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Abstract. – OBJECTIVE: The aim of this 
study was to investigate the expression of long 
non-coding RNA (lncRNA)-ATB in laryngeal car-
cinoma (LNCa) and its relationship with the 
prognosis.

PATIENTS AND METHODS: The expression of 
lncRNA-ATB was examined in laryngeal carcino-
ma tissue specimens, as well as in normal ones by 
quantitative real-time polymerase chain reaction 
(qRT-PCR), and the interplay between lncRNA-ATB 
levels and clinical indicators was analyzed. In ad-
dition, the diagnostic value of lncRNA-ATB for LN-
Ca was assessed by receiver operating character-
istic (ROC) curve analysis. The patients were fol-
lowed up for 5 years and the survival analysis was 
conducted by Kaplan-Meier test. Finally, the Cox 
regression model was used to analyze the factors 
affecting the prognosis of patients.

RESULTS: LncRNA-ATB expression was mark-
edly enhanced in laryngeal carcinoma tissue 
samples compared to the corresponding normal 
ones, which was relevant to T grade and clinical 
stage. For the diagnosis of laryngeal carcino-
ma using lncRNA-ATB, the area under the ROC 
curve (AUC) was 0.8672, the diagnostic thresh-
old was 3.895, and the sensitivity and specifici-
ty were 83.02% and 76.42%, respectively. In ad-
dition, the overall survival rate of patients with 
high expression of lncRNA-ATB was markedly 
lower than those in low expression group. Mean-
while, T grade, clinical stage and lncRNA-ATB 
are found as three independent factors influenc-
ing the prognosis of LNCa.

CONCLUSIONS: LncRNA-ATB was highly ex-
pressed in laryngeal carcinoma tissues, which 
was not conducive to the prognosis of patients. 
Therefore, this molecular marker has potential 
to become a new biomarker for the diagnosis 
and prognosis prediction of patients with LNCa.
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Introduction

Laryngeal cancer (LNCa) is a common ma-
lignant tumor of head and neck, accounting for 

about 13.9% of head and neck tumors and 2.1% 
of systemic malignant tumors. It can be divided 
into glottic type, supraglottic type and subglot-
tic type, among which, glottic type is the most 
common, accounting for about 60%.The majority 
of patients were male, and the male-female ratio 
was about 9:11. Squamous cell carcinoma (SCC) 
accounts for 96%-98% of laryngeal malignan-
cies, while others, such as adenocarcinoma, basal 
cell carcinoma, poorly differentiated carcinoma, 
lymphosarcoma and malignant lymphoma, are 
less common. The specific pathogenesis of LNCa 
still remains elusive, which may be related to 
smoking, drinking, and other bad habits, as well 
as human papillomavirus (HPV) infection, envi-
ronmental factors, radiation, and other factors2. 
Early LNCa can be treated clinically by surgery 
combined with radiotherapy, while middle and 
advanced LNCa is mainly treated by surgery 
combined with radiotherapy and chemotherapy, 
but the therapeutic efficacy is not satisfactory. Pa-
tients’ breathing, pronunciation, eating, and other 
functions were severely damaged after surgery, 
which reduced the quality of life of patients to a 
large extent. Therefore, the research on LNCa has 
profound clinical significance.

Long non-coding RNA (lncRNA) generally 
refers to RNA with a length greater than 200 nt, 
which is located in the nucleus or cytoplasm3. 
The occurrence of LNCa is mostly due to the 
influence of external environment and lifestyle, 
which is a complex multi-gene change process. 
LncRNA expression is up-regulated or down-reg-
ulated in LNCa cells and surrounding tissues and 
plays a potential role in promoting or inhibiting 
cancer by participating in various biological pro-
cesses, and is related to the metastasis and dif-
ferentiation degree of tumor4-6. Li et al6 detected 
the expression level of HOTAIR in cancer tissues 
and paracancerous tissues of 72 patients with la-
ryngeal squamous cell carcinoma by quantitative 
real-time polymerase chain reaction (qRT-PCR), 
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and found that the expression level of HOTAIR 
in tumor tissues was significantly higher than 
that in adjacent tissues (16 times); in addition, its 
expression level was statistically correlated with 
clinical stage, degree of differentiation, cervical 
lymph node metastasis, and prognosis. Mirisola 
et al7 analyzed tissue samples from 20 patients 
with LNCa using gene expression microarray and 
found that H19 presented a low expression in the 
samples of patients with LNCa who were more 
prone to recurrence, suggesting that H19 may 
have an anti-cancer effect.

