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Abstract
AIM: To detect the expression of sal-like protein 4 
(SALL4) and to explore its relationship with clinicopatho
logical characteristics and prognosis of hepatocellular 
carcinoma (HCC).

METHODS: One hundred and twenty-six samples 
of HCC tissue, 44 of adjacent noncancerous cirrhotic 
tissue and 10 of liver hemangioma tissue, were 
obtained from patients who underwent hepatectomy 
for HCC at the Fourth Hospital of Hebei Medical 
University. None of the patients had received any form 
of treatment before the operation. After resection, all 
the tissues were fixed in 10% neutral formaldehyde 
and embedded in paraffin. Expression of SALL4 was 
detected by immunohistochemistry. Patients were 
followed up for postoperative survival until February 
2014. The relationships between SALL4 expression 
level and clinicopathological data and prognosis of HCC 
were analyzed. 

RESULTS: SALL4 expression was negative in the 10 
samples of tissue from liver hemangioma, was weakly 
positive in the two samples from adjacent noncancerous 
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cirrhotic tissue, and positive in 58 samples of HCC 
tissues. The differences were statistically significant (P  
< 0.05). Expression of SALL4 was higher in patients 
with higher α-fetoprotein (AFP) levels, portal vein 
tumor thrombus, and later clinical stage based on the 
Barcelona Clinic Liver Cancer classification (P  < 0.05). 
Among patients with negative expression, weakly 
positive expression, positive expression, and strongly 
positive expression of SALL4, the median survival time 
was 39, 25, 23, and 9 mo, respectively (P  < 0.001). 
When both AFP and SALL4 were detected, patients who 
were negative for both AFP and SALL4, SALL4-positive 
only, AFP-positive only, and positive for both AFP and 
SALL4, had a median survival time of 41, 38, 31, and 
12 mo, respectively (P  < 0.001).

CONCLUSION: Expression of SALL4 is relevant to 
the prognosis of HCC patients. Patients with higher 
expression levels of SALL4 and AFP have worse 
prognosis. 

Key words: Sal-like protein 4; Hepatocellular carcinoma; 
Survival analysis; α-Fetoprotein; Prognosis
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Core tip: Sal-like protein 4 (SALL4) is expressed 
as an oncogene in a variety of tumors, including 
germ cell tumors, breast cancer, and α-fetoprotein 
(AFP)-producing gastric cancer. However, there are 
few reports about the association between SALL4 
expression and hepatocellular carcinoma (HCC). In this 
study, we found that SALL4 was actively expressed 
in HCC cells with stem cell characteristics and played 
an important role in predicting the prognosis of HCC 
patients. In addition, joint detection of SALL4 and 
AFP may have a more profound significance for the 
prognosis of HCC patients.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a primary liver 
cancer and accounts for > 90% of cases. As HCC 
patients have no specific symptoms in the early stage, 
most patients have lost the best opportunity for 
treatment (radical surgery) when diagnosed. Effects to 
improve the survival rate of HCC patients are limited 
by the drug intervention, radiotherapy, chemotherapy, 
and molecular targeted therapy. Thus far, the patho­
genesis of HCC is still not clear. However, with the 

rapid development of genetics and molecular biology, 
researchers have begun to explore the pathogenesis of 
HCC at the molecular genetic level. 

The occurrence of HCC is relevant to a variety of 
signaling pathways, including the Notch, Wnt, mitogen-
activated protein kinase (MAPK), and hedgehog 
signaling pathways[1-4]. Sal-like protein 4 (SALL4) is a 
newly discovered proto-oncogene that is expressed 
in embryonic stem cells and liver stem cells but is not 
expressed in normal adult liver cells. Recent studies 
have found that expression of SALL4 can be detected 
in HCC specimens.

