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Abstract

Background Sal-like protein 4 (SALL4), an embryonic stem cell factor, has been reported to 

play an essential role in embryogenesis and oncogenesis. As yet, however, the expression and 

role of this transcription factor in head and neck squamous cell carcinoma (HNSCC) has not 5

been established.

Methods We assessed SALL4 mRNA expression in a well-characterised dataset of 230 HNSCC 

samples (test cohort 110 cases and validation cohort 120 cases). We also transfected HNSCC 

cells (FaDu and UM-SCC-6 ) with SALL4 siRNA and assessed its effects on proliferation and 

expression of specific epigenetic factors in order to uncover the role of SALL4 in HNSCC.10

Results Overexpression of SALL4 was detected in tumour samples of both cohorts. HNSCC 

cells treated with SALL4 siRNA showed a reduction in growth and a decrease in DNA 

methyltransferase 3 alpha (DNMT3A) expression. In the patient cohorts, SALL4 overexpression

was found to significantly correlate with disease recurrence (p < 0.001) and SALL4 methylation

status (p = 0.002). We also found that DNMT3A was significantly upregulated upon SALL415

upregulation (p < 0.001). High expression levels of SALL4 correlated with decreases in 

disease‑free survival (DFS) rates (log‑rank test, p < 0.001). Multivariate analysis revealed that 

SALL4 expression served as an independent prognostic factor for DFS (hazard ratio: 2.566, 

95% confidence interval: 1.598–4.121; p < 0.001).

Conclusions Our findings indicate that SALL4 upregulation correlates with HNSCC tumour20

aggressiveness and an adverse patient outcome. Our findings also indicate that DNMT3A may 

synergistically contribute to the regulatory effects of SALL4. Our findings provide insight into 

SALL4-mediated HNSCC development via epigenetic modulation.

Keywords: HNSCC, SALL4, Biomarker, Epigenetic regulation, DNMT3A25
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1 Introduction

Patients with head and neck squamous cell carcinoma (HNSCC) require multimodal therapy 

including surgery, radiation therapy, chemotherapy and/or targeted therapy [1-4]. Despite

recent advances in these therapeutic regimens, only slight improvements in survival have been 

made [5, 6]. HNSCC is a heterogeneous multifactorial disease involving both genetic and 5

epigenetic events [7-9]. Therefore, a refined molecular characterisation is required to identify 

novel prognostic markers and therapeutic targets.

Sal-like protein 4 (SALL4) is a zinc finger transcription factor that has been reported 

to be essential for embryonic development and pluripotency [10]. In addition, SALL4 has been 

found to represent a genetic bridge between stem cells and malignant cells [11]. Although its 10

levels are downregulated or absent in most adult tissues, SALL4 has been found to be highly 

expressed in various human tumours [12] and, as such, to serve as a diagnostic marker with 

adequate sensitivity [13]. Concordantly, high SALL4 expression has e.g. been found to be 

associated with a worse prognosis in digestive tract cancers [14]. Recent studies revealed that

SALL4 may also act as epigenetic regulator [15] and that its overexpression may induce15

hypermethylation of promoter regions of target genes [16].

Our recent efforts to determine the methylation profiles of SALL1, SALL2 and SALL3

confirmed that their hypermethylation is common in cancer and is associated with disease-free 

survival (DFS) [17-19]. SALL1 hypermethylation was significantly correlated with a reduced 

DFS in patients with early stage T1 and T2 HNSCC [18] and SALL2 hypermethylation was 20

significantly correlated with a reduced DFS in patients with oral cancer [19]. Furthermore, 

SALL3 was found to be associated with aberrant methylation of other tumour-related genes and, 

as such, to induce critical events in HNSCC progression [17].

The subsequent analysis of SALL4 expression levels and methylation patterns of 

tumour-related genes is considered to be important for both understanding HNSCC 25
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development and the design of novel targeted therapies. Here, we aimed to investigate the role

of SALL4 regulation in HNSCC. In addition, we aimed to assess the expression status of 

SALL4-associated genes in HNSCCs and to evaluate their clinical significance.

5

2 Materials and methods

2.1 Tumour samples

Tissues samples (n = 230) were obtained from patients that underwent surgical resection for 

HNSCC. All patients provided written informed consent and the study protocol was approved 10

by the Institutional Review Board of the Hamamatsu University School of Medicine 

(Hamamatsu, Shizuoka, Japan). Two independent cohorts (test and validation) consisted of 110

and 120 fresh frozen samples, respectively. Detailed clinical information was obtained from 

the patients’ medical records (Supplementary Table S1).

