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MiR-34a suppresses HNSCC growth through modulating cell cycle arrest 
and senescence
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MiR-34a acts as a tumor suppressor in various malignancies. In HNSCC, the role of miR-34a in proliferation has not been 
fully elaborated and the target genes are still bind. Here, we addressed that forced miR-34a expression induced cell cycle ar-
rest and senescence. Hypoxia/HIF1α was found to negatively correlate to the expression of miR-34a in HNSCC tissues and 
partially reverse miR-34a-imposed cell senescence through suppressing miR-34a expression. In order to screen the possible 
target genes of miR-34a in HNSCC, the differential genes mediated by miR-34a were screened by mRNA microarray. There 
were 91 genes co-down regulated in two cell lines, which were closely associated with MAPK, ErbB and p53 pathways. Genes, 
including FUT1, AXL, and MAP2K1 were finally identified as the novel targets of miR-34a by qPCR and luciferase assay. 
These findings indicate that miR-34a plays an essential role in suppressing HNSCC growth through inducing cell cycle arrest 
and senescence, by targeting proliferation-associated genes.
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Head and neck squamous cell carcinoma (HNSCC) is an ag-
gressive epithelial neoplasm, which accounts for upwards of 90 
percent of head and neck malignancies [1]. The initiation and 
progression of HNSCC is a multi-step and long-term process 
which is attributed to accumulation of genetic and epigenetic 
alterations [2]. In the last few decades, researchers have found 
that in HNSCC, miRNAs worked as biomarkers for diagnosis 
and prognosis, and mediate complex biological processes by 
interactions with various oncogenes or anti-tumor genes [3].

MicroRNAs, a class of small non-coding RNAs, are 22-24 
nucleotides in length. It degrades or silences genes expression 
post-transcriptionally by fully or partially base-pairing to 
the complementary sequences in the 3’UTR region of target 
mRNA. MiR-34a, the most popular member of miR-34 family, 
has become a novelty tumor-suppressor in diverse malignan-
cies [4]. It is reported to participate in multiple anti-tumor 
biological processes, such as induction of cell-cycle arrest, 
senescence, and apoptosis, and reduction of metastasis, 
angiogenesis and chemo-resistance through regulating dif-
ferent targets [5-11]. Notably, miR-34a is identified as an 

essential tumor growth suppressor, because it is a significant 
downstream target of p53 after DNA damage. P53 activation 
directly up-regulates miR-34 leading to the induction of the 
apoptosis, cell cycle arrest, or senescence. Further researches 
indicate a group of genes, such as SIRT1, Bcl-2, CDK4, cyclin 
D1 and c-myc, have been identified as direct targets of miR-34a 
in some solid tumors [12, 13]. Moreover, pathways like Wnt, 
Notch or Akt signaling, are ascertained to be involved in miR-
34a mediated cell growth suppressing [14, 15]. It indicates that 
multiple target genes and molecular signaling are mediated 
by miR-34a and may vary in different cancer types [16, 17], 
because of different pathological and cellular environment.

In HNSCC, the reduction of miR-34a was detected in 
cell lines and tissues which was associated with cell prolif-
eration, angiogenesis and metastasis [6, 18]. The underlying 
mechanism of miR-34a in suppressing HNSCC development 
remains not fully clarified, for few target genes and signaling 
pathways modulated by miR-34a in HNSCC have been identi-
fied. As a result, investigating the changes of cell cycle and cell 
senescence mediated by miR-34a, and exploring the potential 
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target genes of miR-34a in HNSCC is essential to give further 
understanding of the anti-tumor effect of miR-34a on cell 
proliferation. Here, we identify miR-34a suppresses HNSCC 
growth through inducing cell cycle arrest and senescence. 
Several genes, such as FUT1, AXL, and MAP2K1, directly 
regulated by miR-34a, might be important in miR-34a modu-
lating tumor repression.

Materials and methods

Cell lines and tumor samples. UM-SCC-23 derived from 
larynx was provided by University of Michigan as a gift from 
Dr.Thomas E. Carey. Fadu cell line derived from a pharyngeal 
carcinoma and the HEK-293T embryonic kidney cell line were 
obtained from the American Type Culture Collection (ATCC, 
Manassas, VA, USA). Fadu and UM-SCC-23 cells were cul-
tured respectively in DMEM medium supplemented with 10% 
FBS, 1000 units/mL penicillin and 0.1 mg/ml streptomycin. 
HEK-293T cells were cultured in RM1640 containing 10% 
FBS. When exposed to hypoxia, cells were cultured with 1% 
O2, 5% CO2, 94% N2, and at 37 °C.