SALL4 is located on human chromosome 20q13 
and is a zinc finger transcription factor that includes 
two subtypes: SALL4A and SALL4B. Mutation of SALL4 
causes Okihiro syndrome and familial IVIC syndrome, 
which are autosomal dominant genetic diseases that 
manifest as multiple organ dysfunction[5,6]. SALL4 is 
highly expressed in embryonic stem cells and plays an 
important role in early embryogenesis, organogenesis, 
embryonic stem cell proliferation, and maintenance 
of pluripotency, interacting with octamer-binding 
transcription factor 4 (OCT4), SRY-box containing 
gene 2 (SOX2), and NANOG[7-9]. SALL4 is expressed 
in normal hematopoietic stem cells, and its expression 
decreases gradually with cell differentiation and 
maturation. High expression levels of SALL4 are 
related to certain hematopoietic malignancies and 
can lead to acute leukemia in transgenic mice[10]. In 
addition, acute and chronic myeloid leukemia, along 
with acute lymphocytic leukemia, is also associated 
with high levels of SALL4 expression[11], which suggests 
that SALL4 is a key regulator of leukemic cells[12]. 
SALL4 is expressed as an oncogene in a variety of 
tumors, including germ cell tumors, breast cancer, 
and α-fetoprotein (AFP)-producing gastric cancer[13-15], 
which indicates that SALL4 may be involved in the 
development of tumors[16]. Recent studies have found 
that SALL4 is actively expressed in HCC with stem 
cell characteristics and plays an important role in 
predicting the prognosis of HCC patients. Therefore, 
further studies of SALL4 may provide new therapeutic 
targets for HCC patients.

MATERIALS AND METHODS
Clinical HCC specimens
One hundred and twenty-six specimens of HCC tissues, 
44 adjacent noncancerous cirrhotic hepatic tissues, 
and 10 liver hemangioma tissues were obtained from 
patients who underwent hepatectomy for HCC from 
May 2008 to December 2010 at the Fourth Hospital 
of Hebei Medical University, Shijiazhuang, China. 
The patients had not received any treatment before 
surgery. The samples were formalin-fixed, paraffin-
embedded, and subjected to immunohistochemistry. 
The clinicopathology of all specimens had already been 
established by pathologists. 
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Follow-up
Patients were followed up by telephone or corres­
pondence from the day of surgery to February 2014. 
The median follow up period was 23 mo (range from 
0 to 70 mo). Among the 126 patients, 40 were alive 
and 11 were lost to follow-up. All patients gave their 
informed consent to this research.

Immunohistochemistry
After resection, all the tissues were fixed with 10% 
neutral formaldehyde and embedded in paraffin. 
Immunohistochemistry was performed using Maxvision. 
The primary antibody was purchased from Santa Cruz 
Biotechnology (Dallas, TX, United States) and used at a 
dilution of 1:80. 

Statistical analysis
The data were analyzed using SPSS version 13.0 
software (Chicago, IL, United States). Nonparametric 
tests were used to compare the expression levels of 
each group, and Spearman correlation was used for 
correlation analysis. Survival rate was calculated by 
the Kaplan-Meier and Cox Regression method, and 
the differences in survival rate were compared by the 

log-rank test. P < 0.05 was considered statistically 
significant.

RESULTS
Expression sites and form of SALL4
SALL4 was not expressed in liver hemangioma tissues 
(Figure 1A), and there was almost no expression in 
adjacent noncancerous cirrhotic tissues (Figure 1B). 
It was, however, partly expressed in HCC tissues with 
light yellow to brownish yellow granules in the nuclei 
(Figure 1C).

Differential expression of SALL4 among experimental 
groups
Tests for the expression of SALL4 in 10 liver he­
mangioma tissues were all negative. Among the 44 
specimens from adjacent noncancerous cirrhotic tissues; 
two were weakly positive, and 42 were negative. Among 
the 126 HCC tissue specimens; 68 were negative, and 
58 were positive. There was no significant difference 
in the expression of SALL4 between liver hemangioma 
tissues and adjacent noncancerous cirrhotic tissues (P 
= 0.496). However, there was a significant difference 
between liver hemangioma and HCC tissue (P = 0.009) 
and between adjacent noncancerous hepatic tissue and 
HCC tissue (P < 0.001) (Table 1). 

