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Abstract

parameters and prognosis.

prognostic factor for laryngeal cancer patients.

Background: Laryngeal squamous cell carcinoma (LSCQ) is considered to be a common malignancy of the head
and neck with poor prognosis for its late diagnosis, metastasis and recurrence. Growing evidence demonstrates that
the dysregulation of miR-29c-3p (microRNA-29c-3p) plays an important role in various tumor processes. Our study
investigates the expression of miR-29¢-3p in LSCC and analyzes the correlation of its dysregulation with clinicopathologic

Methods: The expression of hsa-miR-29c-3p in LSCC tissues and the adjacent normal laryngeal tissues was detected in 96
LSCC formalin-fixed paraffin-embedded tissues by quantitative real-time PCR (gRT-PCR). The SPSS statistical software
package (17.0) was used to analyze the associations between miR-29¢-3p expressions and various clinicopathological
characteristics. The overall survival (OS) was analyzed by the Kaplan-Meier method and log-rank test, and we analyzed the
independent factor of prognosis by Cox proportional hazard analysis.

Results: A downregulation of miR-29¢-3p expression in LSCC was significantly correlated with smoking index, tumor size,
tumor site, differentiation, T classification, TNM stage, and lymph node metastasis (P < 0.05), but there was no correlation
with age and alcohol consumption (P> 0.05). In the multivariate survival analysis, low miR-29c-3p expression
was associated with shorter overall survival (P < 0.05). Furthermore, miR-29¢c expression was an independent

Conclusions: MiR-29¢c-3p has different expression levels at different stages of tumor progression, suggesting
that miR-29¢-3p may be a promising biomarker for evaluating the progression of LSCC and the prognosis of
patients with LSCC. MiR-29¢c-3p can also be a novel molecular target for anti-laryngeal cancer therapy.
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Introduction

Laryngeal squamous cell carcinoma (LSCC), as the most
common histopathological type of laryngeal cancer, is
the second-most common malignancy of the head and
neck [1, 2].

According to studies, almost 3650 people died from
LSCC worldwide in 2012, concomitantly with the increas-
ing incidence and mortality of LSCC year-by-year [3]. At
present, surgery, radiotherapy and chemotherapy are the
main treatments for LSCC, but these treatments cannot
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meet the requirements for reducing the morbidity and
mortality of LSCC. Moreover, the 5-year survival rate of
advanced patients was less than 50%, mainly due to metas-
tasis and recurrence [4]. Most patients already have ad-
vanced stage LSCC because of the lack of Early diagnosis.
In addition, accumulating studies have proved miRs can
serve as potential diagnostic biomarkers for laryngeal can-
cer [5]. Therefore, exploring novel biomarkers for the
early stage diagnosis, prognosis and treatment of LSCC
patients has been in high demand.

MiRNAs, 19 to 24 nucleotides in length, are endogen-
ous noncoding single-stranded small RNA molecules
that exist in many organisms and regulate gene expres-
sion at the posttranscriptional level by binding the 3'-
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untranslated region (3'-UTR) of target mRNAs through
complete or incomplete complementary seed sequences
and assembling in RNA-induced silencing complex
(RISC) [6-8]. Evidently, miRNAs play important roles in
all tumor-related processes, including proliferation, dif-
ferentiation, apoptosis, metastasis, invasion and angio-
genesis in LSCC.

