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Abstract
The current investigation explored the synthetic contribution of lncRNA H19, 
miR‐130a‐3p, and miR‐17‐5p to radio‐resistance and chemo‐sensitivity of cardiac 
cancer cells. Totally 284 human cardiac cancer tissues were gathered, and they have 
been pathologically diagnosed. The cardiac cancer cells were isolated with utiliza-
tion of the mechanic method. Moreover, cisplatin, adriamycin, mitomycin, and 5‐
fluorouracil were designated as the chemotherapies, and single‐dose X‐rays were 
managed as the radiotherapy for cardiac cancer cells. We also performed luciferase 
reporter gene assay to verify the targeted relationship between H19 and miR‐130a‐
3p, as well as between H19 and miR‐17‐5p. Finally, mice models were established to 
examine the functions of H19, miR‐130a‐3p, and miR‐17‐5p on the development of 
cardiac cancer. The study results indicated that H19, miR‐130a‐3p, and miR‐17‐5p 
expressions within cardiac cancer tissues were significantly beyond those within ad-
jacent nontumor tissues (P < 0.05), and H19 expression was positively correlated 
with both miR‐130a‐3p (rs = 0.43) and miR‐17‐5p (rs = 0.49) expressions. The half 
maximal inhibitory concentrations (IC50) of cisplatin, adriamycin, mitomycin, and 
5‐fluorouracil for cardiac cancer cells were, respectively, determined as 2.01 μg/mL, 
8.35 μg/mL, 24.44 μg/mL, and 166.42 μg/mL. The overexpressed H19, miR‐130a‐
3p, and miR‐17‐5p appeared to improve the survival rate and viability of cardiac 
cancer cells that were exposed to chemotherapies and X‐rays (all P < 0.05). It was 
also drawn from luciferase reporter gene assay that H19 could directly target 
miR‐130a‐3p and miR‐17‐5p, thereby modifying the sensitivity of cardiac cancer 
cells to drugs and X‐rays (P < 0.05). Finally, the mice models also produced larger 
tumor size and higher tumor weight, when H19, miR‐130a‐3p, or miR‐17‐5p expres-
sions were up‐regulated within them (P < 0.05). In conclusion, H19 could act on 
miR‐130a‐3p or miR‐17‐5p to alter the radio‐ and chemo‐sensitivities of cardiac can-
cer cells, helping to improve the radio‐/chemotherapies for cardiac cancer.
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1  |   INTRODUCTION

Gastric cancer is one of the most commonly diagnosed can-
cers around the world, and its incidence in China accounts for 
about 24% of the world.1 Cardiac cancer, a subtype of gastric 
cancer, occurs 5 cm above and below the junction of esoph-
agus and stomach. Its symptoms are reflected as discomfort 
in upper abdominal, fullness after light meals, indigestion, 
and pain in precordium. Although surgeries, radiotherapies, 
chemotherapies, and immunotherapies have been adopted to 
treat cardiac cancer, the 5‐year survival rate of cardiac can-
cer patients still remained poor at 24%.2 Hence, defining the 
mechanisms inherent in cardiac cancer could assist in per-
fecting treatment efficacy for cardiac cancer patients.

LncRNAs, a class of noncoding RNAs with a length 
>200 bp, were identified as potent candidates in regulating 
tumor etiology,3-6 for that they cast a dominant role in epi-
genetic, transcriptional, and posttranscriptional regulations 
within neoplasms.7 Considering that cardiac cancer was a 
branch of gastric cancer, lncRNAs affecting gastric cancer 
development were deemed as probable contributors to car-
diac cancer. Of note, lncRNA H19 (NR_002196, 2300 bp, 
Ensembl: ENSG00000130600), which encoded a 2.3 kb‐
long imprinted lncRNA of maternal origin, was significantly 
more expressed within primary gastric cancer tissues than 
within normal stomach tissues.8 This lncRNA also geared 
up proliferation, migration, and invasion of gastric cancer 
cells through mediating RUNX1 or Akt/mTOR signaling.9-11 
Apart from gastric cancer, H19 was highly expressed within 
esophageal cancer, bladder cancer, breast cancer, gastric can-
cer, and colon cancer as well.12-16 Nonetheless, knockout of 
H19 within animal models of colorectal cancer generated in-
cremental polyps, implying that the function of H19 might be 
disparate for manifold disorders.17 Furthermore, facilitating 
tumor progression could enable less sensitivity of tumor cells 
to chemo‐ and radiotherapies, for example, underexpressed 
H19 promoted the susceptibility of gastric cancer cells to 
docetaxel.18 Nevertheless, hardly any investigations have 
been performed to make certain the effects of H19 on chemo‐ 
and radio‐ sensitivities of cardiac cancer cells.

Moreover, lncRNAs interplaying with miRNAs have 
also been confirmed to participate in modifying cancer 
progression by activating or inactivating genetic expres-
sions.19 For instance, it was manifested that H19 could 
accelerate onset of gastric cancer, colorectal cancer, and 
glioma by interacting with miR‐675.10,20,21 The Starbase 
2.0 software22 also provided predictions about the targeted 

miRNAs of H19, among which miR‐130a‐3p (NR_029673, 
22 nt, miRbase accession number: MIMAT0000425) and 
miR‐17‐5p (NR_029487, 23 nt, miRbase accession number: 
MIMAT0000070) were outstanding biomarkers for the de-
velopment of gastric cancer.23,24 The miR‐130a‐3p therein 
deteriorated the development of hepatocellular carcinoma 
(HCC), and overexpression of miR‐130a led to incremen-
tal resistance of HCC cells to cisplatin.25,26 In regard to 
miR‐17‐5p, it negatively regulated p21 and TP53INP1 to 
facilitate migration of gastric cancer cells,24 and its expres-
sion was obviously up‐regulated within paclitaxel‐resistant 
lung cancer cells than within paclitaxel‐sensible lung cancer 
cells.27 Despite that miR‐130a‐3p and miR‐17‐5p partici-
pated in modifying cancer development and chemo‐/radio‐ 
sensitivities of tumor cells, what molecules mastered their 
function and what mechanisms they mediated to change 
cardiac cancer cells’ chemo‐ or radio‐resistance remained 
ambiguous.

Hence, it was hypothesized that H19 and miR‐130a‐3p or 
miR‐17‐5p could synthetically contribute to differed radio‐ 
and chemo‐sensitivity of cardiac cancer cells. Thus, this 
investigation was aimed to partly unveil this potential mecha-
nism on the basis of in‐vitro and in‐vivo experiments, which 
could help to guide radio and chemotherapies for cardiac 
cancer.

2  |   MATERIAL AND METHODS

2.1  |  Collection of cardiac cancer tissues
Two hundred and eighty‐four cardiac cancer tissues and 
corresponding adjacent normal tissues were taken from 
the First Affiliated Hospital of Bengbu Medical College. 
The time span stretched from March 2013 to June 2017. 
The patients were all pathologically diagnosed as car-
diac cancer, and they did not perform chemotherapy or 
radiotherapy preoperatively. All the patients have signed 
informed consents, and this study was approved by the 
First Affiliated Hospital of Bengbu Medical College and 
the Ethics Committee of the First Affiliated Hospital of 
Bengbu Medical College.

2.2  |  Separation and culture of cardiac 
cancer cells
Under aseptic conditions, human cardia cancer tissues were re-
moved from one patient, and single‐cell suspension of tumor cells 
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was obtained utilizing mechanical method. We also purchased 
normal gastric mucosal cell line (ie, GES‐1) from American 
Type Culture Collection (ATCC). The cells were cultured within 
DMEM (HyClone, South Logan, UT, USA) that were added 
with 10% FBS (Life Technologies, Gaithersburg, MD, USA), 
0.1 mmol/mL sodium pyruvate (Gibco, Grand Island, NY, 
USA), 50 U/mL penicillin, and 50 μg/mL streptomycin, and they 
were ensured in 5% CO2 and 90% humidity at 37°C.