Relationship between expression of SALL4 in HCC 
tissues and clinicopathological characteristics
Expression of SALL4 in HCC tissue was not related to 
histological differentiation but was positively correlated 
with clinical stage, as it was strongly expressed at a 
later clinical stage (P < 0.05). Expression of SALL4 was 
also positively correlated with Barcelona Clinic Liver 
Cancer (BCLC) classification and strongly expressed 
in patients in later BCLC B and C (P < 0.05) (Figure 
2A and Table 2). Expression of SALL4 was not related 
to sex, age, hepatitis B surface antigen, hepatitis B e 
antibody, blood platelets, Child-Pugh score, or tumor 
diameter but was positively correlated with AFP, and 
SALL4 was strongly expressed in patients with higher 
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Figure 1  Expression of sal-like protein 4 in liver tissues. A: Expression of sal-like protein 4 (SALL4) in liver hemangioma tissue (Maxvision, magnification × 200); B: 
Expression of SALL4 in adjacent noncancerous cirrhotic tissue (Maxvision, magnification × 400); C: Expression of SALL4 in hepatocellular carcinoma tissue (Maxvision, 
magnification × 400).

A B C

Table 1  Expression of SALL4 in hepatocellular carcinoma 
tissue, non-cancerous cirrhotic tissue, and liver hemangioma 
tissue

SALL4 Hemangioma 
tissue

(n  = 10)

Adjacent non-
cancerous 

cirrhotic tissue 
(n  = 44)

HCC tissue
(n  = 126)

- 10 42 68
+   0   2 27
++   0   0 21
+++   0   0 10
P value          0.496   0          0.009

P value was obtained by non-parametric test. P = 0.496 represents 
hemangioma group vs adjacent non-cancerous cirrhotic group; P < 0.001 
represents adjacent non-cancerous cirrhotic group vs HCC group; P = 
0.009 represents HCC group vs hemangioma group. HCC: Hepatocellular 
carcinoma; SALL4: Sal-like protein 4.
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displayed a median survival time of 39, 25, 23, and 
9 mo, respectively (P < 0.001) (Table 3). In the HCC 
group, patients with higher expression levels of SALL4 
usually had shorter median survival time and worse 
prognosis (Figure 2B). In addition, on multivariable 
analysis, the result showed that clinical stages (P = 
0.002), histological differentiation (P = 0.003), AFP 
(P = 0.046) , and SALL4 (P = 0.029), remained as 
significant independent predictors of prognosis of HCC 

AFP levels (P < 0.05). Expression of SALL4 was also 
higher in the presence of portal vein tumor thrombosis 
(P < 0.05) (Table 2). 

Prognostic significance of combined detection of AFP 
and SALL4
In HCC tissue, expression of SALL4 was correlated 
with prognosis of HCC patients. Patients with negative 
expression, weak positive expression, positive ex­
pression, and strong positive expression of SALL4 

Table 2  Relationship between the expression of SALL4 and 
clinical characteristics in hepatocellular carcinoma patients

Parameters SALL4 (-/+) P  value1 P  value2

Clinical stages
   Ⅰa 11/7
   Ⅰb 17/8
   Ⅱa   21/13
   Ⅱb   11/18
   Ⅲa     8/12 0.034 0.006
Histological 
differentiation
   Well 9/4
   Moderate 30/23
   Poor 29/31 0.344 0.069
BCLC stages
   A 53/29
   B 3/2
   C 12/27 0.001 0.000
Sex
   Male   57/50
   Female 11/8 0.931 0.932
Age (yr)
   < 50 24/21
   ≥ 50 44/37 0.918 0.918
Tumor diameter (cm)
   < 3 6/6
   3-5 22/12
   5-10 24/22
   ≥ 10 16/18 0.176 0.042
Platelet
(× 109/L)
   < 100   9/11
   100-200 47/32
   200-300   9/12
   ≥ 300 3/3 0.231 0.863
Vascular invasion
   With 11/21
   Without 57/37 0.004 0.004
HBsAg
   Positive   58/51
   Negative 10/7 0.487 0.490
HBeAb
   Positive 28/19
   Negative 40/39 0.359 0.361
Child-Pugh
   Child A 67/57
   Child B 1/1 0.822 0.823
AFP (μg/L)
   < 7   9/7
   7-100 26/8
   100-400   10/12
   400-800   5/4
   800-1210   0/2
   ≥ 1210   18/25 0.013 0.003

