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Abstract: The dismal outcome of laryngeal squamous cell carcinoma (SCC) patients highlights the need for novel 
prognostic biomarkers. The involvement of microRNAs in cancer and their potential as biomarkers of diagnosis and 
prognosis are becoming increasingly appreciated. We sought to identify microRNAs that exhibit altered expression 
in laryngeal SCC and to determine whether microRNA (miRNA) expression is predictive of disease progression and/
or patient survival. The expression of two miRNAs, miR-21 and miR-375, was evaluated using total RNA isolated 
from freshly-frozen primary tumors and non-cancerous laryngeal squamous epithelial tissues and quantitative real-
time polymerase chain reaction (qRT-PCR) analysis. We further analyzed the association between the expression of 
miRNAs and the clinicopathological features. A marked difference in the microRNA expression pattern was observed 
between tumors and non-cancerous tissue. MiR-21 and miR-375 were expressed at higher and lower levels, respec-
tively, in the laryngeal SCC samples, compared to the normal samples (p < 0.01 and p < 0.001, respectively). There 
was no correlation between characteristics such as age, sex, clinical stage, and alcohol use, and the expression 
level of mir-21. The relative expression of mir-375 in laryngeal SCC was shown to be associated with localization 
of the tumor in these patients (p = 0.037) and with alcohol use (p < 0.05). Patients with high miR-21 or low miR-
375 expression in tumor tissues had poorer prognoses compared to patients with lower miR-21 or higher miR-375 
expression. Furthermore, the miR-21/miR-375 expression ratio was highly sensitive (0.94) and specific (0.94) for 
disease prediction. These data suggest that the pattern of microRNA expression in primary laryngeal SCC tissues is 
reflective of the disease status and that miR-21 and miR-375 expression levels, in particular, may serve as potential 
biomarkers with applications in the clinical setting.
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Introduction

Head and neck squamous cell carcinoma (HN- 
SCC) includes squamous cell carcinoma (SCC) 
of the oral cavity, oropharynx, hypopharynx, 
and larynx. It is the sixth most common type of 
cancer worldwide, representing about 6% of all 
cancer cases [1]. Laryngeal SCC, which origi-
nates from the laryngeal epithelium, has the 
second highest incidence of all head and neck 
squamous cell carcinomas. In recent years, the 

incidence of laryngeal cancer has been relative-
ly stable, with about 160,000 new cases diag-
nosed per year [2], and a particularly high inci-
dence in northeast China, accounting for 
5.7-7.6% of all malignancies [3]. While the major 
risk factors for laryngeal SCC are tobacco and 
alcohol use, there is very little information 
about the precise molecular pathways underly-
ing the development of laryngeal SCC. Despite 
significant advances in surgery and radiothera-
py over the last few decades, no treatment has 

http://www.ajtr.org


miR-21, miR-375 as biomarkers in laryngeal SCC

605 Am J Transl Res 2014;6(5):604-613

been shown to achieve a satisfactory therapeu-
tic outcome and the mortality rate of laryngeal 
SCC is still high, with a 5-year survival rate of 
64% [4]. Therefore, there is an urgent need to 
develop novel and clinically useful markers to 
distinguish patients with poor prognosis or at 
higher risk of an early recurrence.

Accumulating knowledge about the role of 
genes in tumorigenesis has indicated a key role 
for microRNAs (miRNAs) in different kinds of 
cancers. MiRNAs are small non-coding RNAs of 
18 to 24 nucleotides, originally discovered and 
described in 1993 in the nematode Caen- 
orhabditis elegans. found that a gene crucial 