39 cases of fresh primary HNSCC samples and the matched 
adjacent normal epithelial tissues confirmed by pathologists 
were collected during surgery at the Stomatology Hospital of 
Wuhan University during 2010-2015. None of the patients 
received chemotherapy or radiation therapy before surgery. 
Patients were verified HPV-16 negative upon PCR detection 
of HPV16. Tissue samples were immediately treated with 
RNA safe solution (Promoter biotechnology, Wuhan, China) 
and stored at -80°C before use. The Chinese Ethic Committee 
approval was received for the examination of patient samples.

Quantitative reverse-transcription PCR (qRT-PCR). 
Total RNA was isolated from the HNSCC fresh specimens 
or the cultured cell lines using the mirVana miRNA isolation 
kit (Ambion, Taxas, USA). To quantify the expression level 
of miR-34a, TaqMan microRNA assay specific for miR-34a 
(Applied Biosystems, Carlsband, CA) was used. For mRNA 
detection, RT was performed following the method of the 
Primescript RT regent Kit with gDNA Eraser (Takara, Dalian, 
Japan). qPCR was performed according to the protocol of 
All-in-One™ qPCR Mix (Genecopia, Guangzhou, CHINA). 
The primer sets were provided in the supplementary data1.

Plasmids and stable transfection. HEK-293T cells at the 
density of 4.0 × 106 were seeded in a 10 cm cell culture plate and 
incubated overnight. The next day, a cocktail, made of the lenti-
virus expression vectors (pCDH-EF1-copGFP-pre-miR-34a or 
pCDH-EF1-copGFP-control) and pPACK Packaging Plasmid 
Mix (Systems Biosciences, California, USA) together with the 
lipofectamine 2000 (Invitrogen, Carlsad, CA) dissolved in the 
serum-free OPTI-MEM was added to HEK-293T cells. After 
48h hours, the lentiviral particle solution was harvested and 
transfected the target cells with polybrene. Fluorescence sort-
ing was used to select transfected cells with GFP expression.

MTT assay. MTT assay was performed by MTT Cell Prolif-
eration and Cytotoxicity Assay Kit (Beyotime Biotechnology, 

Jiangsu, China) according to the manufacturer’s protocol. In 
brief, cells were plated in 96‑well plates at a density of 8×102 
cells per well and incubated in DMEM supplemented with 10% 
FBS. At day 1, 2, 4, 6 and 8, cells were treated with 10ul MTT 
solution per well in the medium, respectively and incubated 
for 4h. After that, cells were treated with 100ul formazan and 
incubated until the formazan was dissolved. The absorbance 
of each well at 570 nm was detected by a microplate reader. 
Experiments were repeated ≥3 times and data were presented 
as the mean ± SD.

Flow cytometry assay. 4×105 cells per well were seeded into 
6-well plates. When the confluence reached 60%, cells were 
synchronized by serum starvation for 24 h, and re-entered 
into the cell cycle by an exchange of a medium with 10% FBS 
DMEM for 24 h. Then cells were harvested by trypsinization 
and fixed with 75% ethanol at 4 °C overnight. After washing 
with cold PBS, cells were incubated with RNase A at 37 °C for 
30 min and then stained with propidium iodide (PI). The cell 
cycle status was measured by flow cytometry. The data were 
analyzed by ModFit software.

SA-β-Gal Staining. β-Gal staining was performed by using 
a  Senescence β-Galactosidase Staining Kit (Beyotime Bio-
technology, Jiangsu, China) according to the manufacturer’s 
protocol. 1.5×105 cells were incubated in 6-well plates with 
round cover slips in DMEM supplemented with 10% FBS. 
After incubation for certain time, cells were fixed with fixing 
solution for 15 min at RT and washed with phosphate-buffered 
saline. Then, cells were immersed with SA-β-Gal solution at 37 
°C in a CO2-free atmosphere until SA-β-gal staining became 
visible. The cells were stained with Eosin and covered with 
round coverslips. Through a  microscope, the flattened and 
blue-staining cells were scored as senescent. The senescent 
rate was calculated as the percentage of the senescent cells on 
all cells observed per high-power field. Each group cells were 
counted from 10 random microscopic fields and calculated 
the mean values.

