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Aberrant methylation of some genes can serve as promising biomarkers in hepatocellular carcinoma (HCC). This study 
aimed to investigate the diagnostic and prognostic value of plasma SGIP1 methylation in HCC. The study included a total 
of 269 subjects, of which 129 were with HCC, 45 with liver cirrhosis (LC), 45 with chronic hepatitis B (CHB), and 50 
were healthy controls (HCs). The aberrant methylation was detected by quantitative methylation-specific polymerase chain 
reaction (qMSP). The area under the curve (AUC) was 0.872 in distinguishing HCC from HCs, with a sensitivity of 85.3% 
and a specificity of 88%. The AUC was 0.728, when it distinguished HCC from CHB, with a sensitivity of 43.4% and a speci-
ficity of 97.8%. The AUC was 0.728 in distinguishing HCC from LC, with a sensitivity of 43.4% and a specificity of 97.8%. 
Elevated levels of SGIP1 methylation in HCC patients showed poorer overall survival (OS), progression-free survival (PFS), 
and metastasis-free survival (MFS) than those with low levels (Kaplan-Meier method and the log-rank test, p<0.05). SGIP1 
methylation in different study groups demonstrated different sensitivities. SGIP1 methylation detection in the plasma may 
serve as a non-invasive diagnostic and prognostic biomarker for HCC. 
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At present, the incidence of malignant tumors is increasing 
worldwide due to environmental conditions, genetics, and 
smoking [1, 2]. China has a high incidence of liver cancer, 
with more than 50% of new cases and deaths worldwide 
occurring in China [3, 4]. Treatment for liver cancer includes 
surgical resection, radiofrequency ablation, transcatheter 
arterial chemoembolization, and targeted therapy [5–8]. The 
early symptoms for patients with liver cancer are often not 
obvious, and it is usually diagnosed during the advanced 
stages of the disease. The treatment efficacy for patients with 
early-stage liver cancer is much higher compared to patients 
with advanced-stage [9, 10]. Hence, early detection and 
diagnosis are vital for improving the prognosis of patients 
with liver cancer. Research focusing on early diagnosis has 
been intensively studied in recent years [11, 12].

Alpha-fetoprotein (AFP) is currently the only widely used 
serum biomarker for HCC [13–15]. However, several studies 
have demonstrated negative AFP in some HCC [16–18]. This 
limits its clinical utility to detect all forms of HCC. Hence, 
the search for a more sensitive non-invasive biomarker is 

urgently needed. Current studies have demonstrated that 
the methylation status of tumor-related genes could be used 
for tumor diagnosis, efficacy observation, and prognosis 
[19, 20]. SH3 domain GRB2 like endophilin interacting 
protein 1 (SGIP1) is an endocytosis protein [21]. SGIP1 is 
located on chromosome 1p31.3. SGIP1 was reported that it 
is a neuronal protein that regulates energy balance and plays 
an important role in clathrin-mediated endocytosis. It has 
been reported to be involved in the occurrence and devel-
opment of gastric and intestinal cancers [22, 23]. Through 
the Cancer Genome Atlas (TCGA) database (http://ualcan.
path.uab.edu/analysis.html), we found that SGIP1 methyla-
tion in liver cancer tissue is higher than that in normal liver 
tissue [24]. Can SGIP1 methylation be used for the diagnosis 
of liver cancer? At present, no studies have been published 
with regard to the methylation status of SGIP1 in HCC. Our 
study investigated the role and methylation status of SGIP1 
for liver cancer diagnosis. Matrix-assisted laser desorption 
ionization time-of-flight mass spectrometry (MALDI-TOF 
MS) was used to detect SGIP1 methylation status in HCC 
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tissues and matched normal tissues. Quantitative methyl-
ation-specific PCR was used to detect SGIP1 methylation 
status from 129 liver cancer patient plasma samples prior to 
treatment. Forty-five patients with hepatitis B and 45 patients 
with liver cirrhosis were confirmed to meet the inclusion 
criteria. Methylation of the SGIP1 gene in the plasma of 50 
healthy subjects was also included. The sensitivity, specificity, 
and accuracy of the ROC curve were used to analyze the 
value of SGIP1 gene methylation status for the diagnosis of 
liver cancer. In addition, the clinical characteristics of liver 
cancer patients i.e., gender, age, AFP, and TNM stage were 
collected. The correlation between SGIP1 methylation status 
and clinical characteristics of liver cancer patients were then 
analyzed.

