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Decreased expression of schlafen5 (SLFN5) correlates 
with unfavorable survival in human  
hepatocellular carcinoma
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Abstract: As a type I IFN inducible-gene, schlafen5 (SLFN5) has been identified as a special tumor suppressor in the 
growth and invasion of human malignant melanoma and renal cell carcinoma. However, the association between 
SLFN5 expression and the clinicopathological characteristics of HCC is still unknown. We conducted this study 
to examine the expression of SLFN5 in HCC and investigate the association between SLFN5 expression and the 
clinicopathological manifestations of HCC patients. Real time-quantitative PCR, Western blotting and IHC analyses 
were used to evaluate the expression of SLFN5 in HCC cell lines and tissues. Kaplan-Meier survival and Cox regres-
sion analyses were applied to evaluate the prognosis of 90 HCC patients. The data showed significantly decreased 
SLFN5 expression in HCC tissues compared to corresponding non-cancerous cells and tissues. Moreover, we com-
pared the HCC and self-paired non-cancerous tissue for SLFN5 expression by measuring the decrease in SLFN5 
expression (denoted ΔSLFN5). Results showed that a higher ΔSLFN5 correlates with malignant behavior of HCC, 
including higher pathological grade (P = 0.003), higher TNM stage (P = 0.014) and bigger tumor diameter (P = 
0.017). Cox regression analysis further revealed that ΔSLFN5 ≥ 150 is an independent prognostic factor for overall 
survival (HR: 4.101; 95% CI: 1.135-14.815; P = 0.031). These data are the first to indicate that decreased expres-
sion of SLFN5 in HCC, which is closely related to poor histological grade, advanced TNM and larger tumor size. The 
low-expression of SLFN5 suggests poor survival outcomes in HCC patients.
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Introduction

Hepatocellular carcinoma (HCC) is the third 
leading cause of death from cancer worldwide 
and China accounts for more than 50% of new 
cases, globally [1]. HCC represents more than 
90% of primary liver cancer. The incidence of 
HCC increases progressively with age, reaching 
a peak at 70 years [2]. Men are more prone to 
this cancer than women, with a male to female 
ratio estimated to be 2.4:1 [1]. Many important 
risk factors for the development of HCC have 
been identified and thoroughly studied. These 
include alcohol intake, hepatitis B virus (HBV) 
infection, hepatitis C virus (HCV) infection, he- 
reditary hemochromatosis and cirrhosis of 
almost any cause [3]. Due to early metastasis 

and the rapid tumor progression of HCC, the 
prognosis of HCC is still poor. The CONCORD-2 
study recently published in Lancet, reported 
that the global survival rate from liver cancer 
from 1995-2009 was generally low (10-20%) in 
most countries [4]. However, the mechanisms 
through which this cancer develops and pro-
gresses are still not fully understood. 

The Schlafen (SLFN) gene family is divided into 
3 categories by size of the molecular mass 
(Group I: range from 37 to 42 kDa; group II: 
range from 58 to 68 kDa, group III: range from 
100 to 104 kDa). In 1998, Schwarts et al. iden-
tified 4 SLFN genes in mice and showed that 
they are involved in thymocyte maturation and T 
cell activation. At the moment, there are 10 
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known or predicted mouse SLFN genes and five 
human SLFN isoforms. Further studies revealed 
that they are involved in other important func-
tions, such as the control of cell proliferation, 
induction of immune responses, and the regu-
lation of viral replication. All SLFN isoforms con-
tain one specific domain called the Slfn box, 
which is not found in other proteins and whose 
function is not yet fully understood. It is thought 
that it might be involved in GTP/ATP binding. 
Other domains, such as SWADL or domains 
which are involved in RNA metabolism and RNA 
structure-modeling activity are also described 
in the literature [5-7]. Recently, several studies 
focused on the negative regulatory effects of 
the SLFN gene family on tumorigenesis [8-10]. 
Among them, human SLFN5 was shown to 
inhibit malignant melanoma cell growth and 
invasion in vivo, and also inhibits motility and 
decreases invasiveness of renal cell carcinoma 
(RCC) cells [11, 12]. SLFN11 have recently 
been associated with some important biologi-
cal functions. Interestingly, SLFN11 could block 
the production of the retrovirus, HIV-1, by block-
ing expression of viral proteins in a codon 
usage defined manner. Furthermore, other re- 
cent studies have demonstrated that SLFN11 
has an important role in predicting OS of ovari-
an cancer patients treated with cisplatin-con-
taining regimens and in sensitizing malignant 
cells to DNA damaging agents [13-16].

