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Abstract. Oral squamous cell carcinoma (OSCC) is a 
prevalent cancer worldwide. Let-7 family has been shown to 
function as a tumor suppressor through regulating multiple 
oncogenic signaling. Recent study reported that combined 
underexpression of miR-205 and let-7d showed negative 
correlation with the survival prognosis of head and neck 
cancer patients. However, the let-7d-involved mechanism in 
regulating OSCC is still unclear. In this study, we first demon-
strated that let-7d expression was significantly decreased while 
Twist and Snail expression was increased in OSCC cancer 
cell lines and primary cultures as compared to normal human 
oral keratinocyte cells. To further investigate the role of let-7d 
in OSCC, we applied the SPONGE method to knock down 
let-7d in OECM-1 and two primary OSCC cell types. The 
results showed that knockdown of let-7d promote epithelial-
mesenchymal transition (EMT) traits and migratory/invasive 
capabilities in OSCC cells. Furthermore, down-expression of 
let-7d significantly activated Twist and Snail expressions and 
chemo-resistant abilities of OSCC cells. Notably, overexpres-
sion of let-7d effectively reversed the EMT phenotype, blocked 
migratory/invasive abilities, and further increased the chemo-
sensitivity in oral cancer tumor initiating ALDH1+ cells. In 
sum, these results show that let-7d negatively modulates EMT 
expression and also plays a role in regulating chemo-resistant 
ability in oral cancer.

Introduction

Head and neck squamous cell carcinoma, including oral 
squamous cell carcinoma (OSCC), is the sixth most preva-
lent malignancy worldwide and accounts for approximately 
8-10% of all cancers in Southeast Asia (1,2). The prognosis of 
OSCC remains dismal as more than 50% of the patients die 
of this disease or complications within 5 years under current 
therapies (2). To increase patient survival rate, investigations 
elucidating the mechanisms of tumorigenesis in OSCC are 
urgently needed (2). Some studies have suggested that subsets 
of cancer stem cells (CSC) or tumor initiating cells (TICs) 
are responsible for tumor progression as well as recurrence 
after conventional chemotherapy (3). However, there is lack of 
suitable markers for isolating the crucial subset of tumor cells 
that is capable of reforming new tumors in vivo and accounts 
for tumor relapse in OSCC, according to CSC hypothesis of 
tumorigenesis.

MicroRNAs (miRNAs), highly conserved small RNA 
molecules that regulate gene expression, can act as cancer 
signatures, oncogenes or tumor suppressors (4). The ubiq-
uitously expressed let-7/miR-98 family was one of the first 
mammalian miRNAs to be identified (5-8). Let-7 family 
members have been described as being down-regulated during 
cancer progression in various human cancers including lung, 
gastric, ovarian, colon cancer, leiomyoma and melanoma 
(5-13). Let-7d, a member of the let-7 family of miRNAs, 
has also been shown to act as tumor suppressor, most likely 
through targeting RAS (14) or high mobility group A2 (15). 
Let-7d regulates senescence of human cord blood-derived 
multipotent stem cells by regulating HMGA2 and p16 (16). 
The region upstream of let-7d promoter is modulated by trans-
forming growth factor (TGF)-β transcription factor SMAD3 
(15). The expression of let-7d is significantly down-regulated in 
chemo-resistant pancreatic cancer (17). Dysregulation of let-7d 
also indicated its possible involvement in the development 
and progression of ovarian cancer (9), glioblastoma (18), lung 
cancer (15), colon cancer (19) and leukemia (20). Scapoli et al 
found that combined underexpression of miR-205 and let-7d 
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was associated with poor survival of head and neck squamous 
cell carcinomas (21). However, the relationship between let-7d 
and OSCC and OSCC-derived tumor initiating cells is still not 
clarified.

In this study, we showed that expression of let-7d in 
regional metastatic lymph nodes of OSCC patients was also 
significantly decreased while Twist and Snail expression was 
increased as compared to the expression levels in the primary 
tumors. Using the SPONGE strategy, we knocked down the 
expression of let-7d, and the results of in vitro experiments 
showed that the epithelial-mesenchymal transition (EMT), 
migratory/invasive, and chemoresistant properties were 
significantly increased in primary let-7d knockdown OSCC 
cells. These results suggest that the down-expression of let-7d 
plays a crucial role in regulating EMT and sensitivity to 
chemotherapy in OSCC.

