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Abstract. A family of small non-coding RNAs, ~22 nt in 
length, known as microRNAs (miRNAs), regulating ~30% of 
all human gene expression, have been reported to be involved 
in the pathogenesis of a number of types of cancers, including 
laryngeal squamous cell carcinoma (LSCC). In the current 
study, miR-34a and miR-34c were observed to be downregu-
lated in human LSCC tissues. Ectopic expression of miR-34a 
and miR-34c in Hep-2 cells significantly induced the cell prolif-
eration and migration ability in vitro. UDP-N-acetyl-α-D-gal
actosamine:polypeptide-N-acetylgalactosaminyltransferase 7 
(GALNT7), whose expression is negatively regulated by 
miR‑34a and miR‑34c in Hep‑2 cells, is confirmed to be a 
novel direct target gene of miR-34a and miR-34c. In conclu-
sion, the current results suggest that miR-34a and miR-34c 
may function as tumor suppressors in LSCC through down-
regulation of GALNT7. The study of miR-34a, miR-34c and 
its novel target, GALNT7, may serve as novel potential makers 
for LSCC therapy.

Introduction

microRNAs (miRNAs) are noncoding RNA molecules that act 
as post‑transcriptional regulators of specific messenger RNA 
transcripts (mRNAs), resulting in targeted degradation and 
suppression of gene expression. miRNAs play major roles in the 
normal developmental processes (1,2), and their dysregulation 
significantly contributes to various aspects of tumorigenesis 
in the majority of types of cancer, negatively regulating tumor 
suppressor genes and oncogenes (3). Although the regulator in 

control of gene expression has been predicted to regulate ~30% 
of all human genes, an increasing number of miRNAs assigned 
to their target mRNAs with specific functions must be excluded.

Laryngeal squamous cell carcinoma (LSCC) is one of 
the most common types of head and neck squamous carci-
noma (HNSCC), and HNSCC is the sixth most frequent type 
of cancer in the world (4-6). At present, the main treatment 
strategy for LSCC is surgery or total laryngectomy followed 
by radiotherapy; however, the prognosis remains poor. Thus, to 
further improve the survival and remission rates, the carcino-
genic mechanisms of LSCC requires further elucidation.

The majority of evidence suggested that miR-34a and 
miR-34c is aberrantly expressed in the majority of types of 
cancer, which lead to significant malignancies, including 
growth and invasion alteration (7,8). However, the mechanism 
of miRNAs functioning as tumor suppressor or oncogenes 
in the process of tumor development is complex and varied, 
and may involve molecular and network regulatory path-
ways. Thus, the association between miR-34a and miR-34c 
and LSCC requires further investigation, particularly, their 
functional targets. In the current study, miR-34a and miR-34c 
were observed to be downregulated in eight human laryngeal 
cancer tissues compared with the relative adjacent normal 
tissue. Overexpression of miR-34a or miR-34c in the laryngeal 
cancer cell line Hep-2 may suppress cell growth with MTT 
and colony formation assay. Co-expression of miR-34a and 
miR-34c may restrict cell movement with wound healing 
assay. Furthermore, UDP-N-acetyl-α-D-galactosamine:polyp
eptide-N-acetylgalactosaminyltransferase 7 (GALNT7) was 
identified as a novel functional target of miR‑34a and miR‑34c 
in the Hep-2 laryngeal carcinoma cell line. Understanding the 
modulatory pathways of miR-34a and miR-34c may aid in 
characterizing the progression of laryngeal carcinoma.

Materials and methods

Laryngeal carcinoma samples, cell lines, transfection and 
RNA extraction. Human laryngeal carcinoma samples were 
obtained from The First People's Hospital of Jining (Jining, 
Shandong, China) with patients' informed consent and 
approval by the Ethics Committee of of the First People's 
Hospital of Jining. The Hep-2 laryngeal carcinoma cell line 
was cultured at 37˚C with 5% CO2 in RPMI-1640 media 
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(Gibco-BRL, Grand Island, NY, USA) supplemented with 10% 
fetal bovine serum (FBS). Hep-2 cells were transfected with 
Lipofectamine 2000 reagent (Invitrogen Life Technologies, 
Carlsbad, CA, USA). Enriched small RNAs were extracted 
using the mirVana™ miRNA Isolation kit (Ambion Inc., 
Austin, TX, USA). Total RNA was extracted using the TRIzol 
reagent (Invitrogen Life Technologies).

