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Abstract. The effects of different substrate stiffness were 
investigated on epithelial-mesenchymal transition (EMT) of 
cervical cancer cell lines and the role of miR-106b and its 
target protein DAB2 therein. Cervical cancer cell lines HeLa 
and SiHa were cultured on artificial substrates with different 
stiffness prepared using different ratios of acrylamide and 
bis-acrylamide. Changes of microRNA profiles were detected 
using microRNA chip analysis, and the expression levels of 
EMT-related markers E-cadherin and vimentin were detected 
using western blotting and real-time PCR. In addition, the 
effects of miR-106b overexpression as well as miR-106b and 
DAB2 knockdown on expression of E-cadherin and vimentin 
were also examined using western blotting and real-time PCR. 
The results showed that i) cervical cancer cell lines SiHa and 
HeLa cultured on substrate with stiffness of 20 kPa had the 
strongest EMT ability, showed the highest levels of vimentin 
and lowest levels of E-cadherin, compared with cells cultured 
on substrate with stiffness of 1 kPa; ii) miR-106b knockdown 
reversed the effects of substrate stiffness on EMT of cervical 
cancer cells, while miR-106 overexpression and DAB2 
knockdown induced EMT of cervical cancer cells cultured on 

substrate with stiffness of 20 kPa. Overall, the results indicated 
that substrate stiffness could regulate EMT of cervical cancer 
cell lines HeLa and SiHa at least partially through miR-106b 
and its downstream target DAB2.

Introduction

Cervical cancer is the world's fourth most common female 
malignancy and ranks the second in the developing countries 
and the third in the developed countries, seriously affecting 
the health of women worldwide. Each year there are around 
500,000 new cervical cancer cases and 266,000 deaths, of 
which more than 80% are in developing countries. It is esti-
mated that there are approximately 62,000 new cases and 
30,000 dead cases each year in China, and its annual incidence 
increases by 2-3%. In addition, the onset age of cervical cancer 
patients in recent years has decreased, and the incidence of 
cervical cancer increases sharply in the age group of 25 to 34 
years, causing great concern world-wide (1-3).

According to recent epidemiological investigation, 
clinical stage is one of the risk factors affecting prognosis of 
patients with cervical cancer: the later the stage, the worse 
the prognosis of the patients (4). These findings indicate that 
invasion and metastasis are the main causes for poor prog-
nosis and high mortality of patients with cervical cancer and 
these difficult problems need to be solved. Studies have found 
that epithelial-mesenchymal transition (EMT) is the primary 
step causing cervical cancer invasion and metastasis and its 
relationship to tumor progression is gradually drawing more 
attention (5-7). EMT is a phenomenon where epithelial cells 
lose their polarity and gradually shift to mesenchymal cell 
morphology under certain pathological stimulations. The 
process is accompanied with cell morphological changes and 
increased ability to alter cell motility, thus further affecting 
cell migration (8,9).

Recent studies have found that changes in the mechanical 
properties of the extracellular matrix, i.e. the substrate stiff-
ness, could regulate EMT and other biological functions of 
tumor cells. In other words, mechanical properties of extra-
cellular matrix play a major role in tumor progression. Studies 
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have found that changes in substrate stiffness can affect EMT 
of breast cancer cell lines, lung cancer cell lines and hepatoma 
cell lines (10,11). In addition, human tissue stiffness changes 
significantly with disease progressing. For example, the stiff-
ness of normal breast tissues is around 4 kPa, while that of 
cancerous breast tissues is approximately 12 kPa (7,12-16). 
Moreover, studies have shown that tumor-associated fibroblasts 
and interstitial fibrosis components which is produced by 
fibroblasts, such as α-SMA, laminin and fibronectin increase 
significantly with cervical cancer progression, suggesting that 
the stiffness of cervical cancer tissues is higher than that of 
normal cervical tissues (16). However, whether the mechanical 
properties of extracellular matrix can influence EMT of 
cervical cancer cells has not been reported.