15

2.2 Cell culture

The FaDu cell line, derived from a hypopharyngeal tumour, was purchased from the American

Type Culture Collection (ATTC; Manassas, VA, USA). The UM-SCC-6 cell line, derived from 

a primary tumour of the base of the tongue, was obtained from the University of Michigan 

(Ann Arbor, MI, USA). The cells were cultured in Dulbecco’s modified Eagle’s medium 20

(DMEM; FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan) supplemented with 10% 

foetal bovine serum (FBS; Gibco, ThermoFisher Scientific Inc., Waltham, MA, USA) and 1% 

penicillin/streptomycin (Wako) in a humidified atmosphere containing 5% CO2 at 37°C.

2.3 siRNA delivery and colony forming assays25
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SALL4 siRNA (si-SALL4) (SALLL4HSS183741; Invitrogen Thermo Fisher Scientific, CA, 

USA) was diluted in Opti-MEM I Reduced Serum Medium (Invitrogen) and Lipofectamin 

RNAiMAX Transfection Reagent (Invitrogen) according to the manufacturer’s instructions. 

Stealth RNAi Negative Control (si-NC) in Medium GC Duplex #2 (Invitrogen) was used as a 

negative control. The siRNA complexes were delivered to cells at a final concentration of 50 5

nM and incubated for 2-3 days for RNA and protein assays, and delivered at 1 nM and 

incubated for 14 days for colony forming assays. To this end, approximately 500 cells were 

seeded into each well of 6-well plates and allowed to grow for 14 days, after which the cells

were fixed and stained with 40% ethanol-1% crystal violet. Cell colonies with diameters > 0.1 

mm were enumerated.10

2.4 RNA extraction and qRT-PCR

Total RNA was isolated from tissues using a RNeasy Plus Mini Kit (Qiagen, Hilden, Germany) 

after which complementary DNA (cDNA) was synthesised using a ReverTra Ace qPCR RT Kit 

(Toyobo, Tokyo, Japan). qRT-PCR assays were performed as described previously [20]. The 15

primer sets used are listed in Supplementary Table S2. The results were analysed using the ΔΔCt 

method.

2.5 Western blotting

Cells were lysed using RIPA Buffer (Wako) containing a Protease Inhibitor Cocktail (Promega,20

Madison, WI, USA). The supernatants were collected and the protein concentrations were

measured using a Protein Assay Rapid Kit WAKO II (Wako) and standardised against β-Actin. 

Next, the proteins were resolved using SDS-PAGE with 7.5% TGX FastCast Acrylamide Kit 

gels (Bio-Rad Laboratories Inc., Hercules, CA, USA) and transferred to Immobilon-P PVDF 

membranes (Merck KgaA, Darmstadt, Germany). The resulting blots were incubated overnight 25
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with an anti-SALL4 antibody (clone: EE-30, sc-101147; Santa Cruz Biotechnology Inc., TX, 

USA) and an anti-β-Actin antibody (cat. no. A2228; Sigma-Aldrich, Merck) at 4°C, followed 

by incubation with a biotin-conjugated secondary anti-mouse antibody (Nichirei Biosciences 

Inc., Tokyo, Japan) and a horseradish peroxidase-conjugated avidin-biotin reaction (Nichirei). 

Immunoreactive bands were visualised using an enhanced chemiluminescence substrate (GE 5

Healthcare UK Ltd, Buckinghamshire, England). Western blot images were captured using a

ChemiDoc Touch imaging system (Bio-Rad) and analysed using Image Lab 5.2 (Bio-Rad)

software.

2.6 Bisulphite treatment and quantitative methylation-specific PCR (Q-MSP) analysis10

DNA extraction and bisulphite modification of genomic DNA were carried out as described 

previously [18]. DNA methylation at CpG sites near promoter regions of the target genes was 

assessed by Q-MSP using a Thermal Cycler Dice Real Time System TP800 (TaKaRa Bio Inc., 

Shiga, Japan) [21]. The primer sequences used are listed in the Supplementary Table S2. The 

methylation density values in the individual samples were determined by calculating gene 15

methylation rates [21].

2.7 Collection of publicly available datasets

Gene expression data were obtained from the TCGA data portal (https://tcga-

data.nci.nih.gov/tcga/) and MethHC (http://methhc.mbc.nctu.edu.tw/php/index.php) in July 20

2019 [22]. Expression data were obtained as processed RNA-seq data in the form of RNA-seq 

via expectation maximisation.

2.8 Data analysis and statistics



Misawa K et al.