1P value was obtained by non-parametric test; 2P value was obtained by 
Spearman correlation. AFP: α-fetoprotein; SALL4: Sal-like protein 4.
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patients (Table 4).
There were nine cases in which both AFP and SALL4 

were negative with a median survival time of 41 mos. 
There were seven cases with positive expression of 
SALL4 only, with a median survival time of 38 mo. 
There were 59 AFP-positive cases, with a median 
survival time of 31 mo. For the 51 cases that were 
both AFP and SALL4 positive, the median survival time 
was 12 mo. The differences among the groups were 
statistically significant (P < 0.001) (Table 5). The group 
that was both AFP and SALL4 positive had the worst 
prognosis (Figure 2B). When the expression of SALL4 
was positive, the number of patients with AFP < 7 μg/L, 
7-100 μg/L, 100-400 μg/L, 400-800 μg/L, 800-1210 
μg/L, and ≥ 1210 μg/L was seven, eight, 12, four, two, 
and 25, respectively, and they had a median survival 
time of 30, 26, 14, 10, 24, and 7 mo, respectively. 
The differences among the groups were statistically 
significant (P = 0.003) (Figure 2C and Table 6). As AFP 
level increased, survival time decreased. When the 
expression of SALL4 was positive, AFP played a role in 
predicting the prognosis of HCC patients.

DISCUSSION 

Some researchers have pointed out that SALL4 is not 
expressed in HCC tissues, but is highly expressed in 
AFP-producing gastric carcinoma tissues, and this was 
used as a method for distinguishing the two types of 
tissues[15,16]. However, the present study showed that 
SALL4 was detectable in HCC tissues. The reason for 
the different results is that SALL4 is not expressed in 
all HCC tissues. The HCC tissues in which SALL4 was 
positively expressed had features in common with 

stem cells and were characterized by a highly invasive 
nature and were also resistant to chemotherapy 
and radiotherapy[17]. Some reports showed that 
SALL4 is expressed in the nucleus and cytoplasm. 
The immunohistochemical results of Oikawa et al[18] 
indicated that SALL4 is expressed in both the nucleus 
and cytoplasm. Zeng et al[17], who evaluated the 
effect of SALL4 overexpression, found little expression 
of SALL4 in HuH1 cells. They transfected plasmid 
constructs encoding SALL4 (pCMV6-SALL4) and 
identified the expression of two isoforms using these 
constructs. Evaluation of the subcellular localization of 
GFP-tagged SALL4 (pCMV6-SALL4-GFP) showed that 
it could be detected in both the cytoplasm and the 
nucleus. The overexpression of SALL4 in HuH1 cells 
resulted in the activation of spheroid formation and 
invasive capacities and upregulated the level of hepatic 
stem cell markers cytokeratin (CK)19, epithelial cell 
adhesion molecule, and CD44. However, knockdown 
of SALL4 with SALL4 short hairpin RNA resulted in a 
decrease in spheroid formation capacity and invasive 
capacity, which suggests that SALL4 has the potential 
to enhance tumor invasiveness. 