MicroRNA is a small RNA with post-transcriptional 
regulation functions. MicroRNA regulate expression levels of 
important oncogenes and tumor suppressor genes, and further 
regulate cancer cell invasion and metastasis. Previous studies 
have found that the mechanical signals of extra cellular matrix 
can alter microRNA expression in cells (17-19). For example, 
miR-29 expression was significantly increased by bladder 
obstruction-induced increase in bladder tissue stiffness (19); 
microRNA expression changes in alveolar epithelium and 
mesothelial cells under different mechanical shear stress. 
In other words, different substrate stiffness can affect some 
microRNA expression in cells, therefore regulating cell func-
tions by targeting degradation of important proteins (20). 
Mouw et al found that mechanical stiffness of extracellular 
matrix could regulate PTEN expression and its downstream 
PI3K/AKT signaling pathway and promote breast cancer 
occurrence through microRNA, indicating that microRNA is 
an important key node in transducing mechanical signals to 
cells (21).

Our previous study established a related miRNA-mRNA 
regulatory network diagram through mRNA and microRNA 
chips analysis of normal cervical tissues and cervical cancer 
tissues and found that miR-106b is a key node in the network 
and closely related to cervical cancer cell migration. In 
addition, our previous study also found that miR-106b was 
significantly upregulated in cervical cancer tissues and could 
promote EMT and migration of cancer cells by degrading its 
target protein DAB2 (22).

In this study, we explored whether substrate stiffness can 
affect EMT of cervical cancer cells, and the role of miR-106b 
and its target protein DAB2 in this process.

Materials and methods

Artificial substrate preparation. Artificial substrates with 
different stiffness were prepared using acrylamide and 
bisacrylamide at different ratios and laid on 24x24 mm slides. 
After irradiated with UV light for 2 h, they were used to grow 
cervical cancer cell lines.

Cell culture. The cervical cancer cell lines SiHa and HeLa 
were cultured in DMEM medium supplemented with 10% 
FBS, 100 U/ml penicillin and 100 mg/ml streptomycin at 37˚C 
in a humidified incubator supplemented with 5% CO2. When 
cells reached 70-80% confluency, they were transferred on 
artificial substrates.

Western blotting. Proteins were extracted from cervical 
cancer cell lines HeLa and SiHa and semi-quantitated with 
Coomassie brilliant blue. A total of 10 µg protein of each 
sample was separated on 10% SDS-PAGE and transferred onto 
PVDF membrane. The membrane was then blocked with 5% 
skim milk at 37˚C for 1 h. Target proteins on the membrane 
were recognized by incubating with appropriate primary 
antibodies (rabbit anti-human E-cadherin, mouse anti-human 
vimentin, rabbit anti-human Twist1 and rabbit anti-human 
Eif-5 antibodies, respectively) at room temperature for 4 h. 
After rinsed with TBST three times for 5 min each time, 
the protein-antibody complexes were recognized by alkaline 
phosphatase-labeled anti-IgG (1:1000) antibody by incubating 
at room temperature for 1 h. After rinsed with TBST three 
times for 10 min each, the complexes were visualized by incu-
bation with NBT/BCIP. The gray scale images were scanned 
and protein expression was analyzed using Eif-5 as the internal 
control and expressed as relative RGS. Each experiment was 
repeated 3 times.

Real-time PCR. Total RNA were extracted using TRIzol 
from SiHa cells cultured on substrate with different stiffness. 
mRNA were reverse transcribed into cDNA and subjected to 
fluorescence quantitative PCR at the condition of denature at 
95˚C for 2 min followed by 40 cycles of 95˚C for 30 sec, 55˚C 
for 30 sec and 72˚C for 30 sec using primers shown in Table I 
on Bio-Rad PCR real-time PCR instrument. Expression levels 
of DAB2 and vimentin were normalized to internal control 
Eif-5. Each experiment was repeated three times.

MicroRNA chip analysis. Total RNA was extracted using 
TRIzol from SiHa cells cultured on substrates with stiffness 
of 1 kPa and 20 kPa as well as on a glass plate were reverse 
transcribed with the Qiagen RNeasy Mini kit and subjected to 
microRNA chip analysis using Genisphere FlashTag Labeling 
kit from Beijing CapitalBio Corp.