8

SALL4 expression status results and patient characteristics were compared using Student’s t-

test. Receiver operating characteristic (ROC) curve analysis was performed using normalised 

methylation values of 120 HNSCC and 120 adjacent normal mucosal samples in conjunction 

with a Stata/SE 13.0 system (Stata Corporation, TX, USA). The area under the ROC curve 

indicated optimal sensitivity and specificity cut-off values for distinguishing between gene 5

expression levels in HNSCC and normal tissues (Fig. 1C).

DFS was measured from the date of the initial treatment to the date of diagnosis of 

locoregional recurrence or distant metastasis. Survival probabilities were calculated using the 

Kaplan-Meier method, and survival rates were compared using the log-rank test. The 

prognostic value of SALL4 expression status was assessed using multivariate Cox proportional 10

hazards analysis adjusted for age (≥ 65 versus < 65 years), sex, alcohol intake, smoking status 

and tumour stage (I, II and III versus IV). All statistical analyses were performed using the 

StatMate IV software tool (ATMS Co. Ltd., Tokyo, Japan). Differences with p < 0.05 were 

considered statistically significant. 

15

3 Results

3.1 SALL4 expression levels are increased in HNSCC versus normal mucosal tissues

SALL4 mRNA expression levels were determined in 110 HNSCC (test cohort) and 73 adjacent 20

normal mucosal tissues. The SALL4 mRNA levels were found to be significantly higher in the 

HNSCC tissues than in the adjacent normal tissues (p = 0.002) (Fig. 1A). Furthermore, upon 

comparing SALL4 expression in another cohort of 120 pairs of HNSCC (validation cohort) and 

normal tissues, the SALL4 mRNA levels were found to be 3-fold higher in the HNSCC tissues 

than in the paired non-cancerous mucosal tissues (p < 0.001) (Fig. 1B). The SALL4 mRNA 25
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expression level data generated highly discriminative ROC curve profiles, which clearly 

distinguished HNSCC from normal mucosal tissues (area under the ROC = 0.771). At the cut-

off value of 7.438, the sensitivity and specificity were 79.87% and 65.77%, respectively (Fig.

1C).

5

3.2 SALL4 knockdown inhibits colony formation and downregulates DNMT3A expression

Next, we performed in vitro experiments to investigate the effect of siRNA-mediated SALL4 

knockdown using SALL4-expressing HNSCC cell lines FaDu and UM-SCC-6. We found that 

SALL4 siRNA significantly downregulated SALL4 protein and mRNA levels, as indicated by

Western blot (p < 0.05) (Fig. 2A) and qRT-PCR analyses (p < 0.05) (Fig. 2B), respectively. In 10

addition, we found that FaDu and UM-SCC-6 cells in which SALL4 was downregulated

showed significantly reduced colony forming abilities (p < 0.05) (Fig. 2C). Compared to the 

control group (si-NC), we also found that the mRNA expression level of the DNA 

methyltransferase DNMT3A in the si-SALL4 group was significantly downregulated p < 0.05) 

(Fig. 2D), while no significant difference in the expression of DNMT3B was observed (Fig.15

2E).

3.3 Correlation between SALL4 expression and methylation levels in HNSCC tissues

Eleven tumour suppressor genes were defined as methylated genes in each sample (Fig. 3A, 

Supplementary Table S3). The mean differences in the gene methylation rates of the 11 tumour20

suppressor genes as determined based on SALL4 gene expression are illustrated in Fig. 3B. In 

particular, we found that the gene methylation rates were significantly higher in patients 

showing SALL4 upregulation (49.7 ± 19.9%) than in those showing SALL4 downregulation

(41.0 ± 19.0%) (p = 0.002) (Fig. 3B). Next, we assessed the DNMT3A and DNMT3B mRNA 

levels in the HNSCC specimens using qRT-PCR. Subsequent Spearman’s correlation analysis 25
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revealed a positive correlation between SALL4 and DNMT3A (R2 = 0.4848, p < 0.001)

expression, while no correlation was observed between SALL4 and DNMT3B (R2 = 0.0045, p

= 0.397) expression (Fig. 3C, 3D). Also, no significant association between SALL4 expression 

and SALL1, SALL2 or SALL3 methylation status was observed (Supplementary Table S4).

5

3.4 Correlation between SALL4 expression and clinicopathological characteristics

The major clinicopathological characteristics of the patients are listed in Table 1. In the test 

cohort, the SALL4 mRNA levels were found to be significantly associated with disease 

recurrence (p = 0.006). The SALL4 expression levels in patients in the validation cohort were

significantly associated with smoking status (p = 0.004) and recurrence (p = 0.020). When the 10

test and validation cohorts were merged, SALL4 expression was significantly correlated with 

recurrence (p < 0.001) (Table 1). Site-specific SALL4 expression levels in the oral cavity (n = 

76), hypopharynx (n = 54), larynx (n = 51), oropharynx (n = 35) and paranasal cavity (n = 14) 

are listed in Supplementary Table S5.

