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Abstract: Aim: Hepatocellular carcinoma (HCC) is a common and aggressive malignant tumor with an especially high
prevalence in Asian populations. This study aimed to identify differentially expressed IncCRNAs using expression mi-
croarray and to explore the association between differential expression of IncRNAs and prognosis of HCC. Methods:
We retrospectively reviewed 63 patients with primary HCC that underwent a curative liver resection at the Depart-
ment of General Surgery, Jingmen First People’s Hospital. The expression level of IncRNAs DUXAP9 and DUXAP10
were detected by real-time PCR. Prognostic factors were evaluated using Kaplan-Meier curves and Cox proportional
hazards models. Results: By microarray profiling of INcRNAs, 256 were found to be differentially expressed, includ-
ing 162 upregulated and 94 downregulated (P<0.05, fold change >2). Two candidate IncRNAs were determined
as targets in this study, including DUXAP9 (upregulated by 6.35 fold) and DUXAP10 (upregulated by 4.53 fold).
DUXAP9 and DUXAP10 were downregulated in the normal liver cell lines Chang liver, HL7702, THLE-2, THLE-3,
FL62891, and AML12, which were significantly lower than HCC cell lines SMMC-7721, Hep3B, HuH7, MHCC-97H,
HCC-LM, and SK-Hep-1 (P<0.05). Overexpression of INcRNAs DUXAPQ and DUXAP10 were associated with decreas-
ing OS rates, respectively (P=0.0263 and P=0.0285). Meanwhile, Overexpression of DUXAP9 and DUXAP10 was
associated with decreasing PFS rates, respectively (P=0.0174 and P=0.0041). After adjusting for competing risk
factors, we identified microvascular invasion (P=0.014), tumor size (P=0.026), and IncRNAs DUXAP9 (P=0.001) and
DUXAP10 (P=0.036) expression levels as independent prognostic factors associated with prognosis of patients with
HCC. Conclusions: We found that IncRNAs DUXAP9 and DUXAP10 are expressed significantly higher in HCC tissues
compared with non-tumorous tissues. Overexpression of DUXAP9 and DUXAP10 were independent risk factors as-
sociated with prognosis of patients with HCC.
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Introduction completeness of tumor removal, serum alpha-
fetoprotein (AFP) levels, tumor size, tumor mul-

Hepatocellular carcinoma (HCC) is prevalent in tifocality, and tumor encapsulation, etc. [6, 7].

Asian and developing countries and is becom-
ing more and more common in Europe and
North America [1, 2]. Although application of a
variety of treatments has been reported to
improve the prognosis of hepatocellular carci-
noma, hepatectomy is still the main treatment
for patients with HCC [3, 4]. The poor prognosis
of HCC is largely attributed to a high rate of
tumor recurrence after surgery, since intrahe-
patic metastases develop through invasion of
the portal vein and tumor metastases [5].
Moreover, there are other several factors asso-
ciated with the prognosis of HCC, including

Hence, efforts to identify the genes responsible
for HCC and to understand the molecular mech-
anism of gene expression regulation will con-
tribute to the development of new diagnostic
tools and therapeutic targets.

Long non-coding RNA (IncRNA) is a type of non-
coding RNA with a length varying from 200 nt to
100kb that is widely present in nuclei and cyto-
plasm. LncRNA is rarely involved in protein cod-
ing due to the lack of open reading frame [8-10].
Many studies have demonstrated that IncRNAs
have diverse cellular functions including cell
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proliferation, differentiation and apoptosis [11-
13]. Moreover, INcRNA has been identified as a
crucial regulator in a variety of tumor growths
or metastases [14]. The database “LncRNA dis-
ease” has already included several IncRNAs
related to HCC: BLACAT1, H19, MALAT],
AX800134, HULC, HOTAIR and ABO74278 [15].
Furthermore, UCA1 is considered as a candi-
date biomarker of HCC [16].