Statistical analysis. The results are expressed as mean ± SEM. 
Differences among multiple groups were compared using 
one way ANOVA. Samples with different variance between 
two groups were compared using non-parametric tests. 

Table I. Sequences of primers used in real-time PCR.

Gene Primer (5'-3')

DAB2 F: AGCAAGGTTCAAAGGCGATG
 R: GTTGTCCCTGAGACCGACC
Vimentin F: TGCCGTTGAAGCTGCTAACTA
 R: CCAGAGGGAGTGAATCCAGATTA
N-cadherin F: AGCCAACCTTAACTGAGGAGT
 R: GGCAAGTTGATTGGAGGGATG
GAPDH F: CCTCCGGGAAACTGTGGCGTGATGG
 R: AGACGGCAGGTCAGGTCCACCACTG

F, forward; R, reverse.
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P<0.05 was considered to indicate a statistically significant 
difference. Graphs were plotted using GraphPad Prism 5.0 
software (GraphPad Software Inc., La Jolla, CA, USA).

Results

Selection of substrate stiffness range. It was reported that 
the average stiffness of human solid tumors is approximately 
20 kPa. The stiffness of most solid tumor tissues before canci-
genesis is higher than that of normal tissues (7). Therefore, 
in this study, the artificial substrates were prepared to have 
stiffness of 1, 10, 20 and 30 kPa, respectively, and glass plate 
was used as control.

Effects of substrate stiffness on the morphology of cervical 
cancer cell lines SiHa and HeLa. SiHa and HeLa cells were 
cultured on artificial substrate with stiffness of 1 kPa to represent 
their normal condition and on artificial substrate with stiffness 
of 20 kPa to represent cervical tumor tissues. Morphological 
observation showed that cells cultured on artificial substrate 
with stiffness of 1 kPa were spherical and hardly had pseudo-
podia, while cells cultured on artificial substrate with stiffness 
of 20 kPa were rich in pseudopodia (Fig. 1), indicating that 

SiHa and HeLa cells have stronger migration ability when 
cultured on artificial substrate with stiffness of 20 kPa than 
cultured on artificial substrate with stiffness of 1 kPa.

Effects of substrate stiffness on EMT of cervical cancer cell 
lines SiHa and HeLa. First, we detected the expression level of 
EMT markers in SiHa and HeLa cultured at artificial substrate 
with different stiffness using real-time PCR. The results 
showed that mRNA levels of vimentin were significantly lower 
in SiHa and HeLa cells cultured on artificial substrate with 
stiffness of 20 kPa than cultured on substrate with stiffness of 
1 kPa, and the expression level of E-cadherin higher in stiff-
ness of 20 kPa than 1 kPa (Fig. 2).

Expression levels of EMT markers E-cadherin and vimentin 
in SiHa and HeLa cultured at artificial substrate with different 
stiffness was also detected using western blotting. The results 
showed that protein levels of E-cadherin is significantly lower 
in SiHa and HeLa cells cultured on artificial substrate with 
stiffness of 20 kPa than cultured on substrate with stiffness of 
1 kPa, and expression levels vimentin is significantly higher in 
stiffness of 20 kPa than 1 kPa (Fig. 3).

The above results indicate that cervical cancer cell line 
SiHa and HeLa had stronger EMT ability when cultured on 

Figure 1. Morphological changes of SiHa and HeLa cells cultured on glass slide and substrates with stiffness of 1 and 20 kPa, respectively. Both types of cells 
are in round shape when cultured on substrate with stiffness of 1 kPa, but form obvious pseudopodia when cultured on substrate with stiffness of 20 kPa.

Figure 2. Real-time PCR results showing the mRNA levels of EMT epithelial marker E-cadherin and EMT mesenchymal marker vimentin (B) in cervical 
cancer cell lines cultured on substrates with different stiffness (1, 10, 20, 30 kPa) and on glass. (A) mRNA level of E-cadherin SiHa cells; (B) mRNA level of 
vimentin in SiHa cells; (C) mRNA level of E-cadherin HeLa cells; (D) mRNA level of vimentin in HeLa cells. *P<0.05; **P<0.01. 
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artificial substrate with stiffness of 20 kPa than cultured on 
substrate with stiffness of 1 kPa.