MiR-29¢-3p, as a tumor suppressor in the miRNAs
family [9], has been demonstrated to be downregulated
in many solid tumors, such as nasopharyngeal carcinoma
[10], gastric cancer [11], hepatocellular carcinoma [12],
gallbladder cancer [13], esophageal cancer [14], breast
cancer [15], colon cancer [16] and head and neck can-
cers [17], which also revealed that lower expression of
miR-29¢ was associated with lymph node metastasis,
tumor differentiation, TNM stage and poor prognosis.
Study has revealed that miR-29s group were frequently
downregulated in head and neck squamous cell carcin-
oma (HNSCC), such as tongue squamous cell carcinoma
and hypopharyngeal squamous cell carcinoma, which
can normally inhibit cancer cell migration and invasion
through their regulated pathways [18]. Besides, numer-
ous studies have showed that miR-29c can inhibit the
proliferation, invasion and metastasis of tumors and pro-
mote apoptosis by regulating a variety of oncogenes, cell
pathways, cell cycle and epithelial to mesenchymal tran-
sition (EMT) [7, 19-21]. In contrast, decreased expres-
sion of miR-29c was associated with a poor prognosis
[22] and can even be used as a novel marker for cancer
metastasis [17], drug treatment [7] and prognosis [13]. A
recent study has demonstrated that miRNA arrays may
contribute to the early diagnosis of LSCC, as well as the
detection of clinical stage and prognosis [5]. Ayaz et al.
found miR-331-3p, 603, 1303, 660-5p and 212-3p were
not expressed in healthy individuals and patients with
any other diseases but in LSCC, which suggessted that
they could serve as novel non-invasive biomarkers for
diagnosis of LSCC [23]. However, the role of miR-29c¢ in
LSCC is still unclear and lacks any relevant studies.

In the present study, we determined and compared the
expression of miR-29c in LSCC tissues and adjacent nor-
mal laryngeal tissues. Furthermore, we evaluated the re-
lationships between miR-29¢ expression and the clinical
parameters and the survival of LSCC patients and re-
vealed the prognostic factors of LSCC via multivariate
Cox hazard regression analysis.

Methods

Patients and clinical specimens

Sixty-six cases of LSCC tissue specimens and 30 cases of
adjacent normal laryngeal tissue specimens were ob-
tained from the paraffin-embedded tissues of patients
who underwent laryngeal surgery at the Department of
Otorhinolaryngology, Guangzhou First People’s Hospital,
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Guangzhou Medical University, between the year 2008
and 2012. All patients were pathologically diagnosed
with LSCC by two senior pathologist, excluding those
that received chemotherapy, radiotherapy, hormone
therapy or immunotherapy before surgery.

Of the 66 LSCC patients, 62 were male and 4 were fe-
male, with a mean age of 60.6 + 6.85 years. All of the pa-
tients were reviewed and the following clinicopathologic
parameters were collected: age at diagnosis, sex, smoking
index (number of cigarettes per day-years), alcohol con-
sumption, size and site of tumor, differentiation, T clas-
sification, TNM stage, OS, and lymph node metastasis,
as shown in Table 1.

It was confirmed in a pathological report that no can-
cer cells were found in the 30 adjacent normal laryngeal
tissues, which were more than 2 cm from the edge of the
tumor.

Quantitative real-time polymerase chain reaction (qRT-
PCR)

MiRNA was extracted from formalin-fixed, paraffin-
embedded (FFPE) tissues using an FFPE miRNA Purifi-
cation Kit (Tiangen, Beijing, China). Reverse transcrip-
tion was performed using a miRcute enhanced miRNA
¢DNA synthesis kit (Tiangen, Beijing, China). The ex-
pression level of miR-29¢-3p was quantified by qRT-
PCR using miRcute Enhanced miRNA Fluorescence
Quantification Kit (SYBR Green) (Tiangen, Beijing,
China), which was normalized to U6. The relative miR-
29c expression was analyzed using the formula 2,
ACt = Ct (miR-29¢) — Ct (U6).

Statistical analysis

SPSS19.0 software (SPSS Inc., IL, USA) and GraphPad
Prim 7 were used for statistical analysis. All data was
converted into loglO+5 variables, and the converted
data conformed to the normal distribution, which were
expressed as the mean + standard deviation (SD). The t-
test was applied to test the differential expression of
miR-29¢ in LSCC tissues compared to adjacent nonma-
lignant tissues. One-way ANOVA was used to determine
the relationships between miR-29¢ expression and clini-
copathological characteristics. The overall survival time
was calculated on a monthly basis, and the survival ana-
lysis was done by the log- rank test. Risk factors of LSCC
were analyzed by univariate and multivariate analyses on
the basis of Cox proportional hazards model. p <0.05
was considered statistically significant, and p <0.01 was
considered very significant.