2.3  |  Chemo‐therapeutics
Single‐cell suspension was added to the 96‐well plates at 
the density of 5 × 103, and they were supplemented with 
cisplatin, adriamycin, mitomycin, and 5‐fluorouracil. The 
control group was managed to be without the addition of 
drugs. After being placed in CO2 incubator at 37°C for 
48 hours, 20 μL MTT (5 mg/mL, Sigma, St. Louis, MO, 
USA) was supplemented into each well. The wells were 
cultured for 2 hours before microplate reader (Bio‐Rad, 
Hercules, CA, USA) was adopted to detect the absorbance 
values (A) at the wavelength of 570 nm.

2.4  |  Radio‐therapeutics
The cell lines at the density of 3 × 105/well were divided 
into the unirradiated control, 2, 4, 6, and 8 Gy groups. They 
received one‐fractional irradiation from linear accelerator 
(Siemens, Princeton, NJ, USA), and 6 MeVX ray was emit-
ted 100 cm distant from source skin at the absorbed‐dose 
rate of 2 Gy/min. After postirradiation culture for 24 hours, 
0.25% trypsin was prepared to digest the cells, and the cell 
suspension was again cultivated in 5% CO2 and saturated hu-
midity at 37°C for 12 days. The culture would be terminated 
if visible colonies were found, and the supernatants were 
discarded before twice of rinse with PBS. Subsequently, 
crystal violet staining solution (Sangon Biotech, Shanghai, 
China) was applied for 15‐minutes fixation, and then the 
fixation fluid was gently washed off prior to air‐drying. The 
plates were reversely placed, and one transparent adhesive 
film was superimposed. The colonies with at least 50 cells 
were counted under the microscope, and the survival frac-
tion (SF) of cells was calculated.

2.5  |  Cell transfection
The pcDNA3‐H19 and pcDNA3 were provided by Invitrogen 
(Carlsbad, CA, USA), and si‐H19 and si‐NC were synthe-
sized by Ribobio (Guangzhou, China) based on siDirect 
software (https://maidesigner.invitrogen.com/rnaexpress; 
Table S1). Moreover, the miR‐130a‐3p mimic, miR‐130a‐
3p inhibitor, miR‐17‐5p mimic, miR‐17‐5p inhibitor, and 
miR‐NC were purchased from Genepharma (Shanghai 
China). The transfections of plasmid and oligonucleotide 

were performed utilizing Lipofectamine 2000 reagent (Life 
Technologies). After transfection for 48‐72 hours, the cells 
were harvested for further experiments.28

2.6  |  Cell apoptosis assay
Cells were double‐stained in line with the guidelines of 
Annexin V‐FITC Apoptosis Assay Kit (Vazyme, Nanjing, 
China). The apoptotic conditions of the cells were ana-
lyzed with assistance of FACS Calibur flow cytometer (BD 
Biosciences, San Jose, CA, USA), resulting in a bivariate 
scattergram that presented viable cells labeled by FITC‐/PI‐ 
in the lower‐left quadrant and FITC‐/PI+ in the upper‐left 
quadrant, necrotic cells labeled by FITC+/PI+ in the upper‐
right quadrant, as well as early‐apoptotic cells labeled by 
FITC+/PI‐ in the lower‐right quadrant.

2.7  |  Colony formation assay
The trypsinized cells were added into 6‐well plates at the 
density of 3000/well. After 9‐day regular culture in 5% CO2 
at 37°C, cells were fixed with methanol for 20 minutes, and 
crystal violet (Sigma) was applied for staining. The colonies 
that included >50 cells were counted under the microscope.

2.8  |  Quantitative reverse transcription‐
polymerase chain reaction (qRT‐PCR)
TRIzol reagent (Invitrogen) was employed to extract total RNA 
from cardiac cancer tissues or cells, which were then reversely 
transcribed (Invitrogen). Based on primers (Table 1) designed 
with ABI Primer Express software and synthesized by Shanghai 
Sangon (China), PCR was performed with SYBR‐green PCR 

T A B L E  1   List of primers utilized for quantitative real‐time 
polymerase chain reaction (qRT‐PCR)

Gene Primer sequence

Lnc RNA H19 5ʹ‐ATCGGTGCCTCAGCGTTCGG‐3ʹ 
(forward)

5ʹ‐CTGTCCTCGCCGTCACACCG‐3ʹ (reverse)

GAPDH 5ʹ‐ACCTGACCTGCCGTCTAGAA‐3ʹ 
(forward)

5ʹ‐TCCACCACCCTGTTGCTGTA‐3ʹ (reverse)

miR‐130a‐3p 5ʹ‐TTGCGATTCTGTTTTGTGCT‐3ʹ (forward)

5ʹ‐GTGGGGTCCTCAGTGGG‐3ʹ (reverse)

miR‐17‐5p 5ʹ‐CCAGGATCCTTTATAGTTGTTAGAGTT
TG‐3ʹ (forward)

5ʹ‐CGGAATTCTAATCTACTTCACTATCTG
CAC‐3ʹ (reverse)

U6 5ʹ‐GCTTCGGCAGCACATA‐3ʹ (forward)

5ʹ‐ATGGAACGCTTCACGA‐3ʹ (reverse)

https://maidesigner.invitrogen.com/rnaexpress
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Master Mix within Fast Real‐time PCR 7500 system (Applied 
Biosystems, Foster City, CA, USA). The PCR conditions of 
H19 were specified as: (a) predenaturation at 95°C for 30 sec-
onds, (b) 38 cycles of denaturation at 95°C for 5 seconds and 
annealing at 60°C for 30 seconds, and (c) extension at 40°C 
for 5 minutes. As for miR‐130a‐3p and miR‐17‐5p, their PCR, 
conditions were particularized as: (a) predenaturation at 95°C 
for 30 seconds, (b) 40 cycles of denaturation at 95°C for 4 sec-
onds and annealing at 56°C for 20 seconds, and (c) extension 
for 5 minutes. GAPDH was adopted as the internal reference 
for H19, and U6 snRNA was set as the internal reference for 
miR‐130a‐3p and miR‐17‐5p. The relative expressions of tar-
get genes were calculated following the 2−∆∆Ct method.

2.9  |  Western blotting
RIPA lysis buffer (Sigma, USA) supplemented with pro-
teinase inhibitor (Roche Applied Science, Indianapolis, 
IN, USA) was managed to extract total protein, whose 
concentration was determined via BCA kit (Thermo Fisher 
Scientific, Waltham, MA, USA). Exactly 30 μg protein 

extracts were electrophoresed within 6%‐10% polyacryla-
mide gel and were then transferred onto the PVDF mem-
brane. Subsequently, the membranes were blocked at 
room temperature for 1 hour, and we added rabbit anti‐
human monoclonal antibodies for E‐cadherin, vimentin, 
and N‐cadherin (1:1000, Proteintech, Manchester, UK), 
along with rabbit anti‐human GAPDH monoclonal anti-
body (1:1000, CST, Danvers, MA, USA). After that, cor-
responding mouse anti‐rabbit secondary antibodies for 
E‐cadherin, vimentin, and N‐cadherin (1:10 000, CST) 
were supplemented for 1‐hour culture at room tempera-
ture. Finally, ECL detection reagent (Millipore, Billerica, 
MA, USA) was applied for development, and images were 
analyzed with Gene Genius gel imaging system (Syngene, 
Cambridge, UK).