Cell growth assay. Cells were seeded in 96-well plates at 
8,000 cells/well and transfected the following day. An MTT 
assay was used to determine relative cell growth 24, 48 and 
72 h following transfection. A MTT solution of 20 µl was 
added into 100 µl culture media and cells were incubated for 
a further 4 h at 37˚C. Next, the optical density was measured 
at 570 nm (A570).

Colony formation assay. The cells were seeded into 12-well 
plates at a density of 200 cells/well following transfection. The 
medium was changed every three days. Approximately 10 days 
later, the majority of the cell clones contained >50 cells. The 
clones were washed with 1X phosphate-buffered saline (PBS) 
and stained with crystal violet for ~5 min. Finally, images were 
captured of the clones and clones were counted. The colony 
formation rate = (no. of clones) / (no. of seeded cells) x 100%.

Wound healing assay. Cells were transfected and cultured to 
>90% confluency in 24‑well dishes. A sterile 200 µl pipette 
tip was used to scratch three separate wounds through the 
cells moving perpendicular to the line drawn in the step 
above. The medium was removed and replaced with fresh 
medium. Images were captured immediately above and 
below each line to ensure that the line appeared in each 
image. Two straight lines were created close to the border 
of the wound, and the width of the wound was defined as the 
vertical dimension of the two lines. The wound border was 
measured in nine random fields.

Quantitative polymerase chain reaction (qPCR). The 
stem-loop qPCR method (9) was used to detect the miR-34a 
and miR-34c levels in Hep-2 cells and laryngeal carcinoma 
tissue. The detection of GALNT7 mRNA levels was in 
accordance with a previous study (10). The SYBR-Green Mix 
Taq™ kit (Takara Bio, Inc., Shiga, Japan) was used to trace the 
amplified DNA.

Western blot analysis. The Hep-2 cells were seeded into 
a 6-well plate at a density of 3x105 cells/well and the cells 
were transfected when the cell density reached ~80% conflu-
ency in the second day. At 48 h following transfection, the 
cells were lysed using RIPA buffer for 30 min at 4˚C. The 
protein concentration was measured by the BCA method and 
20 µg protein was loaded into SDS-PAGE for analysis. The 
first antibody was rabbit polyclonal anti‑human GALNT7 
antibody (1:1,000; Abcam, Cambridge, MA, USA) and rabbit 
monoclonal anti-human GAPDH antibody (1:1,000; Abcam). 
The second antibody was goat anti-rabbit IgG conjugated 
with horseradish peroxidase (1:1,000; Abcam). The bound 
antibodies were detected with the use of ECL Plus Western 
Blotting Detection system (GE Healthcare, Piscataway, NJ, 
USA) and the chemiluminescent signals were detected 

with the use of high‑performance chemiluminescence film 
(GE Healthcare).

Luciferase reporter assay.  Plasmids conta in ing 
GALNT7-3'UTR and GALNT7-3'UTR mutations were 
constructed via technical support from Dajin Co. (Guangdong, 
China). 3'-UTR sequence of GALNT7 was predicted by six 
miRNA target prediction algorithms to interact with miR-34a, 
miR-34c and a mutated sequence of the 3'-UTR sequence 
was inserted into pGL3 vectors (Promega, Madison, WI, 
USA). Following transfection of miR-34a or miR-34c for 24 h, 
Hep-2 cells were transfected with pGL3/GALNT7-3'UTR and 
pGL3/GALNT7-3'UTR mutant plasmids. After 48 h, luciferase 
activity of Hep-2 cells was measured 96 h after transfection 
using the Dual-Luciferase reporter assay system (Promega).

Statistical analysis. All the data are shown as the mean ± SD, 
and the difference between groups was determined by a 
two-tailed Student's t-test. P<0.05 and P<0.01 were considered 
to indicate a statistically significant difference.