Results

Downregulation of miR-29c in LSCC

The results of qRT-PCR showed that the relative expres-
sion level of miR-29c in the 66 patients with LSCC was
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Table 1 Relationship between miR-29¢-3p and clinicopathological parameters in 66 patients with LSCC

Clinicopathologic parameters Value, No.(%) miR-29¢-3p expression (X = S) P-value
Gender
Male 62 (93.94) 261 +£028 0.855
Female 4 (6.06) 2.59 + 0.30
Age
<60y 26 (39.39) 262 + 030 0.904
>60y 40 (60.61) 261 +027
Drinking
Yes 21 (31.82) 253+030 0.118
No 45 (68.18) 264 +027
Smoking index
<400 30 (4545) 272 £0.25 0.002
2400 36 (54.55) 251 £ 027
Tumor size
<3cm 38 (57.58) 268 + 0.25 0.011
>3cm 28 (4242) 250+ 029
Tumor site
Supraglottic 19 (28.79) 247 +0.23 0.010
Glottic 45 (68.18) 268 +028
Subglottic 2 (3.03) 2.39 £ 0.06
Differentiation
Well 36 (54.55) 269+ 028 0.029
Moderate 23 (34.85) 2.54 + 0.25
Poor 7 (10.60) 243+ 024
Lymph node metastasis
NO 36 (54.55) 271 £0.28 0.001
N+ 30 (45.45) 249 + 024
T classification
T 7 (1061) 289 £ .0.18 0.001
T2 14 (21.21) 274+ .022
13 13 (19.70) 257 +£.065
T4 32 (4848) 251 €027
TNM stage
| 7 (1061) 289+0.18 0.004
Il 13 (19.70) 272 £0.25
Il 14 (21.21) 257+ 024
% 32 (4848) 252+028

One-way ANOVA was used to analyze the correlation between the expression of miR-29c and clinicopathological parameters of the patients.

*indicates P < 0.05.

2.60 £ 0.29, which was significantly lower than that in
the 30 adjacent normal tissues (4.11+0.36) (P<0.01).
This result indicated that miR-29c was downregulated in
LSCC, suggesting that miR-29c¢ might play an anti-
oncogenic role in LSCC (Fig. 1).

As seen in Table 1, decreased miR-29c expression in
LSCC tissue was significantly associated with smoking

index, tumor size, tumor site, lymph nodes metastasis,
tumor differentiation, T classification and TNM stage of
LSCC (P< 0.05). In contrast, there was no significant
correlations between miR-29¢ expression and age, gen-
der or alcohol consumption (P> 0.05). The expression
of miR-29¢ in patients with a smoking index <400 and
tumor diameter < 3 cm was significantly higher than that
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Fig. 1 Relationship between miR-29¢-3p expression and clinicopathologic
parameters in LSCC
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in patients with a smoking index 2400 and tumor diam-
eter >3 cm (P<0.01). The expression level of miR-29¢
varied in patients with different tumor sites, with the
highest expression of miR-29c¢ in patients with glottic tu-
mors, followed by glottic-type tumors, and the lowest in
subglottic tumors (P <0.05). It was also shown that pa-
tients without cervical lymph node metastasis had higher
expression levels of miR-29c than patients with cervical
lymph node metastasis (Fig. 2, P<0.01). Furthermore,
miR-29¢ overexpression was correlated with a lower de-
gree of tumor differentiation and an advanced clinical
stage (P<0.01), suggesting that miR-29c might partici-
pate in the progression of the tumor.

