Elevated Lin28B expression is correlated with lymph node metastasis in oral squamous cell carcinomas
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Abstract 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Background: Lymph node (LN) metastasis is the most common cause of oral squamous cell carcinoma (OSCC)-related death. Searching the detailed molecular mechanisms involved LN metastasis in OSCC is still an open question.
Methods: Paired tissue samples from tumor (T) and adjacent noncancerous matched tissues (NCMT) parts, as well as LN metastatic lesions in OSCC patient tissues were subjected to quantitative real-time PCR analysis for the expression levels of Lin28B. Arecoline, a major areca nut alkaloid, was to explore whether expression of Lin28B could be changed dose-dependent in oral epithelial cells. Control and Lin28B-knockdown arecoline-stimulated oral epithelial cells were subjected to migration/invasion/anchorage independent growth assay. 
Results: Compared with NCMT samples from the same OSCC patient, the expression of Lin28B was increased in all of the tumor samples. A similar up-regulation of Lin28B was also observed in LN metastatic when compared with local tumors. Arecoline treatment dose-dependently induced Lin28B expression in SG and FaDu cells. Lentiviral-mediated silencing Lin28B expression significantly attenuated arecoline-induced oncogenicity including proliferation, migration, invasiveness, and anchorage independent growth in SG and FaDu cells. 
Conclusions: Lin28B may be a useful biomarker and novel molecular target for LN metastasis OSCC patients’ treatment.

Introduction
Oral squamous cell carcinoma (OSCC) remains one of the leading causes of cancer-related mortality worldwide despite the recent advancements in the multidisciplinary treatment (1). In OSCC, metastasis occurs first in the cervical lymph nodes and is an important predictor of poor prognosis (2). The high mortality of OSCC is mainly caused by cervical lymph node metastasis, and occasionally by distant organ metastasis (2). Therefore, an improved comprehension of the cellular and molecular events, which promote LN metastasis, is pursued to bring forth future medical progress of OSCC.  
Lin28B, a key RNA binding protein, is highly expressed during embryogenesis and has emerged as a factor that defines stemness state in several tissue lineages (3). Several experimental and clinical studies have revealed that overexpression of Lin28B was detected in various cancers and involved in the oncogenesis of human malignancies including breast cancer, colon cancer, and germ cell tumors (4-7). Clinically, aberrantly increased Lin28B expression in various tumor types could serve as a prognostic indicator for patient survival (8-10). In transgenic mouse model, Lin28B is sufficient to initiate liver tumorigenesi in vivo (11). Nevertheless, the role of Lin28B in regulating tumorigenic properties in OSCC is still unclear.
Collectively, these data, an elevated expression pattern of Lin28B was highly correlated with lymph node metastasis for OSCC patients. Targeting Lin28B attenuated arecoline-stimulated oncogenecity, supporting the clinical importance of Lin28B in OSCC patients.

Materials and Methods
OSCC tissues acquirement and preparation
The study was approved by the institutional review board of Chung Shan Medical University Hospital. Resected tissues from OSCC patients, who gave informed consent for the use of their tissue, were harvested at surgery. 20 pairs of tumor (T) and adjacent noncancerous matched tissues (NCMT) parts, as well as LN metastatic OSCC lesions were obtained from surgical procedures send to the pathology lab for frozen section diagnosis. The information regarding the different stages of OSCC patients is described in Table1. Tumor tissues were microscopically screened to have >70% of their areas occupied by tumor cells; The remaining specimens were snap frozen in liquid nitrogen and stored at -80˚C for quantitative real-time reverse transcription–PCR (qRT-PCR) (Applied Biosystems, Foster City, CA, USA)(12).

Quantitative real-time reverse-transcriptase (qRT-PCR)
Total RNA was prepared from cells or tissues using Trizol reagent according to the manufacturer’s protocol (Invitrogen). qRT–PCRs of mRNAs were reverse-transcribed using the Superscript III first-strand synthesis system for RT–PCR (Invitrogen). qRT-PCR reactions on resulting cDNAs were performed on an ABI StepOne™ Real-Time PCR Systems (Applied Biosystems, Foster City, CA, USA)(12).