MRNA microarray analysis. Total RNA was extracted 
from UM-SCC-23 and Fadu cell lines transfected with pre-
miR-34a or pre-miR-control using Trizol (Invitrogen, Carlsad, 
CA) according to the manufacturer’s protocol and purified 
by NucleoSpin® RNA clean-up kit (MACHEREY-NAGEL, 
Germany). The 22k human Genome Array Gene chips using 
two-channel technology were constructed at Capital BioCor-
poration. In brief, 5 μg of total RNA was used to synthesize 
double-stranded cDNA templates and cRNA was obtained 
using T7 Enzyme Mix. The products of reverse transcription 
of cRNA were KLENOW enzyme-labeled and then coupled to 
the Cy5-dCTP or Cy3-dCTP fluorescent dye (GE Healthcare, 
United States). The labeled-cDNA microarray was dissolved 
into the hybridization solution and incubated at 42 °C over-
night. After washing with 0.2% SDS, 2×SSC buffer, it could be 
scanned with a confocal LuxScan scanner.

Bioinformatics analysis. Targetscan (http://www.targets-
can.org/) and miRbase (http://www.mirbase.org/) were used 
for predicting the target genes of miR-34a. Pathway analysis 
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was performed based on the KEGG database (http://www.
genome.jp/kegg/). With a P-value <0.05, the enriched path-
ways were determined.

Cloning of 3’UTR. The full or partial length of 3’UTRs in 
the candidate genes carrying the putative miR-34a binding 
sites were amplified by PCR using cDNA from UM-SCC-23 
cell line. The 3’UTRs were cloned into the pSiCheck™-2 
vector (Promega, Madison, WI, USA) and then verified by 
sequencing. Point mutations of seed matching sequences 
were performed with the Quick Change Mutagenesis kit 
(Stratagene, United States). Oligonucleotides used for clon-
ing and mutagenesis were provided in supplementary data 
2 and 3.

Luciferase assays. Fadu cells were seeded in 6-well plat 
at the density of 5.0 × 104 and co-transfected with 40ng the 
pSiCheck™-2 luciferase vector (carrying wild-type or mutated 
3’UTR sequences), 2ug miR-34a or miR-control, using Lipo-
fectamine 2000 (Invitrogen, Carlsad, CA). After 48h, the cells 
were treated with lysis buffer and the reporter activities were 
detected in three replicates with the Dual Luciferase Reporter 
assay system (Promega, Madison, Wisconsin, USA) according 
to manufacturer’s method.

Statistical analysis. All statistical analyses were performed 
using GraphPad Prism5 software system. All data were pre-
sented as the mean ± SEM; groups were compared using two 
tailed Student’s t-test. P values < 0.05 were considered statisti-
cally significant.

Results

MiR-34a suppresses proliferation and induces cell cycle 
arrest in HNSCC cell lines. To verify whether miR-34a was 
important in suppressing tumor growth, miR-34a was stably 
over-expressed in Fadu (280.5-fold increase) and UM-SCC-23 
(258.2-fold increase) cells by transfecting with pre-miR-34a 
recombinant lentiviral vector (Figure 1A). The cell prolifera-
tion rate was assessed by MTT assay at 1-, 2-, 4-, 6-, and 8 day. 
The result showed that the aberrant expression of miR-34a led 
to cell growth reduction in the two HNSCC cell lines (Figure 
1B, p<0.05).

To further ascertain miR-34a-mediated proliferation 
suppression, cell-cycle distribution was detected using flow 
cytometry assay. Compared with the wide type and control 
cells, the miR-34a over-expression cells exhibited an about 
1.6 to 2.0 times increase in the percentage of cell at G0/G1 
phase, along with a decreased cell percentage at the S phase 
(Figure 1C). The result showed that forced miR-34a expression 
in UM-SCC-23 and Fadu cell lines induced cell cycle arrest 
at G0/G1 phase.

MiR-34a induces cellular senescence. In order to observe 
whether the introduction of miR-34a into HNSCC cells 
induces senescence, the percentage of positive SA-β-Gal-
expressing cells were calculated. The result showed that the 
mean percentage of SA-β-gal-positive cells increased by 4.41 
times (UM-SCC-23-miR-34a) and 8.18 times (Fadu-miR-34a) 

in miR-34a over-expression cell lines than that in control cell 
lines (Figure 1D, p< 0.0001, Supplementary data 4).

Hypoxia partially reduces miR-34a-imposed cell senes-
cence through suppressing miR-34a in HNSCC cell line. 
To explore the effect of hypoxia on miR-34a induced cell 
senescence, the UM-SCC-23 cells with or without miR-34a 
overexpression were exposed to hypoxia condition at different 
time point. Under the hypoxia condition, the mean percentage 
of senescent cells in UM-SCC-23-miR-34a cells was declined 
with the prolonging of exposure time (Figure 2A, p<0.001). Al-
though, compared with control cells, miR-34a over-expression 
cells remained much higher cell senescence rate at the same 
hypoxic time point (Figure 2A and Supplementary data 5).