Patients and methods

Tissue samples. HCC tissues and matched normal tissues 
(3 cm from the tumor margin) were collected from 16 HCC 
patients who were diagnosed and underwent the surgery at 
the Department of Liver Surgery in Sun Yat-sen University 
Cancer Center between October 2017 and November 2017. 
All patients provided written informed consent, which was 
approved by the Ethics Committee of Sun Yat-sen Univer-
sity Cancer Center. The patients’ characteristics are shown in 
Table 1.

Blood samples. A total of 269 subjects who were admitted 
to Sun Yat-sen University Cancer Center and the Third Affili-
ated Hospital of Sun Yat-sen University between October 
2017 and August 2018 were enrolled in this study. Of those 
subjects, 129 were diagnosed with hepatocellular carcinoma, 
50 were healthy controls (HC), 45 were diagnosed with liver 
cirrhosis (LC), 45 were diagnosed with chronic hepatitis B 
(CHB). It is worth mentioning that patients with LC and 
CHB have been excluded from HCC detection by ultrasound, 
CT, and MRI. Blood samples were obtained from the subject 
above by phlebotomy using 5 ml EDTA-treated tubes, and 
the prepared plasma (2 ml) from blood samples within 2 h of 
collection by centrifugation (1600 ×g, 10 min), followed by 
transferring the supernatant into a 2 ml centrifugation tube 
and subsequent centrifugation (16000 ×g, 10 min). Plasma 
samples were stored at –80 °C until analysis. All participants 
provided written informed consent. This study was approved 
by the Ethics Committee of Sun Yat-sen University Cancer 
Center.

Methylated primer design. The full CpG island sequence 
of the SGIP1 gene was queried on the UCSC website, followed 
by designing of the primers at the EpiDesigner website.

Tissue DNA extraction and sodium bisulfite modifica-
tion. After thawing the sample stored at –80 °C, the DNA was 
extracted from the tissues by phenol/chloroform and ethanol 
precipitation according to the manufacturer’s protocol. The 
DNA concentration and purity of the sample were detected 
by NanoDrop 2000. The total amount of DNA was made up 
to ~3–5 μg, and its concentration was greater than 50 ng/µl. 

The DNA extracted from each specimen was then subjected 
to bisulfite treatment using the EZ conversion kit (Zymo 
Research, Orange, CA, USA).

MALDI-TOF MS analysis. MALDI-TOF MS analysis 
technology combines a base-specific digestion reaction 
and MALDI-TOF detection principle to realize multiple 
CpG analysis and detection. The bisulfite-treated DNA was 
subjected to PCR with specific primer pair. The primers 
are shown in Table 2. The amplification of 1 ml of bisulfite-
treated DNA (20 ng/ml) was carried out using HotStar Taq 
Polymerase in 5 ml of reaction volume, and using PCR 
primers at a final concentration of 200 mM. After treatment 
with shrimp alkaline phosphatase, 2 ml of the PCR products 
were used as a template for in vitro transcription to obtain 
RNA transcripts. The reverse product was subjected to base-
specific cleavage, and the resulting samples were condi-
tioned and spotted on a 384-pad SpectroCHIP. The resul-
tant methylation calls were performed by using EpiTyper 
software v1.0.

RNA extraction and qRT-PCR. Trizol reagent (Invit-
rogen, Carlsbad, CA, USA) was used to extract total RNA 
from HCC tissues and normal tissues according to the 
manufacturer’s protocol. Reverse transcription and qRT-PCR 
were performed with the Applied Biosystems 7500 Real-
Time PCR System (ABI7500; Life Technologies, Darmstadt, 
Germany) using SYBR Green qRT-PCR kit from Takara 
Biotechnology (Takara, Dalian, China). GAPDH was used 
as an internal control for the quantification of the mRNA 
levels of genes. The primers used were synthesized by Ruibo 
(Ruibo, Guangzhou, Guangdong, China) and are shown in 
Table 3.