2.10  |  Dual luciferase reporter gene assay
The chemically synthesized H19 fragments that in-
cluded predicted miR‐130a‐3p‐binding sites were cloned 
into the Xhol and Notl sites of pGL3 vector (Promega, 

F I G U R E  1   Expressions of lncRNA H19, miR‐130a‐3p, and miR‐17‐5p within cardiac cancer tissues. A, H19, miR‐130a‐3p, and miR‐17‐5p 
expressions were compared between cardiac cancer tissues and adjacent normal tissues. * Student's t test: P < 0.05 when compared with adjacent 
normal tissues. B, H19 expression was positively correlated with miR‐130a‐3p expression among the included cardiac cancer tissues. * Spearman 
correlation test: rs = 0.43, P < 0.001. C, H19 expression was positively correlated with miR‐17‐5p expression within cardiac cancer tissues. 
*Spearman correlation test: rs = 0.49, P < 0.001. D, Highly expressed H19 was associated with lower overall survival rate of cardiac cancer 
patients, when compared with lowly expressed H19. *Log‐rank test: P = 0.001. E, Overexpression of miR‐130a‐3p was correlated with poorer 
prognosis of cardiac cancer patients, when compared with underexpressed miR‐130a‐3p. *Log‐rank test: P < 0.001. F, MiR‐17‐5p was more 
expressed within cardiac cancer patients with poorer prognosis than ones within more favorable prognosis. *Log‐rank test: P < 0.001
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Madison, WI, USA), through which H19‐Wt was obtained. 
Correspondingly, H19‐Mut1 for miR‐130a‐3p was con-
structed similarly, except that the hsa‐miR‐130a‐3p‐binding 
sites were mutated. Abiding by the same logic, H19‐Mut2 
for miR‐17‐5p was accomplished. The transfection pro-
cedures were followed exactly as the reference manuals. 
Firstly, 50 μL Opti‐MEM was poured to dilute 0.8 μg re-
porter vectors, 0.02 μg pRL‐SV40 plasmid control vector, 
and 20 pmol RNA segment. The cells were randomly di-
vided into H19‐Wt+miR‐130a‐3p mimic, H19‐Wt+miR‐
NC, H19‐Mut1+miR‐130a‐3p mimic, H19‐Mut1+miR‐NC, 
H19‐ Mut2+miR‐17‐5p mimic, and H19‐Mut2+miR‐NC 
groups. After standing at room temperature for 5 minutes, 
2 μL Lipofectamine™ 2000 (Invitrogen) that was diluted by 
50 μL Opti‐MEM was, respectively, mixed with plasmids 
and RNA segments. After gently blending them and mak-
ing them stand for 20 minutes, the groups were added into 
24‐well plates and were cultured at 37°C for 6 hours. The 
DMEM was replaced, and cells were cultured for another 
48 hours. After evenly mixing 20 μL cell lysis buffer with 

100 μL luciferase assay reagent II (LARII), we used fluores-
cence spectrometer (Promega) to monitor firefly luciferase 
activity, and then added 100 μL hemo‐fluorescein reagent to 
detect the activity of renilla luciferase. The ratio of firefly 
luciferase activity and renilla luciferase was calculated as the 
relative activity values for the following statistical analyses.

2.11  |  Establishment of cardiac cancer mice 
models and detection of tumor size
The BALB/C nude mice (n = 100) at the age of 4‐6 weeks 
old were collected from the experimental animal center of 
the First Affiliated Hospital of Bengbu Medical College. 
The mice were averagely divided into NC (n = 10), miR‐
NC (n = 10, pcDNA (n = 10), pcDNA‐H19 (n = 10), si‐
H19 (n = 10), miR‐130a‐3p mimic (n = 10), miR‐130a‐3p 
inhibitor (n = 10), miR‐17‐5p mimic (n = 10), miR‐17‐5p 
inhibitor (n = 10), and miR‐130a‐3p mimic+miR‐17‐5p 
mimic (n = 10) groups. We subcutaneously injected 200 μL 
cardiac cancer cell solution (5 × 106/100 μL) into the oxter 

T A B L E  2   Linkage of H19, miR‐130a‐3p, and miR‐17‐5p expressions with clinical characteristics of cardiac cancer patients

Clinical characteristics 
(N = 284)

H19 expression miR‐130a‐3p expression miR‐17‐5p expression

Low High P valuea Low High P valuea Low High P valuea

Age

>50 51 96 58 89 51 96

≤50 42 95 0.469 59 78 0.537 53 84 0.485

Gender

Male 55 121 78 98 69 107

Female 38 70 0.493 39 69 0.173 35 73 0.248

Tumor size (cm)

>5 33 99 45 87 40 92

≤5 60 92 0.010 72 80 0.023 64 88 0.040

Differentiation degree

Moderately differentiated 34 80 41 73 34 80

+Well differentiated

No differentiated+ 59 111 0.390 76 94 0.142 70 100 0.052

Poorly differentiated

Depth of infiltration

Invasion of serous layer 75 121 74 122 63 133

Not invasion of serous layer 18 70 0.003 43 45 0.079 41 47 0.019

Lymph node metastasis

Yes 12 92 34 70 30 74

No 81 99 <0.001 83 97 0.027 74 106 0.039

TNM stage

III + IV 24 75 31 68 45 54

I + II 69 116 0.026 86 99 0.013 59 126 0.024
aChi‐square test. 
The P value in bold means a significant results which is less than 0.05.



      |  1609JIA et al.

or back of each rat. After 5‐6 weeks, obvious projections 
were found, and the mice were sacrificed after being intra-
peritoneally injected with pentobarbital sodium (100 mg/
kg). Then, the removed tumors were weighed, and their 
volumes were calculated as per the formula: (D × d2 × π)/6 
(D: the longer diameter; d, the shorter diameter). The pro-
cedures mentioned above were performed in accordance 
with guidelines within the Institutional Animal Care and 
Use Committee of Bengbu Medical College.

2.12  |  Statistical analyses
The statistical SPSS 17.0 (SPSS, Chicago, IL, USA) 
and GraphPad Prism 5.0 (GraphPad Software, La Jolla, 
CA, USA) were responsible for all the statistical analy-
ses. The quantitative data [mean ± standard deviation 
(SD)] were compared with Student’s t test, and the cat-
egorical data were compared utilizing chi‐square test. 
Comparisons among ≥3 groups were implemented with 
usage of analysis of variance (ANOVA). Spearman linear 

correlation analysis was adopted to determine the rele-
vant association of H19 expression with miR‐130a‐3p or 
miR‐17‐5p expression. Log‐rank test was implemented to 
analyze the tendency of cardiac cancer patients’ overall 
survival (OS), and Cox‐regression models were estab-
lished to conduct univariate and multivariate analyses. 
It was believed as statistically meaningful when P value 
was less than 0.05.

3  |   RESULTS

3.1  |  H19, miR‐130a‐3p, and miR‐17‐5p 
expressions were compared between cardiac 
cancer tissues and para‐carcinoma tissues
According to Figure 1A, H19, miR‐130a‐3p, and miR‐17‐5p 
expressions were significantly up‐regulated within cancer-
ous tissues, when compared with matched noncancerous 
tissues (P < 0.05). Besides, the included 284 cardiac cancer 
tissues were, respectively, divided into highly expressed H19 

T A B L E  3   Impacts of H19, miR‐130a‐3p, and miR‐17‐5p expressions, as well as clinical characteristics on the survival rates of cardiac cancer 
patients

Clinical characteristics

Univariate analysis Multivariate analysis

Hazard ratio 95% CI P valuea Hazard ratio 95% CI P valuea

LncRNA H19 expression

High vs Low expression 2.44 1.47‐4.17 0.001 1.96 1.01‐3.85 0.048

miR‐130a‐3p expression

High vs Low expression 3.03 1.82‐5.00 <0.001 2.44 1.35‐4.35 0.003

miR‐17‐5p expression

High vs Low expression 2.56 1.56‐4.35 <0.001 2.94 1.54‐5.56 0.001

Age

>50 vs ≤50 0.78 0.48‐1.29 0.336 0.65 0.36‐1.17 0.15

Gender

Male vs Female 1.21 0.73‐2.01 0.457 1.41 0.77‐2.60 0.266

Tumor size (cm)

