion in cervical cancer, we measured the miR-181a level 
in four human cervical cancer cell lines. We found that 
HeLa cells had a moderate miR-181a expression compared 
with the SiHa, HT-3, and C-33A cell lines (Fig. 1A). We 
further evaluated the proliferation rate and chemotherapy 
(OXA) sensitivity of these four cell lines. Interestingly, 
the cell lines (SiHa and HT-3) that had a higher miR-181a 
expression tended to have a slower proliferation rate and 
were more sensitive to OXA treatment (Fig. 1B and C). 

Figure 1. Expression of miR-181a in cervical cancer cell lines. 
(A) The miR-181a expression level of four cervical cancer cell 
lines (HeLa, SiHa, C-33A, and HT-3) was evaluated by qRT-
PCR. The miR-181a expressions of the four cervical cancer cell 
lines were significantly different. (B) The BrdU incorporation 
was measured by enzyme-linked immunosorbent assay (ELISA). 
The difference of the BrdU incorporations between the four 
cervical cancer cell lines was also significant. (C) Response to 
the oxaliplatin (OXA) treatment was evaluated by cell viability. 
A significant difference was observed among the mean viabili-
ties of each cell lines. NS, nonsignificant. *p < 0.05; **p < 0.01; 
***p < 0.001.
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These results showed that cervical cancer cell lines had 
diverse miR-181a expression levels and that miR-181a 
expression was likely related to cell proliferation and 
drug sensitivity.

Upregulation of miR-181a Suppressed Cervical 
Cancer Development

To have a better understanding of miR-181a in regu-
lating cervical cancer development and drug sensitivity, 
we manipulated miR-181a expression in two cervical 
cancer cell lines: HeLa and C-33A. We treated cancer 
cells with either miR-181a mimic or miR-181a inhibitor 
to modulate the miR-181a level. To test cell proliferation, 
we performed a BrdU incorporation assay on day 7 after 
miR-181a mimic or inhibitor treatment (Fig. 2A). After 
upregulating the miR-181a level, HeLa and C-33A cells 
showed a decreased cell proliferation rate, while down-
regulating the miR-181a level increased the cell prolifer-
ation rate (Fig. 2A). In the subcutaneous tumor model, we 
found that the miR-181a mimic-treated HeLa cells had 
the lowest tumor volume on day 10 after tumor inocula-
tion, whereas the miR-181a inhibitor-treated HeLa cells 
developed the largest tumors (Fig. 2B).

We investigated more potential functions of miR-181a 
on cancer cells, including OXA sensitivity and invasion. 
Interestingly, HeLa and C-33A cells treated with the 
miR-181a mimic became much more sensitive to OXA 
when compared with the wild-type and vehicle control 
groups (Fig. 2C and D). However, cells treated with miR-
181a became more resistant to OXA (Fig. 2C and D). The 
invasion assay indicated that HeLa cells had the lowest 
invasive ability when treated with the miR-181a mimic 
(Fig. 2E and F). To summarize, our data clearly indicated 
that miR-181a could suppress cervical cancer develop-
ment via decreasing tumor growth and invasion and 
increasing drug sensitivity.

miR-181a Targeted HSPA5 in Cervical Cancer Cells

Based on the computational miR target prediction, we 
decided to test three predicted target genes of miR-181a: 
HSPA1A, HSPA9, and HSPA5 in HeLa cells. According 
to the results of the dual-luciferase assay, neither HSPA1A 
nor HSPA9 3¢-UTR was targeted in HeLa cells (Fig. 3A 
and B). However, the 3¢-UTR of the HSAP5 gene was 
targeted by miR-181a, and the luciferase signal decreased 
significantly (Fig. 3C). The Western blotting assay fur-
ther validated that the expression of HSPA5 (GRP78) in 
HeLa cells was decreased by the miR-181a mimic treat-
ment but increased by the miR-181a inhibitor treatment, 
suggesting that HSPA5 (GRP78) was a target of miR-
181a in cervical cancer cells (Fig. 3D). Since miR-181a 
could suppress cell proliferation in HeLa cells, we mod-
ulated the miR-181a level in GRP78 knockdown HeLa 
cells and tested their cell proliferation rate. In GRP78 

knockdown HeLa cells, changing the miR-181a level did 
not change cell proliferation (Fig. 3E), further validating 
that GRP78 was the major effective target of miR-181a 
in cervical cancer cells.

