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mellitus worldwide1. DCM exacerbates cardiac 
dysfunction and energy metabolism disturbance, 
which is a crucial contributor to cardiac morbidi-
ty and mortality2. Meanwhile, hyperglycemia has 
been reported to induce cardiomyocyte apopto-
sis3. Therefore, it is urgent to uncover the under-
lying molecular mechanisms of DCM.

Non-coding RNAs have been identified to ex-
ert important functions in many diseases4. For ex-
ample, long non-coding RNA (lncRNA) NEAT1 
is upregulated in the development of Huntington’s 
disease5. LncRNA HOTAIR facilities the devel-
opment of Parkinson’s disease through LRRK26. 
Recent studies have demonstrated that non-cod-
ing RNA participates in the progression of DCM. 
For instance, lncRNA H19 inhibits autophagy of 
DCM via down-regulating DIRAS37. Further-
more, lncRNA MIAT acts a sponge of miR-22-3p, 
further up-regulating DAPK2 in DCM8.

In this study, knockdown of LUCAT1 reversed 
high glucose-induced (HG-induced) cardiomyo-
cyte injury in vitro. In addition, the possible 
underlying mechanism of LUCAT1 function in 
HG-induced cardiomyocyte injury was explored.

Materials and Methods

Cell Culture
Human adult ventricular cardiomyocyte cell 

line (AC16) was bought from American Type 
Culture Collection (ATCC) (Manassas, VA, 
USA). Cells were cultured in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) (Gibco, Rockville, 
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Introduction

Diabetic cardiomyopathy (DCM) is the most 
prevalent complication in patients with diabetes 
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MD, USA) containing 10% fetal bovine serum 
(FBS; Gibco, Rockville, MD, USA) and penicil-
lin, and maintained in humidified incubator with 
5% CO2 at 37°C.

RNA Extraction and Real-Time 
Quantitative Polymerase Chain Reaction 
(RT-qPCR)

Total RNA in cells was extracted using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA). Subse-
quently, extracted total RNA was reversely tran-
scribed into complementary deoxyribose nucleic 
acids (cDNAs) according to the instructions of 
Reverse Transcription Kit (TaKaRa Biotechnol-
ogy Co., Ltd., Dalian, China). Primers used in 
this study were as follows: LUCAT1, forward 
5′-CCTATCCCTTTCTCTAAGAA-3′ and reverse 
5′-ACTTCTGCAAAAACGTGCTG-3′; Glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH), 
forward 5′-CCAAAATCAGATGGGGCAAT-
GCTGG-3′ and reverse 5′-TGATGGCATG-
GACTGTGGTCATTCA-3′. Thermal cycle was 
as follows: 30 s at 95°C, 5 s at 95°C for a total of 
40 cycles, and 35 s at 60°C. 

Cell Transfection
After synthesized, lentiviral small hairpin 

RNA (shRNA) targeting LUCAT1 was cloned 
into pGPH1/Neo vector (GenePharma, Shanghai, 
China). AC16 cells were then transfected with-
LUCAT1 shRNA (sh-LUCAT1) or empty vector 
(sh-ctrl) according to relevant instructions. 

Cell Counting kit-8 (CCK-8) and Lactate 
Dehydrogenase (LDH) Assay

Transfected cells were first seeded into 96-well 
plates. Cell viability and LDH release were de-
termined according to the instructions of CCK-8 
assay (Dojindo Laboratories, Kumamoto, Japan) 
and LDH assay (Nanjing Jiancheng Bioengineer-
ing Institute, Nanjing, China) at 24, 48, and 72 h, 
respectively. Absorbance at 450 nm was measured 
by a spectrophotometer (Thermo-Fisher Scientif-
ic, Waltham, MA, USA). Finally, the degree of 
cell damage was calculated as a percentage.

Cell Apoptosis
Annexin V-APC/7-AAD Apoptosis Detection 

Kit II (KeyGEN Biotech. Co., Ltd, Nanjing, China) 
was used to evaluate the apoptosis of transfected 
cells. Briefly, 1×106 of cells were collected and 
washed twice with pre-cooled phosphate-buffered 
saline (PBS). These cells were then dissolved in 
1,000 mL of binding buffer. 100 μL of the solution 

containing 1×105 cells were replaced to a fresh 
tube with 5 μL 7-AAD 5 μL and Annexin V-APC. 
After culture at 37°C for 15 minutes in dark, 400 
μL binding buffer was added to each tube. Flow 
cytometry (FACScan, BD Biosciences, San Diego, 
CA, USA) programmed with CellQuest software 
(BD Biosciences, San Diego, CA, USA) was used 
to discriminate dead, viable, late apoptotic cells 
and early apoptotic. Finally, the percentages of 
cells in different phases were used for comparison 
between experimental and control groups. The test 
was repeated for at least three times.