15

3.5 Prognostic value of SALL4 expression

In the test cohort, a shorter DFS was also observed when SALL4 upregulation was noted 

compared to SALL4 downregulation (log-rank test, p = 0.001) (Fig. 4A). The SALL4 gene was 

also upregulated in patients in the validation cohort exhibiting a shorter DFS compared to those 

showing SALL4 downregulation (log-rank test, p = 0.012) (Fig. 4B). When the test and 20

validation sets were combined, the DFS rate among patients showing SALL4 upregulation was 

38.9% compared to 69.5% among those showing SALL4 downregulation (log-rank test, p <

0.001) (Fig. 4C). Moreover, among 105 patients with tumour stage T1 or T2, the DFS rate 

among those showing SALL4 gene upregulation was 40.1%, compared to 72.3% among those 

showing SALL4 downregulation (log-rank test, p = 0.009) (Fig. 4D). Among 106 patients 25
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without lymph node metastasis, those with SALL4 upregulation exhibited a shorter DFS than 

those with SALL4 downregulation (log-rank test, p = 0.002) (Fig. 4E). Among the 61 patients 

with stage I or II HNSCC, the DFS rate was lower in the SALL4 upregulation group compared 

to the SALL4 downregulation group (log-rank test, p = 0.003) (Fig. 4F). No significant 

difference in site-specific DFS time among patients with SALL4 upregulation compared to5

those with SALL4 downregulation was observed, with one notable exception, i.e., it was 

significantly shorter when SALL4 was upregulated in oral cavity cancer (log-rank test, p = 

0.026) (Supplementary Fig. S1).

In addition, the association between SALL4 expression and the risk of recurrence 

was estimated via multivariate analysis using a Cox proportional hazards model adjusted for 10

age, sex, alcohol exposure, smoking status and clinical stage. Among patients showing SALL4

upregulation (135/230, 58.7%), the adjusted odds ratio for recurrence was 2.566 (95% 

confidence interval: 1.598–4.121, p < 0.001) (Table 2).

3.6 Independent validation using TCGA data15

TCGA data from 43 normal tissue samples and 497 HNSCC tissue samples were analysed. The 

HNSCC samples showed significantly higher SALL4 expression levels than the non-tumorous 

tissues (p < 0.001) (Supplementary Fig. S2A). Spearman’s correlation analysis revealed that 

SALL4 expression was positively correlated with DNMT3A expression (R2 = 0.0581, p < 0.001) 

(Supplementary Fig. S2B). No correlation between SALL4 expression and DNMT3A20

expression was noted (R2 = 0.00003, p = 0.909) (Supplementary Fig. S2C). We also found that 

the SALL4 mRNA level was inversely correlated with that of CDH1 (R2 = 0.008, p = 0.044)

(Supplementary Fig. S3A), and positively with that of COL1A2 and CDH13 (R2 = 0.332, p < 

0.001 and R2 = 0.018, p = 0.002, respectively) (Supplementary Fig. S3B, S3C).

25
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4 Discussion

Our data indicate that SALL4 mRNA expression can be detected with high sensitivity and 

specificity in HNSCC tissues and that its upregulation is associated with an increased5

recurrence risk. In addition, we found that siRNA-based downregulation of SALL4 in HNSCC 

cells resulted in growth inhibition, supporting the hypothesis that SALL4 may act as an 

oncogene. Epigenetic regulation of the SALL4 gene may play a regulatory role in HNSCC 

tumorigenesis and in disease recurrence. From our results we conclude that SALL4 may serve 

as a putative therapeutic target in HNSCC.10

SALL4 has been reported to sustain the stemness of embryonic stem cells by 

establishing a regulatory signal transduction network with Sox2, Nanog and Oct4 [12]. SALL4 

has also been found to be required for the proliferation, invasion and malignant transformation 

of stem cells present in leukaemia, breast cancer, colon cancer and liver cancer [11, 23-25].

Upregulation of SALL4 expression through epidermal growth factor receptor (EGFR)15

activation can decrease the sensitivity of EGFR tyrosine kinase inhibitors in CD44-positive 

lung cancer [26]. Upregulated SALL4 expression levels, which are indicative of stemness-

driven tumours with activation of the PTEN-PI3K-AKT pathway and a high histone 

deacetylase activity, have been found to predict aggressiveness in e.g. hepatocellular carcinoma

[27-29]. SALL4 knockdown has been found to increase the expression of the cell-cell adhesion 20

gene CDH1 and to reduce the levels of mesenchymal genes in basal-like breast cancer [30]. 

