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Abstract. Although the upregulation of enhancer of zeste 
homolog 2 (EZH2) expression and downregulation of long 
non-coding RNA (lncRNA) LET expression are known to be 
associated with cell apoptosis and proliferation, little is known 
about the interaction of EZH2 with lncRNA LET. The present 
study aimed to investigate the interaction of EZH2 and lncRNA 
LET, and the mechanism of human dermal fibroblast (HDF) 
proliferation and apoptosis. Tissue samples from 33 burn 
patients with second- and third-degree burns and 8 controls 
were collected. mRNA was extracted from the burn tissues for 
analysis. Isolated primary HDFs were treated with heat or trans-
fected with LET overexpression vectors, and the cell functions 
and associated proteins in the HDFs were analyzed. Decreased 
lncRNA LET expression was detected in burn tissues compared 
with normal skin. Heat-treated HDFs exhibited a reduction in 
lncRNA LET expression and increase in EZH2 expression. 
LET gain‑of‑function experiments in primary HDFs revealed 
increases in cell proliferation, the proportion of cells in the S 
stage, and cyclin D1 and cyclin‑dependent kinase 4 (CDK4) 
expression, and reductions in the percentage of apoptotic cells, 
the Bax/Bcl-2 ratio and caspase-3 expression. RNA immu-
noprecipitation and chromatin immunoprecipitation assays 
demonstrated the interaction of ZH2 with lncRNA LET, and 
of EZH2 with H3K27me3 in HDFs. Furthermore, a negative 
correlation between lncRNA LET and EZH2 expression was 
identified. It may be concluded that increased lncRNA-LET 
expression promoted cell proliferation and inhibited cell 
apoptosis via the cyclin D1-CDK4 and Bax/Bcl-2/caspase-3 
signaling pathways, respectively. Furthermore, the inhibition 

of lncRNA LET may be regarded as an option for use in the 
healing of burns.

Introduction

Burn injury disrupts the protective skin barrier by inducing 
various reactions, including increased metabolism, moisture 
loss and immune system malfunction, with the majority of 
severely burned patients exhibiting dysfunction of the immune 
system  (1,2). The proliferation of keratinocytes, vascular 
endothelial cells and dermal fibroblasts serves an important 
role in wound healing (3,4). In addition, the proliferation and 
growth of these cells is regulated by numerous factors associ-
ated with immune system malfunction, cell proliferation and 
cell apoptosis.

Long non-coding RNAs (lncRNAs) have been demonstrated 
be essential for the immune response, cell proliferation and the 
apoptosis of dermal fibroblasts (5-7). Zhu et al (7) demonstrated 
that the expression of lncRNA-activated by transforming 
growth factor (TGF)-β and its target zinc finger protein 217 in 
keloid fibroblasts promoted the autocrine secretion of TGF-β2, 
and thereby promoted scar formation. In addition, the detec-
tion of the lncRNA CACNA1G-AS1 in keloids indicated that 
lncRNAs are crucial for keloid formation (8).

The lncRNA low expression in tumor (LET), a recently iden-
tified lncRNA, is suppressed by enhancer of zeste homolog 2 
(EZH2) (5). EZH2, the catalytic subunit of polycomb repres-
sive complex 2 (PRC2), is responsible for epigenetic silencing 
through histone H3 lysine 27 trimethylation (H3K27me3) (9). 
EZH2 and H3K27me3 are expressed in several human tumors 
and are positively associated with high cancer cell prolif-
eration rates and poor clinical outcomes (9-11), suggesting that 
EZH2-mediated H3K27me3 has oncogenic activity  (10,12). 
Furthermore, the effect of EZH2 on cell proliferation has been 
demonstrated in numerous studies, in which the downregula-
tion or suppression of EZH2 expression was essential for the 
enhancement of cell apoptosis (13-16). In addition, the expression 
of EZH2 and H3K27me3 has been detected in inflammatory 
disorders, including rheumatoid arthritis (17) and colitis (18). 
Although the elevated expression of EZH2 and downregulation 
of lncRNA LET have been detected in invasive cancer tissues 
and cancer cells, apoptosis and disease pathogenesis (19-21), 
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studies focusing on the interaction of EZH2 and lncRNA LET 
in the modulation of cell proliferation and apoptosis are lacking.