Along with advances in high-throughput screen-
ing and bioinformatics, a growing number of
important regulatory IncRNAs in cancer have
been discovered. Detection on the biological
functions of differentially expressed IncRNAs in
HCC could bring new dimensions for diagnosis
and prognosis prediction for patients with HCC
after hepatectomy. This study identified differ-
entially expressed IncRNAs using IncRNA
expression microarray. Several candidate
IncRNAs were selected by bioinformatics analy-
sis and we further explored the association
between differential expression of IncRNAs and
prognosis of HCC. New IncRNAs related to prog-
nosis of HCC were identified from this work.

Materials and methods
Patients and tissue samples

A total of 63 patients with primary HCC under-
went a curative liver resection at the De-
partment of General Surgery, Jingmen First
People’s Hospital, and were included in this ret-
rospective study. All patients were diagnosed
as HCC between June 1%, 2012 and December
30", 2015. The tumor and non-tumor tissues
were immediately frozen in liquid nitrogen after
surgical removal and stored at -80°C until use.
None of the patients recruited in this study
had undergone preoperative chemotherapy
or radiotherapy. HCC diagnosis was based on
WHO criteria. Tumor staging was determined
according to the seventh edition of the tumor-
node-metastasis (TNM) classification of the
International Union against Cancer. The study
was approved by the Research Ethics Co-
mmittee of Jingmen First People’s Hospital.
Informed consent was obtained from all
patients. First, matched cancerous and para-
cancerous normal tissues were collected from
four males with HCC in September 2012 for
microarray analysis. Differential expression of
IncRNAs was analyzed by using dual channel
IncRNA microarray technology. Four males were
aged 49-76 years old with an average age of
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54.3 years. All of them had multiple lesions
which were not treated by radiotherapy or che-
motherapy. According to postoperative pathol-
ogy, the 4 patients were diagnosed as HCC.

Cell lines and culture conditions

Human HCC cell lines (SMMC-7721, Hep3B,
HuH7, MHCC-97H, HCC-LM, and SK-Hep-1
cells) were purchased from the Institute of
Cell Biology, Chinese Academy of Sciences
(Shanghai, China). SMMC-7721, Hep3B, HuH?7,
MHCC-97H, HCC-LM, and SK-Hep-1 cell lines
were cultured in RPMI-1640 Medium (Invi-
trogen, Carlsbad, CA, USA) supplemented with
10% fetal bovine serum (FBS) and 1% penicillin-
streptomycin. The normal liver cell lines (Chang
liver, HL7702, THLE-2, THLE-3, FL62891, and
AML12 cells) were cultured in BEGM (Bronchial
Epithelial Medium, Invitrogen, Carlsbad, CA,
USA) supplemented with a mixture of 0.01 mg/
ml fibronectin, 0.03 mg/ml bovine collagen
type | and 0.01 mg/ml bovine serum albumin
dissolved in BEBM medium.

Gene microarray analysis

LncRNA+mRNA Human Gene Expression Mi-
croarray V4.0 (Capitalbio, 4x180K, two-chan-
nel, containing about 37 thousand IncRNAs
and 34 thousand mRNAs) was applied to the
profiling of IncRNAs in four cancerous tissu-
es and the paired para-cancerous tissues.
Microarray data were normalized and analy-
zed using Agilent Gene Spring software. Mi-
croarray No. was 256740610228_1_1, 256-
740610227_1_4, 256740610282_1_3 and
256740610282_1_4, respectively.

RNA isolation and real-time quantitative PCR

Total RNA extraction was performed using Trizol
reagent (Life, USA) in accordance with the
instructions. cDNA was synthesized by reverse
transcription using ReverTra Ace® gPCR RT Kit
(TOYOBO, Japan). Expression of IncRNAs in
each cell lines was determined by RT-PCR using
KAPA SYBR Green kit (KAPA, USA). GAPDH was
used as the internal reference gene. PCR was
conducted under the following conditions: 95°C
for 3 min, 95°C for 3 sec, 60°C for 30 sec, 40
cycles. Cycle threshold value (Ct) was obtained
and the relative expression of IncRNAs in each
cell line was calculated using 22T method.
Each sample was examined in triplicate, and
the mean values were calculated. mRNA levels
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Table 1. Patients’ clinicopathologic features
(n=63)

