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Abstract. LncRNA loc285194 is a well‑characterized tumor 
suppressor in several types of cancer. To the best of our 
knowledge, the present study is the first to investigate the 
involvement of lncRNA loc285194 in laryngeal squamous 
cell carcinoma (LSCC). The expression of loc285194 and 
hexokinase 2 (HK‑2) mRNA in laryngeal biopsies of patients 
with LSCC or healthy controls was detected by reverse tran-
scription‑quantitative polymerase chain reaction (RT‑qPCR). 
The diagnostic value of loc285194 and HK‑2 mRNA for 
LSCC was evaluated using receiver operating character-
istic curve analysis. The correlation between expression of 
loc285194 and HK‑2 mRNA was analyzed using the Pearson 
correlation coefficient. The association between loc285194 
and clinicopathological data of patients with LSCC was 
analyzed using the Chi‑square test. LncRNA loc285194 
and HK‑2 expression vectors were transfected into human 
LSCC cell lines and the effects on HK‑2 expression, lncRNA 
loc285194 expression and cell proliferation was detected by 
western blot, RT‑qPCR and CCK‑8 assays, respectively. It 
was observed that loc285194 was upregulated, while HK‑2 
mRNA was downregulated in patients with LSCC compared 
with healthy controls. The results demonstrated that the 
downregulation of loc285194 may be a sensitive diagnostic 
marker for LSCC. The expression levels of loc285194 and 
HK‑2 mRNA were inversely correlated in patients with 
LSCC, but not in healthy controls. loc285194 expression 
was significantly associated with tumor size, but not distant 
tumor metastasis. Loc285194 overexpression significantly 

inhibited HK‑2 expression and LSCC cell proliferation. 
HK‑2 overexpression did not significantly affect Loc285194 
expression, but promoted LSCC proliferation and attenuated 
the inhibitory effects of loc285194 overexpression on LSCC 
cell proliferation. lncRNA loc285194 may inhibit tumor 
growth of LSCC cells by downregulating HK‑2.

Introduction

Tumor growth serves pivotal roles in cancer development and 
progression. Chemical drugs that inhibit tumor cell growth 
are used in the treatment of cancer (1). Laryngeal squamous 
cell carcinoma (LSCC) is a rare malignancy, accounting for 
~2% of all cancer cases (2). However, LSCC is considered 
to be a major cause of cancer‑associated mortality due to its 
aggressive nature and rapid development (3). In spite of the 
efforts made to prevent and treat LSCC, the survival rate of 
patients with this disease remains poor (4). Therefore, novel 
therapeutic approaches with higher efficacies are required to 
improve treatment outcomes in patients with LSCC. It has 
been reported that tumor size is associated with the prognosis 
of patients with LSCC (5). Therefore, the identification of 
factors that can regulate tumor growth in patients with LSCC 
may provide guidance for the treatment of LSCC.

Hexokinase 2 (HK‑2) is an enzyme in the human body that 
can phosphorylate glucose to produce glucose‑6‑phosphate, 
which is typically the initial step in glucose metabolism (6). 
The overexpression of HK‑2 is frequently observed in the 
progression of different types of cancer, and the upregulated 
expression of HK‑2 in certain types of cancer accelerates 
cell growth and promotes cancer progression (7‑9). Thus, the 
inhibition of HK‑2 expression is considered to be a promising 
therapeutic target for cancer treatment (10). HK‑2 achieves 
its biological roles through its interactions with different 
cellular factors, including long (>200 nucleotides) non‑coding 
RNAs (lncRNAs), which are a heterogeneous group of RNA 
transcripts with pivotal roles in human diseases due to their 
regulatory roles in gene expression (11). LncRNA loc285194 
has been reported to have tumor suppressive functions in 
certain types of malignancies (12), while its involvement in 
LSCC remains unclear. Our preliminary data of microarray 
revealed an association between HK‑2 and loc285194 (data 
not shown). The present study aimed to assess the involvement 
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of lncRNA loc285194 in the pathogenesis of LSCC via its 
interaction with HK‑2.