Effects of substrate stiffness on Twist1 expression of cervical 
cancer cell line SiHa. We detected the expression level of 
Twist1 in SiHa which were cultured at artificial substrate with 
different stiffness using western blotting. The results assessed 
by western blotting showed that Twist1 expression was the 

highest in 30 kPa on glass, lowest in 10 kPa situation. However, 
when tested by Real-time PCR the Twist1 expression was the 
lowest in 20 kPa situation excluding on glass. Expression of 
Twist1 of the cervical cancer cell line SiHa is not consistent 
with EMT tendency (Fig. 4).

Effects of substrate stiffness on microRNA expression in 
cervical cancer cell lines SiHa and HeLa. To explore whether 

Figure 3. Western blot results showing protein levels of EMT epithelial marker E-cadherin and EMT mesenchymal marker vimentin (B) in cervical cancer cell 
lines cultured on substrates with different stiffness (1, 10, 20, 30 kPa) and on glass. (A) E-cadherin and vimentin in SiHa cells; (B) E-cadherin and vimentin in 
HeLa cells; (C) statistical results of E-cadherin protein levels in SiHa cells; (D) statistical results of vimentin in SiHa cells; (E) statistical results of E-cadherin 
protein levels in HeLa cells; (F) statistical results of vimentin in HeLa cells. **P<0.01.

Figure 4. Effects of Twist1 expression of cervical cancer cell line SiHa cultured on glass or substrate with stiffness of 1, 10, 20, 30 kPa. (A) Expression levels of 
Twist1 detected by western blotting in cervical cancer cell line SiHa; (B) statistical results of Twist protein levels in SiHa cells; (C) expression levels of Twist1 
detected by PCR in cervical cancer cell line SiHa. *P<0.05.
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microRNA is involved in regulating EMT of cervical cancer 
cell lines cultured on substrates with different stiffness, we 
tested differential expression of microRNA using microarray 
test. SiHa cells cultured on substrates with stiffness of 1 kPa 
and 20 kPa as well as on glass plates for 36 h. Their total RNA 
was extracted and used for microRNA chip analysis to detect 
differential expression of microRNA. Cluster analysis clearly 
showed that 173 microRNA were deferentially expressed in 
cervical cancer cell line SiHa cultured on substrates with 
different stiffness (Fig. 5). Among them, 70 microRNA 
including miR-106b were upregulated and 103 microRNA 
were downregulated in SiHa cells cultured on substrates with 
stiffness of 20 kPa (p<0.05, FRD<0.05). Tables II and III 
list the microRNA that were mostly upregulated and down-
regulated in SiHa cells cultured on substrate with stiffness of 
20 kPa compared with cells cultured on substrate with stiffness 
of 1 kPa, respectively. Obviously, substrate stiffness can affect 
microRNA expression in cervical cancer SiHa cells, wherein 
miR-106b may play an important regulatory role.

Effects of substrate stiffness on miR-106b expression in 
cervical cancer cell line SiHa. To understand whether 

substrate stiffness affects EMT of cervical cancer cell lines 
through miR-106b, miR-106b expression in cervical cancer 
cells was further measured and verified using real-time PCR. 
The results (Fig. 6) confirmed that miR-106b expression was 
indeed upregulated in cervical cancer cell line SiHa cultured 
on substrate with stiffness of 20 kPa. Considering that SiHa 
cultured on substrate with stiffness of 20 kPa had stronger 
EMT ability than SiHa cultured on substrate with stiffness of 
1 kPa, the result suggests that substrate stiffness might regu-
late EMT of cervical carcinoma cell line SiHa by regulating 
miR-106 expression.

Effects of substrate stiffness on expression of tumor suppressor 
protein DAB2 in cervical cancer cell line SiHa. To further 
investigate whether substrate stiffness affects EMT of cervical 

Figure 5. MicroRNA expression profile in cervical cancer cell line SiHa 
cultured on substrates with different stiffness.

