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Abstract. The aim of the present study was to investigate 
the expression of spalt like transcription factor 4 (SALL4) 
in the three most common types of renal cell carcinomas 
(RCC) [clear cell RCC (ccRCC), papillary renal cell carci-
noma (pRCC) and chromophobe RCC (chRCC)], and the 
association with the overall survival (OS) of patients. The 
Cancer Genome Atlas (TCGA) database and RCC samples 
were used to investigate the expression levels of the SALL4 
gene and its association with the OS in the three types of RCC 
based on the analysis of the transcriptome, copy number and 
survival data. It was found that SALL4 was highly expressed 
in ccRCC and pRCC tumor tissue, and low mRNA expression 
level of SALL4 indicated a prolonged survival in both ccRCC 
and pRCC. This mRNA expression level was associated with 
pathological Tumor‑Node‑Metastasis stage, M and T stages in 
both ccRCC and pRCC. The analysis of the enriched pathway 
results suggested that SALL4 may act via translation initia-
tion, and that the related genes promoted the progression of 
RCC. Moreover, the high expression level of SALL4 was 
detected in RCC samples and serum from patients. It was 
demonstrated that SALL4 promotes increased viability in 
RCC cells. Therefore, the present results suggest that SALL4 
may be a sensitive and specific cancer biomarker in ccRCC 
and pRCC. Furthermore, targeting of SALL4 may improve 
RCC therapy and prolong the survival of patients with ccRCC 
or pRCC.

Introduction

Renal cell carcinoma (RCC) is the ninth most common malig-
nant tumor, accounting for 2‑3% of all adult malignancies (1). 
In the USA, RCC is the sixth leading cause of cancer‑related 
deaths in men, while the eighth leading cause in women (2). 
Currently, the worldwide incidence rate of malignancy increases 
by ~2% every year (3). In 2012, ~84,400 new RCC cases were 
diagnosed, of which 34,700 resulted in kidney cancer‑related 
deaths in the European Union (3). Surgery is still the optimal 
treatment for primary RCC, while for advanced metastatic 
RCC several targeted therapies have been approved by the 
Food and Drug Administration (FDA), including sunitinib (4). 
Although these FDA‑approved therapies have extended the 
survival time of patients with advanced RCC, the response 
rate of targeted therapy is weak and the 5‑year survival rate is 
<10% (5). Therefore, studies have focused on novel, efficacious 
strategies for the treatment of metastatic RCC.

The spalt‑like gene family consists of four members, 
including spalt like transcription factor (SALL) 1, SALL2, 
SALL3 and SALL4  (6). SALL4 was cloned based on the 
DNA sequence homology to the homeotic gene in Drosophila, 
spalt (7,8). SALL4 is enriched in embryonic cells and plays 
a major role in self‑renewal capability, while its expression 
is silenced in mature adults  (9,10). However, SALL4 can 
also be re‑expressed in various cancer types (11‑16); it was 
first recognized as an oncogene in leukemia (17). Previous 
studies have shown that SALL4 is overexpressed in various 
tumors, and may play a role in tumorigenesis and tumor 
progression (18). Furthermore, SALL4 may have a function in 
different subclasses of hepatocellular carcinoma (HCC), and 
is a key factor in maintaining the properties of cancer stem 
cells (19,20). Therefore, targeting the SALL4 gene as a potential 
therapeutic strategy has been demonstrated in various cancer 
types. In acute myeloid leukemia and HCC, a peptide that can 
compete with SALL4 to interact with the HDAC complex has 
been used to treat patients (21,22).

However, the expression level and function of SALL4 
in different subtypes of RCC are not fully understood. The 
present study aimed to investigate the expression level and 
function of SALL4 using the data from The Cancer Gene Atlas 
(TCGA) to understand the molecular mechanisms underlying 
SALL4 expression. The present study also assessed the func-
tion of SALL4 in different types of RCC to ascertain whether 
it has vital clinical implications. If SALL4 promotes RCC 
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malignancy, then therapeutic strategies targeting SALL4 using 
PTEN (23) or entinostat (24) may have clinical therapeutic 
efficacy.