Results

Downregulation of miR‑34a and miR‑34c in laryngeal 
carcinoma tissue. A previous study showed that miR-34c 
was downregulated in the laryngeal cancer tissue compared 
with normal laryngeal tissue (11) using miRNA profiling. 
Cai et al (8) reported that miR-34c is capable of suppressing 
growth and invasion of human laryngeal carcinoma cells 
by targeting c-Met. However, the precise expression level of 
miR-34a in laryngeal carcinoma tissue remains unclear. Thus, 
qPCR between 8 pairs of laryngeal carcinoma and adjacent 
non-tumor tissue was performed. As shown in Fig. 1, miR-34a 
and miR-34c expression was decreased compared with the 
adjacent non-tumor tissue. These data suggested that miR-34a 
and miR-34c were downregulated in laryngeal carcinoma, 
which implied that the two of these miRNAs play tumor 
suppressor roles in laryngeal carcinoma development.

miR‑34a and miR‑34c inhibit the growth of Hep‑2 cells 
in vitro. MTT and colony formation assays were used to 
determine the effects of miR-34a and miR-34c in Hep-2 cells. 
The expression of miR-34a and miR-34c mimics was identi-
fied by qPCR (Fig. 2A). The mean A570 values in each group 
(Fig. 2B) suggest that transfection of Hep-2 cells with miR-34a 
or miR-34c caused suppression of Hep-2 cell proliferation at 
72 h post-infection when compared with controls. As expected, 
miR-34a or miR-34c had a similar effect on the colony 
formation ability of Hep-2 cells as that on the cell viability. 
Overexpression of miR-34a reduced the colony formation 
ability by ~64%, while miR-34c led to a 58% reduction 
(Fig. 2C). This implied that miR-34a and miR-34c suppresses 
cell growth significantly in human laryngeal carcinoma.

Combination expression of miR‑34a and miR‑34c induces 
decreased cell motility of Hep‑2 cells. To further investigate 
the effect of miR-34a and miR-34c on cell motility, a wound 
healing assay was measured post-infection for 0, 12, 24 and 
36 h in Hep-2 cells. Notably, a slight decrease (not statisti-
cally significant, data not shown) in cell motility of Hep‑2 
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cells either transfected with miR-34a or miR-34c alone was 
observed. However, as time increased, the difference of 
migration distance was gradually increased in co-expression 
of miR-34a and miR-34c groups compared with the control 
group (Fig. 2D). These results indicated that the combination 
of miR-34a and miR-34c plays an important role in Hep-2 cell 
motility, which may be explained by a synergism mechanism 
in biology. Thus, it was concluded that the combination of 
miR-34a and miR-34c could decrease cell motility of Hep-2 
cells in human laryngeal carcinoma.

Identification of GALNT7 as a target of miR‑34a and 
miR‑34c. As miR-34a and miR-34c have pivotal functions in 
LSCC, the question as to how miRNA exerts its role in LSCC 
requires investigation. In the current study, the TargetScan 
algorithm was used to identify the target genes of miR-34a 
and miR-34c. A list of functional genes were identified, 
including MYCN, Cyclin D1, B-cell lymphoma 2 (BCL-2), 
E2F1, E2F3, CDC25A and c-Met, which have been reported 
to be direct targets of miR-34a or miR-34c in various types of 
cancers. Although a number of target genes of miR-34a and 
miR-34c were validated, it has been proposed that a single 
miRNA may target several genes and multiple miRNAs may 
target a single gene in a comprehensive manner (12,13). Thus, 
the functional target of miR-34a and miR-34c in laryngeal 
carcinoma requires further investigation. Of the identified 
genes, GALNT7 was selected, which is reported to play 
important roles in the pathogenesis of cervical cancer and the 
behavior of melanoma cells (10,14).