The present study aimed to investigate the interaction of 
EZH2 and lncRNA LET, and the mechanism underlying its effect 
on in human dermal fibroblast (HDF) proliferation and apoptosis. 
Tissue samples were collected from burn patients for analysis. 
Isolated primary HDFs were transfected with LET overexpres-
sion vectors to explore the effect of LET on cell proliferation 
and cell apoptosis. The interactions of LET with EZH2, and of 
EZH2 with H3K27me3 were determined in order to elucidate 
the roles of lncRNA LET, EZH2 H3K27me3, and cell cycle- and 
apoptosis-related proteins in the regulatory mechanism of HDFs. 
This study may for the first time, to the best of our knowledge, 
provide information on the interaction of EZH2 and lncRNA 
LET in the modulation of cell proliferation and apoptosis, and its 
potential application to burn wound-healing therapy.

Materials and methods

Tissue sample collection. A total of 33 samples were collected 
from 21 male and 12 female patients (mean age, 31.4 years) at the 
Department of Burns and Plastic Surgery of the First Affiliated 
Hospital of Henan University of Science and Technology 
(Luoyang, China) between January 10, 2014 and February 20, 
2015. Patients with any of the following exclusion criteria were 
not included in the present study: Children under the age of 
12 years, individuals older than 80 years, severe complications of 
burns, diagnosis with or history of diabetes, long-term hormone 
intake, malignant tumors, and receipt of chemoradiotherapy. All 
burns documented in this study were second- and third-degree 
burns from patients admitted <24 h after the time of burn 
injury (22). Patients were then classified into three classes of 
burn injury: Slight (n=16), moderate (n=20) and severe (n=7), 
according to the severity of the burn injury (23). Eight normal 
control skin tissues were collected from healthy volunteers who 
had undergone plastic surgery procedures at the same depart-
ment and hospital. Informed consent from the 43 patients and 
approval from the Ethics Committee of the College of Clinical 
Medicine of Henan University were obtained prior to the study.

Primary HDF culture. Primary HDFs were derived from 
normal human skin collected from patients who had undergone 
plastic surgery procedures in the Department of Burns and 
Plastic Surgery, as previously described (24). Informed consent 
was obtained from the participants and approval was provided 
by the Ethics Committee of the College of Clinical Medicine of 
Henan University. In brief, the normal skin tissues were dissected 
and cut into small pieces, washed with phosphate‑buffered 
saline, and then digested with 0.05% trypsin-EDTA solution 
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 
30 min. Subsequently, isolated cells were cultured in standard 
culture conditions comprising Dulbecco's modified Eagle's 
medium (DMEM; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) combined with penicillin‑streptomycin (100 U; 
Invitrogen; Thermo Fisher Scientific, Inc.) and 10%  fetal 
bovine serum (FBS; Sigma-Aldrich; Merck KGaA) at 37˚C 
with 5% CO2. In addition, cell cultures were placed into a water 
heater tank and incubated at 52˚C for 30 sec to obtain heat-
treated HDFs. The HDFs were maintained under the standard 
culture conditions and used at passages 5-8 throughout the 

experiments in the present study. 293 cells (CRL-1573; ATCC, 
Manassas, VA, USA) were cultured in DMEM (10% FBS, 
penicillin‑streptomycin) at 37˚C with 5% CO2.

Cell transfection. To observe the effects of lncRNA-LET over-
expression on HDF functions, an lncRNA-LET overexpression 
plasmid vector (pc-LET; 50 nM) was constructed using cDNA 
with a functional region. Pc-EZH2 and short interfering RNA 
(siRNA)-EZH2 plasmids (50 nM) were constructed for cell 
transfection. Plasmids were transfected into HDFs using 
Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.). Cells 
(density, 2x105) were then cultured for 24-48 h for use in the 
experiments. Cells without any vector transfection were used 
as control. The primer for silenced LET (si-LET) is as follows: 
5'-TGGGAGTAAAGGGAAAGAGTT-3'.