To identify whether hypoxia suppresses miR-34a expres-
sion, the relative level of miR-34a in UM-SCC-23 cells was 
investigated. It showed that the miR-34a expression was down-
regulated under hypoxic environment in a  time-dependent 
manner. (Figure 2B, p< 0.05).

The expression of miR-34a is markedly decreased in 
the HNSCC tissues with increased HIF1-α level. To detect 
the relationship between tumor hypoxia micro-environment 
and miR-34a levels in tissue, the expressions of miR-34a and 
HIF1-α in HNSCC specimen and adjacent normal epithelial 
tissues were analyzed by using quantitative RT-PCR. Com-
pared with the adjacent normal epithelial, 15 of 39 HNSCC 
samples showed increased HIF1-α expression (log2 fold-
change≥0.4), 5 samples revealed a reduction of HIF1-α (log2 
fold-change ≤ -0.4) and 19 samples showed no significant dif-
ference (-0.4<log2 fold-change<0.4) (Figure 3A). About 2-fold 
reduction of miR-34a expression was found in 12 of 15 (80%) 
HIF1-α elevated samples (Figure 3B). Although, the reversed 
expression trend between miR-34a and HIF1-α was displayed 
in all 39 tumor tissues, the statistical negative correlation was 
not significant (Figure 3C, r2=0.0335, p=0.2648).

Profile the miR-34a downstream genes by microarray 
and bioinformatics analysis. To screen the possible down-
stream genes regulated by miR-34a at mRNA levels in HNSCC 
cells, the genome-wide mRNA expression of HNSCC cells 
with or without miR-34a over-expression were performed 
by two-channel mRNA microarray analysis. Compared 
with the control, 1578 genes and 1900 genes were detected 
down-regulated respectively in Fadu-miR-34a and UM-SCC-
23-miR-34a cells, when the differential mRNAs with a log2 
(fold-change)< -0.6 were considered. To get the intersection, 
there were 91 genes co-down-regulated in Fadu and UM-
SCC-23 on account of miR-34a over-expression. The heat 
map of the co-down-regulated genes was generated from the 
microarray data reflecting the expression values (Figure 4A).

The pathway analysis based on the KEGG pathway database 
was manipulated on the 91 co-down-regulated genes. The 
KEGG enrichment analysis revealed that these genes were 
strikingly involved in MAPK signaling pathway, ErbB signal-
ing pathway and p53 pathway, and moderately regulated the 
biological process of apoptosis, methionine metabolism, T cell 
receptor signaling pathway and so on (Figure 4B).
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Figure 1. MiR-34a suppressed the proliferation and promoted senescence of HNSCC cell lines in vitro. (A) The relative expressions of miR-34a in HNSCC 
cell lines. Cells transfected with pre-miR-34a recombinant lentiviral vector showed a significant increase in relative miR-34a level. (B) Cell proliferation 
ability was reduced in the cells over-expressed miR-34a determined by MTT. Their optical density of viable cells was assayed and measured at 490 nm 
(OD). Based on the mean absorbance, the proliferation curves were drawn at each time-point. (C) Cell cycle distribution of HNSCC cell lines measured 
by flow cytometry. MiR-34a overexpression causes cell cycle arrest in G0/G1 phase (the cell percentage increased at Channel 50). The representative 
cell cycle distributions were shown in the photograph, which contained the average percentages of G0/G1, S and G2/M phases. (D) More senescent cells 
determined by Senescence β-Galactosidase Staining were detected in the UM-SCC-23-miR-34a and Fadu-miR-34a cell lines than that in wide-type and 
control cell lines. Blue precipitation in the cytoplasm was observed in the senescent cells. Images are magnified 200×.
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MAP2K1, AXL, FUT1 and AREG are the direct targets 
of miR-34a in HNSCC. Using in-silico miRNA targets iden-
tification tools, miRbase and Targetscan4.2, twenty-five of 
the ninety-one genes were identified as potential targets of 
miR-34a (Figure 5A). Considering the mRNA fold-change, 
mRNA abundance (the fluorescence intensity ≥1000) and gene 
function associated with tumorigenesis, 11 of the 25 genes 
were selected to be further analyzed, which were revealed in 
Figure 5A.