The expression levels of miR-29c are associated with
patient prognosis in LSCC

The average expression of miR-29c in the 66 cases of
LSCC was used as the cut-point— > 2.61 for the high ex-
pression group and < 2.61 as the low expression group.
The Kaplan-Meier analysis showed that the high miR-
29c expression group had a longer survival time than the
low expression group, suggesting that miR-29¢ had the
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Fig. 2 Relationship between miR-29¢c-3p and lymph node
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significance of prognostic evaluation (p<0.01, Fig. 3).
This result indicated that patients with a low expression
level of miR-29¢ had a poor prognosis.

MiR-29c was an independent prognostic factor for LSCC
The results of Univariate Cox hazard regression analysis
showed that smoking index, tumor size, tumor site,
lymph nodes metastasis, tumor differentiation, T classifi-
cation and TNM stage and miR-29c expression were the
factors impacting patient prognosis. In addition, the dif-
ferentiation, lymph node metastasis, TNM stage and
miR-29¢ expression were significantly correlated with
patient survival by multivariate analysis (Table 2). Our
study also demonstrated that patients with a high miR-
29c level had a lower death risk, implying that the miR-
29c expression level was an independent prognostic fac-
tor for laryngeal cancer, in addition to differentiation,
lymph node metastasis and TNM stage.

Discussion

To date, the pathogenesis of laryngeal cancer is still un-
clear and the resistance to chemotherapy or radiotherapy
account for frequent recurrent rate and high mortality.
Therefore, it is vital to explore the molecular mechanisms
and novel drug therapeutic targets of LSCC. In recent
years, miRNAs have become a research hotspot because
they are promising for use as biomarkers and drug thera-
peutic targets for various cancer diseases [24—26].

It was confirmed that among the expression profiles of
738 miRNAs in LSCC patients and healthy controls, 17
were upregulated and 9 were downregulated [5], but did
not provide information about miR-29c. Our study first
provided evidence that miR-29¢ was significantly down-
regulated in LSCC and played a critical role in cancer
occurrence, which is consistent with the study on
HNSCC [17].

In addition, smoking and drinking are considered to
be risk factors in upper respiratory tract cancer
(UADTC). It was reported that cigarettes can induce a
large number of DNA mutations, leading to more DNA
damage and making the risk of laryngeal cancer higher
[27-29]. Our results also indicated that low level expres-
sion of miR-29¢ correlates with smoking index>400,
which implied that miR-29c¢ might be involved in the
pathomechanism of cigarettes inducing laryngeal cancer.
Studies have also proven that overexpression of miR-29¢
inhibited the growth and metastasis of tumor cells and
arrested tumor cells in the G1 phase, suggesting that
miR-29¢ might be closely related to proliferation, cell
cycle and apoptosis [30]. Our results demonstrated that
the expression of miR-29¢ in tumors < 3 cm was higher
than that in tumors >3 cm, which meant that miR-29¢
might regulate the proliferation and apoptosis of laryn-
geal carcinoma cells and further affect tumor size.
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Furthermore, our results also indicated that the ex-
pression level of miR-29¢ in glottic laryngeal carcin-
oma was significantly higher than that in supraglottic
and subglottic laryngeal carcinoma, and the subglottic
laryngeal carcinoma had the lowest miR-29c expres-
sion. This may be associated with the fact that most
glottic laryngeal cancer patients were diagnosed in the
early stage of laryngeal cancer progression, when the
expression level of miR-29c was also higher than that
in advanced progression. Therefore, miR-29c might
play a significant role in regulating the progression of
laryngeal cancer.

Previous studies identified that miR-29c¢ inhibited
tumor invasion and metastasis by regulating different
target genes and signaling pathways, such as MMP2 [31]
and the MAPK pathway [13]. It has been emphasized
that parecoxib is a potential drug for the treatment of di-
gestive tract tumors, after a study found that parecoxib
inhibited glioblastoma cell proliferation, migration and
invasion by upregulating miR-29¢ [21]. In our study, we
had demonstrated that miR-29¢ expression in laryngeal
carcinoma patients without lymph node metastasis was
significantly higher than that in patients with lymph
node metastasis. Furthermore, a low level of miR-29¢

