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The urea molecule 25-hydroxy vitamin D binding protein 
acts as a potential biomarker for liver cancer
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Abstract: Biological marker is of critical value for liver cancer diagnosis. 25-hydroxyl vitamin D binding protein (25-
HVDP) regulates cancer and inflammatory response. This study thus investigated its potential value in the diagnosis 
of the early phase of liver cancer. Total of 156 liver cancer patients were recruited in parallel with 69 healthy volun-
teers for taking cisplatin and fluorouracil for 8 consecutive weeks. Liver cancer mouse model was generated. Real 
Time-PCR quantified 25-hydroxyl vitamin D binding protein level in patients and model mice to analyze its correlation 
with liver cancer, in order to investigate its value in the diagnosis of the early phase of liver cancer. Liver cancer 
patients had higher urea 25-hydroxyl vitamin D binding protein mRNA level than healthy volunteers. After treatment, 
mRNA of 25-hydroxyl vitamin D binding protein was decreased, whilst healthy volunteer had no significant difference 
(P = 0.23). Severe liver cancer patients had a higher urea 25-hydroxyl vitamin D binding protein than normal liver 
cancer patients (P = 0.0023). The level of urea 25-hydroxyl vitamin D binding protein was positively correlated with 
the liver cancer severity (P = 0.014). Liver cancer mice had a higher urea 25-hydroxyl vitamin D binding protein level 
than normal mice (P = 0.031). Urea 25-hydroxyl vitamin D binding protein may be a potential biological marker for 
liver cancer in both patients and model mice.
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Introduction

Liver cancer is one malignant tumor of the 
digestive system with about 0.01% overall inci-
dence [1]. Complicated reasons are responsi-
ble for liver cancer pathogenesis, although cur-
rent studies agree that viral infection is the 
major determining factor [2]. Liver cancer 
severely threatens patient’s life quality and 
lifespan [3, 4]. The optimization of individual-
ized treatment plan is one good solution [5-7], 
in which molecular targeted treatment has 
become a major research focus for liver cancer 
treatment [8-10]. Currently, both clinicians and 
scientists are working on the establishment of 
biomarkers with satisfactory specificity and 
sensitivity of liver cancer, for early phase diag-
nosis, treatment, and prognosis prediction of 
disease.

Early biomarkers being studied for liver cancer 
diagnosis mainly include tissue perfusion in- 

dex, organ function parameters, inflammato- 
ry factors, and urea dynamic index, which, how-
ever, do not have satisfactory specificity [9, 10] 
or test sensitivity. Therefore, it is urgent in clinic 
to find better biomarker molecules for liver can-
cer [11]. Liver cancer involves multiple mecha- 
nisms, of which inflammatory mediator induced 
mitochondrial structural and functional change 
is one important factor [12, 13]. It is speculated 
that mitochondrial energy metabolism and self 
change of dynamic has certain correlations [14, 
15]. 25-hydroxyl vitamin D binding protein is a 
proton transporter on mitochondrial membrane 
[16], and has multiple functions [17, 18]. This 
study aimed to investigate possible correlation 
between urea 25-hydroxyl vitamin D binding 
protein level in liver cancer patients and dis-
ease conditions. There has not been definitive 
evidence showing relationship between 25-hy- 
droxyl vitamin D binding protein and liver can-
cer [19]. This study recruited liver cancer pa- 
tients as the research object for analyzing the 
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correlation between 25-hydroxyl vitamin D bin- 
ding protein level and liver cancer.

Patients and methods

Research objects (patients and mouse model)

A total of 156 liver cancer patients, including 
69 normal liver cancer patients and 87 severe 
liver cancer patients, were recruited from Fu- 
ling center hospital, Shandong University from 
August 2013 to August 2017, in parallel with  
69 healthy volunteers as the control group. 
Urea samples were collected from both liver 
cancer patients and healthy volunteers before 
and after treatment. 

Inclusion and exclusion of liver cancer patients 
follow the criteria stipulated by American Co- 
llege of Liver Physicians (ACCP) of Society of 
Critical Care Medicine (SCCM) in 2016 [20, 21]. 
Inclusion criteria were as follows: 1) patients 
had not received radiofrequency ablation pre-
operatively; 2) Child-Pugh A/B; and 3) no con-
current cancers. Exclusion criteria were as fol-
lows: 1) recurrent HCC; 2) surgery-related death 
within 30 days after surgery; 3) extrahepatic 
metastasis; and 4) incomplete follow-up data. 
All liver cancer patients were divided into liver 
cancer patients with general conditions and 
severe liver cancer patients using previously 
documented criteria [22, 23].