Materials and methods

TCGA. The RNA‑seq data from the cohorts of 604 clear 
cell RCC (ccRCC), 320 papillary RCC (pRCC) and 89 chro-
mophobe RCC (chRCC) cases were extracted from TCGA 
database (https://xena.ucsc.edu/). In addition, the clinical 
outcomes including the pathological Tumor‑Node‑Metastasis 
(TNM) stage (25), T and M stages and the overall survival 
(OS) were assessed using the Xena platform (http://xena.
ucsc.edu/). These three cohorts included ~20,500 gene data 
points. In addition, clinical information, including the time 
to last follow‑up, survival state and sex of each patient from 
the TCGA database was extracted. In addition to SALL4 
gene data, copy number data and the clinical relevance were 
retrieved from TCGA. The SALL4 expression level between 
tumor and normal tissues in different tumors was analyzed 
using FireBrowse software (Broad Institute GDAC Firebrowse 
version 1.1.35; http://firebrowse.org/).

Association between SALL4 gene and survival. The three 
types of patients with RCC were divided into two groups based 
on the level of SALL4 mRNA expression (high expression 
SALL4 or low expression SALL4 group) or copy number 
(SALL4 high copy number or SALL4 low copy number group). 
Kaplan‑Meier analysis was performed using GraphPad Prism 7 
(GraphPad Software, Inc.) or Xena (http://xena.ucsc.edu/).

SALL4‑associated gene expression and enriched pathway 
analysis. In total, the gene expression of 10 patients from 
TCGA databse with high expression of SALL4 and 10 with 
low expression from the TCGA database were analyzed. 
These data were obtained using the WebMeV cloud platform 
for analyzing and visualizing cancer genomic data (http://mev.
tm4.org/#/datasets/tcga) using the voom function.

SALL4 expression and its function in RCC cells and samples. 
Between September 2018 and June 2019, 10 patients with RCC 
and 10 healthy control patients were enrolled in the present study 
at the Department of Shanghai Tenth People's Hospital, Tongji 
University. Preoperative clinical data for each patient, including 
complete blood count, were entered into a computerized database. 
Then, two different types of tissues from each patient with RCC, 
including RCC tumor tissue and another tumor‑free sample was 
taken at >2 cm from the tumor edge following surgical resec-
tion. These specimens were preserved in 10% formaldehyde 
solution at 62˚C for 1 h and embedded in paraffin. The detail 
information of the patients is documented in Table I. The current 
study was performed according to the protocol approved by the 
Ethics Committee of Shanghai Tenth People's Hospital, Tongji 
University School of Medicine. Written informed consent for 
participation was obtained from each patient.

Cell culture. OSRC‑2, HK2, ACHN, 293T and SW839 cell lines 
were purchased from the American Type Culture Collection. 
All cell lines were cultured in DMEM (Invitrogen; Thermo 
Fisher Scientific, Inc.) supplemented with 10% FBS (Thermo 

Fisher Scientific, Inc.), penicillin (25 U/ml), streptomycin 
(25 g/ml) and 1% L‑glutamine. All cell lines were cultured in 
a 5% CO2 humidified incubator at 37˚C.