Variables Number
Sex Female 28
Male 35
Age Median 52.4
Range 20-70
AFP level (ug/L) <400 23
>400 40
HBsAg Positive 45
Negative 18
HBeAg Positive 37
Negative 26
Liver cirrhosis Yes 43
No 20
Edmondson-Steiner grade -l 21
-1V 42
Diameter (cm) <5 32
>5 31
MVI Yes 24
No 39
Tumor number Single 54
Multiple 9
TBL (umol/1) Median 14.9
Range 4.1-66.3
Alb (g/dl) Median 37.2
Range 21.2-52.5
ALT (U/L) Median 62.1
Range 11.2-283.2
DUXAP9 High 30
Low 33
DUXAP10 High 45
Low 18
TNM stage | 17
Il 36
1] 10

Abbreviations: AFP, alpha-fetoprotein; HBsAg, hepatitis B
surface antigen; HBeAg, hepatitis E antigen; MVI, micro-
vascular invasion; TBIL total bilirubin; ALB, albumin; ALT,
alanine.

in tumor samples/non-tumorous samples of
0.5-fold was defined as under-expression of
the gene, whereas a ratio of 2.0-fold was
defined as over-expression.

Follow-up

Postoperative serum AFP and abdominal ultra-
sound were carried out in all patients monthly.
Patients received abdominal contrast-enhan-
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ced CT scan or MRI once every 3 months in the
first two years after surgery, and once every 6
months thereafter. Further investigations were
carried out when clinically indicated or when
tumor recurrence was suspected. The follow-up
was performed by authors in this study.
Outcome definitions: Complete resection was
defined as resection of all tumor sites on the
basis of surgical findings and postsurgical
images. OS (overall survival) was defined as the
period from the date of surgery until death or
last contact. Patients who did not experience
an event were censored on the date of last
contact. Progression-free Survival (PFS) was
defined as the time from randomization to dis-
ease progression or death as assessed by the
treating physicians in the study.

Statistical methods

Continuous variables were expressed as mean
+ SD (standard deviation) and compared using
a two-tailed unpaired Student’s t test; categori-
cal variables were compared using x? or Fisher
analysis. Life-table estimates of survival time
were calculated according to the Kaplan and
Meier methodology [17]. The Greenwood for-
mula was used for the standard deviation. A
Cox proportional hazards regression approach
[18] was chosen for evaluation of the progno-
sis. Potential prognostic variables were ana-
lyzed by both univariate and multivariate mod-
els combining all factors. Results are shown as
hazard ratios (HR) and their 95% confidence
interval (Cl) A HR>1 indicated an elevated risk
with respect to the reference category. A
confidence interval which did not include the
value 1 indicated statistical significance at the
5% level. All statistical evaluations were carried
out using SPSS software (Statistical Package
for the Social Science, version 15.0, SPSS
Inc., Chicago, IL) and GraphPad Prism v6.01
(GraphPad software, Inc.). A value of P<0.05
was considered to be statistically significant in
all the analyses.

Results
Patients’ characteristics

Of all 63 patients recruited into this study, the
median follow-up time was 4.5 years (range 3.6
months-8.7 years). The baseline characteristics
of patients are summarized in Table 1.
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Figure 1. Hierarchical clustering. Hierarchical clustering based on 4 IncRNA
microarray images. “Red” indicates upregulation, and “green” downregula-
tion. The clustering tree represents the downregulation and upregulation

patterns of IncRNAs in the samples.

Profiling results and candidate IncRNAs
screening

By microarray profiling of IncRNAs, 256 Inc-
RNAs were found to be differentially express-
ed, including 162 upregulated and 94 down-
regulated (P<0.05, fold change >2) (Figure 1).
Using the BLAST program, those subjected to
alternative splicing that created difficulty for
designing high-specificity PCR primers were
excluded. LncRNAs with large fold changes that
remained were further screened based on the
fold change, gene alignment, and analysis of
adjacent coding genes. Then after excluding
the IncRNAs have been reported previously, 2
candidate IncRNAs were determined as the tar-
gets in this study, which were DUXAP9 (upregu-
lated by 6.35 fold), DUXAP10 (upregulated by
4.53 fold).