Figure 7. Expression of DAB2 in cervical cancer cell line SiHa cultured on 
substrates with different stiffness. (A) A representative image of western 
blot detecting DAB2 expression in cervical cancer cell line SiHa cultured 
on substrates with different stiffness; (B) statistical analysis of expression of 
DAB2 normalized to control Eif-5 in SiHa cells cultured on substrate with 
different stiffness. **P<0.01.

Figure 6. Expression of miR-106b in cervical carcinoma cell line SiHa 
cultured on substrate with different stiffness. *P<0.05.
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carcinoma cell line SiHa through miR-106b and its target 
protein DAB2, the level of DAB2 in cervical cancer cell line 

SiHa was examined by western blotting. The results (Fig. 7) 
showed that the expression level of DAB2 was significantly 

Figure 8. Effects of miR-106b overexpression on cervical cancer cell line SiHa cultured on glass or substrates with stiffness of 1 and 20 kPa, respectively. 
(A) miR-106b levels detected by real-time PCR in cervical cancer cell line SiHa cultured on glass and substrates with stiffness of 1 and 20 kPa, respectively, 
before and after miR-106b overexpression. (B) The expression levels of miR-106b target protein DAB2 and EMT markers E-cadherin and vimentin detected by 
western blotting in cervical cancer cell line SiHa cultured on glass and substrates with stiffness of 1 and 20 kPa, respectively, before and after miR-106b over-
expression; (C) changes of DAB2 in SiHa cells cultured on glass and substrates with different stiffness before and after miR-106b overexpression; (D) changes 
of E-cadherin in SiHa cells cultured on glass and substrates with different stiffness before and after miR-106b overexpression; (E) changes of vimentin levels 
in SiHa cells cultured on glass and substrates with different stiffness before and after miR-106b overexpression. *P<0.05; **P<0.01.

Table II. Top differentially upregulated microRNAs in cervical 
cancer cells cultured on substrates with stiffness of 1 and 20 kPa, 
respectively.

 Fold  Fold
MicroRNA change MicroRNA change

hsa-miR-125a 17.554 hsa-miR75b 3.8857
hsa-miR-21 3.8289 hsa-miR-595 1.6495
hsa-miR-150 1.067 hsa-miR-6785-3p 8.487
hsa-miR-6507-5p 3.5284 hsa-miR-548u 2.8511
hsa-miR-211 2.6768 hsa-miR-106b 2.1564

Table III. Top differentially downregulated microRNAs in 
cervical cancer cells cultured on substrates with stiffness of 
1 and 20 kPa, respectively.

 Fold  Fold
MicroRNA change MicroRNA change

hsa-miR-506b -30.9045 hsa-miR-218 -1.2745
hsa-miR-200b -0.5418 hsa-miR-107 -0.0175
hsa-miR-183 -0.0517 hsa-miR-7-1-3p -0.0197
hsa-miR-1279 -0.0933 hsa-miR-522-3p -0.011
hsa-miR-101-5p -0.0791 hsa-miR-5001-3p -0.0127
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different in SiHa cells cultured on substrate with different 
stiffness and lower in cells cultured on substrate with stiffness 
of 20 kPa, suggesting that substrate stiffness may regulate 
EMT through miR-106b targeted DAB2 degradation.

miR-106b is involved in substrate stiffness regulated EMT 
of cervical cancer cell line SiHa. To investigate the specific 
mechanism, substrate stiffness of 1 and 20 kPa was selected 
to represent normal cervical tissue stiffness and cervical 
cancer tissue stiffness, respectively, and the changes in 
expression levels of miR-106b target protein DAB2 and 
EMT-related markers vimentin and E-cadherin after 
miR-106b over expression and silencing were detected using 
western blotting. Fig. 8 shows that miR-106b overexpression 
significantly decreased the expression of DAB2 and vimentin, 
but increased the expression of E-cadherin in cervical cancer 
cell line SiHa cultured on substrate with stiffness of 20 kPa. 

Fig. 9 shows that miR-106b silencing significantly increased 
the expression level of DAB2 and vimentin and decreased 
the expression level of E-cadherin in cervical cancer cell line 
SiHa cultured on substrate with stiffness of 20 kPa. Together, 
these data suggest that substrate stiffness regulates EMT of 
cervical carcinoma cell line SiHa through miR-106b and its 
target protein DAB2.