Table 1. The characteristics of tissue samples.
Characteristics Cases (%)
Total case number 16
Gender

Male 15 93.8
Female 1 6.2

Age (years)
≤44 8 50
>44 8 50

T
T1+T2 7 43.8
T3+ T4 9 56.2

N
N0 14 87.5
N1 2 12.5

Clinical stage
I+II 7 43.8
III+IV 9 56.2

AFP (μg/l)
≥25 11 68.8
<25 5 31.2

Abbreviations: T-tumor; N-node
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Immunohistochemistry (IHC). IHC was performed to 
examine the SGIP1 expression in human HCC specimens. 
Briefly, the tissue sections were fixed using 4% formaldehyde 
overnight and then embedded in paraffin. After deparaf-
finization and hydration, the sections were pretreated with 
sodium citrate buffer in a microwave for antigen retrieval 
and blocked using normal goat serum. The sections were 
then stained using rabbit anti-SGIP1 antibodies (Abcam, 
USA) overnight at 4 °C, and then incubated in biotinyl-
ated goat anti-rabbit IgG secondary antibodies for 1 h. 
Finally, the sections were stained with an avidin-biotin 
peroxidase complex (GeneTex, USA). The section scoring 
was performed by two independent pathologists who were 
blinded to patient data of the samples. The immunostaining 
was scored according to the German immunoreacted score 
[25]. Scores representing percentage of tumor cells positively 
stained were 0 (<5%), 1 (5–25%), 2 (25–50%), 3 (50–75%), or 
4 (>75%). The score standards for the staining intensity were 
0 (negative), 1 (weak), 2 (medium), and 3 (strong). The total 
score of ≥4 was defined as the high-expression group.

Plasma DNA extraction and sodium bisulfite modifica-
tion. The plasma DNA was extracted from 2 ml of plasma 
samples using the QIA amp DNA Blood Mini Kit (Qiagen, 
Hilden, Germany). DNA extracted from each specimen was 

then subjected to bisulfite treatment using the EZ conversion 
kit (Zymo Research, Orange, CA, USA).

Quantitative methylation-specific polymerase chain 
reaction. Methylation of SGTP1 was analyzed by using the 
quantitative methylation-specific quantitative PCR (qMSP), 
which is a high-throughput quantitative methylation assay 
that combines fluorescence-based real-time PCR (TaqMan) 
technology with methylation-specific quantitative PCR. The 
qMSP was conducted with the Applied Biosystems 7500 Real-
Time PCR System (ABI7500; Life Technologies, Darmstadt, 
Germany). The primers were synthesized by Ruibo (Ruibo, 
Guangzhou, Guangdong, China). The primers and TaqMan 
probes are listed in Table 3. The PCR was performed under 
the following conditions: 94 °C denaturation for 5 min, 20 
cycles of 95 °C for 15 s, 66 °C for 30 s followed by 30 cycles 
of denaturation at 95 °C for 10 s, annealing step at 58 °C for 
31 s. Each PCR was carried out in a 96-well plate composed 
of positive and negative controls. GAPDH was used as the 
endogenous reference to standardize plasma SGIP1 methyla-
tion levels. Three parallel auxiliary wells were used for each 
quantitative PCR reaction. The SGIP1 methylation levels for 
each sample was determined after normalization using the 
2–Δ method relative to the internal reference GAPDH. CT 
calculation, ΔCT = mean CT SGIP1 – mean CT GAPDH (the 
CT value was the threshold cycle for each sample). Afterward, 
SGIP1 methylation levels for each HCC patient (relative to 
healthy SGIP1 methylation levels) were expressed as fold 
change: Fold change = 2–ΔΔCT, where ΔΔCT = (CT SGIP1 – 
CT GAPDH) – (CT normal – mean CT GAPDH normal).

Statistical analysis. All statistical analyses were 
performed by using SPSS 16 (SPSS; IBM, Chicago, IL, USA) 
software. Mann-Whitney U test was used to determine 
differences in nonparametric variables. The optimal cut-off 
values were determined by simultaneously maximizing both 
the sensitivity, as well as the specificity, for detecting HCC 
using receiver-operating characteristics (ROC) curves. ROC 
curves were used to analyze diagnostic performance. Survival 
curves were adopted to analyze prognostic performance.