LncRNA-ATB, known as a LncRNA activated 
by TGF-β, is the first discovered long-strand-
ed non-coding RNA activated by transforming 
growth factors, with a length of about 2.4 KB, 
located on human chromosomes 13, 14 and 228. 
LncRNA-ATB plays a significant regulatory role 
in phenotypic transformation of human perito-
neal mesothelial cells9-11, HCV-related cirrhosis, 
preeclampsia, and other diseases. In addition, ln-
cRNA-ATB is abnormally expressed in various tu-
mors and diseases, such as hepatic cell carcinoma, 
thyroid cholangiocarcinoma, breast cancer, osteo-
sarcoma, and other tumors12-15. Also, lncRNA-ATB 
is a potential carcinogenic molecule. In cervical 
cancer cells and tissues, researches confirmed that 
the expression of lncRNA-ATB was also abnor-
mally up-regulated, which was closely related to 
tumor volume, lymph node metastasis, and FIGO 
stage. Of note, lncRNA-ATB is closely associated 
with postoperative adverse prognosis of patients 
with cervical cancer and can be used as an in-
dependent prognostic indicator for patients with 
cervical cancer16. However, there have been no 
relevant studies on the interaction of lncRNA-ATB 
and LNCa. Therefore, we aim to explore the asso-
ciation between lncRNA-ATB and LNCa, so as to 
provide new research ideas and guiding strategies 
for the clinical diagnosis and treatment of LNCa.

Patients and Methods

Sample Collection
A total of 106 specimens of LNCa tissues and 

matched para-tumor normal ones were collected 
from the Liaoning Cancer Hospital, and then 
quickly frozen in liquid nitrogen immediately af-
ter excision and transferred to -80°C for preserva-
tion. Clinical and pathological data of all patients 
were collected at the same time. The investigation 
was approved by Ethics Committee of Liaoning 
Cancer Hospital.

QRT-PCR Detection
Total RNA was extracted from the tissue using 

TRIzol (Invitrogen, Carlsbad, CA, USA), and the 
expression level of the relevant gene was detected 
using a PCR detection kit (TaKaRa, Otsu, Shiga, 
Japan). The relative expression level was calcu-
lated by the relative quantitative PCR method 
2-ΔΔCt (RQ value), ΔΔCt=mean of the test group 
(Ct lncRNA-AT-Ct GAPDH)-control group 
(Ct lncRNA-AT-Ct GAPDH). lncRNA-ATB 
Fr: 5’-TCTGGCTGAGGCTGGTTGAC-3’, ln-
cRNA-ATB R: 5’-ACACAGAATAAAATAA-
CAC-3’; GAPDH (internal reference) F: 5’-GGT-
GAAGGTCGGAGTCAACGG-3’, GAPDH R: 
5’-GAGGTCAATGAAGGGGTCATTG -3’.

Postoperative Follow-Up
Patients were followed up by outpatient review, 

telephone or e-mail. They were usually performed 
once in the first month after surgery, every 3 
months in the first year, every 6 months in the sec-
ond year, and once a year thereafter. The follow-up 
rate reached 100%. The follow-up period lasted for 
5 years and the deadline was December 2018.

Statistical Analysis
Data analysis was performed using Statistical 

Product and Service Solutions (SPSS) 20.0 statis-
tical software (IBM, Armonk, NY, USA). Mea-
surement data were expressed as mean ± standard 
deviation (x– ± s), t-test was used for comparison 
between the two groups; χ2-test was used for 
counting data. Receiver operating characteristic 
(ROC) curve was used to evaluate the diagnostic 
value of lncRNA-ATB for tumors. Kaplan-Mei-
er survival curve method and Log-Rank test 
were used to analyze the difference between ln-
cRNA-ATB expression and overall 5-year surviv-
al of patients. Cox regression analysis was used 
to analyze prognostic factors. The difference was 
statistically significant when p<0.05, *p<0.05.