for post-embryonic development of C. elegans, 
lin-4, did not code for a protein, but rather is 
transcribed into a 22-nucleotide RNA molecule. 
This small RNA molecule could repress the 
expression of the lin-14 mRNA by directly inter-
acting with its 3’-untranslated region (UTR).
While this was recognized as a new method of 
gene regulation, it was initially considered as 
an oddity peculiar to C. elegans. To date, more 
than 300 miRNAs have been discovered in 
humans, and computational analyses predict 
that up to 1,000 miRNAs exist in the human 
genome [5]. Since miRNAs can regulate more 
than one target, estimates indicate they may 
be able to regulate up to 30% of the protein-
coding genes in the human genome [6], high-
lighting their importance as global regulators of 
gene expression. Recently, several studies 
reported the involvement of let-7 and miR-155 
miRNAs in lung cancer diagnosis and prognosis 
[7], and high expression of miR-21 was associ-
ated with poor survival and therapeutic out-
come in colon cancer [8]. Other expression pro-
filing studies identified miRNA signatures in 
hepatocellular carcinoma [9], pancreatic can-
cer [10], breast cancer [11], papillary thyroid 
cancer [12], and chronic lymphocytic leukemia 
[13]. Importantly, the successful use of 
antagomirs (anti-miRNAs) to silence miRNAs in 
mice [14] and non-human primates [15] sug-
gests the possible therapeutic use of miRNAs.

Recently, we reported that miR-21 and miR-
375, the expression of which is frequently 
reported in SCC tissues [16-21], were aberrant-
ly expressed in laryngeal SCC patients [22]. 
Based on our findings, we selected one onco-
genic miRNA, miR-21, and one tumor suppres-
sor miRNA, miR-375, as candidates for prog-
nostic biomarkers for laryngeal SCC in a miRNA 
assay. In this study, we examined alterations in 
the expression of these two miRNAs in laryn-
geal specimens from patients with laryngeal 
SCC and analyzed the correlation between the 
expression of these miRNAs and the clinico-
pathological features of this malignancy.

Patients and methods

Patients and samples 

Between September 2005 and July 2007, a 
total of 46 patients with laryngeal SCC were 
enrolled in this study. Surgical resection speci-
mens were collected from consecutive patients 

Table 1. Clinicopathologic characteristics in 
laryngeal SCC patients (Total N=46)
Characteristics N (%)
Gender
    Male 42 (91.3) 
    Female 4 (8.7) 
Age(y), Mean(SD) 59.2 (7.84)
Smokinga

    Negative  12 (27.9)
    Positive  31 (72.1)
Alcoholb

    Negative 22 (53.7)
    Positive 19 (46.3)
T stage
    T0/1/2 21 (45.7)
    T3/4  25 (54.3)
N stage
    Negative 32 (69.6)
    Positive 14 (30.4)
Stage
    Low (I-II) 31 (67.4)
    High (III-IV) 15 (32.6)
Localization
    Glottic 33 (71.7)
    Supraglottic 11 (23.9) 
    Subglottic  2 (4.4)
Note: We examined mir-21 and mir-375 by quantita-
tive reverse transcription polymerase chain reaction 
(qRT-PCR) in 46 consecutive laryngeal specimens from 
patients with laryngeal SCC (as described below) and 
compared the results according to the clinicopathologi-
cal characteristics of the patients. Forty-two patients 
were male. The mean age was 59.2 years (±7.84 years). 
Thirty-three patients had glottic tumors, while 11 had 
supraglottic and 2 had subglottic tumors. The pathologi-
cal tumor TNM stages were I-II in 31 patients and III-IV in 
15 patients. There was nodal involvement in 14 patients. 
aData missing in 3 samples. bData missing in 5 samples.
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who underwent partial or total laryngectomy at 
the Shanghai Jiaotong University of Medicine. 
All patients were recruited and enrolled in the 
study after providing written informed consent 
for use of their tissues for research purposes 
and all study protocols were approved by the 
Institutional Review Board of Shanghai Jiaotong 
University of Medicine. Fresh laryngeal SCC 
tumor specimens were obtained during the 
tumor survey. Meanwhile, paired normal laryn-
geal squamous epithelial tissues derived from 
laryngectomy specimens that served as normal 
controls were also assayed. Tissue samples 
were immediately frozen in liquid nitrogen after 
resection until further processing. None of 
patients had received preoperative chemother-
apy or radiotherapy. 