Materials and methods

OSCC cell line and primary cell cultures. OECM1 was 
obtained from the American Type Culture Collection (ATCC) 
and cultured as described previously (22). All samples were 
obtained with informed consent. The OSCC patient charac-
teristics were described previously (22). The procedures and 
methods were as described previously (22).

miRNA isolation and miRNA quantitative real-time reverse-
transcriptase (RT)-PCR. A mirVana Paris kit (Ambion) was 
used to isolate miRNA from the total-RNA according to the 
manufacturer's instructions. For miRNAs detection, qRT-PCR 
was performed by using TaqMan miRNA assays (Applied 
Biosystems) with specific primer sets. All reagents and 
protocols were from Applied Biosystems and detection was 
performed by using a 7900HT fast real-time PCR system using 
RNU6B as internal controls. miRNA specific qRT-PCR was 
done in triplicate and repeated three times on the ABI PRISM 
7700 Sequence Detector system (Applied Biosystems) (22).

SYBR real-time reverse transcription-polymerase chain 
reaction. Total-RNA of cells was purified using TRIzol reagent 
(Invitrogen Life Technologies, Carlsbad, CA) according to 
the manufacturer's protocol. Briefly, the total-RNA (1 µg) of 
each sample was reversely transcribed by SuperScript II RT 
(Invitrogen). Then, the amplification was carried out in a total 
volume of 20 µl containing 0.5 µM of each primer, 4 mM MgCl2, 
2 µl LightCycler™-FastStart DNA Master SYBR-Green I (Roche 
Molecular Systems, Alameda, CA) and 2 µl of 1:10 diluted cDNA. 
The GAPDH housekeeping gene was amplified as a reference 
standard. GAPDH primers were designed: GAPDH (forward), 
GGGCCAAAAGGGTCATCATC (nt 414-434, GenBank acces-
sion no. BC059110.1); GAPDH (reverse), ATGACCTTGCCCAC 
AGCCTT (nt 713-733). PCR reactions were prepared in duplicate 
and heated to 95˚C for 10 min followed by 40 cycles of denatur-
ation at 95˚C for 10 sec, annealing at 55˚C for 5 sec, and extension 
at 72˚C for 20 sec. All PCR reactions were performed in triplicate. 
Standard curves (cycle threshold values versus template concen-
tration) were prepared for each target gene and for the endogenous 
reference (GAPDH) in each sample. To confirm the specificity of 
the PCR reaction, PCR products were electrophoresed on a 1.2% 
agarose gel (23).

Stable overexpression of let-7d by lentiviral vector. Let-7d 
expressing vectors were constructed according to Invitrogen. 
Briefly, oligos containing mature and artificial let-7d stem 
loop sequences were synthesised and annealed. Annealed 
oligos were ligated by T4 DNA ligase with pcDNA 6.2-GW/
EmGFP-miR expression vector provided by Invitrogen. 
Lentiviral production was further performed by transfection of 
293T cells at 5x106 cells/10 cm plate using Lipofectamine 2000 
(LF2000, Invitrogen). Supernatants were collected 48 h after 
transfection and then were filtered; the viral titers were then 
determined by FACS at 48 h post-transduction. Subconfluent 
cells were infected with lentivirus at a multiplicity of infection 
of 5 in the presence of 8 µg/ml polybrene (Sigma-Aldrich). The 
green fluorescence protein (GFP), which was co-expressed in 
lentiviral-infected cells, served as a selection marker to indi-
cate the successfully infected oral cancer.

Plasmid construction and establishment of stable cell lines. 
Let-7d SPONGE, scramble and anti-sense miRNAs were 
constructed using a pcDNA 6.2-GW/EmGFP-miR plasmid 
(Invitrogen). MicroRNA SPONGE sequence design was as 
described previsouly (24). Further multiple copy amplifica-
tions were done with recovery of BamH1 and XhoI digested 
fragments and subcloned into pcDNA 6.2-GW/EmGFP-miR 
plasmid. All constructed expression vectors were sequenced 
and verified. Transfected glioma cells were cultured in the 
presence of blasticidin-containing culture medium.