To verify whether those 11 genes were down regulated by 
miR-34a in HNSCC cells, the mRNA expression level was 
detected by qRT-PCR. The result indicated that the mRNA 
levels of 8 genes were reduced about 1.4-fold to 4.7-fold in 
cells with ectopic miR-34a expression, compared with control 
(Figure 5B).

To further confirm whether the 8 candidate genes were 
directly targeted by miR-34a, dual reporter assay was per-
formed, respectively. AREG was validated to be a direct target 
gene involving in metastasis in our previous study [6]. The 
luciferase reporter pSiCheck™-2 carrying wide-type or mutant 
3’UTR sequences of the other 7 genes were constructed and 
then co-transfected with either miR-34a or miR-control in 
Fadu cell line (Figure 6A). The luciferase reporter activity 
of pSiCheck™-2-AXL-3’UTR, pSiCheck™-2-FUT1-3’UTR 
and pSiCheck™-2-MAP2K1-3’UTR was markedly reduced 
by forced expression of miR-34a compared with the control 
(2.43- fold decrease, 2.08-fold decrease and 4.78-fold decrease, 
respectively), whereas no reporter activity were found when 
their target sites were mutated (Figure 6B-C). According to 
Targetscan, the 3’UTR of FUT1 mRNA has two predicted 
binding sites of miR-34a. To identify the two binding sites 
respectively, reporter vector pSiCheck™-2 carrying point 
mutations at the two putative seed binding sequences were 
respectively constructed. The result demonstrated that when 
mutagenesis at the position 1567-1574 of FUT1 3’ UTR 
(mut1), miR-34a had a minimal effect on reporter activity; 
while when mutagenesis at the position 1641-1647 (mut2), 
the significant reduction of reporter activity was still detected. 
The result indicated that position 1567-1574 of FUT1 3’ UTR 
(mut1) is the specific target sequence of miR-34a.

In addition, in order to investigate the effect of hypoxia on 
miR-34a target genes, the mRNA expressions of FUT1, AXL, 
AREG and MAP2K1 were evaluated after hypoxia for 24 hours. 
The result showed that the relative mRNA expression levels 
of MAPK2 and FUT1 in HNSCC cell lines were significantly 
induced, when miR-34a was suppressed by hypoxia, while 
AREG and AXL remained unchanged (Supplementary data 6).

Discussion

Head and neck cancer represent an intramurally heteroge-
neous cohort of malignant tumors which originate from oral 
cavity, oropharynx, hypopharynx, or larynx [6]. This disease 
can significantly interfere with psychological health and life 
quality of the patients [19, 20]. Investigations of potential 

biomarkers and therapeutic targets have become focal point 
in the molecular oncology of HNSCC. Numerous evidences 
have indicated that miRNAs, involved in the initiation and pro-
gression of tumors, possess an anti-tumor activity in HNSCC.

MiR-34a is one of the best-studied miRNAs associated with 
malignancies. It is located at the chromosome lp36 locus, where 
is susceptive of chromosomal aberration and induces multiple 
molecular events thereby disturbing the dynamic cell balance 
of proliferation, apoptosis, senescence and metastasis [21-25]. 
In HNSCC, the decreased expression of miR-34a was observed 
previously [6]. The present study further demonstrated that 
ectopic miR-34a expression retarded proliferation and induced 
G0/G1 cell cycle arrest in HNSCC cell lines, which was consist-
ent with observations in colon cancer, hepatocellular cancer 
and non-small cell lung cancer [26-28]. On the other hand, 
miR-34a was reported to promote cell senescence in vascular 
smooth muscle cells, colon cancer and hepatocellular cancer 
[29-31]. Here, we provided evidence that miR-34 promoted cell 
senescence in HNSCC. Although the direct target of miR-34a 
involved in senescence was still ambiguous in HNSCC, based on 