Gene expression detected by RT-PCR in each
cell line

DUXAP9 and DUXAP10 were downregulated in
the normal liver cell lines Chang liver, HL7702,
THLE-2, THLE-3, FL62891, and AML12, which
were significant lower than HCC cell lines
SMMC-7721, Hep3B, HuH7, MHCC-97H, HCC-
LM, and SK-Hep-1 (P<0.05) (Figure 2A, 2B).
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DUXAP9 and DUXAP10 were
over-expressed in HCC tissues
compared with the non-tumor
tissues

DUXAP9 was expressed in
47.6% (30 of 63) of all patients
in HCC tissues and DUXAP10
was expressed in 71.4% (45 of
63) of all patients in HCC tis-
sues, which was significantly
higher than that in non-tumor-
ous tissues (P<0.001) (Figure
3A and 3B).

Survival descriptions of differ-
ent subgroups divided by In-
cRNA DUXAP9 and DUXAP10
expression levels

Descriptive survival statistics
and Kaplan-Meier curves sug-
gested that the variable of
IncRNA DUXAP9 and DUXAP10
expression level had prognos-
tic significance in this relativly
selected cohort. Overexpres-
sion of IncRNAs DUXAP9 and DUXAP10 was
associated with decreasing OS rates, respec-
tively (P=0.0263 and P=0.0285, Figure 4A,
4C). Meanwhile, Overexpression of DUXAP9
and DUXAP10 was associated with decreas-
ing PFS rates, respectively (P=0.0174 and
P=0.0041, Figure 4B, 4D).

Cox proportional hazard analysis

A Cox proportional hazards model was then
used to quantify the prognostic significance of
risk factors after multivariable adjustment.
Univariate Cox proportional hazards analysis
demonstrated that TNM stage (P=0.026),
tumor number (P=0.031), AFP>400 (ng/ml)
(P=0.008), microvascular invasion (P=0.003),
tumor size (P=0.012), IncRNA DUXAP9
(P=0.001) and DUXAP10 (P=0.008) expression
levels were significantly associated with prog-
nosis of patients with HCC. A multivariate anal-
ysis was further performed to assess factors
that demonstrated significant effects in univari-
ate analysis. After adjusting for competing risk
factors, we identified that microvascular inva-
sion (P=0.014), tumor size (P=0.026), IncRNA
DUXAP9 (P=0.001) and DUXAP10 (P=0.036)
expression levels as independent prognostic

Int J Clin Exp Pathol 2018;11(3):1407-1414
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Figure 2. Relative expression of candidate IncRNAs in each cell line. A: The comparison of relative expression of
DUXAP9Q in HCC and normal cell lines; B: The comparison of relative expression of DUXAP10 in HCC and normal cell
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Figure 3. DUXAP9 and DUXAP10 are up-regulated in HCC tissues compared with non-tumor tissues. A: Relative
DUXAP9 concentration was detected using Real-Time qPCR; B: Relative DUXAP10 concentration was detected using

Real-Time gqPCR (P<0.001).

factors associated with prognosis of patients
with HCC (Table 2).

Discussion

The differences of INncRNA expression profile
between four cases of hepatocellular carcino-
ma tissues and paired adjacent normal tissues
were explored by using dual channel IncCRNA
microarray technology [19]. Candidate IncRNAs
DUXAP9 and DUXAP10 were selected through
bioinformatics analysis for further analysis to
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confirm their expression characteristics by
RT-PCR. Moreover, survival analysis was per-
formed to validate the prognostic significance
of patients with HCC after hepatectomy.

The DUXA (double homeobox A) gene family
contains 10 genes which are DUXAP1~10.
Homeobox genes encode DNA-binding pro-
teins, many of which are thought to be involved
in early embryonic development [20-22]. This
pseudogene is a member of the DUXA homeo-
box gene family. Previous reports suggested

Int J Clin Exp Pathol 2018;11(3):1407-1414
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Figure 4. Overall survival and progression free survival estimates. A: OS of patients stratified by DUXAP9 expression
levels (P=0.0263); B: PFS of patients stratified by DUXAP9 expression levels (P=0.0174); C: OS of patients stratified
by DUXAP10 expression levels (P=0.0285); D: PFS of patients stratified by DUXAP10 expression levels (P=0.0041).