Lentivirus packaging. The pLKO‑sh‑SALL4, the psAX2 
packaging plasmid and pMD2G envelope plasmid from George 
Whipple lab of University of Rochester were transfected into 
293T cells using the standard calcium chloride transfection 
method (26) for 48 h to get the lentivirus soup. The lentivirus 
soup was collected and concentrated by density gradient 
centrifugation at 4,000 x g for 20 min at 4˚C, and then frozen 
at ‑80˚C. The cells were transfected using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) The standard 
transfection method of the SW839 and OSRC‑2 cells with 
sh‑SALL4 was as follows: 4 µl aqueous solution containing 
4 µg of DNA was mixed with 10 µl 2.5 M CaCl2 solution. 
The dispersion was incubated for 5 min. The volume of the 
dispersion was adjusted to 100 µl with water and 100 µl HEPES 
buffered saline solution (280 mM NaCl, 10 mM KCl, 1.5 mM 
Na2HPO4, 12 mM dextrose, 50 mM HEPES, pH 7.05±0.01) was 
added. Cell culture medium (RPMI 1640 with 15% fetal calf 
serum; Thermo Fisher Scientific, Inc.) was added up to 1 ml. 
The culture medium was removed was removed from the cells, 
and the transfection mixture was added. After 7‑h incubation 
at 37˚C, the transfection mixture was replaced by fresh cell 
culture medium. The sequences of sh‑SALL4 were as follows: 
Forward, 5'‑CGC​GTC​CAG​AGA​ATC​CCT​GTG​ACT​TTA​CGG​
ACC​CGG​TCG​ACG​TCC​GTA​AAG​TCA​CAG​GGA​TTC​TCT​
GGC​ATT​TTT​G‑3' and reverse, 5'‑CGC​AAA​AAC​CAG​AGA​
ATC​CCT​GTG​ACT​TTA​CGG​ACG​TCG​ACC​GGG​TCC​GTA​
AAG​TCA​CAG​GGA​TTC​TCT​GGC​ATA​TCT​A‑3'.

Immunohistochemistry (IHC). Human RCC sections (thick-
ness, 5 µm) were deparaffinized in a xylene solution (100%) 
and rehydrated using gradient ethanol concentrations (70% for 
5 min, 80% for 5 min, 90% for 5 min and 100% for 5 min). 
Endogenous peroxidase activity was blocked with 3% hydrogen 
peroxide for 10 min at 37˚C. Heat‑induced antigen retrieval was 
performed for all sections with 0.01 M sodium citrate (pH 6.0) 
at 98˚C for 30 min. Then, IHC staining was performed with 
specific primary antibodies against SALL4 at 37˚C for 120 min 
(cat. no. ab57577; dilution, 1:100; Abcam). The sections were 
subsequently incubated with a horseradish peroxidase‑conju-
gated IgG H&L secondary antibody (cat.  no.  ab205719; 
dilution, 1:1,000; Abcam) at 37˚C for 60 min. Staining was 
performed using diaminobenzidine for 5 min at room tempera-
ture followed by counterstaining with hematoxylin for 1 min 
at room temperature. The sections were dehydrated and fixed 
using a graded ethanol series (70% for 5 min, 80% for 5 min, 
90% for 5 min and 100% for 5 min), treated with xylene for 
10 min at room temperature and mounted with Permount™ 
mounting medium (Thermo Fisher Scientific, Inc.) The slides 
were observed using a light microscope under five random 
high‑power fields (magnification, x400).

Reverse transcription‑quantitative PCR (RT‑qPCR). For RNA 
extraction, total RNAs were isolated using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). Then, 1 µg of total 
RNA was subjected to RT using an RT‑PCR kit (Takara Bio, 
Inc.) according to the manufacturer's instructions. qPCR was 
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subsequently performed in triplicate for each sample using a 
SYBR® ExScript Real‑time PCR kit (Takara Biotechnology 
Co., Ltd.). A 20 µl reaction mixture was used, containing 
2 µl template DNA, 1 µl primers, 10 µl SYBR premix and 
7 µl ddH2O. The primer sequences were as follows: β‑actin 
forward, 5'‑TGAAGGTGACAGCAGTCGGTT‑3' and reverse, 
5'‑AGA​AGT​GGG​GTG​GCT​TTT​AGG​A‑3'; SALL4 forward, 
5'‑TTG​CGA​CCA​CCC​AAG​TAT-3' and reverse, 5'‑AAC​CCA​
CAG​AAC​CAA​CCA​C‑3'. PCR was performed using a 7900HT 
Fast Real‑Time PCR machine (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) under the following conditions: 95˚C for 
30 sec, 40 cycles of 95˚C for 5 sec and 60˚C for 30 sec. PCR 
results were quantified using the ‑2ΔΔCq method (27).

ELISA. SALL4 in the serum was measured using a Human 
Sal‑like protein 4(SALL4) ELISA kit (cat. no. EL020676HU; 
Miltenyi Biotec GmbH) according to the manufacturer's 
instructions. The optical density (OD) at 450 nm was deter-
mined. A standard curve was established using OD450 as 
the y‑axis and the concentration of a standard substance as 
the x‑axis; from this standard curve the level of protein was 
determined. Data are presented as the concentration of SALL4 
(ng/ml) in samples.