At the same time, SLFNs were deemed to be 
effectors of Type I interferon (IFNs) inducible 
responses. However, type I IFN-α has been 
used in HCC treatment for a long time. It acti-
vates the Janus kinase (JAK)/STAT signaling 
cascade, down-regulates vascular endothelial 
growth factor (VEGF) expression but is only 
effective in a subset of patients.

The role of human SFLN5 in HCC pathogenesis 
is still unclear. This study was conducted to 
investigate the relationship between SLFN5 
expression and the clinicopathological course 
of HCC. 

Materials and methods

Tissue microarray and tissue specimens

For immunohistochemistry (IHC) analysis, 90 
matched HCC tissues and adjacent non-can-
cerous tissues were arranged in a tissue micro-
array (TMA) by Outdo Biotech Co. Ltd (Shanghai, 

China). Patients, who had undergone curative 
hepatectomy at the Taizhou hospital (Zhejiang, 
China) from January 2010 to September 2011 
were enrolled in this study, including 74 men 
and 16 women with median age of 54.5 years 
(range, 28-76 years). Among them, 33 patients 
were diagnosed with liver cirrhosis. Twenty-nine 
patients had primary tumors smaller than 5 cm, 
39 patients had tumors between 5 to 10 cm, 
and the remaining 22 patients had tumors larg-
er than 10 cm. Regarding the pathological 
stage, 17 patients were at grade 1, 63 were at 
grade 2, and 10 were at grade 3. In terms of 
TNM staging among all 90 HCC cases, 7 
patients were in stage I, 45 were in stage II, 
while the remaining 31 patients were in 
advanced stage III. All patients were followed 
up, with the median duration of follow-up of 26 
months (range, 0-44 months). A diagnosis of 
HCC was pathologically re-confirmed. The TNM 
stage of all HCC samples was confirmed acc- 
ording to the 2002 American Joint Committee 
on Cancer/International Union Against Cancer 
TNM staging system [17]. The grade of tumor 
differentiation was estimated by the Edmond- 
son-Steiner grading system. The overall surviv-
al (OS) was defined as the survival time bet- 
ween surgery and death or between surgery 
and the last follow-up interview (Sep. 2013). 
We also collected 13 self-paired fresh HCC sur-
gical samples used for subsequent RT-PCR and 
Western blot detection in the Second Affiliated 
Hospital of Chongqing Medical University from 
July 2013 to February 2014. The specimens 
were processed immediately after surgery and 
stored at -80°C before subsequent protein and 
total RNA extraction. None of the patients had 
received hepatic transplant, adjuvant chemo-
therapy, radiation therapy or immunotherapy 
before or after surgery. The study was approved 
by the Ethics Committee of Taizhou Hospital 
and Chongqing Medical University. Informed 
consent was obtained from all patients or their 
relatives.

Cell culture and reagents

Three HCC cell lines (SMMC-7721, BEL-7402 
and Huh 7) were purchased from the Cell Bank 
of the Chinese Academy of Medical Science 
(Beijing, China). HepG2 and one human liver 
cell line (L02) was obtained from ATCC 
(Manassas, VA, USA). All cells were cultured in 
DMEM medium (HyClone, Waltham, MA) sup-
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plemented with 10% fetal bovine serum (Gibco, 
San Diego, CA), penicillin (100 U/mL) and strep-
tomycin (100 mg/mL).