To confirm whether the 3'UTR of GALNT7 was a functional 
target of miR-34a and miR-34c in LSCC, multiple miRNA 
prediction algorithm screen methods were prepared. As shown 
in Fig. 3A, the table suggests that the six programs, TargetScan, 
miRDB, RNA22, microRNA.org, DIANA LAB and PicTar, 
predicted GALNT7 as a potential target of miR-34a, and each 

Figure 1. miR-34a and miR-34c were downregulated in laryngeal carcinoma 
tissues. (A) miR-34a and (B) miR-34c expression levels were analyzed by 
qPCR in laryngeal carcinoma tissues and adjacent non-tumor tissues. 
**P<0.05, vs. control. qPCR, quantitative polymerase chain reaction.
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yielded a high score, respectively. Furthermore, four programs, 
TargetScan, miRDB, RNA22 and microRNA.org, predicted that 
miR-34c may directly target GALNT7. Next, whether miR-34a 
and miR-34c directly target GALNT7 in laryngeal carcinoma 
was investigated using a Luciferase reporter system. The align-
ment of miR-34a and miR-34c with the GALNT7 3'UTR insert 
is presented in Fig. 3B, including the seed sequence 459-465. 

Thus, a mutated 3'UTR vector was constructed with four 
nucleotides deleted in the seed sequence (Fig. 3C). When 
miR-34a was overexpressed by miR-34a mimics, the Luciferase 
expression level was significantly lower compared with the 
miR-negative control group. However, the Luciferase intensity, 
with the mutated 3'UTR, was not affected by miR-34a (Fig. 3D). 
The same effect was observed when cells were transfected with 

Figure 3. Prediction of GALNT7 for miR-34a and miR-34c and its validation. (A and B) Showed the algorithms between miR-34a or miR-34c and the 3’UTR 
of GALNT7, and also the mutant GALNT7 3’UTR (several nucleotides within binding sites were deleted). (C and D) Luciferase reporter assay was performed 
to detect the effect of miR-34a and miR-34c on the Luciferase intensity controlled by 3’UTR of GALNT7. ***P<0.01, vs. control.

Figure 2. Effects of miR-34a and miR-34c on the cell growth and motility of Hep-2 cells. The cells were transfected with miR-34a and miR-34c together with 
the controls. (A) miR-34a and miR-34c expression levels were analyzed by qPCR. (B) MTT assay was performed to detect the effect of miR-34a and miR-34c 
on the cell viability in Hep-2 cells with 24, 48 and 72 h following transfection. (C) Colony formation assay was performed to detect the effect of miR-34a 
and miR-34c on cell growth in Hep-2 cells. The colonies were stained with crystal violet and counted. ***P<0.01, vs. control. (D) Wound healing assay was 
performed to detect the migration activity of Hep-2 cells co-transfected with miR-34a and miR-34c. Representative images were captured 0, 12, 24 and 36 h 
following transfection. qPCR, quantitative polymerase chain reaction.
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  A   B

  C   D
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miR-34c in Hep-2 cells (Fig. 3E). Thus, it was concluded that 
GALNT7 is a direct target of miR-34a and miR-34c in Hep-2 
cells.

miR‑34a and miR‑34c downregulate GALNT7 expression 
in Hep‑2 cells. Next, qPCR and western blot analysis were 
performed to determine the regulation of endogenous GALNT7 
by miR-34a and miR-34c. Compared with the control, miR-34a 
and miR‑34c significantly decrease GALNT7 mRNA expres-
sion, while the GALNT7 protein level was also significantly 
downregulated when Hep-2 cells were cotransfected with 
miR-34a or miR-34c (P<0.05; Fig. 4). These results indicate 
that miR-34a and miR-34c negatively regulate GALNT7 
expression in the Hep-2 laryngeal carcinoma cell line.

Discussion

Over the past number of years, a large number of miRNAs 
have been reported to play important roles in regulating cell 
biology processes, including tumorigenesis, and reduce its 
target gene expression by mRNA degradation or mRNA 
cleavage (15,16). The miRNAs have been confirmed as 
tumorigenic and tumor suppressing genes, and include 
miR-17-92 and let-7 (17,18).