The resected laryngeal SCC specimens were 
fixed in buffered formalin and embedded in par-
affin for pathological examination using stan-
dard methods. The pathological stage, grade, 
and nodal status of the tumors were defined 
according to the revised International UICC/
TMN Staging System. The clinical and patho-
logical data of the laryngeal SCC patients 
enrolled in the study are displayed in Table 1.

RNA extraction from tissue samples

Total RNA isolation from tissue samples was 
performed using the TRIzol reagent (Invitrogen, 
CA, USA) according to the manufacturer’s ins- 
tructions. The concentrations and quality of the 
RNA were determined with a NanoDrop ND- 
1000 spectrophotometer (NanoDrop Techno- 
logies, DE, USA) and agarose gel electropho- 
resis.

Quantitative real-time PCR of miRNAs

The expression of mature miRNAs was assayed 
using TaqMan miRNA reverse transcription 
assays (Applied Biosystems) and appropriate 
primers (Applied Biosystems) following the 
manufacturer’s instructions. The primers for 
miR-21 and miR-375 were 5’-GCCCGCTAGC- 
TTATCAGACTGATG-3’ and 5’-UUUGUUCGUUCG-
GCUCGCGUGA-3’, respectively. In brief, 10 ng 
of total RNA was used as the template in a 
15-μL RT reaction using probes specially de- 
signed for specific mature miRNAs. For asse- 
ssing the expression of each miRNA, reactions 
were performed in triplicate using the 7900 
RT-PCR system (Applied Biosystems) and small 
nuclear RNA (snRNA) U6 (Applied Biosystems) 

Figure 1. Validation of the differential expression of miR-21 and miR-375 by quantitative real-time PCR in tumor and 
normal samples (n = 46 for tumor samples and n = 46 for normal samples).The relative expression level of miR-21 
tended to be higher in laryngeal SCC patients than in the controls (p < 0.01) (A), while the relative expression level 
of miR-375 was significantly lower in laryngeal SCC patients than in the controls (p < 0.001) (B). The combined bio-
marker based on the ratio of miR-21/miR-375 was significantly higher in laryngeal SCC patients than in controls (p = 
0.005) (C). Boxes indicate the distribution of expression values from the 25th to 75th percentile for each microRNA. 
The lines inside the boxes indicate the median values and the upper and lower horizontal bars denote the 90th and 
10th percentiles, respectively.
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was used as the internal control for normaliza-
tion of expression. The reaction conditions indi-
cated in the manufacturer’s manual were used 
and the reaction mixtures were incubated at 
50°C for 2 min, 95°C for 10 min, followed by 40 
cycles of 95°C for 15 sec and 60°C for 1 min. 
The cycle threshold values were calculated with 
the SDS 1.4 software package. The ΔΔCt meth-
od for relative quantization was used to deter-
mine miRNA expression levels. The Ct is the 
fractional cycle number at which the fluores-
cence of each sample passes the fixed thresh-
old. The ΔCt value was calculated by subtract-
ing the Ct of snRNA U6 from the Ct of the miRNA 
of interest. The ΔΔCt value was calculated by 
subtracting the ΔCt of the reference sample 
(paired non-tumorous tissue for surgical sam-
ples) from the ΔCt of each sample. The fold-
change was determined as 2-ΔΔCt.

Statistical analysis

Values are presented as mean ± standard error 
of the mean (SEM). The difference between 

experimental and control groups was evaluated 
using the paired t-test. The relationship bet- 
ween clinicopathological factors in laryngeal 
SCC patients and the expression of miRNA was 
analyzed using Fisher’s exact or chi-square 
tests. The last date of follow-up was either the 
date of death or the last date the patient was 
contacted. Overall survival was estimated using 
the Kaplan-Meier method with comparisons 
between groups made using the log-rank test. 
A p-value less than 0.05 was considered statis-
tically significant. Statistical analysis was per-
formed using SPSS 10.0 software program.