Table 2. Cox proportional hazard regression analyses

. Univariate Multivariate

Variable

HR 95% Cl P value HR 95% Cl P value
Age in yr (median range) 1.021 0.991-1.027 0.771
Gender, male: female 1.008 0.948-1.125 0.901
HbsAg: positive: negative 1.219  0.941-1.553 0.091
HBeAg: positive: negative 1.102 0.714-1.242 0.104
Liver cirrhosis: with: without 1.107 0.865-1.122 0.249
TBL (umol/I): >17: <17 0.882 0.731-1.231 0.329
ALB (g/dl): >40: <40 1.088 0.827-1.430 0.548
ALT (U/L): >40: <40 1.047  0.902-1.193 0.837
TNM stage: I: 11: 11l 1.542  1.293-2.735 0.026 1.105 0.756-1.291 0.337
No. tumor: Solitary :Multiple 1.593 1.184-3.024 0.031 1.059 0.921-1.491 0.192
AFP (<400 pg/L vs >400 pg) 1.629  1.372-3.581 0.008 0.946 0.649-1.302 0.782
Edmondson-Steiner grade: I+Il: [l 1.199  0.808-1.781 0.397
Tumor size (£5 cm vs >5 cm) 1.583 1.216-2.663 0.012 1.377 1.243-2.582 0.026
Micro-vascular invasion (+/-) 1.864  1.392-3.261 0.003 1.402 1.143-3.633 0.014
LncRNA DUXAP9: High: Low 1.905 1.482-2.693 0.001 2.524 1.661-4.015 0.001
LncRNA DUXAP10: High: Low 1.826  1.265-3.254 0.008 1.316 1.251-2.619 0.036

Cl: indicates confidence; TBL: total bilirubin; ALB: aloumin; ALT: alanine aminotransferase; AFP: alpha-fetoprotein.
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that they were restricted to humans and other
primates, although they were also found in the
mouse genome. DUXAP9 (double homeobox A
pseudogene 9) is located in 14911.2 and
DUXAP10 (double homeobox A pseudogene 10)
is located in 14q11.1 [23]. Researchers had
detected numerous DUXAP9 and DUXAP10
sequences from cancer cell lines. In Ensembl
Database, DUXAP9 and DUXAP10 are poorly
expressed in normal prostate and testes and in
leukemia. These two IncRNAs are not signifi-
cantly expressed in almost all tissues (http://
asia.ensembl.org). In this study, we found that
DUXAP9 and DUXAP10 were upregulated sig-
nificantly in several HCC cancer cell lines,
including SMMC-7721, Hep3B, HuH7, MHCC-
97H, HCC-LM, and SK-Hep-1 cells. This result
implies specific upregulation of DUXAP9 and
DUXAP10 in HCC.

LncRNAs have been found dysregulated in
many diseases, especially neoplastic disease
[24, 25]. Accumulating studies have demon-
strated that IncRNAs can be used as tumor bio-
markers for prognosis [26, 27]. In present
study, novel IncRNAs with specific upregulation
in HCC were identified for the first time, namely,
DUXAP9 and DUXAP10 by IncRNA expression
profiling in HCC. Validation of DUXAP9 and
DUXAP10 overexpression in HCC tissues com-
pared with the adjacent nontumor tissues was
also performed. After adjusting for competing
risk factors, we identified IncRNA DUXAP9 and
DUXAP10 are independent risk factors associ-
ated with the prognosis of patients with HCC by
Cox proportional hazards analysis.

However, there are some limitations of this
study: (1) the sample size is too small, and fur-
ther larger sample size studies are needed to
confirm the present experimental results; (2)
whether overexpression of IncRNA DUXAP9
and DUXAP10 has the optimal specificity and
sensitivity for HCC diagnosis and prognosis
also needs future confirmation.