GRP78 Promoted Cervical Cancer Development 
and Was Correlated With Poor Survival

Since miR-181a targeted GRP78 in cervical cancer 
cells and could suppress tumor development, we further 
investigated the role of GRP78 in cervical cancer. By 
regulating GRP78 expression in HeLa cells, we found 
that upregulation of GRP78 could increase cervical can-
cer growth and drug resistance in the subcutaneous model 
(Fig. 4A). When we downregulated GRP78 expression, 
HeLa cell subcutaneous tumors could be well controlled 
by OXA. BrdU and activated caspase 3 ELISA of tumor 
tissues showed that the GRP78 upregulated subcutaneous 
tumors had the highest proliferation rate and the lowest 
apoptotic rate, and vice versa (Fig. 4B and C). To validate 
that miR-181a’s target, GRP78, is a tumor-promoting fac-
tor, we also included a retrospective survival analysis of 
cervical cancer patients with diverse GRP78 expression 
levels. Tumor tissues of 105 cervical cancer patients were 
used to evaluate their GRP78 expression. In line with 
our data in experimental models, in clinical samples we 
found that a high GRP78 expression was correlated with 
poor survival (Fig. 4D). In conclusion, our data suggest 
that GRP78, a major target of miR-181a, could accelerate 
cervical cancer development. Therefore, one of the mech-
anisms of miR-181a-induced cervical cancer suppression 
depends on GRP78.

DISCUSSION

Cervical cancer is a common malignant disease in 
women that has around 12,820 new incidences in the US10. 
Although comprehensive treatments have been devel-
oped, treatment of cervical cancer is still a tough clinical 
problem. Investigating the pathological mechanisms and 
potential novel targets of cervical cancer is therefore sig-
nificant. miRs are single-stranded RNAs approximately 
20–22 nucleotides in length and constitute a new class of 
gene regulatory mechanism1. Diverse functions of miRs 
in cancers have been identified, including as a tumor pro-
moter or a suppressive factor, as prognostic markers, and 
as diagnostic markers1–3. In the present study, we aimed to 
clarify the functions of miR-181a and its targets in cervi-
cal cancer growth and chemotherapy sensitivity.

miR-181a has long been correlated with a large range 
of human diseases. In mouse cerebral ischemic injury 
models, miR-181 was found to be a major contributor13. 
In cancers, dependent on the tumor types and experi-
mental conditions, miR-181a showed different functions 
via targeting diverse genes. In cervical cancer, a previ-
ous study showed that miR-181a confers resistance of 
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cervical cancer to radiation therapy14. However, when 
we tested the role of miR-181a in tumor cell prolif-
eration and chemotherapy sensitivity, we identified its 
tumor-suppressive function in cervical cancer. We found 
that miR-181a was very distinctively expressed in the 

human cervical cancer cell lines HeLa, C-33A, SiHa, 
and HT-4. A high expression of miR-181a was correlated 
with lower tumor growth as shown by the BrdU incorpo-
ration assay and subcutaneous tumor model. More inter-
estingly, upregulation of miR-181a sensitized cervical 