Cell viability assay. Primary HDFs were seeded at a density of 
1x104 cells/well into 96-well plates and incubated for 24-48 h 
for cell transfection. The viability of the transfected and 
untransfected cells was determined using an MTT assay at 0, 
12, 24 and 48 h after transfection (25). The optical density at 
540 nm was detected and used to plot a proliferation curve.

Clonogenic assay. A clonogenic assay of the primary HDFs 
was performed using a method based on that described by 
Jiao et al (26). Cells were maintained in DMEM, transfected 
with pc-LET, seeded in 6-well plates at a final density of 
1,000 cells/well, and cultured for 14 days at 37˚C. The HDFs 
were then fixed with 4% paraformaldehyde at room temper-
atire for 2 h, stained with Diff‑Quick (Diff-Quick, Protocol 
HEMA 3 stain; Thermo Fisher Scientific, Inc.,), and air dried. 
Colonies with ≥30 cells were counted using a microscope 
(IX83; Olympus Corporation, Tokyo, Japan). All experiments 
were performed in triplicate.

Cell cycle evaluation. Trypsin-digested primary HDFs were 
seeded into 6-well plates at a density of 5x104 cells/well and 
incubated for 24 h. The HDFs were then harvested, centrifuged 
and fixed with ethanol at 4˚C for 24 h. The fixed HDFs were 
treated with propidium iodide (PI; Clontech Laboratories, Inc., 
Mountain View, CA, USA). Finally, the cell cycle was analyzed 
using a FACSCanto flow cytometer and CellQuest software 
version 5.1 (both BD Biosciences, San Jose, CA, USA). All 
detections were performed in three triplicates. The proportion 
of proliferative cells was calculated as follows: Proliferative 
proportion = (S + G1/M) cells / total cells stained with PI.

Cell apoptosis assay. HDFs (density, 1x105) seeded on 24-well 
plates were maintained for 24 h. The cell cultures were supple-
mented with Annexin V-fluorescein isothiocyanate (FITC) 
and PI (Clontech Laboratories, Inc.) for 10 min in the dark. 
Finally, the FACSCanto flow cytometer was used to analyze 
cell apoptosis. Annexin V-positive and PI-negative cells were 
considered to be apoptotic cells.

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR). Total RNA from the burn 
tissues and HDF cells was extracted using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) and purified with 
RNase-free Dnase  I (Promega Corporation, Madison, WI, 
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USA). The purified RNA was then used for cDNA synthesis. 
The expression of certain genes in the burn tissues or HDF cells 
was detected using a SYBR ExScript qRT-PCR kit (Takara 
Biotechnology Co., Ltd, Dalian, China) on an ABI  7500 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
Primer sequences are listed in Table I. The LET primers were 
synthesized by Shanghai Sangon Biological Engineering 
Technology and Services Co., Ltd. (Shanghai, China). A final 
20-µl reaction mixture was amplified using the following reac-
tion conditions: Initial desaturation at 95˚C for 5 min, followed 
by denaturation at 95˚C for 30  sec, annealing at 60˚C for 
40 sec and extension at 72˚C for 10 sec for 40 cycles. GAPDH 
was used as an internal control for mRNA or lncRNAs. All 
reactions were run in triplicate. PCR products were resolved 
on 2% agarose, visualized with ethidium bromide staining,  
and analyzed using a FluorChem 8900 imager (ProteinSimple, 
San Jose, CA, USA). The relative mRNA expression level was 
calculated by the 2-ΔΔCq method (27).

Semi-quantitative RT-PCR. The expression of si-EZH2 and 
IgG were analyzed using semi-quantitative RT-PCR. Total 
RNA was extracted with TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.), and RT-PCR was performed with a 
PCR kit from Fermentas (Hanover, MD, USA). The primers 
used for amplification were shown in Table I. The PCR profile 

was listed as follows: 94˚C for 2 min followed by 35 cycles of 
94˚C for 30 sec, 58˚C for 30 sec, and 72˚C for 30 sec, with a 
final extension at 72˚C for 10 min.