Oral epithelial cell lines cultivation 
The Smulow–Glickman (S-G) human gingival epithelial cell line was original from F.H. Kasten, East Tennessee State University, Quillen College of Medicine, Johnson City, TN (13). SG cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 2 mM glutamine. FaDu was cultured in RPMI medium with 10% FBS.

Western blotting
Cells arrested in G0 by serum deprivation (0.5 % FCS; 48 h) were used in the experiments. Nearly confluent monolayers of oral epithelial cells were washed with serum-free Dulbecco’s modified Eagle’s medium and immediately thereafter exposed to various concentrations (0, 5, 15, and 20 μg/mL) of arecoline after 24 h incubation period. Cells were solubilized with sodium dodecyl sulfate-solubilization buffer (5 mM EDTA, 1 mM MgCl2, 50 mM Tris–HCl, pH 7.5 and 0.5 % Trition X-100, 2 mM phenylmethylsulfonyl fluoride, and 1 mM N-ethylmaleimide) for 30 min on ice. Then, cell lysates were centrifuged at 12,000 g at 4 °C and the protein concentrations determined with Bradford reagent using bovine serum albumin as standards. Equivalent amounts of total protein per sample of cell extracts were run on a 10 % sodium dodecyl sulfate-polyacrylamide gel electrophoresis and immediately transferred to nitrocellulose membranes. The membranes were blocked with phosphate-buffered saline containing 3 % bovine serum albumin for 2 h, rinsed, and then incubated with primary antibodies anti-Lin28B (1:500) in phosphate-buffered saline containing 0.05 % Tween 20 for 2 h. After three washes with Tween 20 for 10 min, the membranes were incubated for 1 h with biotinylated secondary antibody diluted 1:1000 in the same buffer, washed again as described above and treated with 1:1000 streptavidin-peroxidase solution for 30 min. After a series of washing steps, protein expression was detected by chemiluminescence using an ECL detection kit (Amersham Biosciences UK Limited, England), and relative photographic density was quantitated by scanning the photographic negatives on a gel documentation and analysis system (AlphaImager 2000, Alpha Innotech Corp., San Leandro, CA, USA). Each densitometric value was expressed as the mean ± standard deviation (SD)(12).

Lentiviral-mediated Lin28B shRNAi
The pLV-RNAi vector was purchased from Biosettia Inc. (Biosettia, San Diego, CA, USA). The method of cloning the double-stranded shRNA sequence is described in the manufacturer’s protocol. Lentiviral vectors expressing short hairpin RNA (shRNA) that targets human Lin28B were synthesized and cloned into pLVRNAi to generate a lentiviral expression vector. Lentivirus production was performed by transfection of plasmid DNA mixture with lentivector plus helper plasmids (VSVG and Gag-Pol) into 293T cells using Lipofectamine 2000 (Invitrogen, Calsbad, CA, USA). 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 in the presence of 8 μg/ml polybrene (Sigma-Aldrich, St. Louis, Missouri, USA). The green fluorescence protein (GFP), which was co-expressed in lentiviral-infected cells, was served as a selection marker to indicate the successfully infected cells (12).

MTT assay
Cells were plated in wells of 96-well-plate as 1104 cells/well and cultured at 37C for 24hr. Cell proliferation/survival was determined by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay. The 570 nm absorbance of DMSO treated group was set as 100% and data were presented as percentage of DMSO control (14).

Apoptotic Assay 
Apoptotic cells were detected with an Annexin V-APC kit (Calbiochem, Darmstadt, Germany) according to manufacturer’s guidelines. After staining, the cells incubated with 20 μg/ml propidum iodide (PI) were analyzed by FACS Calibur apparatus (Becton Dickinson, San Diego, CA, USA) (15).