Quantitative RT-PCR

Total RNA was extracted from frozen tissue 
using TriZol reagent (Invitrogen) following the 
manufacturer’s instructions. Total RNA (500 
ng) was mixed with oligo dT primers and reverse 
transcribed using PrimeScript™ RT Reagent Kit 
(TaKaRa Biotechnology). Real-time PCR was 
subsequently performed with SYBR® Priemix 
Ex Taq™ II (Takara Biotechnology). The primers 
of the PCR primers sets were as follows: 
schlafen5 (SLFN5), forward 5’-TTCTGCTGTGC- 
GGTGTTTGCCA-3’ and reverse 5’-CTGGAG- 
AACCATCTCAGGACAC-3’; glyceraldehyde-3-ph- 
osphate dehydrogenase (GAPDH), forward 
5’-GTCTCCTCTGACTTCAACAGCG-3’ and rever- 
se 5’-ACCACCCTGTTGCTGTAGCCAA-3’. Expre- 
ssion levels were normalized against GAPDH, 
and the 2-ΔΔCt method was used to evaluate the 
relative expression levels of SLFN5.

Western blotting assay

Frozen samples and harvesting cells were lysed 
using RIPA buffer in ice using homogenizers, 
then centrifuged (14,000×g; Eppendorf, Ger- 
many) for 30 min at 4°C. Protein concentra- 
tion was determined by the BCA protein assay 
(Beyotime Institute of Biotechnology, Shanghai, 
China). Equal amounts of degenerated proteins 
were electrophoretically separated on 10% 
SDS/polyacrylamide gels (SDS-PAGE) and 
transferred onto polyvinylidene difluoride 
(PVDF) membranes (Millipore, Bedford, MA, 
USA). The membranes were blocked with 5% 
skimmed milk in Tris-buffered saline with 
Tween-20 (TBS-T) for 1 h, and then incubated 
with Schlafen5 antibody (ab121537; diluted 
1:1,000). Anti-human β-actin antibody (Santa 
Cruz, CW0266, diluted 1:2,000) was used as 
internal control. HRP-conjugated secondary 
antibodies were visualized using the ChemiDoc 
MP imaging system (Bio-Rad, Hercules, CA).

Immunohistochemistry (IHC)

SLFN5 expression was detected using immuno-
histochemistry through a standardized strepta-
vidin-peroxidase (SP) method. The TMA slides 
were de-paraffinized and rehydrated, and epit-
ope retrieval was performed in citrate buffer 
(pH 6.0) in a pressure cooker for 2 min after air 

jetting. Following peroxidase blocking, the 
slides were incubated with 10% normal goat 
serum for 30 min, and then incubated with the 
primary antibody Schlafen5 (ab121537; 1:200) 
overnight at 4°C. Slides were incubated with 
biotinylated goat anti-mouse IgG (Beijing 
Zhongshan Golden Bridge Biotechnology Co., 
Beijing, China; 1:100). Negative controls were 
conducted with Phosphate Buffered Saline 
(PBS) to substitute the primary antibody. 
Immunostaining scores were independently 
evaluated by two pathologists. Semi-quan- 
tification of SLFN5 protein expression was 
based on the percentage of positively stained 
cells (0-100%) and the staining intensity (scale 
0-3). A final continuous IHC score of 0-300 was 
used.

Statistical analysis

The association of Schlafen5 expression with 
clinical manifestations was analyzed using the 
t test, One-Way ANOVA, or Wilcoxon signed rank 
non-parametric test. Overall survival analysis 
and univariate analysis was performed using 
the Kaplan-Meier method with log rank tests. 
Multivariate analysis was performed using Cox 
proportional hazards regression models to 
identify important factors which are statistical-
ly associated with overall survival status (OS), 
95% confidence intervals (CI), and hazard ratio 
(HR) are presented. All analyses were per-
formed using SPSS for Windows Version 17.0 
(SPSS Inc, Chicago, IL). P < 0.05 was designat-
ed as the level of significance.