>5 vs ≤5 3.15 1.85‐5.35 <0.001 2.21 1.19‐4.11 0.012

Differentiation degree

Moderately differentiated + Well 
differentiated vs No differenti-
ated + Poorly differentiated

1.01 0.61‐1.67 0.973 0.97 0.52‐1.79 0.916

Depth of infiltration

Invasion of serous layer vs not 
invasion of serous layer

2.65 1.57‐4.47 <0.001 2.67 1.38‐5.16 0.004

Lymph node metastasis

Yes vs No 3.91 2.15‐7.11 <0.001 2.26 1.12‐4.58 0.024

TNM stage

III + IV vs I + II 2.94 1.64‐5.24 <0.001 3.22 1.61‐6.45 0.001
aCox‐regression analysis. 
The P value in bold means a significant results which is less than 0.05.
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group (>median expression, n = 191) and lowly expressed 
H19 group (≤median expression, n = 93), highly expressed 
miR‐130a‐3p group (>median expression, n = 167) and 
lowly expressed miR‐130a‐3p group (≤median expression, 
n = 117), as well as highly expressed miR‐17‐5p group 
(>median expression, n = 180) and lowly expressed miR‐
17‐5p group (≤median expression, n = 104; Table 2). The 
univariate analyses displayed that higher H19, miR‐130a‐3p, 
and miR‐17‐5p expressions were more frequently observed 
within subjects that were featured by bigger tumor size 
(>5 cm), invasive serous layer, metastatic lymph nodes, and 
III+IV stages of TNM (P < 0.05; Table 2). In terms of multi-
variate analyses, higher H19 (HR = 1.96, 95% CI: 1.01‐3.85, 
P = 0.048), miR‐130a‐3p (HR = 2.44, 95% CI: 1.35‐4.35, 
P = 0.003) or miR‐17‐5p expression (HR = 2.94, 95% CI: 
1.54‐5.56, P = 0.001), larger tumor size (HR = 2.21, 95%CI: 

1.19‐4.11, P = 0.012), invasive serous layer (HR = 2.67, 
95%CI: 1.38‐5.16, P = 0.004), metastatic lymph node 
(HR = 2.26, 95%CI: 1.12‐4.58, P = 0.024) and TNM III+IV 
stage (HR = 3.22, 95%CI: 1.61‐6.45, P = 0.001) could pre-
dict the poor prognosis of cardiac cancer patients (Table 3, 
Figure 1D‐F). The Pearson correlation analysis also reflected 
that H19 expressions were positively correlated with either 
miR‐130a expression or miR‐17 expression (Figure 1B‐C).

3.2  |  The responses of cardiac cancer 
cells with altered H19, miR‐130a‐3p, and 
miR‐17‐5p expressions to chemotherapy and 
radiotherapy
It was pointed out that the IC50 values of cardiac cancer cells 
were, respectively, 2.01, 8.35, 24.44, and 166.42 μg/mL 

F I G U R E  2   The sensitivities of 
cardiac cancer cells were compared 
regarding their responses to drugs [ie, 
cisplatin (A), adriamycin (B), mitomycin 
(C), and 5‐fluorouracil (D)] and 
radiotherapies (ie, 0, 2, 4, 6, and 8 Gy) (E). 
*Student's t test: P < 0.05
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under the treatments of cisplatin, adriamycin, mitomycin, 
and 5‐fluorouracil (Figure 2A‐D). After being subjected to 
radiotherapy, the cells assumed decreased survival rate with 
the increasing of absorbed radiation (P < 0.05; Figure 2E).

More than that, H19‐siRNA4 (Figure S1A) with the larg-
est interfering efficiency was designated as si‐H19 for this ar-
ticle. Also, miR‐130a‐3p and miR‐17‐5p expressions within 
cardiac cancer cells were also detected after transfections 
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of miR‐130a‐3p mimic/inhibitor or miR‐17‐5p mimic/in-
hibitor (Figure S1B,C). The cardiac cancer cells were ex-
amined with markedly up‐regulated H19, miR‐130a‐3p, 
and miR‐17‐5p expressions (P < 0.05; Figure 3A). After 
treatments with chemotherapies (ie, cisplatin, adriamycin, 
mitomycin, and 5‐fluorouracil) and radiotherapies (ie, 6 Gy 
and 8 Gy), the cardiac cancer cells transfected with each of 
pcDNA‐H19, miR‐130a‐3p mimic, and miR‐17‐5p mimic 
were observed with higher survival rates than the untreated 
cells (all P < 0.05; Figure 3B‐D). Conversely, cells with in-
hibited H19, miR‐130a‐3p, or miR‐17‐5p expressions exhib-
ited lower survival rate than the untreated cells (all P < 0.05). 
Interestingly, H19 seemed to affect the survival rate of car-
diac cancer cells more pronouncedly than miR‐130a‐3p or 
miR‐17‐5p (all P < 0.05).

3.3  |  Impact of H19, miR‐130a‐3p, and 
miR‐17‐5p on proliferation, viability, and 
apoptosis of cardiac cancer cells
When compared with the NC group, the cardiac cancer cells 
transfected with pcDNA‐H19, miR‐130a‐3p mimic, and 
miR‐17‐5p mimic groups all displayed remarkably elevated 
viability and proliferative capacity, along with dropped 

percentages of apoptotic cells (Figure 4). However, trans-
fection with si‐H19, miR‐130a‐3p inhibitor or miR‐17‐5p 
inhibitor all contributed to attenuated viability and prolifer-
ation, as well as facilitated apoptosis of cardiac cancer cells 
(Figure 4). Furthermore, transfection with pcDNA‐H19, 
miR‐130a‐3p mimic and miR‐17‐5p mimic also noticeably 
reduced E‐cadherin expression, yet fantastically picked up 
N‐cadherin and vimentin expressions within cardiac cancer 
cells (all P < 0.05; Figure 5). When si‐H19, miR‐130a‐3p 
inhibitor, or miR‐17‐5p inhibitor were put into use, com-
pletely opposite results were obtained for the cardiac cancer 
cells (all P < 0.05; Figure 5). The above results suggested 
that H19, miR‐130a‐3p, and miR‐17‐5p all pushed forward 
proliferation of cardia cancer cells and held back their 
apoptosis.

3.4  |  The targeted relationship between 
H19 and miR‐130a‐3p/miR‐17‐5p
Dual luciferase reporter gene assays pointed out that the 
miR‐130a‐3p+H19 Wt group produced lower luciferase ac-
tivity than miR‐130a‐3p+H19 MutT1 and miR‐130a‐3p+NC 
groups (P < 0.05), and the latter two shared similar lucif-
erase activities (P > 0.05; Figure 6A). By the same logic, 

F I G U R E  4   The viability (A), proliferation (B), and apoptosis (C) of cardiac cancer cells were examined among pcDNA H19, si‐H19, 
miR‐130a‐3p mimic, miR‐130a‐3p inhibitor, miR‐17‐5p mimic, and miR‐17‐5p inhibitor groups. *ANOVA test: P < 0.05 when compared with NC. 
NC, negative control
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miR‐17‐5p+H19 Wt group displayed reduced luciferase 
activities in comparison with miR‐17‐5p+H19 Mut1 and 
miR‐17‐5p+NC groups (P < 0.05; Figure 6B). In addition, 
qRT‐PCR results mirrored that highly expressed H19 within 
cardiac cancer cells could remarkably raise the expressions 
of miR‐130a‐3p and miR‐17‐5p (P < 0.05; Figure 6C‐D). 
The above results indicated that miR‐130a‐3p and miR‐17‐5p 
expressions were modified after being targeted by H19.