Overall survival (OS) was defined as the time between 
diagnosis and either death or the time of the last follow-
up. Progression-free survival (PFS) was defined as the time 
from diagnosis to the time of progress or the last follow-up. 
Metastasis-free survival (MFS) was defined as the time from 
diagnosis to the time of metastasis or the last follow-up. 
Kaplan-Meier method and the log-rank test were adopted to 
analyze the survival time. A p-value <0.05 was considered 
statistically significant.

Results

Methylation status of SGIP1 in liver cancer tissues. We 
have studied 58 CpG sites through MALDI-TOF MS analysis. 
In the comparison of 16 cases of liver cancer tissue and normal 
adjacent tissues, the methylation of liver cancer tissues at the 
locus of SGIP1_1 and SGIP1_3; SGIP1_1CPG _15.16.17.18; 

Table 2. MALDI-TOF MS primers of SGIP1.
Primer name Primer sequence (5’-3’)
SGIP1-1 F TTTAGGTTTTTATTTGGGTGAATGA
SGIP1-1 R CCTCCCACTCCAACCTAAACTC
SGIP1-2 F TTGTTATTTTAATAGGGGATTTTGG
SGIP1-2 R CCACAAACACTAACATTTAAAATTCCT
SGIP1-3 F AGGAATTTTAAATGTTAGTGTTTGTGG
SGIP1-3 R CTACCTACTCCCCTTTCCAACCT
SGIP1-4 F TTTTTTGTTAAGGTGGTAGTTTTTGA
SGIP1-4 R AACCTACATCTCCTAACACAATACCC
SGIP1-5 F TTGTGTTAGGAGATGTAGGTTGGTT
SGIP1-5 R TCCTTAATTTCCAAAAAATCTAAAA

Abbreviations: MALDI-TOF MS; Matrix-assisted laser desorption ioniza-
tion time-of-flight mass spectrometry

Table 3. PCR primers of SGIP1 mRNA and quantitative methylation-
specific SGIP1 PCR primers
Primer name Primer sequence (5’-3’) for SGIP1 mRNA
SGIP1-1 F CAAGAACCACTGTCCCAAGA
SGIP1-1 R TGTGGTGAAGCTCTGTTCAT
GAPDH F GGGAAACTGTGGCGTGAT
GAPDH R GAGTGGGTGTCGCTGTTGA

Methylation-specific primers (5’-3’) and TaqMan probes
SGIP1-1 F GCCTTTGGAATACGGAAGAAAGA
SGIP1-1 R TGCTATTGTAGGGTGGTTCGT
SGIP1-1 FAM GCGCGTCGCGGAGAAACGTGTT
GAPDH F TACTAGCGGTTTTACGGGCG
GAPDH R TCGAACAGGAGGAGCAGAGAGCGA
GAPDH VIC GAGAAGTTGAGTTATGGGTAGTTGGAAAAGGA
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mRNA expression of SGIP1 and immunohistochem-
istry (IHC) in liver cancer tissues and normal adjacent 
tissues. To explore whether high methylation will affect 
gene expression, we have performed mRNA expression of 16 
cases of liver cancer tissues and normal adjacent tissues. The 

20.21.22; 23.24; SGIP1_1CPG _25; SGIP1_1CPG_ 26; 
SGIP1_1CPG _27.28; and SGIP1_3CPG_4.5.6.7.8.9.10.11.12 
were higher than those of normal adjacent tissues. The differ-
ences of these sites between the two groups were statistically 
significant, but not the other sites (Figure 1).