Results

SLFN5 expression in HCC tissues

SLFN5 expression was measured in 13 fresh 
HCC tissues and matching non-tumor tissues 
using Real time-quantitative PCR. As shown in 
Figure 1, the SLFN5 expression in HCC tissues 
was significantly lower compared to the match-
ing non-tumor tissue when normalized to 
GAPDH (P = 0.027). This was confirmed by 
Western blot analysis through which we also 
identified decreased expression of SLFN5 pro-
tein in fresh HCC tissue compared to non-tumor 
tissue. 

Downregulation of SLFN5 mRNA and protein 
levels in HCC cell lines

SLFN5 expression was evaluated in four HCC 
cell lines (SMMC-7721, BEL-7402, Huh 7 and 
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HepG2) and one normal liver cell line (L02) 
using RT-PCR and Western blotting analysis. As 
shown in Figure 2, RT-PCR and Western blot-
ting analysis revealed that SLFN5 expression 
was decreased in the four HCC cell lines in 
comparison to the normal liver cell line.

Relationship of SLFN5 expression with clinico-
pathological features

IHC was conducted to evaluate SLFN5 protein 
expression. According to the H-score system, 
we detected significantly lower SLFN5 expres-
sion in HCC tissue samples compared to the 
matched non-tumor tissues (HCC: 95.33± 
60.82 & non-tumor tissue: 144.72±44.93, P < 

0.001; 95% CI, -63.79 to -34.99). SLFN5 pro-
tein expression in HCC is shown in Figure 3. To 
further assess the clinical significance of 
SLFN5 expression, we calculated a new vari-
able named ΔSLFN5 (the decrease in SLFN5 
expression in HCC compared to self-paired  
non-tumor tissue). The relationship between 
ΔSLFN5 protein expression and clinicopatho-
logical parameters is demonstrated in Table 1. 
A larger decrease in SLFN5 expressionin HCC 
was associated with higher pathological grade 
(I:15.29±43.35 & II: 49.37±67.91 & III: 107.5± 
75.21; P = 0.003; 95% CI, 34.993-63.785), hi- 
gher TNM stage (I: 17.14±41.91 & II: 36.28± 
56.89 & III: 76.53±78.32; P = 0.014; 95% CI, 

Figure 1. Down-regulation of SLFN5 in human HCC tis-
sue. A. Relative expression of human SLFN5 mRNA in 
13 paired samples of HCC tissues (HCC) and matched 
adjacent non-tumorous liver tissues (Non-tumor) 
(paired T test). B. Western blotting analysis for SLFN5  
in 8 paired samples of HCC tissues (T) and matched ad-
jacent non-tumorous liver tissues (NT).

Figure 2. Down-regulation of SLFN5 in human HCC 
cells. A. Relative expression of human SLFN5 mRNA 
in HCC cells and the normal liver cell. B. Western blot-
ting analysis for SLFN5 and their respective gray scale 
analysis results in HCC cells and the normal liver cell.
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34.936-64.461) and larger tumor diameter (< 
5 cm: 31.72±55.94 & 5~10 cm: 42.88±61.71 
& ≥ 10 cm: 84.20±84.73; P = 0.017; 95% CI, 
34.993-63.785) (Table 1). In comparison, no 
significant correlation was discovered between 
ΔSLFN5 expression and other clinical variables, 
including gender, age, liver cirrhosis and tumor 
node.