Materials and methods

Subjects and specimens. The current study included 66 patients 
with LSCC, who were diagnosed at the Affiliated Second 
Hospital Xinjiang Medical University between January 2015 
and March 2017. The inclusion criteria were as follows: 
i) Patients diagnosed through laryngeal biopsies; ii) patients 
received treatment for the first time; iii) patients willing to join 
the study. The exclusion criteria were as follows: i) Patients 
complicated with other malignancies (102  patients were 
excluded); ii) patients who were treated prior to admission 
(12 cases were excluded); iii) patients with chronic diseases 
(45 patients were excluded); iv) blood relatives (2 patients were 
excluded). Among those patients, 10 cases were in American 
Joint Committee on Cancer stage  II, 12 in stage  III, 9 in 
stage IVA, 12 in stage IVB and 23 in stage IVC. The patients 
included 36 males and 30 females with ages ranging between 
24 and 66 years, and a mean age of 44.5±6.6 years. During 
the same time period, 92 people received laryngeal biopsies 
to detect suspected laryngeal lesions and laryngeal lesions 
were excluded in 39 cases. Among these 39 cases, laryngeal 
biopsies were obtained from 28 cases to match the age and sex 
distributions of patient group and to serve as control group. 
The present study was approved by the Ethics Committee of 
The Affiliated Second Hospital Xinjiang Medical University. 
All participants signed informed consent. Laryngeal biopsies 
were obtained from the specimen library of the Affiliated 
Second Hospital Xinjiang Medical University. All specimens 
were stored in liquid nitrogen (‑195.79˚C) prior to use.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) was used to 
extract total RNA. All operations were performed in accor-
dance with manufacturer's protocol. cDNA was synthesized 
through reverse transcription using SuperScript III Reverse 
Transcriptase (Thermo Fisher Scientific, Inc.) under the 
following conditions: 50˚C for 30 min and 75˚C for 15 min. 
qPCR was performed using SYBR® Green Real‑Time PCR 
Master Mix (Thermo Fisher Scientific, Inc.) with following 
primers: lncRNA loc285194 forward, 5'‑TGT​GCC​TGT​TTG​
ACC​TCT​GA‑3' and reverse, 5'‑AGG​AAG​GAT​AAA​AGA​CCG​
ACC​A‑3'; HK‑2 mRNA forward, 5'‑AAG​GCT​TCA​AGG​CAT​
CTG‑3' and reverse, 5'‑CCA​CAG​GTC​ATC​ATA​GTT​CC‑3'; 
β‑actin forward, 5'‑GAC​CTC​TAT​GCC​AAC​ACA​GT‑3' and 
reverse, 5'‑AGT​ACT​TGC​GCT​CAG​GAG​GA‑3'. The qPCR 
reaction conditions were as follows: 50 sec at 95˚C, followed 
by 40 cycles of 20 sec at 95˚C and 40 sec at 59˚C. The 2‑ΔΔCq 
method was used for data normalization (13).

Cell lines, cell culture and cell transfection. Human LSCC 
cell line UM‑SCC‑17A (EMD Millipore, Billerica, MA, USA) 
and normal larynx cell line HuLa‑PC (American Type Culture 
Collection, Manassas, VA, USA) were used in this study. Cells 
of each cell line were cultured with DMEM containing 10% 
fetal bovine serum (FBS; Sangon Biotech Co., Ltd. Shanghai, 
China) at 37˚C with 5% CO2. Full‑length loc285194 and HK‑2 

cDNAs were amplified through PCR using primers with NheI 
cutting site at the 5' end. Loc285194 and HK‑2 cDNAs were 
inserted into pIRSE2 vector (Clontech Laboratories, Inc., 
Mountainview, CA, USA) to construct loc285194 and HK‑2 
expression vectors. Loc285194 and HK‑2 expression vectors 
were transfected into 5x105 cells at a dose of 10 nM using 
Lipofectamine 2000 reagent (Thermo Fisher Scientific, Inc.). 
Cells without transfection were used as control cells. Cells 
transfected with empty vector were used as negative control 
cells. The expression of loc285194 and HK‑2 was confirmed 
by RT‑qPCR 12 h after transfection. Subsequent experiments 
were performed only in cases where an overexpression rate of 
>200% compared with control cells and negative control cells 
was reached.