3.5  |  Effects of H19, miR‐130a‐3p, and 
miR‐17‐5p on tumor formation within 
mice models
In line with Figure 7, the tumor size and weight of pcDNA‐H19, 
miR‐130a‐3p mimic and miR‐17‐5p mimic groups were signifi-
cantly above those of control group (P < 0.05), whereas depres-
sion of H19, miR‐130a‐3p, and miR‐17‐5p expressions rendered 
the tumor size and weight of mice models to be hypo‐control 
(P < 0.05). Moreover, though miR‐130a‐3p+miR‐17‐5p group 
generated bigger tumor size and weight than either miR‐130a‐
3p or miR‐17‐5p group (P < 0.05), its tumor size and weight 
were still smaller than the pcDNA‐H19 group (P < 0.05). In 
addition, the up‐regulated H19 expression could be detected 

within mice of pcDNA‐H19 group (P < 0.05), and the pcDNA‐
H19‐treated mice exhibited dramatically boosted expressions of 
miR‐130a‐3p and miR‐17‐5p (P < 0.05).

4  |   DISCUSSION

Since cardiac cancer was easily confused with peptic ulcer, 
and symptomatic treatment could generally relieve its clini-
cal manifestations, crowds of cardiac cancer patients refused 
to receive further examinations. In addition, the complex 
anatomy of cardiac area enabled the cavity shape to be ir-
regular, making it tough to detect small concavities of abdo-
men.29,30 Thus, confirmed diagnoses of cardiac cancer were 
prone to be delayed, and pointed treatment for cardiac cancer 
became intractable. Furthermore, although chemo‐/radiother-
apies have been developed for improving survival of cardiac 
cancer patients, the patients gradually displayed an enhan-
cive resistance to the therapies, which were assumed as fa-
cilitated metastasis and relapse of neoplasms. Hence, further 
elucidating the molecular mechanisms related with cardiac 
cancer cells’ chemo‐ and radio‐sensitivity appeared crucial 
for adequate treatment of cardiac cancer.

F I G U R E  5   The expression levels of endothelial‐mesenchymal transition (EMT)‐specific proteins (ie, E‐cadherin, N‐cadherin, and Vimentin) 
were determined among pcDNA H19, si‐H19, miR‐130a‐3p mimic, miR‐130a‐3p inhibitor, miR‐17‐5p mimic and miR‐17‐5p inhibitor groups 
within cardiac cancer cells. *ANOVA test: P < 0.05 when compared with NC. NC: negative control
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Instead of being the transcriptional noise, it was demon-
strated that lncRNAs could interact with nucleic acids or 
proteins, so as to regulate genetic expressions that were in-
volved with drug resistance of tumor cells.31 As a matter 
of fact, a portion of chemo‐therapeutic agents, including 
cisplatin, adriamycin, mitomycin, and 5‐fluorouracil,32-34 
were designed to inhibit tumor growth by inducing apop-
tosis of tumor cells, so deregulation of cell apoptosis could 
initiate drug resistance.35 The inhibition of cell apoptosis, 
activation of cell survival, and regulation of cell cycle were 
also identified as mechanisms underlying raised radio‐re-
sistance of malignancies.36-44

Intriguingly, the H19 investigated here was suggested as 
an obstacle to efficaciously treating gastric cancer due to 
its responsibility for drug tolerance.45 Its expression within 
adriamycin‐resistant gastric cancer cell line (ie, R‐HepG2) 
was nearly seven times more than that within HepG2 cell 
line that was relatively sensitive to adriamycin.46 Moreover, 
previous documentations also revealed a positive relation-
ship between H19 expression and progression of breast can-
cer,47 liver cancer,48 lung cancer,49 cervical cancer,50 and 
gastric cancer.51 The contributions of H19 to promoting 
neoplastic progression and chemo‐/radio‐resistance seemed 
to be well applicable to the cardiac cancer explored within 

F I G U R E  6   The correlations between 
H19 and miR‐130a‐3p or miR‐17‐5p within 
cardiac cancer cells. A, The targeted sites 
of H19 and miR‐130a‐3p were labeled, and 
the luciferase activities of cardiac cancer 
cells were evaluated after transfection 
of miR‐130a‐3p mimic and H19 Wt or 
H19 Mut.*ANOVA test: P < 0.05 when 
compared with miR‐NC+H19 Wt group. 
B, H19 bound to miR‐17‐5p in certain 
sites, and the luciferase activities of 
cardiac cancer cells were evaluated after 
transfection of miR‐17‐5p mimic and H19 
Wt or H19 Mut.*Student's t test: P < 0.05 
when compared with miR‐NC+H19 Wt 
group. C, The H19 expression was evaluated 
after transfection of miR‐130a‐3p mimic, 
miR‐130a‐3p inhibitor, miR‐17‐5p mimic 
or miR‐17‐5p inhibitor. *ANOVA test: 
P < 0.05 when compared with NC. D, The 
miR‐130a‐3p and miR‐17‐5p expressions 
were assessed after transfection of pcDNA‐
H19 or si‐H19. *ANOVA test: P < 0.05 
when compared with NC. NC, negative 
control
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this study (Figure 2). Besides, since up‐regulated H19 ex-
pression rendered cardiac cancer patients with enlarged risk 
of unfavorable overall survival (Figure 1), it was insinuated 
that H19 could interfere with the recovery of cardiac can-
cer patients by depressing apoptosis and expediting growth 
of cancer cells (Figures 3 and 4). Furthermore, H19 was 
hypothesized to additionally regulate expressions of EMT‐
specific biomarkers (Figure 5), which also lowered sensitiv-
ity of cardiac cancer cells to chemotherapies.52 The EMT 
process robbed cells of their polarity and intercellular ad-
hesion, which made for the occurrence of drug resistance.53 

Besides, it was increasingly held that EMT was closely 
linked with the biological phenotype of tumor stem cells, 
which were verified as cell populations that were strongly 
resistant to drugs.54

Within this investigation, we attempted to symbolize EMT 
process with certain biomarkers, namely, E‐cadherin, N‐cad-
herin, and vimentin (Figure 5). The E‐cadherin investigated 
here was a Ca2+‐dependent transmembrane glycoprotein, 
and it could lead to weakened adhesion among tumor cells.55 
Another membrane protein, N‐cadherin, was reported to 
lessen the inhibitory effects of E‐cadherin on tumor metastasis 

F I G U R E  7   Effects of H19, miR‐130a‐3p, and miR‐17‐5p on tumor formation within mice models of cardiac cancer. A, The tumor forms 
were shown among mice models of pcDNA H19 (n = 10), si‐H19 (n = 10), miR‐130a‐3p mimic (n = 10), miR‐130a‐3p inhibitor (n = 10), 
miR‐17‐5p mimic (n = 10), and miR‐17‐5p inhibitor (n = 10) groups; B, The tumor size of mice models were compared among pcDNA H19, 
si‐H19, miR‐130a‐3p mimic, miR‐130a‐3p inhibitor, miR‐17‐5p mimic, and miR‐17‐5p inhibitor groups. *ANOVA test: P < 0.05 when compared 
with NC; C, The tumor weight of mice models were compared among pcDNA H19, si‐H19, miR‐130a‐3p mimic, miR‐130a‐3p inhibitor, 
miR‐17‐5p mimic, and miR‐17‐5p inhibitor groups. *ANOVA test: P < 0.05 when compared with NC; D, Expressions of H19, miR‐130a‐3p, and 
miR‐17‐5p were determined within tissues of mice models in the pcDNA H19, si‐H19, miR‐130a‐3p mimic, miR‐130a‐3p inhibitor, miR‐17‐5p 
mimic, and miR‐17‐5p inhibitor groups. *ANOVA test: P < 0.05 when compared with NC. NC, negative control
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through combining with p120‐ctn to boost internalized degra-
dation of E‐cadherin.56,57 Besides, the vimentin therein was a 
cytoskeleton protein, and it probably contributed to promoted 
tumor migration and invasion by modifying the form of E‐cad-
herin and β‐catenin.58-60 Nonetheless, relevant migratory and 
invasive experiments that visually displayed the EMT process 
of cells were still demanded to confirm this hypothesis.