Western blot assay. Transfected primary HDFs were seeded 
into 6-well plates at a density of 1.0x106 in DMEM and 
harvested at 48 h after transfection. Cells were then lysed 
using radioimmunoprecipitation assay buffer (Beijing Solarbio 
Bioscience and Technology Co., Ltd., Beijing, China) and 
protein was quantified using a BCA protein assay kit (Thermo 
Fisher Scientific, Inc.). Equal amounts of protein (20 µg) were 
separated using 10% SDS-PAGE gels and transferred onto 
polyvinylidene difluoride (PVDF) membranes (Invitrogen; 
Thermo Fisher Scientific, Inc.). The PVDF membranes were 
then blocked with 5% skimmed milk (BD Biosciences) and 
incubated with primary antibody against cyclin D1 (dilution 
1:1,000; ab134175), cyclin-dependent kinase 4 (CDK4; dilu-
tion 1:1,000; ab199728), cyclin E1 (dilution 1:1,000; ab33911), 
cyclin A1 (dilution 1:1,000; ab118897), B‑cell lymphoma 2 
(Bcl-2; dilution 1:1,000; ab59348), Bcl-2‑associated X protein 
(Bax; dilution 1:2,000; ab53154), cleaved caspase-3 (dilution 
1:1,000; ab32042), EZH2 (dilution 1:500; ab186006) and 
GAPDH (dilution 1:2,000; ab181602) at 4˚C overnight. The 
membranes were then incubated with horseradish peroxidase-
conjugated secondary antibodies (1:1,000 dilution; ab9482) for 
1 h at room temperature. All antibodies were purchased from 
Abcam (Cambridge, UK). The bands of the target proteins were 
visualized and analyzed with Enhanced Chemiluminescence 
(ECL) reagent (GE Healthcare Life Sciences) using the 
Tanon‑5200 Chemiluminescent Imaging system (Tanon 
Science and Technology Co., Ltd., Shanghai, China).

Chromatin immunoprecipitation (ChIP) assay. As described 
by Luo  et  al  (16), a ChIP assay was performed using an 
EZ‑ChIP™ Chromatin Immunoprecipitation kit (EMD 
Millipore, Billerica, MA, USA). Firstly, cross-linked 
chromatin was sonicated into fragments in the size range 
200-1,000 bp, and the fragments were immunoprecipitated 
using H3K27me3 antibody (dilution 1:500; SAB4800015; 
Sigma‑Aldrich; Merck KGaA). Normal human immuno-
globulin G (IgG; dilution 1:500; ab7461; Abcam) was chosen 
as the negative control. Semi-quantitative RT-PCR was 
conducted as described above.

RNA immunoprecipitation (RIP) assay. An RIP assay was 
performed using a Magna RIP™ RNA-Binding Protein 
Immunoprecipitation kit (EMD Millipore) as described by 
Luo et al (16). Anti-EZH2 antibody and IgG (control) were 
used for RIP [anti-EZH2 (dilution 1:1,000; 4905), anti-IgG 
(dilution 1:1,000; 147008); Cell Signaling Technology, Inc., 
Danvers, MA, USA]. Coprecipitated RNAs were purified 
and cDNA was synthesized for analysis by RT-qPCR. 
Total  RNAs (input controls) and isotype controls were 
detected simultaneously to demonstrate that the detected 
signals were the results of RNAs specifically binding to 
EZH2.

Statistical analysis. All data are expressed as mean ± standard 
deviation from three triplicates. Data were analyzed using 
Graph Prism 6.0 software (GraphPad Prism, Inc., La Jolla, 

Table I. Primer sequences.

Gene name	 Primer sequences (5'-3')