Conversely, SALL4 expression has been reported to induce an epithelial-mesenchymal 

transition (EMT) phenotype and to play an important role in the maintenance of cancer stem 

cell-like properties such as drug resistance [31].
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SALL4 targets specific DNA methyltransferases and, thus, may bring about specific 

DNA methylation patterns of target genes in various cell systems [15]. SALL4 has also been 

shown to interact with the histone H3 lysine 36 trimethylation-specific methyltransferase 

nuclear receptor binding SET domain protein 2, which affects histone modification and, by 

doing so, regulates the expression of its target genes [32-34]. In addition, SALL4 has been 5

found to repress the expression of PTEN and SALL1 by interacting with the nucleosome 

remodelling and deacetylase complex [35]. The dynamic regulation of SALL4-associated 

epigenetic factors may provide promising opportunities for the management of head and neck 

cancer.

Previous studies have shown that SALL4 is aberrantly expressed in a variety of 10

human cancer types and is significantly associated with a poor prognosis [29, 36, 37]. Initially, 

SALL4 was found to be involved in leukemogenesis, exhibiting overexpression in human acute 

myeloid leukaemia [38]. Subsequently, SALL4 overexpression was found to serve as an 

independent prognostic marker and even as a therapeutic target for patients with breast cancer, 

glioma, endometrial carcinoma, lung cancer, germ cell cancer and hepatoblastoma [39-44].15

Although SALL4 has gained interest as a marker of aggressive subgroups in several cancers, its 

clinical importance in HNSCC has remained unknown. Our current results implicate SALL4

expression and DNA promoter methylation of tumour suppressor genes in the genesis of 

HNSCC. SALL4 may also serve as a novel therapeutic target for the treatment of HNSCC. The 

expression of SALL4 has been found to be associated with EGFR mutations and, consequently, 20

SALL4 inhibition was found to increase the sensitivity to EGFR inhibitors (EGFR tyrosine 

kinase inhibitors) in CD44-positive lung cancers [26]. SALL4 also promotes gastric cancer 

metastasis through activation of the TGF-β/SMAD signalling pathway and induction of EMT, 

indicating that SALL4 may serve as a target for the treatment of gastric cancer [45]. In 

hepatocellular carcinoma SALL4, which is re-expressed through hepatitis B virus-induced 25
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STAT3 activation, counteracts miR-200c in PD-L1-induced T cell exhaustion which, in turn, 

improves its clinical outcome [23]. To improve the survival rate of HNSCC patients, novel less 

toxic treatment strategies are required. Our current results may be instrumental for the 

development of new drugs and the identification of novel biomarkers.

5
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Figure legends

Figure 1. SALL4 mRNA patterns in matched pairs of HNSCC tissue and adjacent normal 

mucosal tissues. Relative SALL4 mRNA expression levels in (A) the test cohort and (B) the 

validation cohort assessed by qRT-PCR. Differences between cancerous and normal mucosal 5

tissues were considered significant, as determined by Student’s t‑test. (C) The area under the 

ROC curve (AUROC) value for SALL4 was 0.771. At a cut-off value of 7.438, the sensitivity 

was 79.87% and the specificity 65.77%, respectively.

Figure 2. Effects of siRNA-mediated SALL4 knockdown in FaDu and UM-SCC-6 cells. 10

(A) Western blot analysis of SALL4 protein expression after siRNA-mediated SALL4

knockdown. (B) Chart illustrating the quantification of SALL4 mRNA expression levels 

assessed by qRT-PCR after siRNA-mediated SALL4 knockdown. (C) Colony formation upon 

transfection with SALL4 siRNA or si-NC. (D) DNMT3A mRNA expression assessed by qRT-

PCR after siRNA-mediated SALL4 knockdown. (E) Effect of SALL4 knockdown on expression 15

of the DNMT3B gene. The experiments were performed in duplicate and repeated thrice. The 

mean ± standard deviation value for each treatment is shown. NC: negative control, *p < 0.05. 

Figure 3. Comparison of methylation rates in 12 tumour suppressor genes with SALL4

expression in primary HNSCC tissues. (A) Distribution of SALL4 gene expression status and 20

promoter methylation of 12 tumour suppressor genes. Shaded boxes indicate the presence of 

methylation, and open boxes indicate the absence of methylation. (B) Correlation between gene 

methylation rate and SALL4 expression status in HNSCC patients (p = 0.001). The gene 

methylation rates for the different groups were compared using Student’s t-test. (C) 

Relationship between SALL4 and DNMT3A mRNA levels in 161 HNSCC tissues (p < 0.001). 25
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(D) DNMT3B expression was not associated with SALL4 expression status (p = 0.397). ** p < 

0.01.