Figure 1. Methylation status of SGIP1 (A), SGIP1-1 (B), and SGIP1-3 (C) in liver cancer tissues and matched normal adjacent tissues. The methyla-
tion of liver cancer tissues at locus of SGIP1_1 and SGIP1_3 was higher than those of normal adjacent tissues (p<0.05); the methylation of liver cancer 
tissues at locus of SGIP1_1CPG_15.16.17.18,20.21.22,23.24,25,26,27.28 were higher than those of normal adjacent tissues (p<0.01); the methylation 
of liver cancer tissues at locus of SGIP1_3CPG_4.5.6.7,8.9.10,11.12 were higher than those of normal adjacent tissues (p<0.05). Abbreviations: T-liver 
cancer tissues; N-normal adjacent tissues
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results showed that the mRNA of SGIP1 in normal adjacent 
liver tissues was higher than liver cancer tissues (p<0.01, 
Figure 2A). Furthermore, protein expression was detected in 
liver cancer tissues and normal adjacent tissues via immuno-
histochemistry. The immunoreacted scores of SGIP1 in 
normal adjacent liver tissues (3.81±1.328) (χ±s) were higher 
than liver cancer tissues (2.44±0.964) (p<0.01, Figure 2B). 
These data suggest that high methylation may be responsible 
for the downregulation of mRNA and protein expression in 
liver cancer.

Levels of plasma SGIP1 methylation in different 
samples. The median methylation levels of plasma SGIP1 in 
HC, CHB, LC, and HCC samples were 4 (0.5, 20) (QL, QU), 
6.55×104 (0.5, 1.97×105), 6.55×104 (1.64×104, 2.62×105), and 
2.62×105 (1.64×104, 4.19×106), respectively. The difference 
between HC and CHB, HC and LC, HC and HCC, CHB or 
LC and HCC were statistically significant (p<0.01, Figure 3). 

The methylation levels of plasma SGIP1 in LC were slightly 
higher compared to CHB but the difference was not statisti-
cally significant (p=0.641).

Diagnostic value of plasma SGIP1 methylation and 
AFP in HCC. ROC curve was used to analyze the diagnostic 
value of SGIP1 gene methylation in distinguishing HCC 
from HC, CHB, and LC. The optimal threshold was selected 
based on the threshold of the maximum Jordanian index. 
As shown in Table 4 and Figure 4, SGIP1 gene methylation 
displayed a high diagnostic ability in discriminating HCC 
from HC with an AUC of 0.872, with 85.3% sensitivity and 
88% specificity. Meanwhile, the diagnostic ability of SGIP1 
gene methylation in distinguishing HCC from CHB or LC 
resulted in a low sensitivity (43.4% and 43.4%, respectively) 
and a high specificity (97.8% and 100%, respectively), with an 
AUC of 0.728 and 0.675, respectively. The diagnostic ability 
of SGIP1 gene methylation in distinguishing HCC from 
non-HCC was similar to that in distinguishing HCC from 
CHB. When SGIP1 was combined with AFP25 (AFP≥25), it 
assisted in distinguishing between HCC and HCs by 95.3%, 
and distinguishing HCC from benign liver diseases such as 
hepatitis and cirrhosis by 86%, as shown in Supplementary 
Tables S1–S5.

Correlation with clinicopathologic parameters. SGIP1 
methylation levels were higher in male patients compared to 
female patients, higher in T3 and T4 patients compared to 
T1 and T2 patients, higher in patients with distant metas-
tasis compared to patients with no distant metastasis, and 
higher in III and IV patients compared to I and II patients. 
Furthermore, SGIP1 methylation levels in patients with 
tumor diameters greater than or equal to 5 cm were higher 
compared to patients with tumor diameters less than 5 
cm and were higher in patients with abnormal AFP levels 
compared to patients with normal AFP levels. The differ-
ences mentioned above were statistically significant, except 
for the remaining clinical factors, as shown in Table 5.

Figure 2. mRNA expression of SGIP1 and immunohistochemistry (IHC) in liver cancer tissues and normal adjacent tissues. A) The mRNA of SGIP1 
in normal adjacent liver tissues was higher than liver cancer tissues (p<0.01). B) Protein levels of SGIP1 in normal liver tissues were higher than liver 
cancer tissues (p<0.01). Abbreviations: T-liver cancer tissues; N-normal adjacent tissues