Table 2 Univariate and multivariate Cox hazard regression analysis for patient prognosis in LSCC

Clinicopathologic Univariate analysis

Multivariate analysis

parameters Hazard ratio (95% confidence interval) P-value Hazard ratio (95% confidence interval) P-value
Gender 1.067 (0.139-8.00) 0.950

Age 3(0.521-2.824) 0.654

Drinking 0 (0.579-2.960) 0517

Smoking index 0.397 (0.177-0.893) 0.026

Tumor size 0.370 (0.166-0.84) 0.015

Tumor site 2495 (1.263-4.926) 0.008

T classification 2422 (1.486-3.947) 0.000

Differentiation 2.620 (1.393-4.99) 0.003 3.578 (1.763-7.260) 0.000
Lymph node metastasis 7 (2.460-20.826) 0.000 3.931 (1.11-13.786) 0.033
TNM stage 2462 (1473-4.114) 0.001 2262 (1.015-5.038) 0.046
miR-29¢ expression 5(0.88-0.523) 0.001 350 (0.129-0.949) 0.039
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correlated with LSCC clinical stages, indicating that
miR-29¢ might participate in laryngeal cancer cell migra-
tion and invasion, and increased miR-29c expression
might be a novel treatment for laryngeal carcinoma.

Notably, Nygren et al [32] showed that a downregula-
tion of miR-29¢ was associated with poor prognosis in
breast cancer patients. Our present study demonstrated
that low expression level of miR-29c¢ in laryngeal cancer
tissues significantly correlated with shorter survival time.
By the multivariate Cox hazard regression analysis, we
found that the miR-29c expression level was an inde-
pendent prognostic positive factor for LSCC. A similar
result was also found in pancreatic cancer patients [31].

In the future, we will pay more attention to the regu-
lated mechanism of miR-29c in laryngeal cancer cell mi-
gration and invasion and explore a novel drug treatment
for laryngeal cancer patients by increasing miR-29c
expression.

Conclusions

To our knowledge, the present study first reports that
miR-29¢-3p is downregulated in LSCC and low expres-
sion of miR-29¢-3p is an independent predictor of poor
prognosis for patients with LSCC. As a tumor suppres-
sor, miR-29¢c may be a useful biomarker for tumor pro-
gression, early diagnosis and prognosis assessment. In
the future, miR-29c may be a therapeutic drug target for
laryngeal cancer.

Abbreviations

3"-UTR: 3" Untranslated region; CA19-9: Carbohydrate antigen19-9;

CEA: Carcinoembryonic antigen; EMT: Epithelial to mesenchymal transition;
FFPE: Formalin-fixed, paraffin-embedded; HNSCC: Head and neck squamous
cell carcinoma; LSCC: Laryngeal squamous cell carcinoma; MiR-29c-

3p: MicroRNA-29¢-3p; OS: Overall survival; gRT-PCR: Quantitative real-time
polymerase chain reaction; RISC: RNA-induced silencing complex;

SD: Standard deviation; UADTC: Upper respiratory tract cancer

Acknowledgements
Not applicable.

Authors’ contributions

RH F and XB J participated in the design of the study. RH F and YJ H
collected the clinical information, samples and interpreted the data. JH X
and JZ Z drafted the manuscript. XB J revised the manuscript. All authors
read and approved the final manuscript.

Funding

This project was supported by Guangdong Provincial Department of Science
and Technology Industrial Technology Research and Development Fund
Project: 2012B031800340.

Availability of data and materials
The data supporting the conclusions are included in the article. Raw data are
available upon request.

Ethics approval and consent to participate

All patients provided written informed consent before the screening. This
study was approved by the Ethical Committee of the Guangzhou First
People’s Hospital, Guangzhou Medical University.

Page 6 of 7

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Otolaryngology, Guangzhou First People’s Hospital,
Guangzhou Medical University, Guangzhou 510180, Guangdong, People’s
Republic of China. “Department of Otolaryngology, The Fifth Affiliated
Hospital, Guangzhou Medical University, Guangzhou, Guangdong 510700,
People’s Republic of China.