Following common method, mouse liver cancer 
model was generated by diethylnitrosamine 
induction [24]. This study has been approved 
by the Animal Welfare Committee of our hospi-
tal. Model mice were treated with cisplatin and 
fluorouracil and were divided into blank control 
(I) group, cancer model (II) group, empty drug 
control for cisplatin (III) group, cisplatin treat-
ment (IV) group, empty drug control for fluoro-
uracil (V) group and fluorouracil treatment (VI) 
group. The golden standard for liver cancer dia- 
gnosis, alpha-fetoglobulin (AFP) was used to 
evaluate treatment efficacy among groups.

Urea sample preparation

Total of 10 ml urea samples were collected 
from all fasted patients in the morning. Urea 
samples were gently mixed and centrifuged at 
150 g for 8 min. The supernatant was collected 
and stored in -70°C fridge (Dingguo Biote- 
chnology, Beijing, China) for further use [17].

Real Time-PCR (RT-PCR)

Total RNA was extracted from urea samples fol-
lowing routine methods. Following the instruc-
tion of test kit (Beyotime Biotechnology, Shang- 
hai, China), reverse transcription Real Time-
PCR was performed [23]. In brief, urea samples 
were centrifuged at 800 r/min for 8 min. The 
supernatant was collected for extracting total 
RNA. Using RNA as the template and polyA 
primers, reverse transcription was performed 
at 42°C for 60 min. The primers were listed as 
the followings: 25-HVDP, forwards: 5’-GGAAGC- 
TTTGGAGAGCTG AA-3’, reverse: 5’-GCCATAAGT- 
CCAACCAGGAA-3’, actin: forwards: 5’-CGAGAA 
GATGACCCAGATCA-3’, reverse: 5’-GATCTTCATG- 
AGGTAGTCAG-3’. PCR was performed in a sys-
tem containing 1 μl of complementary DNA 
(cDNA) template, 2 μl forward primer, 2 μl 
reverse primer, 4 μl dNTP mixture, 2 μl reaction 
buffer, and 1 μl Taq polymerase. PCR condi-
tions were: 94°C for 5 min, followed by 30 
cycles each consisting 94°C for 30 s, and 55°C 
for 30 s.

Western blot assay

Sodium dodecyl sulfate polyacrylamide gel el- 
ectrophoresis (SDS-PAGE) was performed fol-
lowing routine methods (Dingguo Biotechnology, 
Beijing, China). In brief, urea samples were col-
lected and quantified by bicinchoninic acid 
(BCA) protein quantification kit (Beyotime Bio- 
technology, Shanghai, China). Electrophoresis 
was performed followed by membrane transfer 
and primary antibody incubation (Rabbit anti-
human 25-hydroxyl vitamin D binding protein 
antibody, 1:1000 dilutions, Santa Cruz Bio- 
technology, Santa Cruz, CA, USA) for 2 h at 
room temperature. Horse radish peroxidase 
(HRP) conjugated secondary antibody (Goat 
anti-rabbit secondary antibody, 1:1000 dilu-
tion, Santa Cruz Biotechnology, Santa Cruz, CA, 
USA) was added and incubated for 1 h at room 
temperature incubation. Protein expression le- 
vel was then analyzed.

Statistical analysis

All data were analyzed by SPSS 17.0 software 
(SPSS, Inc., Chicago, IL, USA). Before analysis, 
all measurement data were firstly tested for 
normality. Those fitted normal distribution were 
presented as mean ± standard error of means 
(SEM). The Student’s t-test was used to com-
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pare the differences between two groups. The 
Tukey’s post hoc test was used to validate the 
ANOVA for comparing measurement data am- 
ong groups. Correlation analysis was performed 
using Pearson correlation. A significance was 
defined when P < 0.05.