LET	 F:	 5'-GGAGTAAAGGGAAAGAGTTGC-3'
	 R:	 5'-GTGTCGTGGACTGGCAAAAT-3'
EZH2	 F:	 5'-CAGCCTTGTGACAGTTCGT-3'
	 R:	 5'-AGATGGTGCCAGCAATAGA-3'
Bax	 F:	 5'-TGCCCGAAACTTCTAAAA-3'
	 R:	 5'-CGTGACTGTCCAATGAGC-3'
Bcl-2	 F:	 5'-GCAGAAGTCTGGGAATCG-3'
	 R:	 5'-GCATAAGGCAACGATCC-3'
Caspase-3	 F:	 5'-ACCGATGTCGATGCAGCTAA-3'
	 R:	 5'-AGGTCCGTTCGTTCCAAAAA-3'
Cyclin D1	 F:	 5'-GCTGCTCCTGGTGAACAAGC-3'
	 R:	 5'-CACAGAGGGCAACGAAGGTC-3'
CDK4	 F:	 5'-TGCCAATTGCATCGTTCACCGAG-3'
	 R:	 5'-TGCCCA ACTGGTCGGCTTCA-3'
Cyclin A1	 F:	 5'-CGCACAGAGACCCTGTACTT-3'
	 R:	 5'-TTGGAACGGTCAGATCAAAT-3'
Cyclin E1	 F:	 5'-GTTATAAGGGAGACGGGGAG-3'
	 R:	 5'-TGCTCTGCTTCTTACCGCTC-3'
GAPDH	 F:	 5'-GGAGCGAGATCCCTCCAAAAT-3'
	 R:	 5'-GGCTGTTGTCATACTTCTCATGG-3'

LET, low expression in tumor; EZH2, enhancer of zeste homolog 2; 
Bax, Bcl-2‑associated X protein; Bcl-2, B-cell lymphoma 2; CDK, 
cyclin-dependent kinase 4; F, forward; R, reverse.
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CA, USA). Student's t-test and Tukey's test were used to 
analyze differences between and among groups, respectively. 
Correlation between lncRNA LET and EZH2 was analyzed 
using Pearson correlation coefficient. P<0.05 was considered 
to indicate a statistically significant result.

Results

Heat treatment inhibits the expression of LET. The expression 
of lncRNA LET was downregulated in tissues from burn injury 
compared with normal HDFs (P<0.01; Fig. 1A). In addition, 
the expression of LET was lower in primary HDFs treated 
with heat compared with the control (P<0.05 at 12 h and 24 h, 

P<0.01 at 48 h; Fig. 1B). The lowest expression of LET in the 
HDFs was observed at 24 h following the heat treatment. These 
results demonstrate that LET expression is inhibited by heat.

LET overexpression promotes cell proliferation. The LET over-
expression plasmid pc-LET was constructed and transfected into 
heat-treated HDFs for 24 h. RT-qPCR analysis demonstrated that 
LET mRNA was upregulated in the transfected HDFs compared 
with the untransfected HDFs (P<0.01; Fig. 2A). The MTT assay 
indicated that the LET overexpression induced in the HDFs 
following transfection with pc-LET significantly increased cell 
viability compared with that of untransfected HDFs (P<0.01; 
Fig. 2B). In addition, the number of colonies formed by the 

Figure 1. Expression of (A) long noncoding LET in burn injury and normal skin tissues and (B) human primary HDFs. The HDFs were exposed to 52˚C heat in 
a water heater and evaluated at 12, 24 and 48 h following heat damage. *P<0.05 and **P<0.01 vs. normal or control, respectively. HDF, human dermal fibroblast; 
LET, low expression in tumor.

Figure 2. LET overexpression promotes HDF proliferation. Primary HDFs were transfected with pc-LET overexpression plasmid. (A) LET mRNA expression 
was evaluated by reverse transcription-quantitative polymerase chain reaction. Cell viability and cell colony formation were assessed using (B) MTT and 
(C) clonogenic assay. In the clonogenic assay, (D) cell colonies were stained with Diff-Quick (magnification x400). *P<0.05 and **P<0.01 vs. control. HDF, 
human dermal fibroblast; LET, low expression in tumor; OD, optical density.
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transfected HDFs was significantly increased compared with the 
control (P<0.01; Fig. 2C and D). These results demonstrate that 
pc-LET increased the proliferation of the HDFs.