Results  

Differential expression of miRNA in laryngeal 
SCC patients

To identify more sensitive diagnostic biomark-
ers in laryngeal SCCs, we selected the most 
overexpressed microRNA (mir-21) and underex-
pressed microRNA (mir-375) for further analy-
sis, based on our previous findings. The expres-

Figure 2. Receiver operating curve analysis of miR-21 and miR-375 expression levels and the ratio of miR-21/miR-
375 for differentiation of laryngeal SCC tumors and normal tissues. AUC, Area under the curve.
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sion of miR-21 and miR-375 in laryngeal SCCs 
and paired, adjacent, histologically normal 
mucosal samples was determined by qRT-PCR 
analysis. Our data indicate that miR-21 expres-
sion is significantly up-regulated (p < 0.01) 
(Figure 1A) and miR-375 expression is down-
regulated (p < 0.001) (Figure 1B) in laryngeal 
SCC tissue relative to the paired normal tis-
sues. We also analyzed the ratio of the two miR-
NAs (miR-21/miR-375) as a combined biomark-
er. The data indicate that the miR-21/miR-375 
ratio is significantly higher in laryngeal SCC 
patients than in controls (p = 0.005) (Figure 
1C). The receiver operating characteristic (ROC) 
curves for miR-21, miR-375, and miR-21/miR-
375 were plotted, and the area under the curve 
(AUC) values were 0.772, 0.957, and 0.991, 
respectively (Figure 2).

Comparison of patients according to clinico-
pathological characteristics and the expres-
sion of miRNAs

Next, We determined whether there was any 
correlation between miR-21 and miR-375 lev-
els and the clinicopathological features of the 
laryngeal SCC patients. The miRNA expression 
levels from the qRT-PCR analysis were dichoto-
mized based on a within-cohort median cutoff. 
The major characteristics of the patients are 
shown in Table 2. When characteristics of the 
patients were compared, after stratification 
based on the expression levels of mir-21, no 
correlation was observed between miR-21 
expression levels and the age, sex, differentia-
tion, TNM stage, tobacco consumption, and 
alcohol use of the patient. Patients with T3-4 

Table 2. Correlation between the expression of miRNA-21 and miRNA-375 and clinicopathological 
factors in laryngeal SCC patients

Relative expression of miR-21 Relative expression of miR-375
n High Low P-value High Low P-value

Total 46 24 (52.2%) 22 (47.8%) 23 (50.0%) 23 (50.0%)
Gender
    Male 42 22 (52.4%) 20 (47.6%) 20 (47.6%) 22 (52.4%)
    Female 4 2 (50.0%) 2 (50.0%) 1.000 3 (75.0%) 1 (25.0%) 0.608 
Age (y)
    < 65 22 12(54.5%) 10 (45.5%) 12 (54.5%) 10 (45.5%)
    ≤ 65 24 12(50.0%) 12 (50.0%) 0.990 11 (45.8%) 13 (54.2%) 0.768 
T stage
    T0/1/2 21 12 (57.1%) 9 (42.9%) 13 (61.9%) 8 (38.1%)
    T3/4 25 12 (48.0%) 13 (52.0%) 0.747 10 (40.0%) 15 (60.0%) 0.236 
N stage
    Negative 32 17 (53.1%) 15 (46.9%) 18 (56.3%) 14 (43.8%)
    Positive 14 7 (50.0%) 7 (50.0%) 1.000 5 (35.7%) 9 (64.3%) 0.336 
Stage
    Low (I-II) 31 13 (41.9%) 18 (58.1%) 19 (61.3%) 12 (38.7%)
    High (III-IV) 15 11 (73.3%) 4 (26.7%) 0.092 4 (26.7%) 11 (73.3%) 0.059 
Localization
    Glottic 33 18 (54.5%) 15 (45.5%) 20 (60.6%) 13 (39.4%)
    Supraglottic 11 5 (45.5%) 6 (54.5%) 0.862 2 (18.2%) 9 (81.8%) 0.037 
    Subglottic 2 1 (50.0%) 1 (50.0%) 1 (50.0%) 1 (50.0%)
Smokinga

    Negative 12 5 (41.7%) 7 (58.3%) 6 (50.0%) 6 (50.0%)
    Positive 31 18 (58.1%) 13 (41.9%) 0.531 15 (48.4%) 16 (51.6%) 1.000 
Alcoholb