Results

mRNA level of urea 25-hydroxyl vitamin D bind-
ing protein in liver cancer patients

Among all 156 liver cancer patients, averaged 
age was 55.3 ± 18.4 years (range: 17-79 years) 
(Table 1). Averaged age of healthy volunteers 
was 58.3 ± 17.4 years (range: 16-81 years). No 
significant difference existed in patient’s age (P 
= 0.038) or gender (P = 0.312) between two 
groups (Table 1).

As shown in Figure 1, Real Time-PCR results 
showed significantly higher 25-hydroxy vitamin 
D binding protein (25-HVDP) mRNA level in urea 
of liver cancer patients compared to those in 
healthy volunteers (P = 0.0017).

Protein level of 25-hydroxyl vitamin D binding 
protein in liver cancer patients

As shown in Figure 2, Western blot showed sig-
nificantly higher 25-hydroxyl vitamin D binding 
protein level in urea samples of liver cancer 
patients compared to those in healthy volun-
teers (P = 0.0023).

Decreased mRNA level in urea 25-hydroxyl vi-
tamin D binding protein in liver cancer patients 
after treatment

As shown in Figure 3, after treatment, liver can-
cer patients had decreased urea 25-hydroxyl 
vitamin D binding protein mRNA levels.

Decreased protein level of urea 25-hydroxyl vi-
tamin D binding protein in liver cancer patients 
after treatment

As shown in Figure 4, after treatment, protein 
level of urea 25-hydroxyl vitamin D binding pro-

Table 1. General information of patients and 
controls

Patients group Control group P value
n 156 69
M/F 70/86 36/33 0.312
Age 55 (17-79) 58 (16-81) 0.038

Figure 1. Real Time-PCR results of 25-hydroxyl vita-
min D binding protein mRNA in urea samples of liver 
cancer patients. *P < 0.05, significant difference.

Figure 2. Western blot results for protein level of 
25-hydroxyl vitamin D binding protein in liver cancer 
patients. *P < 0.05, significant difference.

Figure 3. Decreased mRNA level of urea 25-hydroxyl 
vitamin D binding protein in liver cancer patients af-
ter treatment. *P < 0.05, significant difference.
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(V) group and fluorouracil treatment (VI) group. 
The golden standard for liver cancer diagno- 
sis, alpha-fetoglobulin (AFP) was used to evalu-
ate treatment efficacy among groups. Results 
showed that after drug treatment, liver cancer 
model mice had disappearance of tumors. As 
shown in Figure 6B and 6C, liver cancer mice 
had higher 25-hydroxyl vitamin D binding pro-
tein level than normal mice (P = 0.031). After 
drug treatment, liver cancer mice had normal 
urea 25-hydroxyl vitamin D binding protein level 
comparable to normal mice. Normal mice had 
unchanged 25-hydroxyl vitamin D binding pro-
tein level after drug treatment (data not shown).

Discussion

Early diagnosis and treatment are critical for 
liver cancer [25, 26]. It is still lack the effective 
biomarker for clinical testing of liver cancer 
[27]. This study thus investigated the possibi- 
lity of urea 25-hydroxyl vitamin D binding pro-
tein as early diagnosis and prognosis predic-
tion biomarker. Liver cancer is one inflammato-
ry reaction process with highly complicated 
induction by various factors. During its onset 
and progression, various inflammatory factors 
cross-interact and accelerate to cause chang- 
es in body immune response status, forming 
one important reason for patient death [1, 2]. 
Based on current diagnostic criteria [20, 21], 
even under normal condition of liver cancer, 
patient has strong body immune response and 
receives severe threats for life health. There- 
fore, it is necessary to use more reasonable 
test measures for early screening and progno-
sis prediction of liver cancer. Nowadays, identi-
fication and functional study of early diagnos- 
tic marker for liver cancer has become a rese- 
arch focus and major challenge.

Over expression of urea molecules of 25-hy- 
droxyl vitamin D binding protein can signifi- 
cantly decrease mitochondrial membrane po- 
tential. Under patho-physiological status, oxi-
dative stress can damage hepatocytes with 
over-expression of urea molecules of 25-hy- 
dryxly vitamin D binding protein. However, few 
studies have been performed so far using urea 
25-hydroxyl vitamin D binding protein as early 
diagnostic biomarker for liver cancer. We thus 
investigated this issue and found great differ-
ence between lipid and protein levels in urea 
samples, possibly affecting urea RNA extrac-

Figure 4. Decreased urea 25-hydroxyl vitamin D bind-
ing protein level in liver cancer patients. *P < 0.05, 
significant difference.