Western Blot Analysis
Transfected cells were first washed with ice-

cold PBS and lysed using lysis buffer. Radio-
immunoprecipitation assay (RIPA) (Beyotime, 
Shanghai, China) was utilized to extract total 
protein in cells. Concentration of extracted protein 
was determined by the bicinchoninic acid (BCA) 
protein assay kit (TaKaRa, Dalian, China). Af-
ter separation by sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE), the 
proteins were transferred onto polyvinylidene di-
fluoride (PVDF) membranes (Millipore, Billerica, 
MA, USA). Next, the membranes were blocked 
with 5% fat-free milk in Tris-buffered saline and 
Tween 20 (TBST) buffer containing Tris-HCl (50 
mM), NaCl (150 mM) and Tween 20 (0.05%) at 
4°C for 1 hour. Subsequently, the membranes were 
incubated with primary antibodies at 4°C over-
night and corresponding secondary antibodies at 
room temperature for 2 hours. Abcam (Cambridge, 
MA, USA) provided us rabbit anti-GAPDH and 
rabbit anti-CYP11B2, as well as goat anti-rab-
bit secondary antibody. Enhanced chemilumines-
cence (ECL) (Millipore, Billerica, MA, USA) was 
applied for assessment of protein expression.

Statistical Analysis
Statistical Product and Service Solutions (SPSS) 

17.0 (SPSS Inc., Chicago, IL, USA) was used for all 
statistical analysis. Student t-test was performed to 
compare the intergroup differences. Data were 
presented as mean ± SD (standard deviation). 
p<0.05 was considered statistically significant.

Results

Cell Viability and LDH Level in 
HG-induced AC16 Cell Site

In this study, we first evaluated the cytotoxic-
ity of HG in AC16 cardiomyocytes. Cells were 
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treated with different doses of glucose (5.5, 22, 
33, 55 mM) for 48 hours. Results showed that cell 
viability significantly decreased in HG (22, 33 
and 55 mM) groups when compared with control 
group (5.5 mM) (Figure 1A). LDH level increased 
significantly in HG groups compared with control 
group (Figure 1B). 

Knockdown of LUCAT1 Reversed 
HG-Induced Inhibition of Cell Viability

HG-induced AC16 cells were first constructed. 
The expression of LUCAT1 was significantly 
higher in HG group than that of control group 
(Figure 2A). To explore the biological function 
of LUCAT1, LUCAT1 shRNA was constructed. 
Transfection efficiency of LUCAT1 shRNA in 
HG-induced AC16 cells was verified by RT-qPCR 
(Figure 2B). Results indicated that knockdown 
of LUCAT1 obviously increased the viability of 
HG-induced AC16 cells (Figure 2C). Further-
more, knockdown of LUCAT1 remarkably de-
creased the level of LDH in HG-induced AC16 
cells as well (Figure 2D).

Knockdown of LUCAT1 Reversed 
HG-Induced Apoptosis

To further explore the interaction between 
LUCAT1 and HG-induced apoptosis, the apop-
tosis of treated AC16 cells was detected. Results 
demonstrated that cell apoptotic rate increased 
remarkably in HG group when compared with 
control group (Figure 3A). Moreover, knockdown 
of LUCAT1 significantly reduced the apoptosis of 
HG-induced cells (Figure 3B).

Knockdown of LUCAT1 Reversed 
HG-Induced Injury Via Down-Regulating 
CYP11B2

The above results suggested that knockdown 
of LUCAT1 reversed HG-induced cardiomyocyte 
injury. Recently, CYP11B2 has been reported to 
participate in the progression of DCM. In the 
current study, we discovered that CYP11B2 level 
was significantly higher in HG group than control 
group by RT-qPCR (Figure 4A). Western blot 
assay also showed that the protein expression of 
CYP11B2 in HG group was remarkably up-regu-
lated when compared with control group (Figure 
4B). Meanwhile, CYP11B2 level in HG-induced 
AC16 cells of LUCAT1 shRNA group was sig-
nificantly lower when compared with that of 
control group (Figure 4C). Western blot assay 
also showed that the protein expression of CY-
P11B2 in HG-induced AC16 cells was signifi-
cantly down-regulated in LUCAT1 shRNA group 
than control group (Figure 4D).