Figure 3. The levels of plasma SGIP1 methylation in different samples. 
The difference between healthy controls (HC) and chronic hepatitis B 
(CHB), HC and liver cirrhosis (LC), HC and hepatocellular carcinoma 
(HCC), CHB or LC and HCC were statistically significant (p<0.01).
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Correlation with OS, PFS, and MFS. Based on the median 
plasma SGIP1 methylation levels in the 129 patients with 
liver cancer, patients were divided into the high-level group 
(> median) and low-level group (≤ median). There were 8 
patients lost during follow-up, including 5 in the high-level 
group and 3 in the low-level group. The 1-year survival rate of 
patients in the high-level group was 71.5% and 85.6% in the 
low-level group. The difference was statistically signif﻿icant 
(p<0.01, Figure 5A). The one-year progression-free survival 
rate of patients in the high-level group was 37.1%, while it 
was 55.5% for the low-level group (p<0.01, Figure 5B). The 

one-year metastasis-free survival rate of patients in the high-
level group was 83.1%, while it was 94.9% for the low-level 
group (p<0.01, Figure 5C).

Discussion

SGIP1 has been reported to be involved in the occurrence 
and development of gastric and intestinal cancers [22, 23], 
through the Cancer Genome Atlas (TCGA) database, we 
found that SGIP1 methylation in liver cancer tissue is higher 
than that in normal liver tissue. Can SGIP1 methylation be 

Figure 4. Diagnostic value of plasma SGIP1 methylation in HCC. A) SGIP1 gene methylation to discriminate patients with hepatocellular carcinoma 
(HCC) from healthy controls. The area under the curve (AUC) was 0.872, with 85.3% sensitivity and 88% specificity. B) SGIP1 gene methylation to 
discriminate HCC from chronic hepatitis B (CHB). The AUC was 0.728, with 43.4% sensitivity and 97.8% specificity. C) SGIP1 gene methylation to 
discriminate HCC from liver cirrhosis (LC). The AUC was 0.675, with 43.4% sensitivity and 100% specificity. D) SGIP1 gene methylation to discrimi-
nate HCC from CHB and LC. The area under the curve (AUC) was 0.702, with 43.4% sensitivity and 98.9% specificity. E) SGIP1 gene methylation to 
discriminate HCC from non-HCC (CHB+LC+HC). The AUC was 0.762, with 43.4% sensitivity and 99.3% specificity.

Table 4. Diagnostic value of SGIP1 methylation in distinguishing HCC in the different populations.

Case vs. Control Cut off
Performance

AUC (95%) Sensitivity (%) Specificity (%) p-value
HCC vs. HC 160 0.872 (0.819–0.924) 85.3 88 <0.001
HCC vs. CHB 786432 0.728 (0.653–0.804) 43.4 97.8 <0.001
HCC vs. LC 786432 0.640 (0.525–0.755) 43.4 100 <0.001
HCC vs. (CHB+LC) 786432 0.672 (0.570–0.774) 43.4 98.9 <0.001
HCC vs. non-HCC 786432 0.749 (0.666–0.832) 43.4 99.3 <0.001

Abbreviations: HCC-hepatocellular carcinoma; CHB-chronic hepatitis B; LC-liver cirrhosis; HC-healthy controls; non-HCC-(CHB+LC+HC)
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used for the diagnosis of liver cancer? So, we carry out this 
research to explore it.

Our results demonstrated that the SGIP1 gene methyla-
tion levels were higher in CHB and LC patient samples 
compared to HC patient samples, while it was higher in HCC 

Table 5. Correlations between plasma SGIP1 methylation and clinico-
pathological characteristics of the HCC patients.
Clinicopathological 
factors Cases SGIP1 M (QL, QU ) p-value

Gender
Male 112 5.24×105 (3.28×104, 4.19×106) 0.035
Female 17 3.28×104 (1.25, 1.31×106)

Age (years)
≤51 61 1.05×106 (3.28×104, 4.20×106) 0.196
>51 68 2.62×105 (7.17×103, 2.10×106)

T
T1+T2 55 3.28×104 (2.56×102, 2.62×105) <0.001
T3+ T4 74 2.10×106 (2.62×105, 4.19×106)

N
N0 115 2.62×105 (1.64×104, 2.10×106) 0.247
N1 14 3.15×106 (2.29×105, 8.39×106)

M
M0 119 2.62×105 (1.64×104, 2.10×106) <0.001
M1 10 4.19×106 (3.41×106, 8.39×106)

Clinical stage
I+II 54 3.28×104 (2×102, 3.28×105) <0.001
III+IV 75 2.10×106 (2.62×105, 4.19×106)