Western blot analysis assay. The extraction of proteins from 
cells and immunoblot analysis were performed as described. 
Fifteen microliters of sample was boiled at 95˚C for 5 min and 
separated on a 10% SDS-PAGE. The proteins were transferred 
to Hybond-ECL nitrocellulose paper or PVDF membrane 
(Amersham, Arlington Heights, IL) by a wet-transfer system. 
Primary and secondary antibodies were added as indicated. 
The reactive protein bands were detected by the ECL detection 
system (Amersham) (25).

In vitro cell invasion analysis and soft agar assay. The 24-well 
plate Transwell® system with a polycarbonate filter membrane 
was used (8 µm pore size; Corning, UK). Cell suspensions were 
seeded in the upper compartment of the Transwell chamber 
at a density of 1x105 cells in 100 µl of serum-free medium. 
The opposite surface of the filter membrane facing the lower 
chamber was stained with Hoechst  33342 for 3  min, and 
migrating cells were visualized under an inverted microscope. 
For the soft agar assay, the bottom of each well (35 mm) of a 
six-well culture dish was coated with 2 ml of an agar mixture 
[DMEM, 10% (v/v) FCS, 0.6% (w/v) agar]. After the bottom 
layer solidified, 2 ml of a top agar-medium mixture [DMEM, 
10% (v/v) FCS, 0.3% (w/v) agar] containing 2x104 cells was 
added and incubated at 37˚C for 4 weeks. The plates were 
stained with 0.5 ml 0.005% crystal violet, and the number of 
colonies was counted using a dissecting microscope (26).

Statistical analysis. The Statistical Package of Social Sciences 
software (SPSS, Inc., Chicago, IL) was used for statistical 
analysis. An independent Student's t-test was used to compare 
the means of two independent samples. The statistical signifi-
cance level was set at P<0.05.
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Results

Let-7d negatively correlates with Twist and Snail in clinical 
OSCC patients. The correlation of miRNAs, stemness signa-
ture, and EMT process has recently gained huge interest in the 
field of cancer research, as it also contributes to tumor metas-
tasis and recurrence (27). Initially, to investigate the negative 
relationship between the expression levels of let-7d and EMT 
genes in OSCC, the expression level of let-7d and EMT tran-
scription markers (Twist and Snail) in OSCC cell lines, OSCC 
primary cultivated cells, and OSCC tissue specimens were 
determined. Compared with normal human oral keratinocyte 
(NHOK) cells, qRT-PCR demonstrated the lowered let-7d and 

elevated Twist and Snail expressions in OSCC cell lines and five 
primary OSCC cell types (Fig. 1A). Compared with the normal 
counterparts, further analysis showed a reduction of let-7d 
expression in OSCC tissue specimens derived from OSCC 
patients (Fig. 1B, left panel). Inversely, Twist and Snail expres-
sion is higher in OSCC tissue compared to that in normal tissue 
(Fig. 1B, middle and right panel). Finally, we demonstrated 
that let-7d expression in the regional metastatic lymph node of 
OSCC tissues was significantly decreased, whereas Twist and 
Snail expression was increased as compared to primary tumors 
(Fig. 1C). Collectively, these data indicate that let-7d expression 
is inversely correlated with EMT transcription factor (Twist 
and Snail) expression during OSCC tumorigenesis.

Figure 1. Determination of let-7d, Twist and Snail expression in representative OSCC tissue. (A) Let-7d and Twist and Snail expression in NHOK cells, oral 
cancer cell lines, and five primary OSCC cells. (B) A statistically significant difference of miRNA (let-7d) and mRNA expression (Twist and Snail) was also 
noted between OSCC (T) and corresponding noncancerous matched tissues (NCMT). (C) Expression level of let-7d microRNA (left panel), Twist (middle 
panel) and Snail (right panel) in local and lymph node metastatic head and neck cancer patients (*P<0.05).
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Figure 2. Down-regulation of let-7d restores EMT and invasive property in OSCC. (A) OECM1 and primary OSCC cells from two patients were transfected 
with either SPONGE let-7d or empty vector, and subjected to real-time PCR. (B) Expression of EMT transcription factor markers (Twist and Snail) of control 
and let-7d knockdown OSCC cells was assessed by Western blotting. (C) Morphology of OSCC cells transfected with control or let-7d SPONGE. Control 
OSCC cells and let-7d knockdown OSCC cells were subjected to (D) colony formation assay (left panel) and (E) migration assay (right panel).