Discussion

DCM is one of the most common complica-
tions in diabetes mellitus patients, bringing huge 
burden to both patients and society. During DCM 
progression, cardiomyocyte injury and apoptosis 
further attenuate the disease. Multiple studies 
have shown that non-coding RNAs participate in 
the development of DCM through regulating car-
diomyocyte injury and apoptosis. For example, 
lncRNA MALAT1 participates in the pathogene-

Figure 1. Cytotoxicity of HG in AC16 cardiomyocytes. A, Cell viability was determined by CCK-8 assay. B, LDH level was 
determined by LDH assay kit. The results represented the average of three independent experiments. Data were presented as 
mean ± standard error of the mean. *p<0.05.
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Figure 2. Knockdown of LUCAT1 reversed HG-in-
duced inhibition of cell viability. A, The expression of 
LUCAT1 increased significantly in HG group compared 
with control group. B, RT-qPCR results showed that LU-
CAT1 expression in HG-induced cells of LUCAT1 shR-
NA (sh-LUCAT1) group decreased significantly when 
compared with empty vector (sh-ctrl) group. C, Knock-
down of LUCAT1 increased the viability of HG-induced 
AC16 cells. D, Knockdown of LUCAT1 decreased the 
level of LDH in HG-induced AC16 cells.

Figure 3. Knockdown of LUCAT1 inhibited HG-induced cardiomyocyte apoptosis. A, The apoptotic rate increased remarkably 
in HG group compared with control group. B, Knockdown of LUCAT1 significantly reduced HG-induced apoptosis. *p<0.05.
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sis of DCM9. LncRNA H19 inhibits autophagy of 
DCM by down-regulating DIRAS37. Meanwhile, 
lncRNA MIAT induces DCM by sponging miR-
22-3p8. In addition, up-regulated MG53 induces 
DCM via activating peroxisome proliferation-ac-
tivated receptor alpha10.

LncRNA LUCAT1 (lung cancer associated 
transcript 1), locates on 5q14.3, has been proved 
to play an important role in many diseases11-14. 
However, the role of LUCAT1 in DCM develop-
ment remains unknown. In this study, we revealed 
that LUCAT1 was significantly up-regulated in 
HG-treated cardiomyocytes. Meanwhile, it was 
closely associated with cardiomyocyte injury and 
apoptosis. Furthermore, knockdown of LUCAT1 
could reverse HG-induced cardiomyocyte injury 
and apoptosis.

Recent reports have revealed that non-coding 
RNAs function in cardiac diseases by target-
ing related genes. Cytochrome P450 family 11 
subfamily B member 2 (CYP11B2) has been re-
searched for its important role in diseases includ-
ing DCM15,16. CYP11B2 is abnormally expressed 
in patients with coronary heart disease17. CY-
P11B2 is associated with essential hypertension 
in Chinese population18. Moreover, CYP11B2 
acts as a promoter in chronic kidney disease19. 
Torasemide prevents the development of atrial 
fibrosis through down-regulating CYP11B2 in 
mice20. In the present study, CYP11B2 was sig-
nificantly up-regulated in HG-treated cardiomy-
ocytes and its expression was down-regulated 
via knockdown of LUCAT1 in HG-treated car-
diomyocytes.

Figure 4. Interaction between LUCAT1 and CYP11B2 in HG-induced AC16 cells. A, RT-qPCR results showed that CYP11B2 
expression increased significantly in HG group compared with control group. B, Western blot assay results showed that the 
protein expression of CYP11B2 increased significantly in HG group compared with control group. C, RT-qPCR results showed 
that CYP11B2 expression decreased in LUCAT1 shRNA (sh-LUCAT1) group when compared with empty vector (sh-ctrl) 
group. D, Western blot assay results showed that the protein expression of CYP11B2 decreased remarkably in LUCAT1 shR-
NA (sh-LUCAT1) group compared with empty vector (sh-ctrl) group. The results represented the average of three independent 
experiments. Data were presented as mean ± standard error of the mean. *p<0.05.
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Conclusions

We identified that LUCAT1 could reverse car-
diomyocyte injury and apoptosis induced by HG 
through targeting CYP11B2 in vitro. LUCAT1/ 
CYP11B2 axis played a vital role in cardio-
myocyte apoptosis. Our findings might help to 
understand the molecular mechanisms of DCM 
progression.
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