In vitro cell invasion analysis
The 24-well plate Transwell® system with a polycarbonate filter membrane of 8-µm pore size (Corning, United Kingdom) was employed to evaluate the invasion ability of cells. The membrane was coated with MatrigelTM (BD Pharmingen, NJ, USA).The cancer cell suspensions were seeded to the upper compartment of the Transwell chamber at the cell density of 1105 in 100 µl within serum-free medium. The lower chamber was filled with serum-free medium. or media with 10% serum After 24 hours of incubation, the medium was removed and the filter membrane was fixed with 4% formalin for 1 hour. Subsequently, the remaining cells of the filter membrane faced the lower chamber was stained with Hoechst 33258 (Sigma-Aldrich). The migrated cancer cells were then visualized and counted from 5 different visual areas of 100-fold magnification under an inverted microscope (12).

Anchorage-independent growth
Each well (35 mm) of a six-well culture dish was coated with 2 ml bottom agar (Sigma-Aldrich) mixture (DMEM, 10% (v/v) FCS, 0.6% (w/v) agar). After the bottom layer was solidified, 2 ml top agar-medium mixture (DMEM, 10% (v/v) FCS, 0.3% (w/v) agar) containing 2x104 cells was added, and the dishes were incubated at 37oC for 4 weeks. Plates were stained with 0.005% Crystal Violet then the colonies were counted. The number of total colonies with a diameter ≥100 μm was counted over five fields per well for a total of 15 fields in triplicate experiments (12).

Colony-forming assay
A total of 500 cells were seeded onto 6-well plates and allowed to grow for 7 days in a culture medium containing 10% FBS. The number of colonies in plates was scored by staining the cells with 0.5% crystal violet for 15 min.

Statistical analysis 
Statistical Package of Social Sciences software (version 13.0) (SPSS, Inc., Chicago, IL) was used for statistical analysis. Student’s t test was used to determine statistical significance of the differences between experimental groups; p values less than 0.05 were considered statistically significant. The level of statistical significance was set at 0.05 for all tests.
Results
Elevated Lin28B expression in lymph node metastasis and high grade OSCC specimens
To validate the clinical significance of the Lin28B expression in OSCC specimens, we first collected and compared the expression levels of Lin28B in 20 pairs of adjacent noncancerous matched tissues (NCMT) and tumor (T) and lymph node metastatic (LN) tissues of OSCC patient. Quantitative real-time RT-PCR analysis has been confirmed an increase of Lin28B in tumorous (T) and lymph node metastatic (LN) tissues comparing to NCMT subjects (Fig.1A). Further analysis of Lin28B levels in different stages of OSCC specimens revealed an high Lin28B levels in advanced stage of OSCC (Fig.1B). Lin28B could be used as a predictor for disease progression and lymph node metastatic in OSCC patients.

Arecoline was demonstrated to increase Lin28B expression in dose-dependent manner
[bookmark: OLE_LINK6]Based on the epidemiological evidences, OSCC is highly associated with the habit of areca quid chewing (16). To examine the effect of arecoline, a major areca nut alkaloid, on the Lin28B expression in SG and FaDu cells in vitro, cells were treated with arecoline and the levels of Lin28B protein were measured by western blotting. Arecoline treatment dose-dependently elevated Lin28B expression in SG (Fig.2A) and FaDu (Fig.2B) cells. 

Silencing Lin28B effectively attenuated arecoline-induced proliferation, migration, and invasiveness in oral epithelial cells
Numerous studies have demonstrated arecoline-regulated mobility/migration in oral epithelial cells which may link to LN metastasis in OSCC (17). To further investigate whether Lin28B could play a modulator in oncogenicity including proliferation, migration, and invasiveness of arecoline-treated oral epithelial cells, the approach of loss-of-function of Lin28B was first conducted. Down-regulation of Lin28B in arecoline-treated oral epithelial cells was achieved by lentiviral vector expressing small hairpin RNA (shRNA) targeting (sh-Lin28B-1 and sh-Lin28B-2). Lentiviral vector expressing shRNA against luciferase (sh-Luc) was used as control. Real-time RT-PCR and immunoblotting analyses confirmed that lentivirus expressing both sh-Lin28B-1 and sh-Lin28B-2 markedly reduced the expression level of arecoline-induced Lin28B transcript (Fig. 3A) and protein (Fig. 3B) expression in oral epithelial cells. Silencing Lin28B resulted in decreased ability on arecoline-induced proliferation rate in SG and FaDu cells (Fig.3C). Furthermore we found that targeting Lin28B showed increased the mean number of apoptotic cells in arecoline-treated SG and FaDu cells (Fig.3D). Notably, silencing Lin28B abrogated arecoline-induced migration (Fig. 4A& Fig. 4B) and invasion ability (Fig. 4C) in SG and FaDu cells.