A recent study suggested that SALL4 forms a nucl­
eosome remodeling and deacetylase (NuRD) complex 
with histone deacetylases (HDACs) and potentially 
regulates the activity of HDAC[19]. Knockdown of SALL4 
decreased HDAC activity, while overexpression of 
SALL4 increased the activity of HDAC and enhanced 
the chemosensitivity to HDAC inhibitor. That study 
also found that the SALL4-NuRD complex had the 
same start sites as phosphatase and tensin homolog 

Table 3  Survival time vs  SALL4 expression in postoperative 
hepatocellular carcinoma patients

SALL4 Died/total Median survival 
time (mo)

P  value

- 32/68 39
+ 18/27 25
++ 16/21 23
+++   9/10   9 0.000

Table 4  Multivariable analysis results in postoperative 
hepatocellular carcinoma patients

Parameters P  value Relative risk 95%CI

Clinical stages 0.002 1.547 1.169-2.047
histological differentiation 0.003 1.823 1.218-2.728
BCLC stage 0.876 1.028 0.725-1.459
AFP 0.046 1.158 1.002-1.338
Tumor size 0.503 1.133 0.786-1.635
Vascular invasive 0.531 0.796 0.389-1.627
SALL4 0.029 1.301 1.028-1.646

Table 5  Survival time vs  combined α-fetoprotein level and 
SALL4 expression in postoperative hepatocellular carcinoma 
patients

Group Cases Median 
survival 

time(mo)

P  value

AFP (-)/SALL4 (-)   9 41
AFP (-)/SALL4 (+)   7 38
AFP (+)/SALL4 (-) 59 31
AFP (+)/SALL4 (+) 51 12 0.000

AFP (-) < 7 μg/L; AFP (+) ≥ 7 μg/L. AFP: α-fetoprotein; SALL4: Sal-like 
protein 4.

Table 6  Survival time vs  α-fetoprotein level in SALL4-
positive postoperative hepatocellular carcinoma patients

AFP (μg/L) Cases Median survival 
time (mo)

P  value

 < 7   7 30
7-100   8 26
100-400 12 14
400-800   4 10
800-1210   2 24
≥ 1210 25   7 0.003

AFP: α-fetoprotein.

Yin F et al . SALL4 expression in prognosis of HCC
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protein (PTEN) and, through competitive binding with 
the PTEN binding site, the expression of PTEN was 
decreased. As a tumor suppressor gene, PTEN plays 
an important role in the development of a variety 
of tumors, and the PTEN/phosphoinositide 3 kinase 
(PI3K)/Akt signaling pathway is closely related to HCC.

A recent report[20] described a SALL4 peptide, 
containing 12 amino acids, that competitively inhibited 
the binding of SALL4-NuRD complex, thereby blocking 
the interaction between SALL4 and NuRD. In addition, 
SALL4 peptides decreased the viability of HCC cells and 
increased expression of PTEN, but had no interaction 
with SALL4-negative cells, which suggests that SALL4 
peptides have no toxic effect on normal cells. In a 
mouse xenograft model, tumor sizes were significantly 
smaller in mice that received the SALL4 peptide 
compared with mice that did not receive it. These 
results suggest that the SALL4 peptide is expected 
to be a new breakthrough therapy for SALL4-positive 
HCC patients.

It has been reported that SALL4 is not detected in 
chronic hepatitis but is faintly detected in bile ductules 
and in hepatocytes at the interface of parenchymal 
and stromal cells in liver cirrhosis[18]. Overexpression of 
SALL4 results in increased expression of CK19, which 
is a specific gene of the bile duct, and knockdown of 
SALL4 inhibited expression of CK19. These results 
suggest that SALL4 plays an important role in 
promoting differentiation of hepatoblasts into bile duct 
cells[21]. The observed expression of SALL4 in bile duct 
cells suggests that the hepatoblasts are activated and 
differentiated into bile duct cells. In our study, SALL4 
expression was detected at weak levels in adjacent 
noncancerous cirrhotic tissues, suggesting that cir­
rhosis is the early stage of liver cancer.