As for how H19 achieved the effects as mentioned above, 
a theory of competing endogenous RNAs (ceRNAs) proposed 
that lncRNA, pseudo‐RNA, or circRNA could competitively 
combine with miRNAs to modify onset of neoplastic malig-
nancies.35,61-63 The miRNAs have been considered as the major 
determinant of neoplastic progression and chemo‐/radio‐re-
sistance of tumors.64-67 As presented in Figure 6, the lucifer-
ase reporter gene assay conducted revealed that H19 could 
sponge miR‐130a‐3p and miR‐17‐5p, and alter their expres-
sions. Among them, the miR‐17‐5p belonged to polycistronic 
miR‐17‐92 gene cluster,68 and it was highly expressed within 
gastric cancer,69,70 lung cancer,71 blood cancer, and solid tu-
mors.72 For another, miR‐130a expression was up‐regulated 
within basal cell carcinoma, esophageal cancer, T‐cell leuke-
mia, and gastric cancer tissues than within normal tissues.73-77 
The current investigation of cardiac cancer also validated that 
miR‐17‐5p and miR‐130a‐3p were both overexpressed within 
neoplasms, which rendered greater odds of poor prognosis 
among the cardiac cancer patients (Figure 1). More than that, 
the couple of miRNAs could participate in modulating cell 
apoptosis, cell viability, and expression of EMT‐specific pro-
teins (Figures 4 and 5), which made their positive impacts on 
chemo‐resistance and radio‐resistance of cardiac cancer cells 
possible (Figures 2 and 3). It has also been documented that 
transfection of miR‐17‐5p inhibitor could markedly improve the 
chemo‐sensitivity of pancreatic cells (ie, Panc‐1 and BxPC3) 
to gemcitabine via reduction of cells’ spontaneous apoptosis.78 
And down‐regulation of miR‐130a‐3p potentially induced re-
sistance of hepatoma cells to gemcitabine, ovarian cancer cells 
to paclitaxel or cisplatin, non‐small‐cell lung cancer cells to ge-
fitinib and prostate cancer cells to paclitaxel.26,79-81

Above all, H19 targeting miR‐130a‐3p and miR‐17‐5p 
could encourage radio‐ and chemo‐resistance of cardiac 
cancer cells, which might be conducive to improving the 
treatment efficacy for cardiac cancer. Nonetheless, several 
limitations still existed, and further explorations were recom-
mended. Firstly, it demanded to be figured out that whether 
there presented a loop among H19, miR‐130a‐3p, miR‐17‐5p, 
and other molecules. Secondly, the included samples were 
limited in its size and constitution, and a larger scale of car-
diac cancer population needed to be gathered. Thirdly, the 
cardiac cancer patients we included were not arranged for 
stratified analyses. Finally, ATP‐binding cassette (ABC) was 
a vital drug transporter that affected multidrug resistance 
(MDR),82 so the interactions of H19, miR‐130a‐3p, and 
miR‐17‐5p with ABC awaited further proof.

CONFLICT OF INTEREST

None declared.

ORCID

Jianguang Jia   http://orcid.org/0000-0001-9260-9953 

REFERENCES

	 1.	 Lin Y, Ueda J, Kikuchi S, et al. Comparative epidemiology of 
gastric cancer between Japan and China. World J Gastroenterol. 
2011;17:4421‐4428.

	 2.	 de Manzoni G, Pedrazzani C, Verlato G, et al. Comparison of old 
and new TNM systems for nodal staging in adenocarcinoma of 
the gastro‐oesophageal junction. Br J Surg. 2004;91:296‐303.

	 3.	 Sun CC, Li SJ, Li G, Hua RX, Zhou XH, Li DJ. Long intergenic 
noncoding RNA 00511 acts as an oncogene in non‐small‐cell 
lung cancer by binding to EZH2 and suppressing p57. Mol Ther 
Nucleic Acids. 2016;5:e385.

	 4.	 Sun C, Li S, Zhang F, et al. Long non‐coding RNA NEAT1 pro-
motes non‐small cell lung cancer progression through regulation 
of miR‐377‐3p‐E2F3 pathway. Oncotarget. 2016;7:51784‐51814.

	 5.	 Sun CC, Zhang L, Li G, et al. The lncRNA PDIA3P interacts 
with miR‐185‐5p to modulate oral squamous cell carcinoma 
progression by targeting cyclin D2. Mol Ther Nucleic Acids. 
2017;9:100‐110.

	 6.	 Zhang ZW, Chen JJ, Xia SH, et al. Long intergenic non‐protein 
coding RNA 319 aggravates lung adenocarcinoma carcinogenesis 
by modulating miR‐450b‐5p/EZH2. Gene. 2018;650:60‐67.

	 7.	 Zhang J, Zhang A, Wang Y, et al. New insights into the roles of 
ncRNA in the STAT3 pathway. Future Oncol. 2012;8:723‐730.

	 8.	 Song H, Sun W, Ye G, et al. Long non‐coding RNA expression 
profile in human gastric cancer and its clinical significances. J 
Transl Med. 2013;11:225.

	 9.	 Li H, Yu B, Li J, et al. Overexpression of lncRNA H19 enhances 
carcinogenesis and metastasis of gastric cancer. Oncotarget. 
2014;5:2318‐2329.

	 10.	 Zhuang M, Gao W, Xu J, Wang P, Shu Y. The long non‐coding 
RNA H19‐derived miR‐675 modulates human gastric cancer cell 
proliferation by targeting tumor suppressor RUNX1. Biochem 
Biophys Res Commun. 2014;448:315‐322.

	 11.	 Liu G, Xiang T, Wu QF, Wang WX. Long noncoding RNA H19‐
derived miR‐675 enhances proliferation and invasion via RUNX1 
in gastric cancer cells. Oncol Res. 2016;23:99‐107.

	 12.	 Hibi K, Nakamura H, Hirai A, et al. Loss of H19 imprinting in 
esophageal cancer. Cancer Res. 1996;56:480‐482.

	 13.	 Fellig Y, Ariel I, Ohana P, et al. H19 expression in hepatic me-
tastases from a range of human carcinomas. J Clin Pathol. 
2005;58:1064‐1068.

	 14.	 Matouk IJ, DeGroot N, Mezan S, et al. The H19 non‐coding RNA 
is essential for human tumor growth. PLoS ONE. 2007;2:e845.

	 15.	 Barsyte‐Lovejoy D, Lau SK, Boutros PC, et al. The c‐Myc 
oncogene directly induces the H19 noncoding RNA by al-
lele‐specific binding to potentiate tumorigenesis. Cancer Res. 
2006;66:5330‐5337.

	 16.	 Berteaux N, Lottin S, Monte D, et al. H19 mRNA‐like noncoding 
RNA promotes breast cancer cell proliferation through positive 
control by E2F1. J Biol Chem. 2005;280:29625‐29636.

http://orcid.org/0000-0001-9260-9953
http://orcid.org/0000-0001-9260-9953


      |  1617JIA et al.

	 17.	 Colnot S, Niwa‐Kawakita M, Hamard G, et al. Colorectal can-
cers in a new mouse model of familial adenomatous polyposis: 
influence of genetic and environmental modifiers. Lab Invest. 
2004;84:1619–1630.

	 18.	 Ishii S, Yamashita K, Harada H, et al. The H19‐PEG10/IGF2BP3 
axis promotes gastric cancer progression in patients with high 
lymph node ratios. Oncotarget. 2017;8:74567–74581.

	 19.	 Tay Y, Rinn J, Pandolfi PP. The multilayered complexity of 
ceRNA crosstalk and competition. Nature. 2014;505:344–352.