Figure 2. High expression of miR-181a suppressed the development of cervical cancer in vitro and in vivo. (A) BrdU incorporation 
of HeLa cells and C-33A cells with different miR-181a expression levels. The high-miR-181a cells had low BrdU incorporation, while 
the low-miR-181a cells had high BrdU incorporation. (B) HeLa cell subcutaneous mouse model was established. Tumor volume was 
measured on the 10th day after inoculation. Tumors with high miR-181a had the smallest mean volume. (C, D) Cell viability of HeLa 
cells and C-33A cells treated with OXA at different time points. The miR-181a high expression cells were sensitive to OXA treatment, 
while the miR-181a low expression cells were resistant. (E, F) Invasion assay of HeLa cells with different miR-181a levels. *p < 0.05; 
**p < 0.01; ***p < 0.001.
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Figure 3. HSPA5 is the target of miR-181a in HeLa cells. (A–D) HSPA1A, HSPA9, and HSPA5 were predicted targets of miR-181a. 
Dual-luciferase activity assays were performed in HeLa cells cotransfected with the plasmid containing Renilla luciferase and the 
HSPA1A or HSPA9 or HSPA5 3¢-untranslated region (3¢-UTR; WT) and the plasmids encoding either pri-miR-181a or its SM. The 
results demonstrated that miR-181a did not recognize HSPA1A and HSPA9 3¢-UTRs, as there is no reduction of luciferase activity 
compared to the SM control. However, HSPA5 was recognized by miR-181a in dual-luciferase activity. (E) Western blot assays showed 
that the expression of HSPA5 (GRP78) in HeLa cells was negatively correlated with miR-181a expression level. (F) Modulating miR-
181a level in GRP78 knockdown HeLa cells did not change cell proliferation rate. ***p < 0.001.
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Figure 4. Survival curves of cervical cancer patients with different GRP78 expression levels. (A) Subcutaneous cervical cancer mouse 
model was established with HeLa cells having different GRP78 levels. OXA treatment was given on day 20 after tumor inoculation. The 
GRP78 knockdown group had the best response to OXA treatment. Representative tumors from each group were shown. (B, C) BrdU 
and activated caspase 3 levels in tumor tissues were quantified by ELISA assays. GRP78 knockdown group had the highest activated 
caspase 3 and lowest BrdU incorporation. (D) Representative figures of high and low GRP78 expression in patient samples. The patients 
with high GRP78 expression tended to have shorter overall survival time than the patients with low GRP78 expression. *p < 0.05; 
**p < 0.01 (p = 0.004); ***p < 0.001.
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cancer cells to OXA treatment. Taken together, in terms 
of tumor growth and chemotherapy, miR-181a inhibits 
cervical cancer development. Our data were in line with 
previous studies, which reported a similar effect in other 
cancers15–18.

GRP78, an important ER chaperone and signaling path-
way regulator, is commonly overexpressed in cancers19,20. 
In terms of chemotherapy, GRP78 could be induced by a 
variety of anticancer drugs, thereby conferring chemore-
sistance to cancers and contributing to tumorigenesis6–9. 
GRP78 is predicted to be a target of miR-181a. Therefore, 
we hypothesized that the tumor growth- and chemoresis-
tance-reducing functions of miR-181a in cervical cancer 
might be mediated by downregulation of GRP78. By 
screening the targeting effects of miR-181a on HSPA5/
GRP78 and similar genes, we validated that GRP78 is a 
major target of miR-181a in cervical cancer cells. Further 
experiments focused on illustrating the potential tumor-
promoting function of GRP78 on cervical cancer. As 
expected, upregulation of GRP78 enhances tumor growth 
and chemotherapy resistance in a subcutaneous model. In 
a retrospective patient cohort, we found that GRP78 was 
highly expressed in certain patients and correlated with 
poor survival. These data suggested that the downregula-
tion of GRP78 mediated the tumor-suppressive function 
of miR-181a in cervical cancer and is thus a promising 
target for future investigation.

In conclusion, our study indicates that miR-181a is a 
tumor suppressive factor in cervical cancer by downregu-
lating GRP78 expression. GRP78 contributed to cervical 
cancer growth and drug resistance and is a prognosticator 
of poor survival in cervical cancer. Further studies inves-
tigating the targeting value of GRP78 in cervical cancer 
treatment are expected.
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