Among these functional miRNAs, miR-34a and miR-34c 
were firmly established to exhibit tumor suppressive effects 
in multiple types of cancer, including leukemias, hepatocel-
lular carcinoma, pancreatic and colon cancer (19-22). In the 
present study, miR-34a and miR-34c were observed to be 
downregulated in human laryngeal carcinoma compared with 
the adjacent normal tissue. Next, transfection of Hep-2 cells 
with miR‑34a and miR‑34c was shown to significantly induce 
growth and migration inhibition by MTT and colony formation 
assays. These results confirmed the tumor suppressor role of 
miR-34a and miR-34c in laryngeal carcinoma. Notably, when 
Hep-2 cells were transfected with miR-34a and miR-34c alone, 
there were little changes with the movement ability of Hep-2 
cells using a wound healing assay. However, co-expression 
of miR-34a and miR-34c significantly reduces Hep-2 cell 
motility. Therefore, miR-34a and miR-34c were hypothesized 
to affect the motility of Hep-2 cells and may cooperate with 
each other by targeting cell metastasis-associated genes. Thus, 

the functional targets of the miR-34 family in laryngeal carci-
noma require further investigation.

At present, miR-34a and miR-34c have multiple experimen-
tally validated targets involved with cellular proliferation and 
apoptosis, including MYCN, BCL2, SIRT1, SFRP1, CAMTA1, 
NOTCH1, JAG1, CCND1, CDK6 and E2F3 (21,23-29). In 
the current study, the GALNT7 was identified as a novel 
target using 6 algorithms, TargetScan, miroRNA.org, PicTar, 
miRDB, DIANA LAB and RNA22. These were selected 
because greater specificity in miRNA prediction may be 
attained using the consensus of multiple algorithms. Notably, 
the Luciferase report assay confirmed that miR-34a and 
miR-34c may directly target GALNT7-3'UTR with the seed 
sequence of 459-465 sites. The western blot analysis and 
qPCR assay demonstrated that the miR-34a and miR-34c also 
regulate endogenous GALNT7 expression in Hep-2 cells in 
mRNA and protein levels.

GALNT7, a member of glycosyltransferases, catalyzes the 
transfer of GalNAc to serine and threonine residues on target 
proteins, thus, initiating mucin-type O-linked glycosylation in 
the Golgi apparatus (30). Previous studies have reported that 
glycosylation may play a role in carcinogenesis and metastasis 
in a number of types of common cancers (31). A recent study 
revealed that ectopic expression of miR-30b/30d promoted the 
metastatic behavior of melanoma cells, and in vitro and in vivo 
data implicated GALNT7 inhibition as a key contributor of 
the prometastatic effects of miR-30d. This miR-30d/GALNT7 
axis may be involved in the regulation of the synthesis of the 
immunosuppressive cytokine, IL-10, and reduced immune 
cell activation and recruitment (14). Other miRNAs were 
also found to be upstream regulators of GALNT7, including 
miR-378 (32). In the current study, miR-34a and miR-34c were 
identified to regulate GALNT7 expression and directly target 
its 3'UTR in Hep-2 cells. To the best of our knowledge, there 
may be many more miRNAs that regulate GALNT7 in tumor 
models, thus, future studies aim to determine the number of 
miRNAs which directly target GALNT7, and which may 
support the key contribution to regulate GALNT7 repression 
in Hep-2 cells.

In conclusion, the expression of miR-34a and miR-34c 
in eight pairs of laryngeal carcinoma were evaluated, and 
the two were observed to be downregulated in laryngeal 

Figure 4. GALNT7 expression level in Hep-2 cells was reduced by miR-34a and miR-34c. (A) qPCR was performed to detect the effect of miR-34a and 
miR-34c on GALNT7 mRNA expression. (B) Western blot analysis was performed to detect the effect of miR-34a and miR-34c on the protein levels of 
GALNT7. **P<0.05; ***P<0.01, vs. control. qPCR, quantitative polymerase chain reaction.

  A   B
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carcinoma tissue compared with their adjacent normal tissue. 
Overexpression of miR-34a and miR-34c alone suppressed cell 
growth of Hep-2 cells, and co-expressed miR-34a and miR-34c 
are capable of reducing the movement ability of Hep-2 cells. 
The phenotypic changes of Hep-2 cells by miR-34a and 
miR-34c potentially occur through inhibition of GALNT7. 
These data suggest that the association between miR-34a and 
miR-34c with its target novel GALNT7 may aid in under-
standing the molecular mechanism of the tumorigenesis of 
laryngeal carcinoma.
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