Cell invasion assay. The invasive capability of OSRC‑2 cells 
was determined by the Transwell assay (8‑µm pore size; 
Corning, Inc.). OSRC‑2 cells were harvested and seeded 
at 5x104 cells/well with serum‑free DMEM into the upper 
chambers pre‑coated with Matrigel (37˚C for 60 min), and 
the lower chambers contained DMEM with 10% FBS. Then, 
the Transwell assay was incubated for 24 h at 37˚C. Following 
incubation, the invasive cells attached to the lower surface of 
the membrane were fixed by 4% paraformaldehyde for 10 min 
at room temperature and stained with 1% toluidine blue for 
10 min at room temperature. The number of cells penetrating 
across membrane was counted under a light microscope in ten 
random visual fields (magnification, x100).

MTT assay. Cell viability was assessed using MTT assay. 
After 24 h transfection with plasmids, SW839 or OSRC‑2 
cells were seeded at 1,000 per well in a 96‑well plate. The cell 
proliferation assay was performed on days 1, 2, 3 and 4. MTT 

reagent (5 mg/ml) was added to each well and the plate was 
incubated for 2 h at 37˚C. The formazan crystals formed were 
solubilized in 100 µl DMSO for 10 min. Before the endpoint 
of incubation, the absorbance was measured at 450 nm. Each 
sample was assayed in triplicate.

Statistical analysis. Statistical analyses were performed 
using SPSS 20 statistical software (SPSS, Inc.) and GraphPad 
Prism 7 (GraphPad Software, Inc.). Differences in mean values 
between two groups were analyzed by a two‑tailed Student's 
t‑test and the mean values of >2 groups were compared 
with one‑way ANOVA with the Bonferroni post hoc test for 
multiple comparisons. Kaplan‑Meier curves were calculated to 
determine if SALL4 expression was related to patient survival. 
Pearson's correlation was used to assess correlations between 
SALL4 gene expression and SALL4 copy number. P<0.05 was 
considered to indicate a statistically significant difference.

Results

SALL4 expression is related to the survival of patients with 
RCC. The mRNA expression level of SALL4 and clinical 
information of 604 cases of ccRCC were obtained from TCGA 
using UCSC Xena (http://xena.ucsc.edu/). The patients with 
ccRCC were divided into SALL4‑high or SALL4‑low groups 
according to the median SALL4 mRNA expression level. The 
Kaplan‑Meier curve was used to analyze if the expression level 
of SALL4 was related to the survival of patients with RCC. A 
significant difference (P<0.0001) was found between the two 
groups, where patients with lower SALL4 expression level 
had longer survival time compared with patients with higher 
SALL4 expression levels (Fig. 1A).

Similar analyses were carried out in patients with pRCC 
(n=320) and chRCC (n=89). A significant difference was found 
between SALL4 high and low expression groups in the pRCC 
cases (P=0.0006; Fig. 1B). However, no significant difference 
was detected in chRCC in both groups (P=0.97; Fig.  1C). 
Therefore, the present results suggested that patients with pRCC 
and low SALL4 mRNA expression have a longer survival time 
compared with patients with high SALL4 expression.

In addition, the prognostic relevance of sex was analyzed 
in RCC, as RCC is reported to have a sex bias with a male to 

Table I. Patient data of the RCC cases (N=10) and the healthy controls (N=10).

					     TNM stage	 Pathology
					     ----------------------------------------------	 ----------------------------------------------------------------
Group	 Sex	 Patients	 Mean age, years	 T1a	 T1b	 T2	 ccRCC	 pRCC	 chRCC

RCC	 Total	 10	 65.1	 7	 2	 1	 8	 2	 0
	 Male	 7	 68.6	 6	 1		  6	 1	 0
	 Female	 3	 57.0	 1	 1	 1	 2	 1	 0
Control	 Total	 10	 63.3						    
	 Male	 6	 64.8						    
	 Female	 4	 61.0						    

RCC, renal cell carcinoma; ccRCC, clear cell RCC; pRCC, papillary RCC; chRCC, chromophobe RCC; TNM, Tumor‑Node‑Metastasis.