In this study, we report for the first time the 
combined detection of SALL4 and AFP, which enabled 
evaluation of the prognosis of HCC patients. Nowadays, 
AFP is used as a diagnostic marker. However, the 
diagnostic value of AFP is obscured by its low specificity 
and high sensitivity[22-24], and some researchers believe 
that AFP has no significant prognostic value for HCC 
patients. According to our results, joint detection of 
SALL4 and AFP allowed for evaluation of the prognostic 
value. The results showed that patients who were both 
SALL4 and AFP positive had the worst prognosis (Figure 
2B and Table 5). Among the SALL4-positive patients, 
the mean survival time decreased with increasing 
AFP levels (Table 6). Gene expression analysis has 
demonstrated that genes that are upregulated during 
proliferation and metastasis are significantly enriched 
when SALL4 is highly expressed in HCC[19], which 
suggests that SALL4-positive HCC patients have 
greater malignant potential and worse prognosis. 
In our study, we confirmed that AFP is positively 
correlated with SALL4 (Table 2). SALL4 was positively 
expressed in patients with increased AFP levels. The 
higher the level of SALL4 expression, the higher the 
grade of malignancy of the tumor, which resulted in 

shorter survival time and worse prognosis. Therefore, 
AFP had a prognostic value for HCC patients who were 
SALL4 positive. However, due to the small sample size, 
we were unable to analyze the influence of different 
AFP levels when SALL4 expression was weakly posi­
tive, moderately positive, and strongly positive. 

In conclusion, expression of SALL4 in HCC tissues 
was stronger than in liver hemangioma tissues 
and adjacent noncancerous cirrhotic tissues. The 
expression level of SALL4 was related to the AFP level, 
clinical stage, BCLC classification, and portal vein 
tumor thrombosis. SALL4 as an independent predictor 
affected the prognosis of HCC patients. Patients with 
higher expression levels of SALL4 and AFP have worse 
prognosis.

COMMENTS
Background
Hepatocellular carcinoma (HCC) is one of the most common digestive system 
tumors with a poor prognosis. Sal-like protein 4 (SALL4) is an oncogene that 
is not expressed in normal adult liver tissues but is partly detected in HCC. 
Moreover, its expression is relevant to the prognosis of HCC patients. In this 
study, immunohistochemical staining was used to explore the expression of 
SALL4. The results suggest that expression of SALL4 in HCC tissues is higher 
than in noncancerous hepatic tissues.

Research frontiers
This study independently evaluated the expression characteristics of SALL4 
in HCC tissues, noncancerous cirrhotic tissues, and liver hemangioma tissues 
using immunohistochemistry. The results suggested that SALL4 is actively 
expressed in HCC tissues, more than in the other tissues, and is correlated with 
the prognosis of HCC patients.

Innovations and breakthroughs
SALL4 is expressed as oncogenes in a variety of tumors, including germ cell 
tumors, breast cancer, and α-fetoprotein (AFP)-producing gastric cancer. In 
this study, the authors found that SALL4 was actively expressed in HCC cells 
with stem cell characteristics and played an important role in predicting the 
prognosis of HCC patients. When SALL4 was expressed at higher levels, the 
prognosis of HCC patients was worse.

Applications
HCC is one of the most common malignant tumors, and when diagnosed, 
most people have lost the best opportunity for radical cure. AFP is now used 
as a diagnostic marker for HCC patients. However, its low specificity and high 
sensitivity are controversial. In this study, the authors found that SALL4 was 
partly detected in HCC patients, and high expression was related to prognosis. 
This is the first report on the combined detection of SALL4 and AFP, which may 
improve the diagnostic and prognostic value for HCC patients. 

Terminology 
SALL4 is a transcription factor located on human chromosome 20q13 and 
encodes a protein containing an eight zinc finger motif, including SALL4A 
and SALL4B subtypes. Epithelial cell adhesion molecule is a 40 kDa 
transmembrane glycoprotein encoded by GA-733-2 gene. It plays an important 
role in the process of epithelial cancer.

Peer-review
This article shows the expression of SALL4 in HCC tissue (n = 126), adjacent 
non-cancerous cirrhotic tissue (n = 44), and liver hemangioma tissue (n = 10) 
by immunohistochemical staining. The results indicate that the expression 
of SALL4 is actively expressed in HCC tissue and also associated with the 
prognosis of HCC patients. This may provide a more reliable way for the clinical 
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diagnosis of HCC besides AFP alone. However, more clinical trials are needed 
to confirm the results.
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