Figure 5. Significantly positive correlation between 
urea 25-hydroxyl vitamin D binding protein level and 
severity of liver cancer in patients.

tein was significantly decreased in liver cancer 
patients.

Significantly positive correlation between urea 
25-hydroxyl vitamin D binding protein level and 
severity of liver cancer in patients

As shown in Figure 5, correlation analysis sh- 
owed significantly positive correlation between 
25-urea hydroxyl vitamin D binding protein level 
and severity of liver cancer disease.

Urea 25-hydroxyl vitamin D binding protein 
level in liver cancer mouse

To study possible role of 25-hydroxyl vitamin D 
binding protein in liver cancer model, we firstly 
generated mouse liver cancer model using 
diethylnitrosamine induction method. Figure 6 
showed successful generation of mouse model. 

Liver cancer mice were treated with cisplatin or 
fluorouracil and divided into blank control (I) 
group, cancer model (II) group, empty drug con-
trol for cisplatin (III) group, cisplatin treatment 
(IV) group, empty drug control for fluorouracil 
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tion. Of note, the extraction of RNA process 
may also introduce PCR reaction inhibitor. To 
eliminate such effects, we added nonsense 
microRNA sequence into our RNA samples as 
inhibitor for competing PCR, in order to elimi-
nate interference to maximal extents. There- 
fore, methodology of this study is reliable and 
reasonable. Currently no literature has been 
reported for 25-hydroxyl vitamin D binding  
protein as a potential marker for liver cancer, 
making it one novelty of this study. Moreover, 
25-hydroxyl vitamin D binding protein has sig-
nificant advantages over previous markers in- 
cluding high sensitivity, safer sampling appro- 
ach and no need for blood drawing. 25-hydroxyl 
vitamin D binding protein showed expressional 
change in both healthy population and liver 
cancer patients, indicating certain clinical sig- 
nificance.

[14]. In addition, when intracellular ROS level 
was increased, inflammatory factor expression 
was subsequently upregulated [15, 16]. These 
findings showed the involvement of inflamma-
tory factors in liver cancer as potential treat-
ment targets. However, whether urea 25-hydrox-
yl vitamin D binding protein is correlated with 
this pathway requires further investigations. 
Weakness existed in this study, including: first, 
the relatively small sample size, and further 
study should increase sample size to study the 
possibility of urea 25-hydroxyl vitamin D bind-
ing protein for early diagnosis of liver cancer. 
Second, due to most liver cancer patients in 
clinics received chemotherapy or other treat-
ment [28], whether the level of urea 25-hydrox-
yl vitamin D binding protein is under the influ-
ence of treatment requires further study. Third, 
this study lacked liver cancer rat model using 

Figure 6. Western blot results for urea 25-hydroxyl vitamin D binding protein 
in liver cancer mice. Liver cancer mice were treated by cisplatin or fluoroura-
cil and divided into blank control (I) group, cancer model (II) group, empty 
drug control for cisplatin (III) group, cisplatin treatment (IV) group, empty 
drug control for fluorouracil (V) group and fluorouracil treatment (VI) group. 
*P < 0.05, significant difference. A: Liver cancer model; B: 25-HVDP expres-
sion; C: Quantitative expression of 25-HVDP. Compared with I, *P < 0.05; 
Compared with III, #P < 0.05; Compared with V, fP < 0.05; Compared with I, 
&P > 0.05.

Major findings of this study 
include: first, liver cancer pa- 
tients had significantly higher 
urea 25-hydroxyl vitamin D 
binding protein mRNA and  
protein levels than those in 
healthy volunteers with sig- 
nificant difference (P < 0.05). 
Second, after treatment, liver 
cancer patients had lower 
mRNA and protein level of 
urea 25-hydroxyl vitamin D 
binding protein, with com- 
parability to those in healthy 
volunteers. Third, severe liver 
cancer patients had higher 
urea 25-hydroxyl vitamin D 
binding protein level than 
those in normal liver cancer 
patients with significant dif- 
ference (P < 0.05). These re- 
sults showed that urea 25-hy- 
droxyl vitamin D binding pro-
tein in liver cancer patients 
may be a specific biomarker 
for liver cancer. Protein level 
of urea 25-hydroxyl vitamin D 
binding protein was positively 
correlated with severity of liver 
cancer. Some studies have 
been performed using mouse 
liver cancer model and show- 
ed that abundant production 
of reactive oxygen species 
(ROS) of mice constitutively 
activates inflammatory path-
ways including plasma factors 



Urine molecule as a biomarker for liver cancer

13084 Int J Clin Exp Med 2019;12(11):13079-13085

urea 25-hydroxyl vitamin D binding protein as 
the target to further substantiate conclusion of 
this study.