Figure 3. Sphere-forming and chemo-resistant property was enhanced in OSCC cells with let-7d SPONGE treatment. (A) Control OSCC cells and let-7d 
knockdown OSCC cells were subjected to sphere formation assays after serial passages. (B) The elevated endogenous ALDH1+ cells in let-7d/SPONGE were 
assessed by flow cytometry. (C and D) Control and let-7d-SPONGE OSCC cells were seeded in a 96-well plate and subjected to (C) cisplatin and (D) 5-FU 
treatment with different concentrations for 24 h. The survival rate was determined by MTT assay (*P<0.05).
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Silencing let-7d enhances mesenchymal, stem-like, and 
chemo-resistant traits in OSCCs. To further investigate the 
correlations of Twist and Snail with let-7d expression level, we 
applied miRNA SPONGE strategy to specifically knock down 
endogenous let-7d in OECM1 and two primary cultivated 
OSCC cells. The efficiency of SPONGE-mediated let-7d knock-
down was verified (Fig. 2A). The Western blotting of the three 
post-SPONGE treated clones all showed significant elevated 
of Twist and Snail levels (Fig. 2B). Epithelial-mesenchymal 
cellular transformation was also found increased after 
SPONGE-let-7d treatment of OSCC cells (Fig. 2C). Silencing 
of let-7d in OSCC cells significantly increased the soft agar 
colony number, signifying reduced anchorage-dependence, 
and enhanced the invasive ability (Fig. 2D and E). Recent 
reports suggest that OSCC possess the potential of cancer 
stem cell (CSC) or the tumor initiating cell-like properties, 
and presents characteristics of aggressive tumor (22,26). 
Based on these studies as well as our finding that let-7d level 
is low in metastatic OSCC patients, we further explored the 
relationship between let-7d and cancer stemness properties 
of OSCC. The sphere formation ability of let-7d knockdown 
OSCCs in suspended culture was increased and lasted for 
several passages of culture (Fig. 3A), indicating enhanced 
self-renewal capacity. Moreover, silencing of let-7d in OSCC 
cells significantly increased the population of ALDH1-positive 

cells (Fig. 3B). To prove that knockdown of let-7d increases 
the stemness properties, we further elucidated the mechanisms 
how the chemoresistance was regulated by let-7d expression, as 
discovered by other researchers (28,29). The CSC hypothesis 
has been bolstered by the clinical observation that malignant 
tumors are relatively resistant to chemotherapies, which has 
then become one of the functional definitions of CSC (30). 
Let-7d knockdown in OSCC increased its chemo-resistance to 
cisplatin and 5-FU (Fig. 3C and D). Collectively, these data 
implied that the silencing of let-7d renders OSCC capable of 
acquiring EMT and chemoresistant properties, and that this 
regulation could be modulated by elevated Twist and Snail and 
self-renewal properties.

Let-7d represses EMT and invasive ability in oral cancer 
tumor initiating cells. Based on the previous experimental 
results, we speculated that let-7d might regulate OSCC 
progression by regulating EMT, cancer stem-like properties, 
and chemoresistant in OSCC. To further address this issue, 
we initially isolated ALDH1+ cells using flow cytometry and 
cell sorting from primary OSCC cells as previously described 
(23). As expected, let-7d expression was dramatically reduced 
in ALDH1+ cells, whereas ALDH1- cells showed higher 
let-7d expression (Fig. 4A). To elucidate whether let-7d was a 
strong mediator for OSCC-ALDH1+ cells, lentivirus-mediated 