Cell Counting Kit‑8 (CCK‑8) assay. Cell proliferation was 
detected using a CCK‑8 assay. Briefly, cell suspensions 
(1% FBS) with a cell density of 5x104 cells/ml were prepared. 
Subsequently, 5x103 cells in 0.1 ml cell suspension were added 
into each well of a 96‑well plate. Cells were cultured at 37˚C 
in a 5% CO2 incubator, followed by addition of 10 µl CCK‑8 
solution (Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) 
24, 48, 72 and 96 h later. Cells were cultured for additional 
4 h and Fisherbrand™ accuSkan™ GO UV/Vis microplate 
spectrophotometer (Thermo Fisher Scientific, Inc.) was used 
to measure the optical density values at 450 nM.

Western blot analysis. RIPA solution (Thermo Fisher Scientific, 
Inc.) was mixed with cultured cells to extract total protein. 
Subsequently, a bicinchoninic acid assay was performed to 
measure protein concentration. Protein samples were dena-
tured and subjected to 10% SDS‑PAGE gel electrophoresis 
with 45 µg protein/lane. Subsequently, PVDF membranes 
were blocked in 5% skimmed milk at room temperature for 
1 h, followed by incubation with rabbit anti‑human primary 
antibodies against HK‑2 (1:1,200; cat. no. ab37593; Abcam, 
Cambridge, UK) and GAPDH (1:2,000; cat.  no.  ab8245; 
Abcam) at 4˚C overnight. The following day, a goat anti‑rabbit 
IgG‑horseradish peroxidase secondary antibody (1:1,000; 
cat. no. MBS435036; MyBioSource, San Diego, CA, USA) was 
used to further incubate with membranes at 25˚C for 2 h. Then, 
ECL (Sigma‑Aldrich, Merck KGaA) was added to develop the 
signals. Signals were normalized using ImageJ v1.46 software 
(National Institutes of Health, Bethesda, MD, USA).

Statistical analysis. Data analyses were performed using 
GraphPad Prism 6 software (GraphPad Software, Inc., La 
Jolla, CA, USA). Gene expression and cell proliferation data 
are presented as the mean ± standard deviation. One‑way 
analysis of variance followed by the least significant differ-
ence test among multiple groups or unpaired t‑test between 
two groups was used. Associations between loc285194 
expression and clinicopathological data of LSCC patients 
were analyzed using the Chi‑square test. Correlations 
between expression of loc285194 and HK‑2 mRNA were 
analyzed using the Pearson correlation coefficient. The 
diagnostic value of loc285194 and HK‑2 mRNA for LSCC 
was evaluated using receiver operating characteristic curve 
analysis (ROC). Origin Pro 8.0 (OriginLab, Northampton, 
MA, USA) was used to calculate statistical power. Statistical 
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power >90% was reached in all cases. All data provided 
sufficient statistical power. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Loc285194 is downregulated and HK‑2 mRNA is upregu‑
lated in patients with LSCC compared with healthy controls. 
The expression of loc285194 and HK‑2 mRNA in laryngeal 
biopsies of patients with LSCC or healthy controls was 
detected using RT‑qPCR. As shown in Fig. 1A, loc285194 
expression was significantly downregulated in patients with 
LSCC compared with that in healthy controls (P<0.05). 
In contrast, HK‑2 mRNA was significantly upregulated 
in LSCC patients compared with that in healthy controls 
(Fig. 1B; P<0.05).

Loc285194 and HK‑2 mRNA are potential diagnostic 
biomarkers for LSCC. ROC curve analysis was performed 
to evaluate the diagnostic values of loc285194 and HK‑2 
mRNA for LSCC (Fig.  2). For loc285194, the area under 
the curve (AUC) was 0.8810 [standard error (SE), 0.03499; 
95% confidence interval (CI), 0.8124‑0.9405; P<0.0001]. For 
HK‑2 mRNA, the AUC was 0.8239 (SE, 0.04211; 95% CI, 
0.7413‑0.9064; P<0.0001).

loc285194 and HK‑2 mRNA expression levels are inversely 
correlated in patients with LSCC, but not in healthy controls. 
The correlation between the expression levels of loc285194 
and HK‑2 mRNA was analyzed using the Pearson correlation 
coefficient. A significantly inverse correlation was identified 
between the expression levels of loc285194 and HK‑2 mRNA 
in patients with LSCC (Fig. 3A). In contrast, no significant 
correlation between loc285194 and HK‑2 mRNA expression 
levels was observed in healthy controls (Fig. 3B).