Figure 2. The expression of miR-34a and senescence of HNSCC cells under 
hypoxia. (A) The senescence of cells over-expressed miR-34a or control un-
der hypoxia at time points 6, 12, and 24 hours was evaluated, respectively. 
Compared with control cells, the senescent rate of cells over-expressed 
miR-34a was dramatically decreased under hypoxia in a time-dependent 
manner. Images are magnified 200×. (B) The relative expression of miR-
34a was dramatically repressed by hypoxia in a time-dependent manner.
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our bioinformatics data, several genes and signaling pathways 
involved in senescence or cell death were significantly down-
regulated, such as MAPK and P53 signaling pathway, TFE3, and 
MEK1. Additionally, we observed that hypoxia could suppress 
miR-34a expression, thereby reducing miR-34a imposed cell 
senescence. It was suggested that miR-34a, acted as an inhibi-
tor of tumor cell growth through cell cycle arrest and cellular 
senescence, could constitute a bona fide barrier to progression 
of HNSCC, whereas intro-tumor hypoxia could impair the 
binding effect of miR-34a on tumor growth through decreasing 
its expression. Moreover, the relative mRNA expression levels 
of MAPK2 and FUT1 in HNSCC cell lines were detected sig-
nificantly induced by hypoxia, while AREG and AXL remained 
unchanged. The result might indicate that MAPK2 and FUT1, 
the potential target genes suppressed by miR-34a, were induced 
by hypoxia, which might be because that miR-34a was signifi-
cantly reduces under the hypoxic environment.

To ascertain target genes of miR-34a is of major significance 
to decipher its molecular functional mechanism in tumor de-
velopment. Our research identified FUT1, AXL, and MAP2K1 
as the direct targets of miR-34a. FUT1, which encodes α1, 
2-fucosyltransferase and transfers a fucose residue to galactose, 
is of key significance to the biosynthesis of Lewis Y antigen 
[32]. Up-regulated Lewis Y has been found in various tumors 
including breast, ovarian, and colorectal cancer [33-35], lead-
ing to tumor growth acceleration and lymph node metastasis 
through activating ErbB signaling [36]. To our knowledge, 
FUT1 is for the first time to be demonstrated as the target 
of miR-34a. The specificity target sequence of FUT1 3’UTR 
is at the 1567-1574 region, but not the 1641-1647 region. 
Coincidentally, AREG, another target confirmed in HNSCC, 
is also tightly associated with ErbB signaling. By binding to 
the EGFR, AXL, a member of receptor tyrosine kinases [37], 
stimulates a  mix of physiological processes of normal cells 

Figure 3. The expressions of HIF1-α mRNA and miR-34a in HNSCC samples. (A) The black asterisks represented the HNSCC samples with increased 
HIF1-α expression (log2 fold-change≥0.4), compared with adjacent normal epithelia. (B) The black squares indicated that in HIF1-α elevated samples, 
80% of which showed 2-fold reduction of miR-34a expression. (C) General correlation between miR-34a and HIF1-α mRNA relative expression in 40 
samples. The statistical negative correlation was not significant (P> 0.05).
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Figure 4. KEGG pathway analysis of co-down regulated genes. (A) Venn diagram of miR-34a mediated changes in genome wide mRNA expression. The overlap 
field revealed the co-down-regulated genes with log2 (fold change) ≤ -0.6. The heat map below generated from the microarray data reflected the co-down-regulated 
gene expression values in F-34a, S-34a, F-con, S-con cell lines. (B) KEGG pathway analysis for the co-down-regulated genes. The enrichment scores of biologi-
cal processes were shown as –log2 (p-value). For each KEGG pathway, the gene symbols of differentially down-regulated genes were given in the table below.

Figure 5. (A) Histogram showing the fold change of 25 co-down-regulated genes with putative target sites of miR-34a after stable transfection of pri-miR-
34a in Fadu and UM-SCC-23 cells. Log2 (fold change) ≤ -0.6 were considered. (B) 11 tumor-related genes with mRNA abundance>1000 was detected by 
qRT-PCR. 8 of 11 genes had a general reduction at mRNA level in HNSCC cell lines with aberrant miR-34a expression.
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Figure 6. Experimental validation of miR-34a target genes. (A) Dual reporter assays in Fadu cells transfected with pre-miR-34a or control and the indi-
cated 3’-UTR-reporter constructs. The 3’UTR –reporter activity of FUT1, MAP2K1, and AXL were markedly reduced by forced expression of miR-34a 
compared with the vector control. Data were represented as mean ± S.D. (n = 3). (B) Upper-left schematic depicted miR-34a seed-matching sequences 
in the 3’UTRs of selected mRNAs. Black vertical bars represented miR-34a seed-matching sites. Upper-Right, the putative miR-34a binding sequence of 
each target gene were given in the 5’ to 3’orientation. The seed-matching sequences were underlined. Below each miR-34a binding site, the mutant seed-
matching sequence were shown with exchanged nucleotides high-lighted in bold letters. (C) Luciferase assay with selected 3’UTR reporter constructs 
and variants with mutant seed-matching sequences.