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Lin28B mediated regulation of arecoline-induced anchorage-independent growth in oral epithelial cells
To further investigate whether the effect of arecoline-induced Lin28B expression plays a role in promoting tumor aggressiveness in oral epithelial cells, we evaluated the anchorage-independent growth and colony formation ability in arecoline-exposed treatment in Lin28B-knockdown oral epithelial cells. Knockdown of Lin28B decreased arecoline-induced anchorage-independent growth (Fig. 5A& Fig. 5B) and colony formation ability (Fig. 5C) in SG and FaDu cells.
Discussion
OSCC is highly associated with the habit of areca quid chewing based on the epidemiological evidences (18). Lymph node metastasis is a major cause of OSCC-related death and is a multiple and intricate process that may complicate clinical management and may lead to poor prognosis for OSCC patients (19). However, the exact mechanism of areca nut constituents’ action on the metastasis capability in OSCC is not fully understood. In the current report, we demonstrated Lin28B is overexpressed in lymph node metastatic and late-stage OSCC (Fig. 1). Depletion of Lin28B by lentiviral-mediated knockdown reversed of arecoline-stimulated oncogenicity including proliferation, invasion and clonogenicity of oral epithelial cells (Fig. 3& Fig. 4& Fig. 5). Collectively, our data first demonstrated the significant role of Lin28B in lymph node metastasis OSCC patients and arecoline-stimulated oncogenicity of OSCC.
microRNAs (miRNAs) are short RNAs that direct the degradation of messenger RNA or disruption of messenger RNA translation in a sequence-dependent manner (20). miRNAs can act not only as cancer signatures but also as oncogenes or tumor suppressors (20). Lin28, a key factor for cellular reprogramming and generation of induced pluripotent stem cell, has been shown to play a critical role in tumorigenicity through suppressing microRNA Let-7. Moreover, through inhibiting Let7 biogenesis, Lin28 influences mRNA translation, regulates the self-renewal of embryonic stem cells, and promotes the malignant transformation of cancers (4, 5, 21, 22). Let7 expression is rarely detectable in ESCs but increases in differentiated and mature tissues (23). Comparison between tumor-initiating and non-tumor-initiating breast cancer cells revealed that Let7 expresses differently in the two sub-groups of cancer cells; Suppression of Let7 was essential for the tumor-initiating cancer cells to maintain their self-renewal and tumorigenicity (24). Recent reports showed that Lin28/Let7 pathway plays a critical role in regulating the stemness, self-renewal, tumor initiation, and epithelial-mesenchymal- transition-derived metastasis in malignant tumors and cancer stem cells (4-6, 21, 22, 25, 26). Previously, we identified Let7a and Let7d as tumor suppressive miRNAs in OSCC (27, 28). It is therefore possible that Lin28/Let7 pathway serves as a driver mechanism to promote arecoline-stimulated oncogenicity in OSCC
Epithelial to mesenchymal transition (EMT) process is thought to be a key step in the induction of oncogenic progression, cancer stemness and cancer metastasis (29). The EMT process disrupts E-cadherin mediated cell-cell adhesion during embryonic development, and changes the cell phenotype into a more loosely mesenchymal-like cell, leading to the invasion of extracellular matrix. Intensive studies revealed that transcriptional factors, such as Snail, Slug, and Twist regulate EMT process (30). Upregulation of several EMT molecules, such as plasminogen activator inhibitor-1 (PAI-1) (31), insulin-like growth factor-1 (32), and NF-B (33), are observed in OSCC. Arecoline could induce the expression of vimentin (34), Snail (35), and ZEB1(17) in oral cells. These data suggest the potential involvement of EMT program in pathogenesis of areca quid chewing-associated LN metastasis in OSCC. Lin28B is significant in EMT induction and enhancement of cancer stemness through modulation EMT markers. Hence, the role of Lin28B in regulating cancer stemness and EMT program in OSCC may need further investigation
Conclusively, arecoline is capable of stimulating Lin28B expression in human oral epithelial cells. Depletion of Lin28B by lentiviral-mediated knockdown attenuated of arecoline-stimulated oncogenicity of SG and FaDu cells. Increased expression of Lin28B is shown as an indicator of lymph node metastasis for OSCC.
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Figure legends
Figure 1. Elevated Lin28B expression was correlated with lymph node metastasis and advanced stages in OSCC specimens 
(A) Pairs of OSCC tissue samples from adjacent noncancerous matched tissues (NCMT) and tumorous (T) and lymph node metastatic (LN) lesions were subjected to real-time RT-PCR analysis for the expression levels of Lin28B. (B) Samples from patients with different stages (stage I to IV) of OSCC were collected and subjected to qPCR for Lin28 mRNA level. *P < 0.05; **P < 0.01; ***P < 0.001; paired t-test was used in this sample cohort.