Results

High Expression of LncRNA-ATB 
in Laryngeal Carcinoma

QRT-PCR detected that the expression of ln-
cRNA-ATB in laryngeal carcinoma tissue sam-
ples was markedly higher than that in normal 
ones (Figure 1), suggesting that lncRNA-ATB 
might act as a tumor-promoting gene and thus 
be involved in the progression of laryngeal car-
cinoma.
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Evaluation of the Sensitivity and 
Specificity of LncRNA-ATB to 
Predict LNCa

We explored whether lncRNA-ATB can be 
used as a biomarker for the diagnosis of LNCa. 
The results showed that the area under the ROC 
curve of lncRNA-ATB for the diagnosis of LN-
Ca was 0.8672 (p<0.001) with 95% CI: 0.8199-
0.9145 (Figure 2). When the cut-off value is 
3.895, the sensitivity is 83.02% and the specificity 
is 76.42%, which suggested that lncRNA-ATB 
≥3.895 will increase the chance of occurrence of 
LNCa.

Correlation Between Expression of 
LncRNA-ATB and Clinicopathological 
Features

To investigate the clinical significance of ln-
cRNA-ATB in patients with LNCa, we divid-
ed the above tissue samples into lncRNA-ATB 
high expression group (n=84) and low expression 
group (n=22), with the cut-off value 3.995 as a 
boundary. Subsequently, it was found that the 
expression level of lncRNA-ATB had no signif-
icant relationship with the gender, age, N grade, 
and pathological differentiation of the patients 
(p>0.05), but with T stage and clinical stage. The 
expression of lncRNA-ATB in patients in T3+ 
4, III + IV stage was higher than those in T1+2, 
I +II stage (p<0.05; Table I), suggesting that 

lncRNA-ATB level was correlated with T grade 
and clinical stage.

Effect of LncRNA-ATB on Overall S
urvival Rate In Patients With LNCa

To further figure out the impact of ln-
cRNA-ATB on overall survival of patients 
with LNCa, we performed a 5-year follow-up, 
and the Kaplan-Meier survival analysis showed 
that the survival rate of laryngeal cancer pa-
tients with high lncRNA-ATB was conspicu-
ously lower than those with lowly-expressed 
lncRNA-ATB, HR=4.473, p=0.0344 (Figure 3). 
Therefore, it was indicated that lncRNA-ATB 
was not conducive to the prognosis of patients 
with LNCa.

Cox Regression Analysis of Factors 
Affecting Survival of Patients With LNCa

To determine the factors that influence the 
survival of patients with LNCa, we used the 
COX risk regression model for analysis. The re-
sults showed that the risk of death in patients in 
T3+4, clinical III + IV stage or those with high 
lncRNA-ATB expression was 1.834 times, 2.671 
times, and 2.071 times higher than those in T1+2, 
I + II stage, and those with low lncRNA-ATB 
expression, respectively (Table II). The above 
results demonstrated that high T grade, high clin-

Figure 1. LncRNA-ATB is under-expressed in laryngeal 
carcinoma tissue. Compared with normal tissues, qRT-
PCR showed that the expression of lncRNA-ATB was 
significantly increased in laryngeal carcinoma tissues.

Figure 2. The sensitivity and specificity of lncRNA-ATB 
was assessed to predict laryngeal cancer. The area under 
the ROC curve was AUC=0.8672, p<0.001. When the cut-
off value was 3.895, the sensitivity was 83.02% and the 
specificity was 76.42%.
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ical stage, and high lncRNA-ATB expression are 
three independent risk factors for the prognosis 
of LNCa.

Discussion

As one of the common head and neck malig-
nancies, LNCa is also one of the malignancies 
with relatively high invasive degree, accounting 
for about 2.4% of new tumors every year17. De-
spite the continuous optimization and develop-
ment of surgical techniques and comprehensive 
treatment regimens, early LNCa can also be 
treated by surgery combined with radiotherapy 
to achieve the expected treatment. However, 
due to its hidden clinical manifestations, the 
disease has always been found to in advanced 
stage. Patients with advanced LNCa are mainly 
treated by surgery combined with radiotherapy, 

Table I. Correlation between expression of lncRNA-ATB and clinicopathological features.