	 20.	 Tsang WP, Ng EK, Ng SS, et al. Oncofetal H19‐derived miR‐675 
regulates tumor suppressor RB in human colorectal cancer. 
Carcinogenesis. 2010;31:350–358.

	 21.	 Shi Y, Wang Y, Luan W, et al. Long non‐coding RNA H19 pro-
motes glioma cell invasion by deriving miR‐675. PLoS ONE. 
2014;9:e86295.

	 22.	 Li JH, Liu S, Zhou H, Qu LH, YangJH. starBase v2.0: decoding 
miRNA‐ceRNA, miRNA‐ncRNA and protein‐RNA interaction 
networks from large‐scale CLIP‐Seq data. Nucleic Acids Res. 
2014;42:D92–D97.

	 23.	 Lee SH, Jung YD, Choi YS, Lee YM. Targeting of RUNX3 by 
miR‐130a and miR‐495 cooperatively increases cell prolifera-
tion and tumor angiogenesis in gastric cancer cells. Oncotarget. 
2015;6:33269–33278.

	 24.	 Wang M, Gu H, Wang S, et al. Circulating miR‐17‐5p and 
miR‐20a: molecular markers for gastric cancer. Mol Med Rep. 
2012;5:1514–1520.

	 25.	 Xu N, Shen C, Luo Y, et al. Upregulated miR‐130a increases 
drug resistance by regulating RUNX3 and Wnt signaling in 
cisplatin‐treated HCC cell. Biochem Biophys Res Commun. 
2012;425:468–472.

	 26.	 Liu Y, Li Y, Wang R, et al. MiR‐130a‐3p regulates cell migra-
tion and invasion via inhibition of Smad4 in gemcitabine resistant 
hepatoma cells. J Exp Clin Cancer Res. 2016;35:19.

	 27.	 Chatterjee A, Chattopadhyay D, Chakrabarti G. miR‐17‐5p 
downregulation contributes to paclitaxel resistance of lung 
cancer cells through altering beclin1 expression. PLoS ONE. 
2014;9:e95716.

	 28.	 Liu L, Yang J, Zhu X, Li D, Lv Z, Zhang X. Long noncoding 
RNA H19 competitively binds miR‐17‐5p to regulate YES1 ex-
pression in thyroid cancer. FEBS J. 2016;283:2326–2339.

	 29.	 Yu L, Gu T, Shi E, et al. Primary malignant cardiac tumors. J 
Cancer Res Clin Oncol. 2014;140:1047–1055.

	 30.	 Pontillo D, Zampi G, Pergolini A, Polizzi V, Tinti D, Spadaccia P. 
Cardiac metastasis from colorectal cancer: to be or not to be. Rev 
Port Cardiol. 2014;33:569–570.

	 31.	 Wilusz JE, Sunwoo H, Spector DL. Long noncoding RNAs: 
functional surprises from the RNA world. Genes Dev. 
2009;23:1494–1504.

	 32.	 Zoli W, Ulivi P, Tesei A, et al. Addition of 5‐fluorouracil to doxo-
rubicin‐paclitaxel sequence increases caspase‐dependent apoptosis 
in breast cancer cell lines. Breast Cancer Res. 2005;7:R681–R689.

	 33.	 Yin ZF, Li M, Lai YQ, et al. Adriamycin and mitomycin dose‐
dependently downregulate X‐kinked inhibitor of apoptosis pro-
tein in human bladder cancer cells. Zhonghua Yi Xue Za Zhi. 
2006;86:1774–1777.

	 34.	 Barry MA, Behnke CA, Eastman A. Activation of pro-
grammed cell death (apoptosis) by cisplatin, other antican-
cer drugs, toxins and hyperthermia. Biochem Pharmacol. 
1990;40:2353–2362.

	 35.	 Yue B, Cai D, Liu C, Fang C, Yan D. Linc00152 functions as 
a competing endogenous RNA to confer Oxaliplatin resis-
tance and holds prognostic values in colon cancer. Mol Ther. 
2016;24:2064–2077.

	 36.	 Pastorek J, Pastorekova S. Hypoxia‐induced carbonic anhydrase 
IX as a target for cancer therapy: from biology to clinical use. 
Semin Cancer Biol. 2015;31:52–64.

	 37.	 Chan N, Milosevic M, Bristow RG. Tumor hypoxia, DNA repair 
and prostate cancer progression: new targets and new therapies. 
Future Oncol. 2007;3:329–341.

	 38.	 Shibata A, Jeggo PA. DNA double‐strand break repair in a cellu-
lar context. Clin Oncol. 2014;26:243–249.

	 39.	 Lavelle C, Foray N. Chromatin structure and radiation‐induced 
DNA damage: from structural biology to radiobiology. Int J 
Biochem Cell Biol. 2014;49:84–97.

	 40.	 Skvortsov S, Jimenez CR, Knol JC, et al. Radioresistant head and 
neck squamous cell carcinoma cells: intracellular signaling, pu-
tative biomarkers for tumor recurrences and possible therapeutic 
targets. Radiother Oncol. 2011;101:177–182.

	 41.	 Skvortsov S, Dudas J, Eichberger P, et al. Rac1 as a poten-
tial therapeutic target for chemo‐radioresistant head and 
neck squamous cell carcinomas (HNSCC). Br J Cancer. 
2014;110:2677–2687.

	 42.	 Skvortsov S, Debbage P, Lukas P, Skvortsova I. Crosstalk be-
tween DNA repair and cancer stem cell (CSC) associated intra-
cellular pathways. Semin Cancer Biol. 2015;31:36–42.

	 43.	 Hristova NR, Tagscherer KE, Fassl A, Kopitz J, Roth W. Notch1‐
dependent regulation of p27 determines cell fate in colorectal 
cancer. Int J Oncol. 2013;43:1967–1975.

	 44.	 Hein AL, Ouellette MM, Yan Y. Radiation‐induced signaling 
pathways that promote cancer cell survival (review). Int J Oncol. 
2014;45:1813–1819.

	 45.	 Prasad R, Goffeau A. Yeast ATP‐binding cassette transport-
ers conferring multidrug resistance. Annu Rev Microbiol. 
2012;66:39–63.

	 46.	 Tsang WP, Kwok TT. Riboregulator H19 induction of MDR1‐as-
sociated drug resistance in human hepatocellular carcinoma cells. 
Oncogene. 2007;26:4877–4881.

	 47.	 Adriaenssens E, Dumont L, Lottin S, et al. H19 overexpression in 
breast adenocarcinoma stromal cells is associated with tumor val-
ues and steroid receptor status but independent of p53 and Ki‐67 
expression. Am J Pathol. 1998;153:1597–1607.

	 48.	 Duthie MS, Sampaio LH, Oliveira RM, et al. Development 
and pre‐clinical assessment of a 73 kD chimeric fusion pro-
tein as a defined sub‐unit vaccine for leprosy. Vaccine. 
2013;31:813–819.

	 49.	 Kondo M, Suzuki H, Ueda R, et al. Frequent loss of imprinting of 
the H19 gene is often associated with its overexpression in human 
lung cancers. Oncogene. 1995;10:1193–1198.

	 50.	 Douc‐Rasy S, Barrois M, Fogel S, et al. High incidence of loss of 
heterozygosity and abnormal imprinting of H19 and IGF2 genes 
in invasive cervical carcinomas. Uncoupling of H19 and IGF2 
expression and biallelic hypomethylation of H19. Oncogene. 
1996;12:423–430.

	 51.	 Yang C, Tang R, Ma X, et al. Tag SNPs in long non‐coding RNA 
H19 contribute to susceptibility to gastric cancer in the Chinese 
Han population. Oncotarget. 2015;6:15311–15320.