LET overexpression regulates the cell cycle at the G1 stage. 
Analysis of the cell cycle using flow cytometry revealed that 
pc-LET transfection significantly reduced the percentage of 
cells in the G0/G1 stage, and upregulated the percentage of 
cells in the S stage (P<0.05; Fig. 3A). Analysis of cell cycle-
related factors, including cyclin D1, CDK4, cyclin A1 and 
cyclin E1 by RT-qPCR demonstrated that the expression of 
some of these factors was dysregulated by pc-LET transfec-
tion. Cyclin D1 and CDK4 mRNA levels were significantly 

increased by pc-LET transfection, compared with those in 
the control HDFs (P<0.05; Fig. 3B). However, cyclin A1 and 
cyclin E1 expression were not markedly regulated by pc-LET 
transfection. In addition, the dysregulated expression levels of 
cyclin D1, CDK4, cyclin A1 and E1 were shown in Fig. 3C. 
These results show that LET promotes HDF proliferation via 
cell cycle arrest at the S stage through the upregulation of 
cyclin D1 and CDK4.

LET overexpression inhibits cell apoptosis. Flow cytometry 
with Annexin V-FITC and PI dual staining indicated that 
LET overexpression significantly inhibited the apoptosis 
of HDFs (P<0.01; Fig. 4A and B). Results showed that the 

Figure 3. LET overexpression regulates the cell cycle of human dermal fibroblasts via cell cycle-associated proteins. (A) Cell cycle analysis was conducted 
using flow cytometry. (B) The mRNA expression of cell cycle-associated factors was analyzed using reverse transcription-quantitative polymerase chain 
reaction and (C) the protein levels were analyzed by western blotting. *P<0.05 vs. control. LET, low expression in tumor; pc-LET, LET overexpression plasmid; 
CDK4, cyclin‑dependent kinase 4.

Figure 4. Transfection with pc-LET inhibits the apoptosis of human dermal fibroblasts. (A) The percentage of apoptotic cells was determined by (B) flow 
cytometry using Annexin V-fluorescein and propidium iodide dual staining. (C) The mRNA expression of apoptosis-associated factors was analyzed by 
reverse transcription-quantitative polymerase chain reaction and (D) the protein levels were analyzed by western blotting. *P<0.05 and **P<0.01 vs. control. 
LET, low expression in tumor; pc-LET, LET overexpression plasmid; Bax, Bcl-2‑associated X protein; Bcl-2, B-cell lymphoma 2.
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mRNA expression of cell apoptosis‑associated proteins, 
including Bax, Bcl-2 and cleaved caspase-3, were dysregulated 
by pc-LET transfection compared with those in the control 
(P<0.05; Fig. 4C). The protein levels of the cell apoptosis-
related proteins were also analyzed using western blotting 
(Fig. 4D). The expression levels of Bax and cleaved caspase-3 
in the pc-LET transfected HDFs were significantly lower than 
those in the control (P<0.05). However, the expression of Bcl-2 
was upregulated in the pc-LET transfected HDFs compared 
with the control (P<0.05). These results indicate that pc-LET 
transfection inhibits cell apoptosis through downregulation of 
the Bax/Bcl-2 ratio and caspase-3.

Association of LET with EZH2 is involved in cell growth and 
apoptosis. lncRNAs have been shown to serve crucial roles in 

the proliferation of skin fibroblasts (28). EZH2 is indicated to 
be a transcription factor of H3K27me3, and a combination of 
these two factors is essential for the pathogenesis and develop-
ment of various diseases (28,29). To investigate the association 
of EZH2 and H3K27me3 with LET in primary HDFs derived 
from burned skin, RIP and ChIP analyses were conducted. 
The results demonstrated that EZH2 was upregulated in 
heat‑treated HDF cells at 12-48 h after heat exposure (Fig. 5A). 
The expression of EZH2 mRNA was significantly upregulated 
by heat treatment, and the highest expression was observed 
at 24 h post-treatment (P<0.01 vs. control). The RIP analysis 
revealed that EZH2 was enriched in the HDFs by binding 
to LET (Fig. 5B). Furthermore, following transfection with 
siRNA-EZH2 (Fig. 5C), ChIP analysis revealed an interaction 
between H3K27me3 and EZH2 (Fig. 5D). Analysis of LET and 