Received: 13 June 2019 Accepted: 18 September 2019
Published online: 15 October 2019

References

1. lizuka Y, Yoshimura M, Inokuchi H, et al. Recurrence patterns after
postoperative radiotherapy for squamous cell carcinoma of the pharynx and
larynx [J]. Acta Otolaryngol. 2015;135(1):96-102.

2. Chu EA, Kim YJ. Laryngeal cancer: diagnosis and preoperative work-up [J].
Otolaryngol Clin N Am. 2008;41(4):673-95.

3. Braakhuis BJ, Leemans CR, Visser O. Incidence and survival trends of head
and neck squamous cell carcinoma in the Netherlands between 1989 and
2011[J]. Oral Oncol. 2014;50(7):670-5.

4. HeF, LiuH, Guo Q, et al. Reduced miR-300 expression predicts poor
prognosis in patients with laryngeal squamous cell carcinoma [J]. Eur Rev
Med Pharmacol Sci. 2017;21(4):760.

5. YuX, Li Z The role of microRNAs expression in laryngeal cancer [J].
Oncotarget. 2015;6(27):23297-305.

6. Zhang H, Jiang L, Sun D, et al. The role of miR-130a in cancer [J]. Breast
Cancer. 2017;24(4):521-7.

7. YuB, Chen X, Li J, et al. microRNA-29c¢ inhibits cell proliferation by targeting
NASP in human gastric cancer [J]. BMC Cancer. 2017;17(1):109.

8. Zamore PD, Haley B. Ribo-gnome: the big world of small RNAs [J]. Science.
2005;309(5740):1519-24.

9. Schmitt MJ, Margue C, Behrmann |, et al. MiRNA-29: a microRNA family with
tumor-suppressing and immune-modulating properties [J]. Curr Mol Med.
2013;13(4):572-85.

10. Liu N, Tang LL, Sun'Y, et al. MiR-29¢ suppresses invasion and metastasis by targeting
TIAMT in nasopharyngeal carcinoma [J]. Cancer Lett. 2013;329(2):181-8.

11. Matsuo M, Nakada C, Tsukamoto Y, et al. MiR-29¢ is downregulated in
gastric carcinomas and regulates cell proliferation by targeting RCC2[J]. Mol
Cancer. 2013;12:15.

12. Wang B, Li D, Sidler C, et al. A suppressive role of ionizing radiation-
responsive miR-29¢ in the development of liver carcinoma via targeting
WIP1[J]. Oncotarget. 2015;6(12):9937-50.

13, Shu YJ, Bao RF, Jiang L, et al. MicroRNA-29c-5p suppresses gallbladder
carcinoma progression by directly targeting CPEB4 and inhibiting the MAPK
pathway [J]. Cell Death Differ. 2017;24(3):445-57.

14. Ding DP, Chen ZL, Zhao XH, et al. miR-29¢ induces cell cycle arrest in
esophageal squamous cell carcinoma by modulating cyclin E expression [J].
Carcinogenesis. 2011;32(7):1025-32.

15. Bhardwaj A, Singh H, Rajapakshe K; et al. Regulation of miRNA-29¢ and its
downstream pathways in preneoplastic progression of triple-negative breast
cancer [J]. Oncotarget. 2017;8(12):19645-60.

16. Chen G, Zhou T, Li Y, et al. p53 target miR-29¢c-3p suppresses colon cancer
cell invasion and migration through inhibition of PHLDB2[J]. Biochem
Biophys Res Commun. 2017;487(1):90-5.

17. Hudcova K, Raudenska M, Gumulec J, et al. Expression profiles of miR-29c,
miR-200b and miR-375 in tumour and tumour-adjacent tissues of head and
neck cancers [J]. Tumor Biol. 2016;37(9):12627-33.