CHE et al:  EXPRESSION AND CLINICAL VALUE OF SALL4 IN RCC822

female ratio of 2.3:1 (28). However, in the present study no 
significant difference was found in ccRCC, pRCC and chRCC 
in both SALL4 groups (data not shown). Therefore, while the 
incidence of RCC is higher in males compared with females, 
the outcome of RCC is the same in both sex.

SALL4 expression level in different stage and grades of RCC. 
The present study analyzed the expression level of SALL4 in 
different pathological TNM stages in the three RCCs groups. 
It was demonstrated that the expression level of SALL4 was 
higher in M1 compared with M0 (P=0.0092). Moreover, as 
the pathology T and stage increased, the expression level of 
SALL4 was also significantly increased in ccRCC (Fig. 2A). 
Similar results were identified in patients with chRCC 
(Fig. 2C). However, the expression level of SALL4 showed 
no difference between different pathology T, M and stage in 
pRCC (Fig. 2B). Collectively, the present results suggested that 
SALL4 promotes the progression of ccRCC and chRCC, but 
not pRCC.

SALL4 expression level between tumor and normal tissues in 
different tumors. To investigate the expression level of SALL4 
in tumor and normal tissues, SALL4 expression level was 
assessed in different cancer types using FireBrowse software. 

It was found that the expression level of SALL4 was higher 
in almost all cancer tissues compared with the normal tissues 
(Fig. S1A). For the three types of RCCs [KICH (chRCC), 
KIRC (ccRCC) and KIRP (pRCC)], it was demonstrated that 
the expression level of SALL4 was higher in the tumor tissue 
compared with the normal in ccRCC and chRCC. However, 
no difference was detected in pRCC (Fig. 3A). Therefore, 
the present results indicated that SALL4 may promote the 
progression of ccRCC and chRCC, but not pRCC.

Copy number of SALL4 in RCC. An increase in the copy 
number of SALL4 may be the putative mechanism under-
lying the high expression level of SALL4 in RCC. Thus, 
the present study analyzed the copy number of SALL4. The 
expression levels of the molecule and the clinical informa-
tion of the 526 cases of ccRCC were obtained from TCGA 
using UCSC Xena (http://xena.ucsc.edu/). The patients with 
ccRCC were divided into SALL4‑high or SALL4‑low groups 
according to the median SALL4 copy number expression. 
The Kaplan‑Meier curve was used to analyze the SALL4 
copy number expression related to the survival of patients 
with RCC. A significant difference was found between the 
two groups (P=0.0006), similar to the results found for 
the mRNA expression level of SALL4 (Fig. 1D). However, 

Figure 1. mRNA and copy number of SALL4, and SALL4 association with survival in ccRCC, pRCC and chRCC. Kaplan‑Meier analysis of SALL4 mRNA 
expression level and OS in (A) ccRCC, (B) pRCC and (C) chRCC. Kaplan‑Meier analysis of SALL4 copy number and OS in (D) ccRCC, (E) pRCC and 
(F) chRCC. OS, overall survival; SALL4, spalt like transcription factor 4; RCC, renal cell carcinoma; ccRCC, clear cell RCC; pRCC, papillary RCC; chRCC, 
chromophobe RCC.
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Figure 2. mRNA expression level of SALL4 and its association with pathology M, T and stage in ccRCC, pRCC and chRCC. (A) mRNA expression of SALL4 
and its association with pathology M, T and stage in ccRCC. (B) mRNA expression of SALL4 and its association with pathology M, T and stage in pRCC. 
(C) mRNA expression of SALL4 and its association with pathology M, T and stage in chRCC. Data are presented as the mean ± SD. SALL4, spalt like 
transcription factor 4; RCC, renal cell carcinoma; ccRCC, clear cell RCC; pRCC, papillary RCC; chRCC, chromophobe RCC.