Relationship of SLFN5 expression with clinical 
outcome

The overall survival (OS) analysis using the 
Kaplan-Meier method revealed that the prog-
nosis of HCC patients with a higher decrease of 
SLFN5 expression (ΔSLFN5 ≥ 100 or ΔSLFN5 ≥ 

150) was significantly poorer compared to 
patients with low decrease of SLFN5 expres-
sion (ΔSLFN5 < 100 or ΔSLFN5 < 150) (Figure 
4; P = 0.021 & P < 0.001). Univariate analysis 
demonstrated that tumor size, histological 
grade, tumor stage, and ΔSLFN5 expression 
were significantly associated with overall sur-
vival of HCC patients (all P < 0.05, Table 2). No 
significant associations were found for age, 
gender, tumor node and Ki67 expression. To 
determine the independent prognostic marker 
of HCC, all variables of P < 0.10 in univariate 
survival analysis were included in the Cox pro-
portional hazards model. As shown in Table 2, 
out of 7 included variables (TNM stage, patho-

Figure 3. Representative staining pattern of SLFN5 
protein expression in HCC and corresponding non-
tumor tissues in a tissue microarray (TMA). A. Case 
1: Representative immunohistochemical photomi-
crographs of the Slfn5 shows a significantly lower 
expression in HCC tissue compared to the adjacent 
non-tumor tissue, ΔSLFN5 > 150; Case 2: Repre-
sentative immunohistochemical photomicrographs 
of the Slfn5 shows a significantly higher expression 
in HCC tissue compared to the adjacent non-tumor 
tissue, ΔSLFN5 < 0. B. The lower Slfn5 expression in 
Tumor compared with Non-tumor was detected us-
ing immunohistochemistry of the 90 HCC cases. P < 
0.0001 (paired T test).
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logical grade, liver cirrhosis, tumor node, gen-
der and ΔSLFN5 ≥ 100 or ΔSLFN5 ≥ 150), two 
of these were identified as independent prog-
nostic markers for OS. These were ΔSLFN5 ≥ 
150 (P = 0.031; HR: 4.101; 95% CI: 1.135-
14.815) and gender (P = 0.014). 

Discussion

Human SLFN5 has mainly been investigated 
because of its anti-tumor properties. Antonella 
et al. reported that SLFN5 could downregu- 
late expression of matrix metalloproteinases 
(MMP)-1 and -13 and several other genes, 
which are involved in the control of malignant 

sults showed significantly lower SLFN5 expres-
sion in HCC tissue compared with matched 
non-cancerous tissues (P < 0.001). The IHC 
scores was 95.33±60.82 and 144.72±44.93, 
respectively. These data are consistent with 
our results and support our findings. Taking into 
account a different degree of decline in SLFN5 
expression in every case of HCC, we evaluated 
the relationship of ΔSLFN5 (SLFN5 expression 
in self-paired non-cancerous tissue minus that 
of HCC tissue) with certain clinical parameters. 
We found that highly decreased expression of 
SLFN5 (ΔSLFN5 ≥ 100 or 150) was associated 
with higher pathological grade (P = 0.003), 
advanced TNM stage (P = 0.014) and larger 

Table 1. Clinical correlation of ΔSLFN5a expression in HCC (IHC 
score)

Parameter Total patients 
(N)

ΔSLFN5 expression

Mean ± SD P  
valueb

Age (years)
    < 60 62 55.24±64.95 0.231
    ≥ 60 28 36.43±76.10
Gender
    Male 74 49.26±68.25 0.969
    Female 16 50±73.21
Tumor diameter (cm)c

    < 5 29 31.72±55.94 0.017*

    5~10 39 42.88±61.71
    ≥ 10 22 84.20±84.73
Tumor nodules
    Single 78 50.48±68.48 0.703
    Multi 12 42.29±73.03
Pathological grade
    I 17 15.29±43.35 0.003*

    II 63 49.37±67.91
    III 10 107.5±75.21
AJCC tumor stage
    I 7 17.14±41.91 0.014*