In conclusion, we found that IncRNA DUXAP9
and DUXAP10 are expressed at a significantly
higher level in HCC tissues compared with non-
tumorous tissues. Overexpression of IncRNA
IncRNA DUXAP9 and DUXAP10 were indepen-
dent risk factors associated with prognosis of
patients with HCC. They also have potential as
therapeutic targets for further research into
molecular mechanisms regulating develop-
ment of HCC.

1413

Acknowledgements

This work was supported by grants from Na-
tural Science Foundation of Hubei Province
(2016CFB442).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Rui Duan, Depar-
tment of General Surgery, Jingmen First People’s
Hospital, 67 Xiangshan Avenue, Jingmen 448000,
Hubei Province, China. E-mail: ehbhly@sina.com

References

[1] Jemal A, Bray F, Center MM, Ferlay J, Ward E
and Forman D. Global cancer statistics. CA
Cancer J Clin 2011; 61: 69-90.

[2] Poon D, Anderson BO, Chen LT, Tanaka K, Lau
WY, Van Cutsem E, Singh H, Chow WC, Ooi LL,
Chow P, Khin MW and Koo WH. Management
of hepatocellular carcinoma in Asia: consen-
sus statement from the Asian Oncology Sum-
mit 2009. Lancet Oncol 2009; 10: 1111-1118.

[3] Hefaiedh R, Sabbeh M, Ennaifer R, Romdhane
H, Ben Nejma H, Belhadj N, Gharbi L and Khal-
fallah MT. Percutaneous treatment versus he-
patic resection for the treatment of small he-
patocellular carcinoma. Tunis Med 2015; 93:
132-137.

[4] Murata S, Mine T, Sugihara F, Yasui D, Yamagu-
chi H, Ueda T, Onozawa S and Kumita S. Inter-
ventional treatment for unresectable hepato-
cellular carcinoma. World J Gastroenterol
2014; 20: 13453-13465.

[5] HaoS, Fan P, Chen S, Tu C and Wan C. Distinct
recurrence risk factors for intrahepatic metas-
tasis and multicenter occurrence after surgery
in patients with hepatocellular carcinoma. J
Gastrointest Surg 2017; 21: 312-320.

[6] Tateishi R, Yoshida H, Matsuyama Y, Mine N,
Kondo Y and Omata M. Diagnostic accuracy of
tumor markers for hepatocellular carcinoma: a
systematic review. Hepatol Int 2008; 2: 17-30.

[71 Nathan H, Schulick RD, Choti MA and Pawlik
TM. Predictors of survival after resection of
early hepatocellular carcinoma. Ann Surg
2009; 249: 799-805.

[8] Han Li Cand Chen Y. Small and long non-cod-
ing RNAs: novel targets in perspective cancer
Therapy. Curr Genomics 2015; 16: 319-326.

[9] Morceau F, Chateauvieux S, Gaigneaux A, Di-
cato M and Diederich M. Long and short non-
coding RNAs as regulators of hematopoietic
differentiation. Int J Mol Sci 2013; 14: 14744-
14770.

[10] Uchida S and Bolli R. Short and long noncod-
ing RNAs regulate the epigenetic status of

Int J Clin Exp Pathol 2018;11(3):1407-1414


mailto:ehbhly@sina.com

(12]

[13]

[16]

1414

LncRNAs DUXAPO and DUXAP10 are associated with HCC

cells. Antioxid Redox Signal 2017;
ahead of print].

Chen M, Zhuang C, Liu Y, Li J, Dai F, Xia M,
Zhan, Lin J, Chen Z, He A, Xu W, Zhao G, Guo
Y, Cai Z and Huang W. Tetracycline-inducible
shRNA targeting antisense long non-coding
RNA HIF1A-AS2 represses the malignant phe-
notypes of bladder cancer. Cancer Lett 2016;
376: 155-164.

Yao Y, Ma J, Xue Y, Wang P, Li Z, Liu J, Chen L,
Xi Z, Teng H, Wang Z, Li Z and Liu Y. Knock-
down of long non-coding RNA XIST exerts tu-
mor-suppressive functions in human glioblas-
toma stem cells by up-regulating miR-152.
Cancer Lett 2015; 359: 75-86.