or cancer cells [38-39]. Studies indicate that the capacity of 
HNSCC cellular growth, migration, and invasion are depend-
ent on AXL through PI3K/AKT and MAPK signaling [40, 
41]. It is well-known miR-34a targets AXL in non-small lung 
cancer, ovarian cancer, B-cell chronic lymphocytic, breast 

cancer and colorectal cancer resulting in tumor proliferation 
[42-44]. In HNSCC, the direct interaction between miR-34a 
and AXL was evidenced in this study, demonstrating AXL 
might be a common target of miR-34a in malignant tumors. 
As the central node in the MAPK signaling cascade (Ras/
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Raf/Mek/ERK), MAP2K1 is another newly detected target of 
miR-34a in HNSCC. It is a dual-specificity tyrosine threonine 
protein kinase and confers hallmarks of cancer cells such 
as cell growth, migration and invasion via phosphorylation 
of ERK1 and ERK2. It has been reported miR-34a targeted 
MAP2K1 hampering cell proliferation during megakaryocytic 
differentiation of K562 cells [45]. Thus, it shows that miR-34a 
may suppress HNSCC proliferation through mainly inhibiting 
the MAPK and ErbB signaling pathway. In addition, we found 
that the relative mRNA expression levels of MAPK2 and FUT1 
were significantly induced, when miR-34a was suppressed 
by hypoxia. The result indicates that miR-34a might play an 
important role in hypoxia induced MAPK2 and FUT1. They 
induced by hypoxia might be because that miR-34a was sig-
nificantly reduced under the hypoxic environment.

Gene expression profiling has emerged as an effective 
approach to study the mechanism of miR-34a in HNSCC 
development from comprehensive perspective. Among the 
downstream genes, even though most of them do not carry 
putative miR-34a binding sites in their 3’UTRs, it was likely 
to be a  secondary consequence of the targets of miR-34a. 
Furthermore, the bioinformatics analysis showed that these 
downstream genes consisted of signaling nodes, enzymes and 
transcription factors, which were enriched in the MAPK, ErbB 
and P53 signaling pathways. MiR-34a may involve in multiple 
tumor suppressive pathways by directly or indirectly inhibiting 
the expression of numerous oncogenes and acts as a molecular 
switch in a complicated regulatory network.

In HNSCC, besides the inhibition of metastasis with 
a  pivotal target AREG previously reported by our research 
group, the anti-growth effect of miR-34a via cell cycle arrest 
and senescence was investigated in the present study. Then 3 
novel target genes (FUT1, AXL, and MAP2K1) of miR-34a 
involved in ErbB and MAPK signaling pathways were identi-
fied through mRNA array and luciferase array. It is well known 
miRNAs post-transcriptionally regulate gene expression by not 
only mRNA degradation but translational silencing. Future 
studies combining high-throughput mRNA with proteomics 
sequencing would further clarify the mechanisms of miR-34a 
in HNSCC cell proliferation.

Supplementary information is available in the online version 
of the paper.
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Supplemental Data 1, qPCR oligonucleotides (5´- 3´) 

HIF1-α-F: TCCAAGAAGCCCTAACGTGT 

HIF1-α-R:TGATCGTCTGGCTGCTGTAA 

MAP2K1-F: TTCGCAGAGCGGCTAGGA 

MAP2K1-R: CAGCCCGGGATTCCCTTC  

FUT1-F: CTAAGGGTGCAAGGGGGAAG 

FUT1-R: GCATTTTCTCTGGTCCAAGGC 

MAFF-F: GGAAAGCCGGAGAGCAACAACAAA 

MAFF-R: TGGACTCCCAAAGTGCTGGGATTA 

TFE3-F: TCAGCTGCTCAGCCTGAACTCTTT 

TFE3-R: AGTGATATTGGGAGGCTTGAGCGA 

NFYC-F: ATCTCATTCCGCCTCCCTCT 

NFYC-R: CACCGTTTCCCCTTTTCCCT 

MKNK2-F: CCTGGTCCGAGCTACCTCAC 

MKNK2-R: GATTTGATTGGGGGACGGGT 

CAMTA2-F: GGGACCCCGGGAGAAAACAG 

CAMTA2-R: GGCACAAGACAGCCACTCAT 

AMOTL2-F: GTGGTTCGCTTTGATCCCGA 

AMOTL2-R: GTCAGACACCACAACCTCCG 

AXL-F: TCAAGGTGGCTGTGAAGACGATGA 

AXL-R: AACCCTGGAAACAGACACCGATGA 

AREG-F: TGTCGCTCTT GATACTCGGC 

AREG-R: AGGCATTTCACTCACA GGGG 

PCK2-F: CGGAGGAAAGCTAGTGCCAG 

PCK2-R: TATGGAAGGCGGGGAAGGA 

GLG1-F: CAAGGCGTGTCAGTTTGTGG 

GLG1-R: AGCTTAGCAGCTTCCCTTGG 

CYR61-F: CAGGACTGTGAAGATGCGGT 

CYR61-R: GCCTGTAGAAGGGAAACGCT 

 