Expression of loc285194 is significantly associated with tumor 
size, but not distant tumor metastasis. Patients were divided 
into high and low expression groups according to the median 
expression level of loc285194 (1.72). The association between 
loc285194 and clinicopathological data of patients with LSCC 
was analyzed using the Chi‑square test. As shown in Table I, 
loc285194 expression was not significantly associated with 
the age, sex, smoking and drinking habits of patients as well 
as the presence of tumor metastasis. In contrast, a significant 
association was observed between loc285194 expression and 
primary tumor size.

Loc285194 is an upstream activator of HK‑2 in LSCC cells. 
Cells with transient loc285194 and HK‑2 were produced, 
and the expression of loc285194 and HK‑2 was detected by 

Figure 1. Loc285194 is downregulated and HK‑2 mRNA is upregulated in patients with LSCC compared with in healthy controls. Comparison of loc285194 
and HK‑2 mRNA expression revealed (A) significantly downregulated loc285194 expression and (B) significantly upregulated HK‑2 mRNA expression in 
patients with LSCC compared with in healthy controls. *P<0.05. LSCC, laryngeal squamous cell carcinoma; HK‑2, hexokinase 2.

Figure 2. Loc285194 and HK‑2 mRNA are potential diagnostic biomarkers for LSCC. Receiver operating characteristic curve analysis revealed that (A) down-
regulation of loc285194 and (B) upregulation of HK‑2 mRNA effectively distinguished patients with LSCC from healthy controls. LSCC, laryngeal squamous 
cell carcinoma; HK‑2, hexokinase 2; AUC, area under the curve.
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RT‑qPCR and western blot analysis. As shown in Fig. 4A, 
compared with the control cells and negative control cells, 
loc285194 overexpression significantly inhibited the expres-
sion of HK‑2 in the human LSCC UM‑SCC‑17A cell line, 
but not in the normal HuLa‑PC larynx cell line (P<0.05). In 
contrast, HK‑2 overexpression demonstrated no significant 
effects on loc285194 expression in the UM‑SCC‑17A and 
HuLa‑PC cell lines (Fig. 4B).

Loc285194 overexpression inhibits HK‑2 expression and 
LSCC cell proliferation. A CCK‑8 assay was performed 
to detect cell proliferation following loc285194 and HK‑2 
overexpression. As shown in Fig. 5, loc285194 overexpres-
sion led to significantly inhibited HK‑2 expression and LSCC 
cell proliferation compared with the control and negative 
control groups (P<0.05). In addition, HK‑2 overexpression 
attenuated the inhibitory effects of loc285194 overexpression 

Table I. Associations between loc285194 expression and clinicopathological data of LSCC patients.

	 Expression
	‑‑‑‑‑‑‑‑‑‑‑ --------------------------‑‑‑‑‑‑‑‑‑‑
Characteristic	 Cases	 High	 Low	 Chi‑square	 P‑value

Sex
  Male	 36	 16	 20	 0.98	 0.32
  Female	 30	 17	 13		
Age, years
  >45	 32	 14	 18	 0.97	 0.32
  ≤45	 34	 19	 15		
Smoking
  Yes	 28	 12	 16	 0.99	 0.32
  No	 38	 21	 17		
Drinking
  Yes	 33	 15	 18	 0.55	 0.46
  No	 33	 18	 15		
Tumor size, cm
  ≥6	 19	 5	 14	 6.02	 0.049
  3‑6	 23	 14	 9		
  ≤3	 24	 14	 10		
Distant metastasis
  Yes	 43	 19	 24	 1.67	 0.196
  No	 23	 14	 9		

LSCC, laryngeal squamous cell carcinoma.

Figure 3. Expression of loc285194 and HK‑2 mRNA is inversely correlated in LSCC patients, but not in healthy controls. Pearson correlation coefficient 
revealed a significant inverse correlation between the expression of loc285194 and HK‑2 mRNA in (A) patients with LSCC, but not in (B) healthy controls. 
LSCC, laryngeal squamous cell carcinoma; HK‑2, hexokinase 2.
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on LSCC cell proliferation (P<0.05). Loc285194 and HK‑2 
overexpression showed no significant effects on the prolifera-
tion of normal HuLa‑PC cells.

Discussion

One of the key findings of the present study demonstrated 
that loc285194, a well‑studied tumor suppressor lncRNA in 
several types of human malignancies, may also participate 
in the regulation of tumor growth, but not tumor metastasis 
in patients with LSCC. The action of loc285194 in LSCC is 
likely to be achieved though interactions with HK‑2.