    II 45 36.28±56.89
    III 31 76.53±78.32
Adjacent non-cancerous tissue
    Cirrhotic 33 39.32±66.65 0.208
    Non-cirrhotic 51 58.87±70.43
    HCC & Non-cancerous 90 95.33±60.82 < 0.001*

90 144.72±44.93
*Statistically significant; a: the decrease in SLFN5 expression in T compared with 
self-paired NT; b: the association of ΔSLFN5 expression with clinical manifesta-
tions were determined by the one-way analysis of variance (ANOVA) and t test; c: 
Tumor size was measured by the diameter of the largest tumor nodule.

cell motility [11]. SLFN5 also 
exhibits negative regulatory 
effects on anchorage-indepen-
dent malignant melanoma cell 
growth and invasion of malig-
nant cells in collagen accord- 
ing to the study conducted by 
Katsoulidis et al. Researchers 
recently described that SLFN5 
and SLFN11 could bind NOTCH 
in the nucleus [18]. Since it is 
well known that the NOTCH sig-
naling pathway is activated in 
human HCC, we can hypothe-
size that SLFN5 could affect 
biological function through in- 
teracting with NOTCH [19, 20].

In this study, we first investigat-
ed differential expression of 
SLFN5 in fresh HCC tissues. 
The results suggested a signifi-
cantly lower SLFN5 expression 
at both the mRNA and protein 
levels in HCC tissues at differ-
ent levels compared to matched 
non-cancerous tissues, indicat-
ing that the expression decre- 
ase potentially occurs at the 
transcriptional level. The ex- 
pression of SLFN5 in cell lines 
shows the same trend corre-
sponding to the normal liver cell 
line.

To further characterize the SL- 
FN5 expression in HCC, an IHC 
analysis in a HCC cohort of 90 
cases was conducted. Our re- 
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tumor diameter (P = 0.017), strongly suggest-
ing that SLFN5 might be involved in the carcino-
genesis and progression of HCC.

Furthermore, we showed that in our group, a 
decrease in SLFN5 expression (ΔSLFN5 ≥ 100 
or 150) was significantly associated with OS  
of patients with HCC. To support this, Kaplan-
Meier analysis of OS was conducted showing 
that patients whose tumors had higher ΔSLFN5 
(≥ 100 or 150) tend to have a significantly  
poorer OS, indicating that a high ΔSLFN5 level 
could be a marker of poor prognosis for patients 
with HCC. Moreover, the Cox proportional haz-
ards model showed that ΔSLFN5 ≥ 150 was a 
marker of poor OS independent of the known 
clinical prognostic indicators such as tumor 
size, histological grade, and tumor stage. There- 

fore, SLFN5 could be a candidate for a molecu-
lar prognostic marker in these patients, which 
could contribute to the identification of patients 
with poor prognosis and those who need to be 
treated more aggressively. 

However, this study has several limitations. 
Firstly, some clinical information was missing 
such as presence of HBV/HCV infection, alco-
hol consumption. Secondly, the follow-up time 
was not long enough. 

In summary, our findings showed for the first 
time that SLFN5 is down-regulated both in 
mRNA and protein expression level in HCC. The 
low-expression of SLFN5 is closely related to 
poor histological grade, advanced TNM and 
larger tumor size. Although further studies are 

Figure 4. Kaplan-Meier overall survival analysis of the 90 HCC patients who underwent curative surgery according 
to different cut-off value of ΔSLFN5 (the vertical bar represented the cases censored). A. ΔSLFN5 ≥ 0; B. ΔSLFN5 ≥ 
50; C. ΔSLFN5 ≥ 100; D. ΔSLFN5 ≥ 150.
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needed, low-expression of SLFN5 may be used 
as a novel biomarker for HCC prognosis. Future 
studies are needed to search for the molecular 
mechanism of SLFN5 in tumorigenesis and 
metastasis of HCC. With regard to the special 
relationship between SLFN5 and interferon, 
more studies are necessary to identify whether 
SLFN5 could predict the effect of interferon 
treatment. 
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