Conclusions

This study showed that urea 25-hydryxol vita-
min D binding protein in liver cancer patients 
might represent a specific biomarker for liver 
cancer. Urea 25-hydroxyl vitamin D binding pro-
tein level is closely and positively correlated 
with the severity of liver cancer.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Hongping Chen, 
Department of Histology and Embryology, Medical 
College, Nanchang University, No. 461, Bayi Ave- 
nue, Donghu District, Nanchang, Jiangxi Province,  
China. Tel: +86-0791-86363943; Fax: +86-0791-
86363943; E-mail: k88niu71u9vnbbmf@sina.com

References

[1] Su Y, Sun B, Lin X, Zhao X, Ji W, He M, Qian H, 
Song X, Yang J, Wang J and Chen J. Therapeu-
tic strategy with artificially-designed i-lncRNA 
targeting multiple oncogenic microRNAs exhib-
its effective antitumor activity in diffuse large 
B-cell lymphoma. Oncotarget 2016; 7: 49143-
49155.

[2] Tsang DP, Wu WK, Kang W, Lee YY, Wu F, Yu Z, 
Xiong L, Chan AW, Tong JH, Yang W, Li MS, Lau 
SS, Li X, Lee SD, Yang Y, Lai PB, Yu DY, Xu G, Lo 
KW, Chan MT, Wang H, Lee TL, Yu J, Wong N, 
Yip KY, To KF and Cheng AS. Yin Yang 1-medi-
ated epigenetic silencing of tumour-suppres-
sive microRNAs activates nuclear factor-kap-
paB in hepatocellular carcinoma. J Pathol 
2016; 238: 651-664.

[3] Velazquez KT, Enos RT, McClellan JL, Cranford 
TL, Chatzistamou I, Singh UP, Nagarkatti M, 
Nagarkatti PS, Fan D and Murphy EA. MicroR-
NA-155 deletion promotes tumorigenesis in 
the azoxymethane-dextran sulfate sodium 
model of colon cancer. Am J Physiol Gastroin-
test Liver Physiol 2016; 310: G347-G358.

[4] Xia XH, Xiao CJ and Sham H. Facilitation of liver 
cancer SMCC7721 cell aging by sirtuin 4 via 
inhibiting JAK2/STAT3 signal pathway. Eur Rev 
Med Pharmacol Sci 2017; 21: 1248-1253.

[5] Xu Y, Huang J, Ma L, Shan J, Shen J, Yang Z, Liu 
L, Luo Y, Yao C and Qian C. MicroRNA-122 con-
fers sorafenib resistance to hepatocellular car-
cinoma cells by targeting IGF-1R to regulate 
RAS/RAF/ERK signaling pathways. Cancer Lett 
2016; 371: 171-181.

[6] Lu X, Chen L, Chen Y, Shao Q and Qin W. Bafilo-
mycin A1 inhibits the growth and metastatic 
potential of the BEL-7402 liver cancer and HO-
8910 ovarian cancer cell lines and induces al-
terations in their microRNA expression. Exp 
Ther Med 2015; 10: 1829-1834.

[7] Deng Q, Xie L and Li H. MiR-506 suppresses 
cell proliferation and tumor growth by targeting 
Rho-associated protein kinase 1 in hepatocel-
lular carcinoma. Biochem Biophys Res Com-
mun 2015; 467: 921-927.

[8] Zhang W, Ren H, Xu C, Zhu C, Wu H, Liu D, 
Wang J, Liu L, Li W, Ma Q, Du L, Zheng M, 
Zhang C, Liu J and Chen Q. Hypoxic mitophagy 
regulates mitochondrial quality and platelet 
activation and determines severity of I/R heart 
injury. Elife 2016; 5: e21407.