Figure 3. SALL4 expression and its relationship with SALL4 copy number in RCC. (A) SALL4 expression level in the three RCC [KICH (chRCC), KIRC 
(ccRCC) and KIRP (pRCC)] and healthy tissues. Correlation between SALL4 mRNA expression level and SALL4 copy number in (B) ccRCC, (C) pRCC and 
(D) chRCC. SALL4, spalt like transcription factor 4; RCC, renal cell carcinoma; ccRCC, clear cell RCC; pRCC, papillary RCC; chRCC, chromophobe RCC.
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no difference was observed in pRCC and chRCC (Fig. 1E 
and F). Furthermore, the correlation between SALL4 gene 
expression level and SALL4 copy number in ccRCC, pRCC 
and chRCC was found to have weak positive correlation 
between SALL4 gene expression and SALL4 copy number 
in ccRCC (R=0.11; P=0.01) and pRCC (R=0.151; P=0.02), 
and a moderate correlation in chRCC (R=0.44; P=0.0002; 
Fig. 3B‑D).

Collectively, the present results suggested that the increase 
in SALL4 copy number may be one of the mechanisms for 
elevated SALL4 expression level in pRCC. However, the 
mechanism of high expression of SALL4 in ccRCC requires 
further investigation.

Enriched pathways and related genes correlates with SALL4 
expression in RCC. Additionally, the present study examined 
the potential pathways, and identified the genes correlated to 
SALL4 using WebMeV (http://mev.tm4.org/#/datasets/tcga). 
In total, 10 patients with high expression levels of SALL4 and 
10 with low expression levels were analyzed. It was found that 
19 pathways were significantly associated with SALL4 expres-
sion level in ccRCC (Fig. S1B). The top three pathways include 
translation, eukaryotic translation initiation and cap‑dependent 
translation initiation, suggesting that SALL4 may be involved 
in the translation pathway.

Moreover, genes with expression levels that correlated 
with SALL4 expression levels in ccRCC were analyzed using 

WebMeV (http://mev.tm4.org/#/datasets/tcga). The expression 
levels of ~2,674 genes were correlated with the expression 
level of SALL4 (data not shown). The top 20 genes whose 
expression levels were related to SALL4 are listed in Table II. 
Moreover, the present study did not identify any cancer stem 
cell genes such as NANOG, SOX2 and OCT4.

High expression levels of SALL4 in RCC samples and serum. 
To further examine the function of SALL4 in patients with 
RCC, the present study measured the protein expression 
levels of SALL4 in RCC tumors and healthy specimens using 
RT‑qPCR and IHC. It was found that SALL4 protein expres-
sion level (yellow color) was higher in tumor samples compared 
with healthy specimens (Fig. 4A). Furthermore, the mRNA 
expression level of SALL4 was significantly higher in tumors 
compared with healthy specimens (Fig. 4B). In addition, expres-
sion level of SALL4 in the serum of 10 patients with RCC and 
10 controls was measured. It was demonstrated that significantly 
higher serum SALL4 levels were presented in the patients 
with RCC compared with the controls. Furthermore, the mean 
serum SALL4 level was 4.03±0.61 ng/ml in the ccRCC group 
compared with 3.45±0.38 ng/ml in the control group (P<0.05; 
Fig. 4C). The present study also measured the mRNA expres-
sion level in human renal tubular epithelial cells and the three 
RCC cell lines. It was found that SALL4 was significantly 
highly expressed in the three RCC cell lines (Fig. S2A).

SALL4 promotes cell viability and invasion in RCC cells. 
The present study performed lentivirus packaging of pLKO 
and sh‑SALL4, which was then transduced into OSRC‑2 and 
SW839 cells. RT‑qPCR was used to examine the efficiency of 
transfection (Fig. S2B).

An invasion assay was performed in OSRC‑2 cells, and 
the results indicated that knockdown of SALL4 decreased 
cell invasion compared with pLKO (3.32±0.08 vs. 1.05±0.11; 
P<0.01; Fig. 4D).

In addition, an MTT assay was used to assess the viability 
of OSRC‑2 and SW839 cells. It was demonstrated that SALL4 
knockdown decreased cell viability compared with the pLKO 
group (P=0.003 in OSRC‑2 and P=0.001 in SW839 at day 3; 
Fig. 4E).