Wang D, Ding L, Wang L, Zhao Y, Sun Z, Karnes
RJ, Zhang J and Huang H. LncRNA MALAT1 en-
hances oncogenic activities of EZH2 in castra-
tion-resistant prostate cancer. Oncotarget
2015; 6: 41045-41055.

Qi P, Zhou XY and Du X. Circulating long non-
coding RNAs in cancer: current status and fu-
ture perspectives. Mol Cancer 2016; 15: 39.
Li C, Chen J, Zhang K, Feng B, Wang R and
Chen L. Progress and prospects of long non-
coding RNAs (IncRNAs) in hepatocellular carci-
noma. Cell Physiol Biochem 2015; 36: 423-
434.

Wang F, Ying HQ, He BS, Pan YQ, Deng QW,
Sun HL, Chen J, Liu X and Wang SK. Upregu-
lated IncRNA-UCA1 contributes to progression
of hepatocellular carcinoma through inhibition
of miR-216b and activation of FGFR1/ERK sig-
naling pathway. Oncotarget 2015; 6: 7899-
7917.

EL K and P M. Nonparametric estimations
from incomplete observations. J Am Stat As-
soc 1958; 53: 457-481.

DR C. Regression models and life-tables. J
Royal Stat Soc B 1972; 34: 187-220.

Liu Z, Li X, Sun N, Xu Y, Meng Y, Yang C, Wang
Y and Zhang K. Microarray profiling and co-ex-
pression network analysis of circulating In-
cRNAs and mRNAs associated with major de-
pressive disorder. PLoS One 2014; 9: e93388.

[Epub

[20]

[21]

[22]

(23]

(24]

[25]

[26]

[27]

Leidenroth A and Hewitt JE. A family history of
DUX4: phylogenetic analysis of DUXA, B, C and
Duxbl reveals the ancestral DUX gene. BMC
Evol Biol 2010; 10: 364.

Eidahl JO, Giesige CR, Domire JS, Wallace LM,
Fowler AM, Guckes SM, Garwick-Coppens SE,
Labhart P and Harper SQ. Mouse Dux is myo-
toxic and shares partial functional homology
with its human paralog DUX4. Hum Mol Genet
2016; 25: 4577-4589.

Tohonen V, Katayama S, Vesterlund L,
Jouhilahti EM, Sheikhi M, Madissoon E, Filippi-
ni-Cattaneo G, Jaconi M, Johnsson A, Burglin
TR, Linnarsson S, Hovatta O and Kere J. Novel
PRD-like homeodomain transcription factors
and retrotransposon elements in early human
development. Nat Commun 2015; 6: 8207.
Booth HA and Holland PW. Annotation, nomen-
clature and evolution of four novel homeobox
genes expressed in the human germ line.
Gene 2007; 387: 7-14.

Yang L, Lin C, Jin C, Yang JC, Tanasa B, Li W,
Merkurjev D, Ohgi KA, Meng D, Zhang J, Evans
CP and Rosenfeld MG. IncRNA-dependent
mechanisms of androgen-receptor-regulated
gene activation programs. Nature 2013; 500:
598-602.

Zhou X, Ye F, Yin C, Zhuang Y, Yue G and Zhang
G. The interaction between MiR-141 and In-
cRNA-H19 in regulating cell proliferation and
migration in gastric cancer. Cell Physiol Bio-
chem 2015; 36: 1440-1452.

Wangy, Gao S, Liu G, Jia R, Fan D and Feng X.
Microarray expression profile analysis of long
non-coding RNAs in human gastric cardiac ad-
enocarcinoma. Cell Physiol Biochem 2014; 33:
1225-1238.

Tang Q, Ni Z, Cheng Z, Xu J, Yu H and Yin P.
Three circulating long non-coding RNAs act as
biomarkers for predicting NSCLC. Cell Physiol
Biochem 2015; 37: 1002-1009.

Int J Clin Exp Pathol 2018;11(3):1407-1414