Figure 4. Down-regulation of self-renewal properties and enhancement of chemosensitivity of ALDH1+ OSCCs by let-7d. (A) Let-7d miRNA expression in 
control and let-7d-overexpressing OSCC-derived ALDH1+ cells by real-time RT-PCR. (B) Lentivirus-mediated transfection of OSSC-derived ALDHI+ cells 
overexpress let-7d. (C) Expression EMT markers (Snail, Twist, N-cadherin and Fibronectin) of control and let-7d-overexpressing ALDH1+ cells were assessed 
by Western blotting. (D) Single cell suspension of ALDH1+ and ALDH1+/let-7d cells were subjected to colony formation (left panel), migration assay (middle 
panel) and Transwell invasion (right panel).
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transfection strategy was adopted to overexpress let-7d in 
OSCC-ALDH1+ cells (Fig.  4B). The overexpressed let-7d 
decreased its targets, Twist, Snail, Vimentin and N-cadherin 
(Fig. 4C). The colony formation, cell migration, and tumor 
sphere formation abilities were all decreased upon let-7d-over-
expression (Fig. 4D).

Let-7d regulates self-renewal and chemosensitivity in oral 
cancer tumor initiating cells. Overexpression of let-7d in 
primary OSCC cells derived from two patients repressed the 
sphere formation ability over several passages of suspension 
culture as shown in Fig.  5A. The inhibited CSC proper-
ties could be a result of diminished CSC population, as we 
found that the percentage of ALDH1+ cells was reduced in 
let-7d-overexpressed OSCC cells (Fig.  5B). Cell viability 
experiments showed that ectopic overexpression of let-7d 

inhibited the chemo-resistance to cisplatin and paclitaxel in 
OSCC-ALDH1+ cells (Fig. 5C). The decreased chemo resis-
tance could be a result of down-regulated multidrug resistance 
(MDR) genes (Fig. 5D).

Discussion

miRNAs, a class of highly conserved small RNA molecules, 
act as either oncogenes or tumour suppressors, rendering 
them prospective targets for therapeutic development in 
cancer (31). It has been found that expression of oncogenic 
miR-21 and miR-184 promotes tumorigenicity in OSCC 
(32,33). Ectopic expression of tumour-suppressive miR-98, 
miR-137 and miR-193a resulted in a loss of cell growth of 
OSCC. Recent clinicopathological findings demonstrated 
that the down-regulation of miR-133a, miR-133b, miR-205 