Figure 4. Kaplan-Meier survival curves of HNSCC patients based on SALL4 gene

expression status. DFS for (A) the test cohort (n = 110), (B) the validation cohort (n = 120)5

and (C) the test and validation cohorts combined (n = 230). (D) tumour size in T1 and T2 cases 

(n = 105), (E) lymph node status in N0 cases (n = 106) and in (F) stages I and II cases (n = 61). 

Gray and black lines indicate patients with tumours showing SALL4 downregulation and 

upregulation, respectively. * p < 0.05.

10

Supplementary Fig. S1.

Kaplan–Meier survival curves for patients with (A) oral cancer (n = 76; p = 0.026), (B) 

hypopharyngeal cancer (n = 54; p = 0.420), (C) laryngeal cancer (n = 51; p = 0.173), and (D) 

oropharyngeal cancer (n = 35; p = 0.111). * p < 0.05.15

Supplementary Fig. S2.

Data regarding SALL4 (A), DNMT3A (B), and DNMT3B (C) mRNA expression in head and 

neck squamous cell carcinoma were obtained from TCGA (https://tcga-data.nci.nih.gov/tcga/) 

and MethHC (http://methhc.mbc.nctu.edu.tw/php/index.php). * p < 0.05, ** p < 0.01.20

Supplementary Fig. S3.

Data regarding SALL4, CDH1 (A), COL1A2 (B) and CDH13 (C) mRNA expression in head 

and neck squamous cell carcinoma were obtained from TCGA (https://tcga-
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data.nci.nih.gov/tcga/) and MethHC (http://methhc.mbc.nctu.edu.tw/php/index.php). * p < 

0.05.
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Table 1.  SALL4 Gene Expression Status in HNSCC Primary Samples.  †Fisher’s exact probability test.  * P < 0.05 

                             Original cohort (n = 110)                Validation cohort (n = 120)          Original and Validation cohorts (n = 230) 

Patient and tumor characteristics 

Age 

  Under 65 

  65 and older 

Gender 

  Male 

  Female 

Alcohol exposure 

Ever 

Never 

Smoking status 

  Smoker 

  Non-smoker 

Tumor size 

  T1-2 

  T3-4 

Lympho-node status 

  N0 

  N+ 

Stage 

  I, II, III 

  IV 

Recurrence events  

  Positive 

Negative 

 

 

High (79) 

 

40 

39 

 

62 

17 

 

42 

37 

 

51 

28 

 

40 

39 

 

35 

44 

 

36 

43 

 

47 

32 

 

 

Low (31) 

 

17 

14 

 

25 

6 

 

18 

13 

 

21 

10 

 

17 

14 

 

16 

15 

 

16 

15 

 

9 

22 

 

 

P-value† 

 

 

0.832 

 

 

1 

 

 

0.676 

 

 

0.826 

 

 

0.832 

 

 

0.529 

 

 

0.672 

 

 

0.006* 

 

 

High (56) 

 

21 

35 

 

52 

4 

 

50 

6 

 

50 

6 

 

20 

36 

 

24 

32 

 

25 

31 

 

25 

31 

 

 

Low (64) 

 

25 

39 

 

51 

13 

 

49 

15 

 

43 

21 

 

29 

35 

 

31 

33 

 

27 

37 

 

15 

49 

 

 

P-value† 

 

 

1 

 

 

0.064 

 

 

0.092 

 

 

0.004* 

 

 

0.353 

 

 

0.585 

 

 

1 

 

 

0.020* 

 

 

High (135) 

 

61 

74 

 

114 

21 

 

92 

43 

 

101 

34 

 

60 

75 

 

59 

76 

 

61 

74 

 

72 

63 

 

 

Low (95) 

 

42 

53 

 

76 

19 

 

67 

28 

 

64 

31 

 

46 

49 

 

47 

48 

 

43 

52 

 

24 

71 

 

 

P-value† 

 

 

0.894 

 

 

1 

 

 

0.772 

 

 

1 

 

 

1 

 

 

1 

 

 

1 

 

 

< 0.001* 



 

Table 2. Multivariate analysis of factors affecting survival using Cox proportional hazards model in 230 HNSCC patients. 