[bookmark: OLE_LINK5][bookmark: OLE_LINK9]Figure 2. Expression of Lin28B was examined in arecoline-treated SG and FaDu cells 
SG (A) and FaDu (B) were exposed for 24 h in medium containing various concentrations of arecoline as indicated. GAPDH was performed in order to monitor equal protein loading. Levels of Lin28B protein stimulated by arecoline were measured by densitometer. The relative level of Lin28B protein expression was normalized against GAPDH signal and the control was set as 1.0. Optical density values represent the mean ± SD. * represents significant difference from control values with p < 0.05. 

Figure 3. Depletion of Lin28B impeded arecoline-induced proliferation rate and induced apoptosis in oral epithelial cells
(A) The silencing effect of Lin28B shRNA in arecloine-treated SG and FaDu cells was validated transcriptionally by real-time RT-PCR analysis. Single cell suspension of SG and FaDu cells was transduced with sh-Luc or sh-Lin28B lentivirus, individually or concurrently, and treated with or without arecoline (20 μg/ml) as indicated. (B) Total proteins prepared from infected cells were prepared and analyzed. (C) The cell viability of the control or Lin28B -knockdown arecoline-treated SG and FaDu cells was evaluated by an MTT assay. (D) Annexin V-positive apoptosis cells were assessed in arecoline-treated SG and FaDu cells treated with sh-Luc or sh-Lin28B lentivirus.

Figure 4. Targeting Lin28B impeded arecoline-induced migration/invasion ability in oral epithelial cells
(A) Representative images of single cell suspension of arecoline-treated SG and FaDu cells infected with Lin28B -specific shRNA or control sh-Luc lentivirus was analyzed by migration assay. Single cell suspension of arecoline-treated SG and FaDu cells infected with Lin28B-specific shRNA or control sh-Luc lentivirus was analyzed by migration assay (B) and invasion assay (C). *P < 0.05 Sh-Luc. + arecoline group versus control group; #P < 0.05 Sh- Lin28B-1+arecoline or Sh- Lin28B-2+ arecoline versus Sh-Luc. + arecoline group. 

Figure 5. Depletion of Lin28B reversed arecoline-induced anchorage-independent growth and colony formation ability in oral epithelial cells
(A) Representative images of single cell suspension of arecoline-treated SG and FaDu cells infected with Lin28B -specific shRNA or control sh-Luc lentivirus was analyzed by anchorage-independent growth. (B) Anchorage-independent growth and (C) colony formation ability in oral epithelial cells with indicated treatment were calculated and presented in the chart. *P < 0.05 Sh-Luc. + arecoline group versus control group; #P < 0.05 Sh- Lin28B-1+arecoline or Sh-Lin28B-2+ arecoline versus Sh-Luc. + arecoline group. 
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