18.  Kinoshita T, Nohata N, Hanazawa T, et al. Tumour-suppressive microRNA-29s
inhibit cancer cell migration and invasion by targeting laminin-integrin
signalling in head and neck squamous cell carcinoma [J]. Br J Cancer. 2013;
109(10):2636-45.

19. Zhang HW, Wang EW, Li LX, et al. A regulatory loop involving miR-29¢ and
Sp1 elevates the TGF-betal mediated epithelial-to-mesenchymal transition
in lung cancer [J]. Oncotarget. 2016;7(52):85905-16.

20. Han T, Hur K Xu G, et al. MicroRNA-29¢ mediates initiation of gastric
carcinogenesis by directly targeting ITGB1[J]. Gut. 2015;64(2):203-14.



Fang et al. Diagnostic Pathology

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

(2019) 14:109

Li LY, Xiao J, Liu Q, et al. Parecoxib inhibits glioblastoma cell
proliferation, migration and invasion by upregulating miRNA-29c[J]. Biol
Open. 2017,6(3):311-6.

Liu L, Bi N, Wu L, et al. MicroRNA-29¢ functions as a tumor suppressor by
targeting VEGFA in lung adenocarcinoma [J]. Mol Cancer. 2017;16(1):50.
Ayaz L, Gorur A, Yaroglu HY, et al. Differential expression of microRNAs in
plasma of patients with laryngeal squamous cell carcinoma: potential early-
detection markers for laryngeal squamous cell carcinoma [J]. J Cancer Res
Clin Oncol. 2013;139(9):1499-506.

Cybula M, Wieteska £, Jozefowicz-Korczyriska M, et al. New miRNA
expression abnormalities in laryngeal squamous cell carcinoma. Cancer
Biomark. 2016;16(4):559-68.

Yang IP, Tsai HL, Huang CW, et al. The functional significance of microRNA-
29c in patients with colorectal cancer: a potential circulating biomarker for
predicting early relapse [J]. PLoS One. 2013;8(6):e66842.

Chen X, Lu P, Wang DD, et al. The role of miRNAs in drug resistance and
prognosis of breast cancer formalin-fixed paraffin-embedded tissues [J].
Gene. 2016;595(2):221-6.

Abbasi R, Ramroth H, Becher H, et al. Laryngeal cancer risk associated with
smoking and alcohol consumption is modified by genetic polymorphisms
in ERCC5, ERCC6 and RAD23B but not by polymorphisms in five other
nucleotide excision repair genes [J]. Int J Cancer. 2009;125(6):1431-9.

Zuo JJ, Tao ZZ, Chen C, et al. Characteristics of cigarette smoking without
alcohol consumption and laryngeal cancer: overall and time-risk relation. A
meta-analysis of observational studies [J]. Eur Arch Otorhinolaryngol. 2017;
274(3):1617-31.

Lee KW, Kuo WR, Tsai SM, et al. Different impact from betel quid, alcohol
and cigarette: risk factors for pharyngeal and laryngeal cancer [J]. Int J
Cancer. 2005;117(5):831-6.

Zhao X, Li J, Huang S, et al. MiRNA-29¢ regulates cell growth and invasion
by targeting CDK6 in bladder cancer [J. Am J Transl Res. 2015;7(8):1382-9.
Zou Y, Li J, Chen Z, et al. miR-29c suppresses pancreatic cancer liver
metastasis in an orthotopic implantation model in nude mice and affects
survival in pancreatic cancer patients [J]. Carcinogenesis. 2015;36(6):676-84.
Nygren MK, Tekle C, Ingebrigtsen VA, et al. Identifying microRNAs regulating
B7-H3 in breast cancer: the clinical impact of microRNA-29c[J]. Br J Cancer.
2014;110(8):2072-80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Patients and clinical specimens
	Quantitative real-time polymerase chain reaction (qRT-PCR)
	Statistical analysis

	Results
	Downregulation of miR-29c in LSCC
	The expression levels of miR-29c are associated with patient prognosis in LSCC
	MiR-29c was an independent prognostic factor for LSCC

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