Figure 5. Results of RIP and ChIP assays for primary HDFs. (A) Relative expression of EZH2 in heat-treated HDFs. (B) RIP analysis was performed using anti-
bodies against EZH2 and IgG. (C) pc-EZH2 and si‑EZH2 were transfected into HDFs. (D) ChIP analysis was performed using antibodies against H3K27me3 
and IgG. (E) Relative expression of LET in HDFs transfected with pc-EZH2 or si-EZH2. (F) Correlation of LET and EZH2 expression in burn tissues from 
patients. *P<0.05 and **P<0.01 vs. control or input, respectively. RIP, RNA immunoprecipitation; ChIP, chromatin immunoprecipitation; HDF, human dermal 
fibroblast; EZH2, enhancer of zeste homolog 2; IgG, immunoglobulin G; pc-EZH2, EZH2 overexpression plasmid; si-EZH2, EZH2, small interfering RNA; 
LET, low expression in tumor; lncRNA, long non-coding RNA; H3K27me3, histone H3 lysine 27 trimethylation.
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EZH2 expression in the HDFs (Fig. 5E) and burn tissues from 
patients (Fig. 5F) revealed that there was a negative correlation 
between LET and EZH2 expression. These results suggest that 
the elevated expression of EZH2 in burned HDFs inhibits LET 
by binding to it, thus suppressing H3K27me3 expression and 
modulating cell proliferation and apoptosis (Fig. 6).

Discussion

Previous studies have shown that the interaction of lncRNA with 
EZH2 is associated with cancer cell metastasis (16,30), prolifera-
tion (14,31) and apoptosis (13,14) by target modulation, implicating 
the role of EZH2 and lncRNA in cell proliferation. The present 
study aimed to investigate the interaction of EZH2 and lncRNA 
LET, and its involvement in the mechanism of HDF proliferation 
and apoptosis. The results demonstrated that there was a negative 
correlation between EZH2 and lncRNA LET expression in burned 
skin tissues and HDFs subjected to heat treatment. Transfection 
with pc-LET promoted HDF proliferation, arrested the cell cycle 
at the S stage, and inhibited cell apoptosis via modulation of the 
cell cycle and apoptosis‑associated proteins.

EZH2, the catalytic subunit of PRC2, is a core epigenetic 
regulator that has a crucial role in cell proliferation, cell 
fate decisions, cancer initiation and the response of cells to 
inflammation (9,32). EZH2 and H3K27me3 expression has 
been observed to be positively associated with high cancer 
cell proliferation rates and poor clinical outcomes  (9-11), 
which indicates that the EZH2-mediation of H3K27me3 is 
oncogenic (10,12). In addition, the high expression of EZH2 
and H3K27me3 has been detected in synovial fibroblasts in 
rheumatoid arthritis and fibroblasts associated with renal 
fibrogenesis (17), in accordance with studies indicating that 
EZH2-mediated H3K27me3 increase is involved in the inflam-
matory response (32-34). DuPage et al demonstrated a critical 
role for EZH2 in the maintenance of regulatory T (Treg) cell 
identity during cellular activation, with EZH2-deficient Treg 
cells being destabilized and lacking the ability to prevent auto-
immunity (32). In the present study, the expression of EZH2 
in primary HDFs was increased following heat treatment 
compared with that in the control. Furthermore, the positive 
association of H3K27me3 expression with EZH2 was revealed 

by ChIP analysis. These results indicate that the upregulation 
of EZH2 and EZH2-mediated H3K27me3 serve major roles in 
the fate decision of HDF cells from burned skin, which may 
benefit autoimmunity and the cell response to inflammation.

In the present study, analysis of the association between 
lncRNA LET downregulation and EZH2 overexpression in 
burned human skin tissues revealed a negative correlation. 
In addition, in lncRNA-LET gain-of-function experiments 
in which pc-LET overexpression plasmids were transfected 
into HDFs, increased cell viability and clone formation, and 
a reduced proportion of apoptotic cells were observed. These 
results reveal that the expression of lncRNA LET in primary 
HDF cells promoted cell proliferation and inhibited cell 
apoptosis. This was in accordance with the negative associa-
tion of lncRNA LET and EZH2 expression in hepatocellular 
carcinoma observed by Sun et al (5). Sun et al (5) reported 
that the loss of expression of lncRNA-LET in nasopharyngeal 
carcinoma (NPC) tissues was negatively associated with risk 
factors and clinical features including advanced clinical stage 
and poor patient survival, and EZH2 expression. Furthermore, 
lncRNA‑LET gain- and loss-of-function experiments 
conducted in that study demonstrated that LET overexpres-
sion inhibited EZH2 expression and NPC cell proliferation, 
and promoted NPC cell apoptosis. By contrast, the silencing 
of LET using siRNA promoted cell proliferation and inhib-
ited cell apoptosis. An association of low lncRNA‑LET 
with poor prognosis was also reported in gastric cancer by 
Zhou et al (21). Together, these results demonstrate that the 
decreased expression of lncRNA LET is a poor prognosis 
factor for tumors and burn-injured patients. Furthermore, the 
upregulation of lncRNA LET may be regarded as a therapeutic 
intervention option for cancer and burns.