	 52.	 Afrem MC, Margaritescu C, Craitoiu MM, Ciuca M, SarlaCG, 
CotoiOS. The immunohistochemical investigations of 



1618  |      JIA et al.

cadherin “switch” during epithelial‐mesenchymal transition 
of tongue squamous cell carcinoma. Rom J Morphol Embryol. 
2014;55:1049–1056.

	 53.	 Tsang WP, Wong TW, Cheung AH, Co CN, Kwok TT. Induction 
of drug resistance and transformation in human cancer cells by 
the noncoding RNA CUDR. RNA. 2007;13:890–898.

	 54.	 Zavadil J, Haley J, Kalluri R, Muthuswamy SK, Thompson 
E. Epithelial‐mesenchymal transition. Cancer Res. 
2008;68:9574–9577.

	 55.	 Berx G, van Roy F. Involvement of members of the cadherin 
superfamily in cancer. Cold Spring Harbor Perspect Biol. 
2009;1:a003129.

	 56.	 Nieman MT, Prudoff RS, Johnson KR, Wheelock MJ. N‐cadherin 
promotes motility in human breast cancer cells regardless of their 
E‐cadherin expression. J Cell Biol. 1999;147:631–644.

	 57.	 Maeda M, Johnson E, Mandal SH, et al. Expression of inappro-
priate cadherins by epithelial tumor cells promotes endocytosis 
and degradation of E‐cadherin via competition for p120(ctn). 
Oncogene. 2006;25:4595–4604.

	 58.	 Hendrix MJ, Seftor EA, Seftor RE, Trevor KT. Experimental 
co‐expression of vimentin and keratin intermediate fila-
ments in human breast cancer cells results in phenotypic in-
terconversion and increased invasive behavior. Am J Pathol. 
1997;150:483–495.

	 59.	 McInroy L, Maatta A. Down‐regulation of vimentin expression 
inhibits carcinoma cell migration and adhesion. Biochem Biophys 
Res Commun. 2007;360:109–114.

	 60.	 Wei J, Xu G, Wu M, et al. Overexpression of vimentin contrib-
utes to prostate cancer invasion and metastasis via src regulation. 
Anticancer Res. 2008;28:327–334.

	 61.	 Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A ceRNA 
hypothesis: the Rosetta Stone of a hidden RNA language? Cell. 
2011;146:353–358.

	 62.	 Hu W, Bi ZY, Chen ZL, et al. Emerging landscape of circular 
RNAs in lung cancer. Cancer Lett. 2018;427:18–27.

	 63.	 Shi X, Sun M, Liu H, Yao Y, Song Y. Long non‐coding RNAs: 
a new frontier in the study of human diseases. Cancer Lett. 
2013;339:159–166.

	 64.	 Sun CC, Li SJ, Zhang F, et al. The Novel miR‐9600 suppresses 
tumor progression and promotes paclitaxel sensitivity in non‐
small‐cell lung cancer through altering STAT3 expression. Mol 
Ther Nucleic Acids. 2016;5:e387.

	 65.	 Catapano F, Zaharieva I, Scoto M, et al. Altered levels of 
MicroRNA‐9, ‐206, and ‐132 in spinal muscular atrophy and their 
response to antisense oligonucleotide therapy. Mol Ther Nucleic 
Acids. 2016;5:e331.

	 66.	 Sun CC, Li SJ, Yuan ZP, Li DJ. MicroRNA‐346 facilitates cell 
growth and metastasis, and suppresses cell apoptosis in human 
non‐small cell lung cancer by regulation of XPC/ERK/Snail/E‐
cadherin pathway. Aging. 2016;8:2509–2524.

	 67.	 Sun C, Li S, Yang C, et al. MicroRNA‐187‐3p mitigates non‐small 
cell lung cancer (NSCLC) development through down‐regulation 
of BCL6. Biochem Biophys Res Commun. 2016;471:82–88.

	 68.	 Bonauer A, Dimmeler S. The microRNA‐17‐92 cluster: still a 
miRacle? Cell Cycle. 2009;8:3866–3873.

	 69.	 Wang M, Gu H, Qian H, et al. miR‐17‐5p/20a are import-
ant markers for gastric cancer and murine double minute 
2 participates in their functional regulation. Eur J Cancer. 
2013;49:2010–2021.

	 70.	 Zhou H, Guo JM, Lou YR, et al. Detection of circulating tumor 
cells in peripheral blood from patients with gastric cancer using 
microRNA as a marker. J Mol Med. 2010;88:709–717.

	 71.	 Chen Q, Si Q, Xiao S, et al. Prognostic significance of serum 
miR‐17‐5p in lung cancer. Med Oncol. 2013;30:353.

	 72.	 Fuziwara CS, Kimura ET. Insights into regulation of the 
miR‐17‐92 cluster of miRNAs in cancer. Front Med. 
2015;2:64.

	 73.	 Qiu S, Lin S, Hu D, Feng Y, Tan Y, Peng Y. Interactions of 
miR‐323/miR‐326/miR‐329 and miR‐130a/miR‐155/miR‐210 
as prognostic indicators for clinical outcome of glioblastoma pa-
tients. J Transl Med. 2013;11:10.

	 74.	 Ratert N, Meyer HA, Jung M, et al. miRNA profiling identifies 
candidate mirnas for bladder cancer diagnosis and clinical out-
come. J Mol Diagnost. 2013;15:695–705.

	 75.	 Ishihara K, Sasaki D, Tsuruda K, et al. Impact of miR‐155 and 
miR‐126 as novel biomarkers on the assessment of disease 
progression and prognosis in adult T‐cell leukemia. Cancer 
Epidemiol. 2012;36:560–565.

	 76.	 Sand M, Skrygan M, Sand D, et al. Expression of microRNAs in 
basal cell carcinoma. Br J Dermatol. 2012;167:847–855.

	 77.	 Jiang H, Yu WW, Wang LL, Peng Y. miR‐130a acts as a poten-
tial diagnostic biomarker and promotes gastric cancer migration, 
invasion and proliferation by targeting RUNX3. Oncol Rep. 
2015;34:1153–1161.

	 78.	 Yan HJ, Liu WS, Sun WH, et al. miR‐17‐5p inhibitor enhances 
chemosensitivity to gemcitabine via upregulating Bim expression 
in pancreatic cancer cells. Dig Dis Sci. 2012;57:3160–3167.

	 79.	 Zhang X, Huang L, Zhao Y, Tan W. Downregulation of miR‐130a 
contributes to cisplatin resistance in ovarian cancer cells by tar-
geting X‐linked inhibitor of apoptosis (XIAP) directly. Acta 
Biochim Biophys Sin. 2013;45:995–1001.

	 80.	 Zhou YM, Liu J, Sun W. MiR‐130a overcomes gefitinib resis-
tance by targeting met in non‐small cell lung cancer cell lines. 
Asian Pac J Cancer Prev. 2014;15:1391–1396.

	 81.	 Fujita Y, Kojima T, Kawakami K, et al. miR‐130a activates apop-
totic signaling through activation of caspase‐8 in taxane‐resis-
tant prostate cancer cells. Prostate. 2015;75:1568–1578.

	 82.	 Majidinia M, Yousefi B. Long non‐coding RNAs in cancer drug 
resistance development. DNA Repair. 2016;45:25–33.

SUPPORTING INFORMATION

Additional supporting information may be found online in 
the Supporting Information section at the end of the article.  

How to cite this article: Jia J, Zhang X, Zhan D, Li J, 
Li Z, Li H, Qian J. LncRNA H19 interacted with 
miR‐130a‐3p and miR‐17‐5p to modify radio‐resistance 
and chemo‐sensitivity of cardiac carcinoma cells. 
Cancer Med. 2019;8:1604–1618. https://doi.
org/10.1002/cam4.1860

https://doi.org/10.1002/cam4.1860
https://doi.org/10.1002/cam4.1860