 

Disease-free survival   

 

Variables                            HR    (95% CI)                   P 

 

Age 

  65 and older vs. < 65 

Sex 

  Male vs. Female 

Alcohol exposure 

  Ever vs. Never 

Smoking status  

  Smoker ve. Non smoker 

Stage 

  I, II, III vs. IV 

SALL4 high expression 

  Yes vs. No 

 

HR: hazard ratio 

95% CI: 95% confidence interval 

 

 

 

1.097  (0.730-1.647) 

 

1.024  (0.598-1.754) 

 

0.529  (0.316-0.884) 

 

1.539  (0.882-2.688) 

 

1.768  (1.152-2.714) 

 

2.566  (1.598-4.121) 

 

 

 

 

 

 

0.656 

 

0.930 

 

0.015* 

 

0.129 

 

0.009* 

 

< 0.0001* 



Supplemental Table S1.  Baseline Characteristics of the 230 Patients.   

Patient and tumor 

characteristics 

Age 

  Under 65 

  65 and older 

Gender 

  Male 

  Female 

Alcohol exposure 

Ever 

Never 

Smoking status 

  Smoker 

  Non-smoker 

Tumor size 

  T1 

 T2 

  T3 

 T4 

Lympho-node status 

  N0 

  N+ 

Stage 

  I 

II 

III 

  IV 

Recurrence events  

  Positive 

Negative 

 

 

 

 

 

 

 

 

 

 

 

Original cohort 

(n = 110) 

 

57 (51.8%) 

53 (48.2%) 

 

87 (79.1%) 

23 (20.9%) 

 

60 (54.5%) 

50 (45.5%) 

 

72 (65.5%) 

38 (34.5%) 

 

11 (10.0%) 

46 (41.8%) 

21 (19.1%) 

32 (29.1%) 

 

51 (46.4%) 

59 (53.6%) 

 

7 (6.4%) 

26 (23.6%) 

19 (17.3%) 

58 (52.7%) 

 

56 (50.9%) 

54 (49.1%) 

 

 

 

 

 

 

 

 

 

 

 

Validation cohort  

(n = 120) 

 

46 (38.3%) 

74 (61.7%) 

 

103 (85.8%) 

17 (14.2%) 

 

99 (82.5%) 

21 (17.5%) 

 

93 (77.5%) 

27 (22.5%) 

 

12 (10.0%) 

37 (30.8%) 

26 (21.7%) 

45 (37.5%) 

 

55 (45.8%) 

65 (54.2%) 

 

10 (8.3%) 

18 (15.0%) 

24 (20.0%) 

68 (56.7%) 

 

40 (33.3%) 

80 (66.7%) 

 

 

 

 

 

 

 

 

 

 

 

Original and Validation 

cohorts (n = 230) 

 

103 (44.8%) 

127 (55.2%) 

 

190 (82.6%) 

40 (17.4%) 

 

159 (69.1%) 

71 (30.9%) 

 

165 (71.7%) 

65 (28.3%) 

 

23 (10.0%) 

83 (36.1%) 

47 (20.4%) 

77 (33.5%) 

 

106 (46.1%) 

124 (53.9%) 

 

17 (7.4%) 

44 (19.1%) 

43 (18.7%) 

126 (54.8%) 

 

96 (41.7%) 

134 (58.3%) 

 



Table S2. Q-RT-PCR and Q-MSP primer list   

PCR Gene Forward primer 5’-3’ Reverse primer 5’-3’ 