Figure 5. Modulation of the self-renewal and chemoresistant ability of ALDH1+ cells by let-7d. (A) Evaluation of the abilities for sphere body after serial 
passage/self-renewal ability under serum-free medium with bFGF and EGF by various groups of cells (ALDH1+/pLV and ALDH1+/let-7d cells). (B) The 
expressions of ALDH1 was validated in let-7d-overexpressing OSCC cells. (C) Both 10,000 control ALDH1+ and let-7d-overexpressing ALDH1+ cells were 
cultivated in a 96-well plate and treated with various concentrations of cisplatin (upper) and 5-FU (lower) for 24 h in 10% FBS/DMEM/F-12 medium. The 
survival rate was determined by MTT assay. (D) The expression of MDR1 and ABCG2 transcripts was detected by real-time RT-PCR analysis in OSCC-
ALDH1+ cells with various treatment as indicated.
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and let-7d in OSCC tumors could be a signature utilized for 
predicting the prognosis of OSCC patients (21,34). Therefore, 
it is of interest to ask whether there is microRNA involved in 
regulating chemo-resistance or metastatic properties, such as 
EMT, in OSCC tumor cells. The ubiquitously expressed let-7/
miR-98 miRNA was one of the first mammalian miRNAs to 
be identified (5-8). Several studies of various human cancers, 
including lung cancer, gastric cancer, ovarian cancer, colon 
cancer, leiomyoma and melanoma, have found that let-7 
family members are down-regulated during cancer progres-
sion (5-13). In OSCC, dysregulation of let-7 influences patient 
survival (35,36). Let-7 has also been shown to act as a tumor 
suppressor, most likely through targeting a number of genes 
with oncogenic activity such as RAS (5-8) or high mobility 
group (HMG) A2 (9,37-39). Christensen et al found that the 
polymorphism of the let-7 biding site (KRAS-LCS6) is associ-
ated with reduced survival in oral cancer patients (40). The 
research group of the University of Florida also discovered 
that the Dicer, an RNase III endonuclease required for miRNA 
maturation, is overexpressed in oral cancers due to down-
regulation of let-7b (41). However, the involvement of let-7d 
in OSCC is still not clear. In this study, we first demonstrated 
that the expression of let-7d in the metastatic tumors of OSCC 
tissues was significantly decreased while the expressions of 
Twist and Snail were increased, as compared to the primary 
tumors (Fig.  1). EMT has also been considered as a key 
mechanism responsible for the process of cancer metastasis 
(42). Enhanced EMT characteristics is associated with poor 
overall and metastasis-free survival in patients with NSCLC 
(43). The role of stemness signature in EMT process has 
recently gained huge interest in the field of cancer research, as 
it also contributes to tumor metastasis and recurrence, making 
cancer difficult to tackle. It has been suggested that EMT can 
promote stemness property in normal breast tissues as well as 
breast cancer cells (44). Detailed bioinformatics analysis done 
by Ben-Porath et al discovered an embryonic stem cell-like 
gene expression signature in poorly differentiated aggressive 
tumors, including breast cancer, bladder cancer, breast cancer 
and brain tumors (45). Twist is a basic-helix-loop-helix (bHLH) 
transcription factor associated with cell lineage determination 
and differentiation. The protein encoded by this gene is a 
bHLH transcription factor and shares similarity with another 
bHLH transcription factor, Dermo1. The strongest expression 
of this mRNA is in placental tissue; in adults, mesodermally 
derived tissues express this mRNA preferentially. Yang et al 
found Twist1 and Bmi1 was mutually essential to promote 
EMT and tumor-initiating capability (46). Bmi1 is a member 
of the Polycomb (PcG) family of transcriptional repressors that 
mediate gene silencing by regulating chromatin structure, and 
is essential for maintaining the self-renewal capacity of neural, 
hematopoietic, and intestinal stem cells. Bmi1 was originally 
identified as a proto-oncogene that cooperates with Myc to 
promote the tumorigenesis of lymphomas (47). Our experiments 
of SPONGE-mediated let-7d silencing further confirmed the 
reverse correlation between let-7d and Twist and Snail (Figs. 2 
and 4). Further research is needed to identify the correlation of 
Bmi1 and let-7d in OSCC. Meanwhile, the phenotypic change 
of the OSCC cells from the epithelial-like to mesenchymal-like 
cell type were also found after let-7d-SPONGE applications 
(Fig. 2C). Because Twist and Snail are well-known genes that 

regulate the process of EMT, we then further elucidated the 
roll of Bmi1 and let-7d in EMT.

Furthermore, the chemo resistance property was modulated 
by let-7d in OSCC cell or OSCC-derived TICs (Figs. 3 and 5). 
The correlation between chemoresistance and the expression 
of specific miRNAs have been previously found by many 
researchers. Zhou et al discovered that suppression of pro-
apoptotic Bcl-2 antagonist killer 1 (Bak1) expression which was 
induced by overexpressing miR-125b increases the chemoresis-
tance of breast cancer cells to Paclitaxel (48), miR-21 (49,50), 
miR-181a (51), miR-192 (52), miR-212 (53), miR-215 (52), 
miR-221/222 (54), miR-296 (55), miR-374a (51), miR-519a (51) 
and miR-630 (51) were proved to regulate the chemoresistances 
of pancreas, colorectal, head and neck, breast, and esophageal 
cancers to the treatments of gemcitabine, 5-fluorouracil, 
cisplatin, cetuximab, fulvestrant, and P-glycoprotein-related 
and -nonrelated drugs, respectively. Collectively, these results 
indicate that let-7d negatively modulates drug-resistant gene 
expression, playing a role in regulating the chemo-resistant 
ability in OSCC.

It is important to further elucidate the mechanisms by which 
downstream factors are regulated by let-7d in OSCC in vivo, and 
to investigate how let-7d modulates the chemoresistance, EMT, 
and self-renewal capacities in OSCC. Let-7d in the malignant 
OSCC or recurrent OSCC after chemotherapy may be useful in 
the future as a potential anti-cancer therapeutic strategy. Overall, 
restoration of let-7d in malignant oral cancer may initiate a new 
approach for therapeutic treatment in the future.
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