LncRNA loc285194 is a tumor suppressor gene that 
is downregulated in several types of cancer, including 

esophageal squamous cell carcinoma (14), pancreatic ductal 
adenocarcinoma  (15) and colorectal cancer  (16). In the 
present study, significantly downregulated expression of 
lncRNA loc285194 was observed in patients with LSCC 
comparing with healthy controls. The downregulation of 
lncRNA loc285194 effectively distinguished patients with 
LSCC from healthy controls, indicating the potential role of 
lncRNA loc285194 as a tumor suppressor in LSCC.

Accelerated glucose metabolism distinguishes cancer 
cells from normal cells (17). HK‑2 is a key player in glycolysis 
and is usually upregulated in the development of cancer (18). 
In a study on LSCC, Chen et al (9) reported that HK‑2 is 
overexpressed in patients with LSCC and the overexpres-
sion of HK‑2 promotes tumor growth. Consistent with this 

Figure 4. Loc285194 is an upstream activator of HK‑2 in LSCC cells. The data demonstrates (A) the effects of loc285194 overexpression on HK‑2 expression 
and (B) the effects of HK‑2 overexpression on loc285194 expression. *P<0.05. LSCC, laryngeal squamous cell carcinoma; HK‑2, hexokinase 2; C, control; 
NC, negative control. 

Figure 5. Loc285194 overexpression inhibits and HK‑2 overexpression promotes LSCC cell proliferation *P<0.05. The experiment was performed six times. 
LSCC, laryngeal squamous cell carcinoma; HK‑2, hexokinase 2; C, control; NC, negative control.



GAO et al:  lncRNA loc285194 INHIBITS TUMOR GROWTH OF LSCC CELLS BY DOWNREGULATING HEXOKINASE 2 2383

study, the results of the current study reported that HK‑2 was 
significantly upregulated in patients with LSCC compared 
with in healthy controls and HK‑2 overexpression signifi-
cantly promoted the proliferation of LSCC cells cultured 
in vitro. In addition, the overexpression of HK‑2 effectively 
distinguished patients with LSCC from healthy controls.

In the present study, lncRNA loc285194 expression was 
demonstrated to be significantly associated with tumor 
size, but not the existing of tumor metastasis, indicating the 
involvement of lncRNA loc285194 in the regulation of tumor 
growth. It has been reported that the expression of HK‑2 can 
be regulated by certain lncRNAs (11,19). The results of the 
current study suggest that lncRNA loc285194 serves as an 
upstream inhibitor of HK‑2 in LSCC. This conclusion may be 
made based on following observations: i) lncRNA loc285194 
overexpression led to a significantly upregulation of HK‑2 
expression in LSCC cells; ii) HK‑2 overexpression showed 
no significant effects on lncRNA loc285194 expression; 
iii) the overexpression of HK‑2 significantly attenuated the 
inhibitory effects of lncRNA loc285194 on LSCC cell prolif-
eration. However, the regulatory role of lncRNA loc285194 
on HK‑2 is unlikely to be direct due to the lack of significant 
correlation between lncRNA loc285194 on HK‑2 in healthy 
controls and the absence of inhibitory effects of loc285194 
expression on HK‑2 expression.

Notably, lncRNA loc285194 overexpression demonstrated 
no significant effects on biological behaviors of normal 
larynx cells. Therefore, lncRNA loc285194 may serve as a 
potential therapeutic target for LSCC. However, a previous 
study has reported that smaller LSCC tumor size is more 
significantly correlated with an unfavorable prognosis of 
patients with LSCC (5). Therefore, the correlation between 
lncRNA loc285194 expression and the prognosis of LSCC 
patients remains to be further investigated. Overexpression 
of lncRNA loc285194 also failed to affect the expression of 
other players in glucose metabolism, such as glucose trans-
porter protein type 1‑3 (data not shown). Therefore, lncRNA 
loc285194 may specifically regulate HK‑2. The present study 
failed to perform HK‑2 and loc285194 knockdown assays due 
to the unsatisfactory knockdown rate. Future studies intend 
to perform knockdown assays.

In conclusion, the results of the current study demon-
strated that lncRNA loc285194 is significantly downregulated 
in patients with LSCC. LncRNA loc285194 may participate 
in the regulation of tumor growth in LSCC through the inhi-
bition of HK‑2 expression.
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