Q-RT-PCR SALL4 AGTATCAGAGCCGAAGCCCAGA GGGCTCGGATAAACGTGGAA 

Q-RT-PCR DNMT3A AGTACGACGACGACGGCTA CACACTCCACGCAAAAGCAC 

Q-RT-PCR DNMT3B AGGGAAGACTCGATCCTCGTC GTGTGTAGCTTAGCAGACTGG 

Q-RT-PCR GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTCTCTA 

Q-MSP SST GGGGCGTTTTTTAGTTTGACGT AACAACGATAACTCCGAACCTCG 

Q-MSP TAC1 GGCGGTTAATTAAATATTGAGCAGAAAGTCGC AAATCCGAACGCGCTCTTTCG 

Q-MSP DAPK GGATAGTCGGATCGAGTTAACGTC CCCTCCCAAACGCCGA 

Q-MSP DCC TTGTTCGCGATTTTTGGTTTC ACCGATTACTTAAAAATACGCG 

Q-MSP GALR1 GGTTCGCGGTATTCGGTAGT GGTTCGCGGTATTCGGTAGT 

Q-MSP CDH1 GTGGGCGGGTCGTTAGTTTC ACCACAACCAATCAACGCGA 

Q-MSP MGMT TTCGACGTTCGTAGGTTTTCGC GCACTCTTCCGAAAACGAAACG 

Q-MSP COL1A2 ACGGTAGTAGGAGGTTTCGG CGCAAAACCCCTAAATCACCGACG 

Q-MSP p16 GTATTTTTTTCGAGTATTCGTTTACGGC CAAATCCTCTAAAAAAACCGCGA 

Q-MSP CDH13 TTTGGGAAGTTGGTTGGTTGGC ACTAAAAACGCCCGACGACG 

Q-MSP RASSF1A CGTTCGGTTCGCGTTTGTTAGC TAACCCGATTAAACCCGTACTTCG 

Q-MSP SALL1 GTCGTCGTTCGATTTTCGTAA CGCTTACTTCCTCCGCGACA 

Q-MSP SALL2 CGGGAATGTTTCGGCGAAAG CAAACGCGCTAAAACCTTCGCA 

Q-MSP SALL3 GGGGTTCGAGCGTCGTTAGT CCGTACTCGAAAACCCCGTC 

Q-MSP ACTB TGGTGATGGAGGAGGTTTAGTAAGT AACCAATAAAACCTACTCCTCCCTTAA 

 



Table S3. SALL4 expression status with the methylation of other 11 genes.  

Genes Methylation status 
SALL4 high SALL4 low 

P-values† 
(N = 121) (N = 78) 

SST Methylated 107 63  

 Unmethylated 14 15 0.053 

TAC1 Methylated 81 45  

 Unmethylated 40 33 1 

DAPK Methylated 69 46  

 Unmethylated 52 32 0.883 

DCC Methylated 69 41  

 Unmethylated 52 37 1 

GALR1 Methylated 63 40  

 Unmethylated 58 38 1 

CDH1 Methylated 67 28  

 Unmethylated 54 50 0.009* 

MGMT Methylated 48 23  

 Unmethylated 73 55 0.173 

COL1A2 Methylated 50 21  

 Unmethylated 71 57 0.048* 

P16 Methylated 47 22  

 Unmethylated 74 56 0.131 

CDH13 Methylated 37 14  

 Unmethylated 84 64 0.048* 

RASSF1A Methylated 24 9  

  Unmethylated 97 69 0.171 

† Fisher’s exact probability test. 

* P <0.05. 

 



Table S4. SALL4 expression status with the methylation of other SALL genes.  

Genes Methylation status 
SALL4 high SALL4 low 

P-values† 
(N = 112) (N = 83) 

SALL1 Methylated 42 38  

 Unmethylated 70 45 1 

SALL2 Methylated 31 24  

 Unmethylated 81 59 1 

SALL3 Methylated 75 46  

 Unmethylated 37 37 0.104 

† Fisher’s exact probability test. 

* P <0.05. 

 



Supplementary Table S5 Correlation between primary tumor sites and SALL4 gene expression status. 

Primary site Oral cavity Hypopharynx Larynx Oropharynx Paranasal cavity 

Expression status High Low 

P † 

High Low 

P † 

High Low 

P † 

High Low 

P † 

High Low 

P † 
Characteristics Overall (％) 

42 

(55.3%) 

34 

(44.7%) 

39 

(72.2%) 

15 

(27.8%) 

23 

(45.1%) 

28 

(54.9%) 

22 

(62.9%) 

13 

(37.1%) 

9 

(64.3%) 

5 

(35.7%) 

Age < 65 23 15   13 8   7 11   11 7   5 3   

  > 65 19 19 0.369 26 7 0.220 16 17 0.567 11 6 1 4 2 1 

Gender Male 33 23  33 14  23 26  19 10  6 3  

 Female 9 11 0.307 6 1 0.659 0 2 0.560 3 3 0.801 3 2 1 

Alcohol exposure drinker 30 15   31 12   17 24   15 9   5 1   

  non drinker 12 19 0.020* 8 3 1 6 4 0.483 7 4 1 4 4 0.301 

Smoking status smoker 29 21  29 13  20 17  16 10  7 0  

 non smoker 13 13 0.024* 10 2 0.474 3 11 0.058 6 3 1 2 5 0.026* 

Tumor size T1-2 29 21   13 7   5 9   12 6   1 2   

  T3-4 13 13 0.628 26 8 1 18 19 0.533 10 7 0.733 8 3 0.560 

Lympho-node status N0 19 21  15 1  11 14  9 5  6 5  

 N+ 23 13 0.172 24 14 0.024* 12 14 1 13 8 1 3 0 0.437 

Stage I, II, III 21 21   18 4   10 11   9 4   3 3   

   IV 21 13 0.358 21 11 0.230 13 17 1 13 9 0.721 6 2 0.687 

Recurrence events positive 22 7  21 6  10 8  11 3  8 0  

  negative 20 27 0.008* 18 9 0.384 13 20 0.378 11 10 0.162 1 5 0.008* 

† Fisher's exact test * P<0.05                

 