[9] Pratedrat P, Sopipong W, Makkoch J, Praianan-
tathavorn K, Chuaypen N, Tangkijvanich P and 
Payungporn S. Single nucleotide polymor-
phisms in miR-149 (rs2292832) and miR-101-
1 (rs7536540) are not associated with hepa-
tocellular carcinoma in Thai patients with 
hepatitis B virus infection. Asian Pac J Cancer 
Prev 2015; 16: 6457-6461.

[10] Haghpanah V, Fallah P, Tavakoli R, Naderi M, 
Samimi H, Soleimani M and Larijani B. Anti-
sense-miR-21 enhances differentiation/apop-
tosis and reduces cancer stemness state on 
anaplastic thyroid cancer. Tumour Biol 2016; 
37: 1299-1308.

[11] Yang Q, Jiang W, Zhuang C, Geng Z, Hou C, 
Huang D, Hu L and Wang X. microRNA-22 
downregulation of galectin-9 influences lym-
phocyte apoptosis and tumor cell proliferation 
in liver cancer. Oncol Rep 2015; 34: 1771-
1778.

[12] Liu D, Wu J, Liu M, Yin H, He J and Zhang B. 
Downregulation of miRNA-30c and miR-203a 
is associated with hepatitis C virus core pro-
tein-induced epithelial-mesenchymal transi-
tion in normal hepatocytes and hepatocellular 
carcinoma cells. Biochem Biophys Res Com-
mun 2015; 464: 1215-1221.

[13] Zhao L, Tang M, Hu Z, Yan B, Pi W, Li Z, Zhang 
J, Zhang L, Jiang W, Li G, Qiu Y, Hu F, Liu F, Lu J, 
Chen X, Xiao L, Xu Z, Tao Y, Yang L, Bode AM, 
Dong Z, Zhou J, Fan J, Sun L and Cao Y. miR-
504 mediated down-regulation of nuclear re-
spiratory factor 1 leads to radio-resistance in 
nasopharyngeal carcinoma. Oncotarget 2015; 
6: 15995-16018.

[14] Wan D, Shen S, Fu S, Preston B, Brandon C, He 
S, Shen C, Wu J, Wang S, Xie W, Chen B, Liya A, 
Guo Y, Zheng D, Zhi Q and Peng B. miR-203 
suppresses the proliferation and metastasis of 
hepatocellular carcinoma by targeting onco-
gene ADAM9 and oncogenic long non-coding 
RNA HULC. Anticancer Agents Med Chem 
2016; 16: 414-423.

mailto:k88niu71u9vnbbmf@sina.com


Urine molecule as a biomarker for liver cancer

13085 Int J Clin Exp Med 2019;12(11):13079-13085

[15] Wang G, Zhu S, Gu Y, Chen Q, Liu X and Fu H. 
MicroRNA-145 and microRNA-133a inhibited 
proliferation, migration, and invasion, while 
promoted apoptosis in hepatocellular carcino-
ma cells via targeting FSCN1. Dig Dis Sci 2015; 
60: 3044-3052.

[16] Palmieri D, Richmond T, Piovan C, Sheetz T, 
Zanesi N, Troise F, James C, Wernicke D, Nyei F, 
Gordon TJ, Consiglio J, Salvatore F, Coppola V, 
Pichiorri F, De Lorenzo C and Croce CM. Hu-
man anti-nucleolin recombinant immunoagent 
for cancer therapy. Proc Natl Acad Sci U S A 
2015; 112: 9418-9423.

[17] Zhai J, Qu S, Li X, Zhong J, Chen X, Qu Z and Wu 
D. miR-129 suppresses tumor cell growth and 
invasion by targeting PAK5 in hepatocellular 
carcinoma. Biochem Biophys Res Commun 
2015; 464: 161-167.

[18] Chen S, Li F, Chai H, Tao X, Wang H and Ji A. 
miR-502 inhibits cell proliferation and tumor 
growth in hepatocellular carcinoma through 
suppressing phosphoinositide 3-kinase cata-
lytic subunit gamma. Biochem Biophys Res 
Commun 2015; 464: 500-505.