Since lncRNA LET expression contributes to the prolif-
eration and apoptosis of cancer cells and human primary HDFs, 
the expression of cell cycle- and apoptosis-related proteins 
in pc-LET transfected cells was investigated in the present 
study. The cell cycle and apoptosis are complicated processes 
involving numerous genes and signaling pathways  (35-38). 
Bcl-2, Bax and caspase-3 are important factors for cell apop-
tosis, and an increase in the Bax/Bcl-2 ratio may promote cell 
apoptosis (35,36,39,40). Furthermore, cyclin D1 and CDK4/6 are 

Figure 6. Model for the H3K27me3 dependent EZH2-LET interaction mechanism. Both H3K27me3 and EZH2-LET interaction were essential for expression 
of lncRNA LET, and the downstream proteins related to cell proliferation and apoptosis. Three methylation sites of EZH2 at H3K27me3 promoter are pre-
sented by three yellow balls. EZH2-catalyzed H3K27me3 trimethylation inhibits lncRNA-LET expression and promotes cell apoptosis. H3K27me3, histone 
H3 lysine 27 trimethylation; EZH2, enhancer of zeste homolog 2; LET, low expression in tumor; lncRNA, long non-coding RNA; PRC2, polycomb repressive 
complex 2; Bax, Bcl-2‑associated X protein; Bcl-2, B-cell lymphoma 2. 
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essential for maintaining cell cycle progression, and inhibition 
of the cyclin D1-CDK4/6 pathway may arrest the cell cycle with 
cell accumulation at the G0/G1 stage (41,42). The observation 
that enhanced lncRNA LET expression significantly upregulated 
the expression of cyclin D1 and CDK4, altered the progression of 
cells from the G0/G1 stage to the S stage, and inhibited cyclin E1, 
an oncogene (43), indicates that lncRNA LET modulates the cell 
cycle via the cyclin D1-CDK4 signaling pathway.

The observation that increased lncRNA LET expression 
significantly inhibited cell apoptosis and downregulated 
the Bax/Bcl-2 ratio and cleaved caspase-3 expression indi-
cate that lncRNA LET inhibits cell apoptosis through the 
Bax/Bcl-2/caspase-3 signaling pathway. Thus, the present 
study demonstrates that lncRNA LET inhibits cell apoptosis 
and promotes cell proliferation via Bax/Bcl-2/caspase-3 and 
cyclin D1-CDK4 signaling pathways, respectively, in HDFs.

In conclusion, the results of the present study indicate that in 
burns, the reduced expression of lncRNA LET and upregulation 
of EZH2 promote cell apoptosis and inhibit the proliferation of 
HDFs. Furthermore, a negative correlation between lncRNA 
LET and EZH2 expression was detected in burn-injured tissues. 
RIP and ChIP analysis confirmed the interaction of EZH2 
with lncRNA LET, and EZH2 with H3K27me3. The LET 
gain-of-function experiment using primary HDFs suggests that 
increased lncRNA‑LET expression promoted cell prolifera-
tion and inhibited cell apoptosis via the cyclin D1-CDK4 and 
Bax/Bcl-2/caspase-3 signaling pathways, respectively. From 
these observations, it may be speculated that the upregulation 
of lncRNA LET is a potential therapeutic intervention for burn 
wound healing. However, the mechanism of action of lncRNA 
LET in cell apoptosis and proliferation, as well as the direct 
target proteins of lncRNA LET, require further exploration.
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