DAB2 is involved in regulating EMT of cervical cancer cell 
SiHa. To further investigate whether DAB2 is involved in 
regulating EMT of cervical cancer cells in different substrate 
stiffness, we explored the effect of DAB2 knockdown on the 
expression of E-cadherin and vimentin in cervical cancer cell 
SiHa cultured on substrate with the stiffness of 1 kPa using 
western blotting. The results showed that DAB2 knockdown 
significantly decreased EMT-associated E-cadherin level 
and increased vimentin level, i.e. enhanced EMT, indirectly 

Figure 9. Effects of miR-106b knockdown on cervical cancer cell line SiHa cultured on glass or substrates with stiffness of 1 and 20 kPa, respectively. 
(A) miR-106b levels detected by real-time PCR in cervical cancer cell line SiHa cultured on glass and substrates with stiffness of 1 and 20 kPa, respectively, 
before and after miR-106b knockdown. (B) The expression levels of miR-106b target protein DAB2 and EMT markers E-cadherin and vimentin detected 
by western blotting in cervical cancer cell line SiHa cultured on glass and substrates with stiffness of 1 and 20 kPa, respectively, before and after miR-106b 
knockdown; (C) changes of DAB2 in SiHa cells cultured on glass and substrates with different stiffness before and after miR-106b knockdown; (D) changes 
of E-cadherin in SiHa cells cultured on glass and substrates with different stiffness before and after miR-106b knockdown; (E) changes of vimentin levels in 
SiHa cells cultured on glass and substrates with different stiffness before and after miR-106b knockdown. *P<0.05; **P<0.01.
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suggesting that DAB2 is involved in substrate stiffness regula-
tion of EMT of cervical cancer cell line SiHa (Fig. 10).

Discussion

Substrate stiffness affects EMT of cervical cancer cells. In 
this study, we explored the effects of substrate stiffness on 
EMT of cervical cancer cells. Changes in substrate stiffness 
are important signs of many epithelial tumors and can regulate 
EMT of many important cells such as liver epithelial cells 
and different types of cells. EMT of hepatocytes is stronger 
on substrate with stiffness of 60 kPa (hard substrate) than on 
substrate with stiffness of 11 kPa (soft substrate) (23); EMT 
of mouse mammary epithelial cells is stronger on substrate 
with stiffness of 11 kPa (hard substrate) than on substrate 
with stiffness of 4 kPa (soft substrates) (24); EMT of alveolar 
epithelial cells is stronger on substrate with stiffness of 17 kPa 
than on substrate with stiffness of 4 kPa. All these results 
indicated that EMT of different types of tumor cells requires 
different extracellular conditions. In our study, we found that 
cervical cancer cell lines are more prone to EMT on substrate 
with stiffness of 20 kPa than 1 kPa, and less prone to EMT 
on substrate with stiffness of 30 kPa than 20 kPa. Substrate 
stiffness of 20 kPa is currently considered as average stiffness 
of human solid tumor tissues and very close to the stiffness of 
cervical cancer tissue, suggesting that cervical cancer cells are 
prone to EMT at certain substrate stiffness while are not prone 
to EMT at other conditions.

Substrate stiffness affects EMT of cervical cancer cells 
through miR-106b and its target DAB2. In recent years, many 
transcription factors and signal pathways have been shown 
closely related with EMT of cancer cells. Research on tran-
scription factors have not made substantial progress (5). In 
our investigation we also tested the transcription factor Twist1 
which has a close relation with EMT of cervical cancer. We 
found the expression of Twist1 1 kPa condition the lowest and 
the expression of Twist1 the highest in 30 kPa condition. Thus, 
the expression of Twist1 does not match the EMT tendency 
(Fig. 10). The impact of microRNA on tumorigenesis has grad-
ually become a hot topic of research. It is well acknowledged 
that microRNA is closely related to pathological process of 
several kinds of cancers such as cervical cancer (17,18). 