    Negative 22 11 (50.0%) 11 (50.0%) 15 (68.2%) 7 (31.8%)
    Positive 19 10 (52.6%) 9 (47.4%) 1.000 6 (31.6%) 13 (68.4%) 0.043 
aData missing in 3 samples; bData missing in 5 samples; p < 0.05. Note: Correlation between the expression of miRNA-21 and 
miRNA-375 and clinicopathological factors in laryngeal SCC patients. p values, as calculated using the χ2 or Fisher’s exact test, 
are shown, with p < 0.05 considered statistically significant.
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tumors exhibited a slight over-expression of 
mir-21, but the difference was not statistically 
significant (p > 0.05). The expression of mir-
375 in patients with supraglottic tumors was 
significantly lower than that in those with glottic 
tumors (p = 0.037). Low expression of mir-375 
was associated with the clinical feature of alco-
hol use (p < 0.05).

The expression level of miRNAs is associated 
with survival in laryngeal SCC patients

The miRNA expression levels from the qRT-PCR 
analysis were dichotomized based on a within-

Cox regression model adjusted to clinicopatho-
logical variables showed that the expression 
level of miR-21 may serve as an independent 
prognostic factor for overall survival in larynge-
al SCC patients (p = 0.001; 95% confidence 
interval [CI], 0.340-3.757) (Table 3).

Discussion 

Since the discovery of miRNAs, tremendous 
efforts have been devoted to determining their 
biological functions and their relevance to can-
cer diagnosis, prognosis, and therapy. Many 

Figure 3. Comparison of cumulative five-year survival curves of patients with laryngeal SCC according to indepen-
dent miRNA expression-related factors with the Kaplan-Meier method. The postoperative survival rate of patients 
with high expression levels of miR-21 (A) was poorer than those with lower expression of miR-21, while that of 
patients with high expression levels of miR-375 (B) group was better than those with lower expression of miR-375.

Table 3. Univariate and multivariate analysis of prognostic factors for 
survival in laryngeal SCC patients

Univariate analysis multivariate analysis 95%CI
p value Lower Upper p value

miR-375 expression level
    High versus Low < 0.001 0.34 3.757 0.001
Gender
    Male versus Female 0.874 0.018 5.011 0.401
Age (y)
    > 65 versus ≤ 65 0.596 0.728 0.993 0.041
pTNM stage
    Low (I-II) versus  
    High (III-IV) 0.042 0.57 22.911 0.173
Alcohol consumption
    Positive versus Negative 0.715 0.233 31.331 0.427
Tobacco use
    Positive versus Negative 0.341 0.037 2.08 0.212
p < 0.05.

cohort median cutoff. Kap- 
lan-Meier analysis revea- 
led a significant associa-
tion between high expres-
sion of miR-21 in cancer-
ous tissue and a worse 
prognosis (p = 0.045) (Fi- 
gure 3A). In addition, low 
expression of miR-375 in 
cancerous tissue was ass- 
ociated with poor progno-
sis, but this correlation is 
not significant (p > 0.05) 
(Figure 3B). Univariate ana- 
lysis showed that the life 
span of laryngeal SCC 
patients is correlated with 
tumor stage (p = 0.042) 
and expression level of 
miR-21 (p = 0.061). Multi 
variate analysis using the 
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studies have reported significant associations 
between miRNA expression profiles and impor-
tant clinical features of tumors, as well as 
patient survival rates [23-28]. By elucidating 
the presence of miRNA expression signatures 
and their contribution to the development and 
progression of tumors in patients with larynge-
al SCC, the present study has extended our 
knowledge of the role of miRNAs in the patho-
genesis of this malignancy. In this study, we 
analyzed the expression of two miRNAs, miR-
21 and miR-375, in laryngeal SCC tumors and 
found a significant correlation between the 
under-expressions of miR-375 with alcohol con-
sumption, a major risk factor for laryngeal SCC. 
Our data also indicate that miR-21 over-expres-
sion might be an independent prognostic factor 
for overall survival.