Discussion

In 2018, ~403,000 new cases of kidney cancer were diag-
nosed worldwide, with a higher than 43% mortality rate 
in patients  (29). A high incidence of small renal cancer is 
reported due to improved diagnosis, and ~1/3 of the patients 
with RCC develop metastatic lesions during the development 
of the disease (30). Moreover, nephrectomy (radial or partial) 
is the primary treatment for localized RCC; however, >40% 
of patients with localized RCC exhibit a relapse or metastasis 
after surgery (31). Currently, the therapeutic targeting of the 
vascular endothelial growth factor using sunitinib, sorafenib, 
pazopanib, axitinib, tivozanib and cabozantinib, or of mTOR 
using everolimus, temsirolimus, and bevacizumab combined 
with interferon‑α have been applied clinically to prolong 
survival in metastatic RCC  (32). However, some patients 
are naturally resistant to these methods and most develop 
resistance (33), thus the treatment of RCC can be difficult. 

Table II. List of top 20 genes that are related to SALL4 gene 
expression in ccRCC.

Gene	 logFC	 P‑value	 adj. P‑value

AGR3	 ‑3.0309	 0.0010	 0.0561
RAB25	 ‑2.7967	 0.0180	 0.1876
CHGB	 ‑2.6242	 0.0053	 0.1090
SCNN1B	 ‑2.6181	 0.0333	 0.2504
APCDD1L	 ‑2.4312	 0.0122	 0.1555
MUC15	 ‑2.336	 0.0488	 0.3009
HBG1	 ‑2.3191	 0.0065	 0.1181
GPC5	 ‑2.2762	 0.0090	 0.1372
CALML3	 ‑2.1989	 0.0223	 0.2081
LY6H	 ‑2.0310	 0.0078	 0.1277
DCT	 1.9643	 0.0000	 0.0076
SLC17A2	 1.9728	 0.0049	 0.1054
HIST1H2AJ	 2.0104	 0.0033	 0.0888
MSLNL	 2.0332	 0.0009	 0.0526
B4GALNT4	 2.0702	 0.0028	 0.0816
ADCY2	 2.1198	 0.0001	 0.0019
MOGAT1	 2.1340	 0.0018	 0.0680
ADAM18	 2.3234	 0.0138	 0.1663
TRIM72	 2.3842	 0.0071	 0.1218
MSLN	 2.5377	 0.0003	 0.0333

FC, fold‑change; Log(FC), gene expression level; Adj. P‑value, 
adjusted P‑value; RCC, renal cell carcinoma; ccRCC, clear cell RCC.
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Therefore, further investigations on the molecular mechanisms 
underlying the metastasis or progression of ccRCC, and into 
new novel targets are urgently required. Currently, there is no 
reliable biomarker for RCC, unlike prostate‑specific antigen 
for prostate cancer (34). Thus, identifying novel and reliable 
prognostic biomarkers for patients with RCC is important 
to predict patient outcomes and facilitate effective clinical 
management.

SALL4, a member of the spalt‑like gene family, is a 
critical stem cell factor. SALL4 is a zinc finger transcrip-
tion factor that is enriched in the embryonic cell. Moreover, 
SALL4 plays a major role in the self‑renewal capability, 
while its expression is silenced in the mature adult (35). A 
previous study showed that SALL4 is crucial for main-
taining the stemness properties of embryonic stem cells (36). 
Another previous study demonstrated that SALL4 controls 
the stemness properties of embryonic stem cells at both the 
transcriptional and epigenetic levels via direct or indirect 
interaction with Nanog and OCT4  (20). However, it has 
also been showed that SALL4 is re‑expressed in various 