Importantly some studies have found that specific 
microRNA can regulate EMT of tumor cells (25-32). In the 
present study, we found that miR-106b and its target protein 
DAB2 play significantly important regulatory roles in EMT 
process of cervical cancer cell lines SiHa and HeLa. In our 
study, we found that miR-106b and DAB2 play important roles 
in regulating EMT of cervical cancer SiHa and HeLa cells 
which were caused by changes in substrate stiffness. In other 
words, with substrate stiffness changing, miR-106b expression 
in cervical cancer cell lines changes significantly. Suppression 
or overexpression of miR-106b correspondingly alters the 
expression of EMT markers, indicating that substrate stiffness 
may affect EMT of cervical cancer cells through microRNA. 
This view is also supported by other studies. Mouw et al found 

Figure 10. Effects of DAB2 knockdown on cervical cancer cell line SiHa cultured on glass or substrate with stiffness of 1 kPa. (A) Expression levels of DAB2 
and EMT markers E-cadherin and vimentin detected by western blotting in cervical cancer cell line SiHa cultured on glass and substrate with stiffness of 
1 kPa before and after DAB2 knockdown; (B) Changes of DAB2 in SiHa cells cultured on glass and substrate with different stiffness before and after DAB2 
knockdown; (C) Changes of vimentin in SiHa cells cultured on glass and substrate with stiffness of 1 kPa before and after DAB2 knockdown; (D) Changes of 
E-cadherin levels in SiHa cells cultured on glass and substrate with stiffness of 1 kPa before and after DAB2 knockdown. *P<0.05; **P<0.01.
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that changes in substrate stiffness increased miR-18a expres-
sion and promoted breast cancer development by regulating 
expression of its target protein PTEN (21). It is clear that 
miR-106b is an important key node in mechanical signaling 
transduction in cervical cancer HeLa and SiHa cells and 
microRNA can be the key component in mechanical signal 
transduction process.

It is currently accepted that integrin is the cell membrane 
receptor of mechanic signals. It sensors extracellular mechan-
ical signals and transfers the signals into intracellular signals 
to further regulate expression of important genes and cellular 
functions such as growth, proliferation, migration and EMT. 
It has been reported that some microRNA may further affect 
integrin receptor expression or activity through their target 
proteins and associated signaling pathways to influence cell 
EMT, migration, invasion and other cell functions (30,31). 
It is possible that changes in miR-106b expression due to 
substrate stiffness may also affect expression or activity of 
certain specific cell membrane integrin receptors and further 
the transduction of extracellular mechanical signals into intra-
cellular signals. This hypothesis need to be further explored.

Moreover, microRNA usually regulate the expression 
of its target proteins by post-translational degradation. Our 
results found that miR-106b target protein DAB2 could regu-
late EMT of cervical cancer cell lines cultured on substrates 
with different stiffness. Many studies have found that loss of 
expression of tumor suppressor protein DAB2 can signifi-
cantly promote EMT of many tumor cells, including cervical 
cancer cells. To our knowledge, whether different substrate 
stiffness can regulate DAB2 expression has not been reported 
previously. Our results showed that substrate stiffness could 
affect DAB2 expression. DAB2 expression is the lowest in 
cervical cancer cell lines cultured on substrate with stiffness 
of 20 kPa and the highest in cervical cancer cell lines cultured 
on substrate with stiffness of 1 kPa.

The characteristics that tumor tissues have different 
stiffness in ultrasound and elastography examinations have 
been used in clinical medicine for preliminary tumor diag-
nosis (32-34). Our results showed that substrate stiffness can 
regulate EMT of cancer cells. We have previously shown that 
miR-106b expression is higher in cervical tumor tissues than 
in normal cervical tissues, and high miR-106b expression 
promotes cervical carcinogenesis. In this study, we found 
that at cytological level, miR-106b plays an important regu-
latory role in EMT of cervical cancer cell lines cultured on 
substrates with different stiffness, suggesting that miR-106b 
and substrate stiffness play important roles in cervical cancer 
progression. Our results also suggest that changes in substrate 
stiffness can regulate specific molecular signaling pathways, 
miR-106b and its downstream target proteins DAB2, and 
changes in substrate stiffness and miR-106b can be targets for 
treatment of cervical cancer. The study indicates a new way 
for treatment of cervical cancer.
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