Mir-21 is frequently overexpressed in a variety 
of malignancies, and this miRNA has been 
implicated in multiple malignancy-related pro-
cesses, including cell proliferation, apoptosis, 
invasion, and metastasis [29-37]. Mir-21 has 
been previously identified as a putative onco-
gene in glioblastomas, and in pancreatic and 
breast cancers [38-40], whereas miR-21 was 
shown to be an anti-apoptotic factor in human 
gliomas [29]. Similar to the findings for mir-21 
in other tumor types, mir-21 expression in the 
laryngeal SCC samples were high in both tumor 
and matched normal tissues, but the expres-
sion of mir-21 was twice as high in tumor sam-
ples as they were in the normal samples. 
Though the univariate log-rank test for survival 
was not significant, as it did not consider 
explanatory factors such as tumor localization 
and was limited in power by the sample size, 
the unadjusted Kaplan-Meier analysis showed 
a clear trend for worse survival in patients with 
high mir-21 expression. The multivariate analy-
sis, which controlled for confounding factors, 
identified a significant association between 
high mir-21 expression in tumors and poor 
patient survival, and the same relationship that 
has been demonstrated in cancers of the 
breast and colon, as well as in non-small-cell 
lung cancer [8, 30, 41]. The strong association 
between the mir-21 levels and clinicopathologic 
characteristics indicates that it may serve as a 
new biomarker, indicative of a poor prognosis, 
in many cancers, including laryngeal SCCs.

A recent study [42] of human gastric cancers, 
published during the preparation of our manu-

script, showed that the expression of miR-21 in 
cancer tissues was significantly higher than 
that in non-cancerous tissues, consistent with 
our data. Previous studies have demonstrated 
that the novel tumor suppressor protein pro-
grammed cell death 4 (PDCD4) is downregulat-
ed in several human solid cancers and is sup-
pressed by miR-21 [43]. Phosphatase and 
tensin homolog (PTEN) was shown to be a direct 
target of mir-21 in cholangiocarcinoma cells 
[44]. Thus, the role of miR-21 is likely to be the 
inhibition of apoptosis.

Though miR-375 has mainly been studied in 
the context of diabetes, as it influences beta-
cell mass and insulin levels [45], its expression 
has been shown to be decreased in a number 
of malignancies, including pancreatic adeno-
carcinomas and esophageal squamous cell 
and adenocarcinomas [46, 47]. Additionally, 
the recent identification of a target for miR-
375, phosphoinositide-dependent protein 
kinase-1, suggests a feasible role for miR-375 
as a tumor suppressor since phosphoinositide-
dependent protein kinase-1 is crucial for the 
activation of anti-apoptotic AKT protein [48]. In 
our study, lower expression of miR-375 was 
also found in laryngeal tumors, compared with 
normal tissues. We also found that miR-375 
expression changed with alcohol consumption, 
with a significant trend for lower expression of 
miR-375 with increasing alcohol consumption. 
While it is known that alcohol is an independent 
risk factor for HNSCC, the mechanism for this 
association is poorly understood. Further stud-
ies are needed to address the potential role of 
miR-375 in alcohol use-mediated pathogenesis 
of HNSCC.

To improve the predictive potential of altera-
tions in the expression of individual microRNAs, 
we also investigated the miR-21/miR-375 
expression ratio as a diagnostic biomarker in 
laryngeal SCC. The ratio of miR-21/miR-375 
showed a high discriminatory potential, with a 
sensitivity of 94% and specificity of 94%, in dis-
tinguishing tumor from normal tissue. These 
data suggest that the ratio of these microRNAs 
may hold significant clinical potential, but fur-
ther validation is necessary in an independent 
series of laryngeal SCC tumors.

In conclusion, our results suggest that the 
expression level of miR-21 and miR-375 may 
have potential applications for more useful clin-
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ical stratification of laryngeal SCC patients and 
enable us to select prospective candidates for 
additional or alternative treatments in larynge-
al SCC. The differential expression of miR-21 
and miR-375 may have diagnostic implications 
for the management of laryngeal SCC patients. 
Our results also expand the known pathways 
and genes that promote the progression of this 
disease and represent an important new ave-
nue of research in laryngeal SCC.
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