[19] Liang H, Fu Z, Jiang X, Wang N, Wang F, Wang 
X, Zhang S, Wang Y, Yan X, Guan WX, Zhang CY, 
Zen K, Zhang Y, Chen X and Zhou G. miR-16 
promotes the apoptosis of human cancer cells 
by targeting FEAT. BMC Cancer 2015; 15: 448.

[20] Yang Y, Hou N, Wang X, Wang L, Chang S, He K, 
Zhao Z, Zhao X, Song T and Huang C. miR-15b-
5p induces endoplasmic reticulum stress and 
apoptosis in human hepatocellular carcinoma, 
both in vitro and in vivo, by suppressing Rab1A. 
Oncotarget 2015; 6: 16227-16238.

[21] Zhang Y, Guo X, Li Z, Li B, Li Z, Li R, Guo Q, 
Xiong L, Yu L, Zhao J and Lin N. A systematic 
investigation based on microRNA-mediated 
gene regulatory network reveals that dysregu-
lation of microRNA-19a/Cyclin D1 axis confers 
an oncogenic potential and a worse prognosis 
in human hepatocellular carcinoma. RNA Biol 
2015; 12: 643-657.

[22] Wang X, Zhang J, Zhou L, Lu P, Zheng ZG, Sun 
W, Wang JL, Yang XS, Li XL, Xia N, Zhang N and 
Dou KF. Significance of serum microRNA-21 in 
diagnosis of hepatocellular carcinoma (HCC): 
clinical analyses of patients and an HCC rat 
model. Int J Clin Exp Pathol 2015; 8: 1466-
1478.

[23] Yuan Y, Zhang X, Zeng X, Liu B, Hu F and Zhang 
G. Glutathione-mediated release of functional 
miR-122 from gold nanoparticles for targeted 
induction of apoptosis in cancer treatment. J 
Nanosci Nanotechnol 2014; 14: 5620-5627.

[24] Amankwatia EB, Chakravarty P, Carey FA, Wei-
dlich S, Steele RJ, Munro AJ, Wolf CR and 
Smith G. MicroRNA-224 is associated with 
colorectal cancer progression and response to 
5-fluorouracil-based chemotherapy by KRAS-
dependent and -independent mechanisms. Br 
J Cancer 2015; 112: 1480-1490.

[25] Shi L, Wu L, Chen Z, Yang J, Chen X, Yu F, Zheng 
F and Lin X. MiR-141 activates Nrf2-dependent 
antioxidant pathway via down-regulating the 
expression of Keap1 conferring the resistance 
of hepatocellular carcinoma cells to 5-Fluoro-
uracil. Cell Physiol Biochem 2015; 35: 2333-
2348.

[26] Li S, Li J, Fei BY, Shao D, Pan Y, Mo ZH, Sun BZ, 
Zhang D, Zheng X, Zhang M, Zhang XW and 
Chen L. MiR-27a promotes hepatocellular car-
cinoma cell proliferation through suppression 
of its target gene peroxisome proliferator-acti-
vated receptor gamma. Chin Med J (Engl) 
2015; 128: 941-947.

[27] Fujita K, Iwama H, Sakamoto T, Okura R, Ko-
bayashi K, Takano J, Katsura A, Tatsuta M, 
Maeda E, Mimura S, Nomura T, Tani J, Miyoshi 
H, Morishita A, Yoneyama H, Yamana Y, Himoto 
T, Okano K, Suzuki Y, Niki T, Hirashima M and 
Masaki T. Galectin-9 suppresses the growth of 
hepatocellular carcinoma via apoptosis in vitro 
and in vivo. Int J Oncol 2015; 46: 2419-2430.

[28] Wagenaar TR, Zabludoff S, Ahn SM, Allerson C, 
Arlt H, Baffa R, Cao H, Davis S, Garcia-Echever-
ria C, Gaur R, Huang SM, Jiang L, Kim D, Metz-
Weidmann C, Pavlicek A, Pollard J, Reeves J, 
Rocnik JL, Scheidler S, Shi C, Sun F, Tolstykh T, 
Weber W, Winter C, Yu E, Yu Q, Zheng G and 
Wiederschain D. Anti-miR-21 suppresses he-
patocellular carcinoma growth via broad tran-
scriptional network deregulation. Mol Cancer 
Res 2015; 13: 1009-1021.