 

Supplemental Data 2, List of oligonucleotides used for 3´-UTR cloning (5´- 3´) 

AXL-F: CTCGAG ACAACCCTCCACCTGGTACT 

AXL-R: GCGGCCGC GGTCCTAGAGAGGCAGAATGC 

TFE3-F: CTCGAGTCAGGCCTCACCCCTCCCCT 

TFE3-R: GCGGCCGCATTTTAATCACAAACCTATA 

MAFF-F: CTCGAG TCCCACCCAGGAAAGGAGGA 

MAFF-R: GCGGCCGC TCTTCTGTGCCAGGACGGAC 

NFYC-F: CTCGAGTGAGCTGGCAAGGCCAAGGA 

NFYC-R: GCGGCCGCTTGGGGGTAGCAGCTGTTCC 

AREG-F: CTCGA GGATATCACATTGGAGTCACTG 

AREG-R: GCGGCCGCAGCTGTAAAATAAATACA CTTC 

CAMTA2-F: CTCGAG TACCTGCATCTTCCGCTGTG 

CAMTA2-R: GCGGCCGC GCTGGTGCAGCGATGTTTAAT 



MAP2K1-F: CTCGAG TTGGGAAGCAACAAAGAGCG 

MAP2K1-R: GCGGCCGC GGGGAAAGATAAATCCGACA 

PCK2-F: CTCGAG GACTGCCAGGAGGCACAGAAGTCAT 

PCK2-R: GCGGCCGCTCCTCCAACAATCTCATGAG 

RTN4-F: CTCGAGAAACGCCCAAAATAATTAGTAGG 

RTN4-R: GCGGCCGCGATACTTTGCTTTTACAGTTCACAA 

FUT1-F: CTCGAGCAGCAGTACGTGGCTTCAGA 

FUT1-R: GCGGCCGCTGGTTAGCAATGAGCACGGT 

 

Supplemental Data 3, Mutagenesis oligonucleotides (5´- 3´) 

AREG-F: GAGTGTGTCGGAAGTCATAGCCATAAATGATGAGT CG 

AREG-R: CTATGACTTCCGACACACTCCAATGTGATATCCTG. 

MAP2K1: AGCCAGAGCCCTTGTGAGGGTTGATAGCTGGGGCT 

MAP2K1: AGCCCCAGCTATCAACCCTCACAAGGGCTCTGGCT 

AXL-F: CAGGATCCAAGCTAAGGTGTCGGTCTGGGGAAAACTCCAC  

AXL-R: GTGGAGTTTTCCCCAGACCGACACCTTAGCTTGGATCCTG 

FUT1-mut1-F: GGGGTGAGGGATGTGTCGGAAAATGGTACAGC 

FUT1-mut1-R: GCTGTACCATTTTCCGACACATCCCTCACCCC  

FUT1-mut2-F: CTTTTTTTTAAAGCTCATAATGTCGGAAGAGCTCCATATATTGGG 

FUT1-mut2-R: CCCAATATATGGAGCTCTTCCGACATTATGAGCTTTAAAAAAAAG  

 



      Supplementary data 4: the mean percentage of cell senescence induced by miR-34 under normal condition.               x^-±s 
                   
                                                wt  (%)                             con  (%)                             miR-34a (%)    

      UM-SCC-23                  2.08±0.54                           1.60±0.57                            7.05±2.69
                                                                       
      Fadu                              0.88±0.30                            0.75±0.33                            6.14±2.29
                                                  



   Supplemental data 5: the mean percentage of cell senescence induced by miR-34a under hypoxia condition.                x^-±s 
                   
                                                0h (%)                       6h (%)                   12h (%)                  24h (%)    

  UM-SCC-23-con                1.60±0.57                0.73±0.05                0.74±0.05             0.88±0.09    
                                                                       
  UM-SCC-23-miR-34a        7.05±0.47                3.21±0.14                2.27±0.15             2.10±0.04
                                
                                                  



S1

Supplemental data 6: the relative mRNA expression levels of AREG, AXL, MAPK2 and FUT1 in HNSCC cell lines induced by hypoxia.