cancer types (11‑16) and was first recognized as an onco-
gene in leukemia  (17,37). Yakaboski et al  (38) found that 
in SALL4‑positive HCC, the expression of certain progen-
itor‑like genes is high. Other studies have also confirmed a 
critical role of SALL4 in cell survival and tumorigenicity by 
knocking down SALL4 (39). Zhang et al (20) demonstrated 
that the overexpression of SALL4 in gastric cancer cells 
promotes cell stemness by increasing the expression levels of 
other cancer stem cell markers such as CD133, SOX2, Bmi‑1 
and Lin28. Furthermore, SALL4 has been identified as a core 
factor in the SALL4/Nanog/Oct4 network (9). Moreover, as 
a transcription factor, SALL4 can activate Oct4 and interact 
with Nanog (9,40). Therefore, as a cancer stem cell marker, 
SALL4 plays a major role in cancer formation. However, the 
present study searched the top 20 genes related to SALL4, and 
identified genes that may be attributed to the varied SALL4 
pathway in different cancer types.

The present study investigated the clinical value of SALL4 
in RCC and demonstrated that the expression level of SALL4 
was associated with survival, stage and pathology T, thus 

Figure 4. SALL4 function in RCC cells. (A) SALL4 protein expression level in tumor and healthy tissues. Magnification, x400. The yellow color indicated by 
the arrow represents the positive staining of SALL4. (B) SALL4 mRNA expression level in healthy kidney and RCC tissues. (C) Serum SALL4 level in patients 
with RCC and healthy controls. (D) Transwell assay results of cell invasion in OSRC‑2 cells with knockdown of SALL4. Magnification, x400. (E) SALL4 was 
knocked down in OSRC‑2 and SW839 cells, and cell viability was examined by MTT. *P<0.05, **P<0.01, ***P<0.001. SALL4, spalt like transcription factor 4; 
RCC, renal cell carcinoma; sh, short hairpin RNA.
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indicating that SALL4 is a poor prognostic factor for a poor 
outcome in RCC. In addition to being a biomarker for RCC 
diagnosis, SALL4 may also be a potential therapeutic target. A 
previous study found that the inhibition of SALL4 expression 
by siRNA reduces cell survival, and impairs the migration 
and invasion of indistinct cancer cells in vitro (20). Moreover, 
targeting SALL4 using PTEN (23) or entinostat (24) may have 
therapeutic efficacy in both acute myeloid leukemia and lung 
cancer. Thus, it can be hypothesized that targeting SALL4 
using miRNA, PTEN or entinostat may have therapeutic 
efficacy in RCC.

The mechanism underlying the high expression level of 
SALL4 and its downstream genes in RCC is not fully under-
stood. The present results suggested that the copy number 
of SALL4 was increased in ccRCC. Additionally, the copy 
number of SALL4 was positively associated with the survival 
curve. Moreover, a positive correlation was established 
between SALL4 mRNA and copy number in ccRCC, pRCC 
and chRCC, indicating that an increased copy number may be 
the mechanism underlying the high expression of SALL4 in 
RCC. The enriched pathways analysis results identified several 
genes and pathways that may be associated with SALL4; 
however, the cancer stem cell marker gene and related pathway 
were not deduced as SALL4 is involved in multiple pathways 
promoting cancer progression. Nevertheless, the downstream 
genes and the mechanism via which SALL4 promotes RCC 
progression requires further investigation. The present study 
used specimens and serum from patients with RCC to identify 
the high expression level of SALL4. Furthermore, using the 
MTT and invasion assays, it was found that SALL4 promotes 
cell viability and invasion in RCC cells. To the best of our 
knowledge, this is the first study to investigate the expression 
levels of SALL4 in the serum and tumor specimens in RCC 
patients. Moreover, targeting this newly identified SALL4 
signaling pathway may facilitate the development of novel 
therapies to treatment RCC and improved survival rates. 
However, there were limitations to the present study. Firstly, 
only three most common types of RCC were analyzed due 
to TCGA data limitation. Secondly, the downstream path-
ways or factors of SALL4 were not identified. In addition, 
the patients with RCC only had 1 year follow‑up data, thus 
the survival curve is not valuable. Furthermore, the cause of 
increased SALL4 expression levels in patients with RCC is 
still unknown.

In conclusion, the present results suggested that SALL4 
may be a sensitive and specific cancer biomarker in ccRCC 
and pRCC. Thus, targeting SALL4 may improve RCC 
therapy and prolong the survival of patients with ccRCC and 
pRCC.
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