                                              lncRNA-ATB

 Variable No. High (n = 84) Low (n = 22) p

Sex    
  Male 68 50 18 0.079
  Female 38 34  4 
Age    
  < 55 45 37  8 0.630 
  ≥ 55 61 47 14 
T classification    
  T1+2 35 23 12 0.022*
  T3+4 71 61 10 
N classification    
  N0+1 58 45 13 0.810 
  N2+3 48 39  9 
Pathological grade    
  Low 38 28 10 0.324
  Medium+High 68 56 12 
Clinical stage    
  I +II 43 29 14 0.016*
  III +IV 63 55  8 

*p<0.05.

Figure 3. Effect of lncRNA-ATB expression on overall 
survival in patients with laryngeal cancer. The overall 
survival rate of laryngeal cancer patients with lncRNA-
ATB high expression was significantly lower than those 
with lncRNA-ATB low expression. (HR=4.473, p=0.0344).

Table II. Cox regression analysis of survival factors in patients with laryngeal cancer. 

 Variable HR (95% CI) p-value

T classification (T1+2, T3+4) 1.834 (1.031-2.899) 0.037
Clinical stage (I +II , III +IV) 2.671 (1.326-4.931) 0.021
lncRNA-ATB (Low, High) 2.071 (1.723-3.873) 0.031

HR=hazard ratios, CI=confidence interval
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but their appearance, breathing, swallowing, and 
pronunciation function are greatly affected. In 
the course of postoperative combined radio-
therapy, some patients may need reoperation 
due to laryngeal edema and poor healing of the 
surgical area, and various postoperative com-
plications may occur, which also has a serious 
impact on the quality of life of patients18. Ln-
cRNAs can be engaged in various biological 
processes including epigenetic, transcriptional 
and post-transcriptional regulation as a signal 
molecule, bait molecule, guide molecule, and 
skeleton molecule, and plays a significant role in 
modulating tumor biological activity19,20.

LncRNA-ATB is a new long non-coding RNA 
reported and named for the first time by Chinese 
scholars; it can enhance the invasiveness and me-
tastasis ability of cancer cells via regulating phe-
notypic transformation of cells21. Jang et al22 used 
qRT-PCR to quantitatively detect tissue samples 
from 100 patients with liver cancer and found 
that the expression level of lncRNA-ATB was 
significantly up-regulated in liver cancer tumor 
tissues compared with adjacent normal tissues. In 
addition, abnormal expression of lncRNA-ATB 
was closely related to portal vein thrombosis, in-
trahepatic metastasis, mUICC staging, and stag-
ing of clinical liver cancer in Barcelona, and the 
overall survival and progression-free survival of 
patients with high expression of lncRNA-ATB 
were relatively poor22. The correlation analysis 
between the abnormal expression level of Ln-
cRNA-ATB and the clinicopathological data of 
liver cancer patients showed that larger tumors 
(>5 cm in diameter) and high expression level 
of lncRNA-ATB could be independent factors 
for the overall survival of liver cancer patients23. 
Additionally, Qi et al24 have demonstrated that 
the overall survival time of patients with renal 
cell carcinoma in the group with high expression 
of lncRNA-ATB is shorter, suggesting that ln-
cRNA-ATB can be an independent determinant 
of the prognosis of patients with this cancer.

We found that lncRNA-ATB expression was 
markedly up-regulated in LNCa tissues, which 
may accelerate the progression of LNCa. Mean-
while, further statistical analysis showed that ln-
cRNA-ATB levels were markedly upregulated in 
patients who had been in T3+4 grade or clinical 
III +IV stage, suggesting that T grade and clini-
cal stage were closely relevant to the progression 
of LNCa. In addition, the prognostic evaluation 
of lncRNA-ATB in patients with LNCa showed 
that the survival condition of patients with high 

lncRNA-ATB expression was markedly worse 
than that of the group with low lncRNA-ATB 
expression. Finally, the COX model revealed that 
lncRNA-ATB was an independent factor affect-
ing the prognosis of patients.

Conclusions

In summary, we showed that lncRNA-ATB may 
serve as an oncogene to promote the occurrence 
and progression of LNCa, which is expected to be 
a molecular marker for predicting the prognosis of 
LNCa patients, so as to provide new ideas for the 
target diagnosis and treatment of LNCa.
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