Tumor size (cm)
≥5 81 1.05×106 (1.97×105, 4.19×106) <0.001
<5 48 3.28×104 (20, 2.62×105)

AFP (μg/l)
≥25 107 5.24×105 (3.28×104, 4.19×106) 0.005
<25 22 2.46×104 (13, 3.28×105)

ALT (U/l)
≤40 75 2.62×105 (1.28×103, 2.10×106) 0.065
>40 54 5.24×105 (5.73×104, 4.19×106)

Abbreviations: T-tumor; N-node; M-metastasis

Figure 5. The relation between the levels of plasma SGIP1 methylation and survival. A) The 1-year survival rate of patients in the high-level (> median) 
group was 71.5% and 85.6% in the low-level (≤ median) group (p<0.01). B) The one-year progression-free survival rate of patients in the high-level (> 
median) group was 37.1%, while it was 55.5% for the low-level (≤ median) group (p<0.01). C) The one-year metastasis-free survival rate of patients in 
the high-level (> median) group was 83.1%, while it was 94.9% for the low-level (≤ median) group (p<0.01).

samples compared to CHB or LC samples. These differences 
were statistically significant. Plasma SGIP1 gene methylation 
has a high sensitivity for distinguishing HCC from HC, while 
it has a low sensitivity and high specificity for distinguishing 
HCC from CHB or LC. A combined diagnosis with AFP 
could improve its sensitivity. Plasma SGIP1 methylation in 
HCC is related to gender, tumor stage, tumor diameter, and 
AFP levels. Patients with higher SGIP1 methylation levels 
have worse overall survival, progression-free survival, and 
metastatic-free survival.

At present, there are many plasma or serum methylation 
testing methods for diagnosing HCC [26–30]. Some studies 
have compared HCC with normal healthy individuals 
[26], and a few others compared HCC with hepatitis and 
cirrhosis patients [27–29]. Do different comparison groups 
make differences in sensitivity and specificity? There are 
few studies that compared different groups at the same time 
[30]. In our study, the sensitivity of SGIP1 gene methylation 
in distinguishing HCC from normal individuals was 85.3%, 
and 43.4% in distinguishing HCC from hepatitis or cirrhotic 
patients. This study, as well as the above study, indicated that 
different comparison groups could lead to different sensi-
tivities.

In the studies that diagnose gene methylation in HCC, 
the sensitivity of most of the genes was not high, such as 
the sensitivity of RASSF1A was 52–73.3% [28, 29], and 
GSTP1 was 17.4–38.7% [28, 30]. To increase the sensitivity, 
researchers have used a combination of multiple genes or 
with alpha fetoprotein (AFP). For example, Xu et al. have 
used a combination of 10 genes, and achieved a sensitivity 
of 85.7% and a specificity of 94.3% in distinguishing HCC 
from normal individuals [26]. In our study, when SGIP1 
was combined with AFP25, it assisted in distinguishing 
between HCC and HCs by 95.3% and distinguishing HCC 
from benign liver diseases such as hepatitis and cirrhosis by 
86%. More importantly, the results of our study showed that 
different study groups could lead to different sensitivities. 
Practically, the highly sensitive study groups can be used as 
the detection group. For example, in the study conducted by 
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Huang et al., APC demonstrated high sensitivity in distin-
guishing HCC from benign liver disease patients [30], and 
so it was used to screen HCC in patients with benign liver 
disease. While SGIP1 methylation was used to screen HCC 
in healthy people in our study.

There are several studies on the effect of gene methylation 
with regard to the survival of HCC. Xu et al. have demon-
strated that they could effectively predict the prognosis of 
patients with HCC by combining the methylation of eight 
genes [26]. In our study, univariate analysis showed that 
HCC patients with high levels of SGIP1 gene methylation 
had worse OS, PFS, and metastatic-free survival. In multi-
variate analysis, SGIP1 gene methylation was shown to be an 
independent prognostic factor that affected metastatic-free 
survival. In addition, by analyzing the correlation between 
SGIP1 gene methylation and clinicopathological factors, the 
results showed that the plasma SGIP1 gene methylation was 
not only related to tumor stage and tumor burden but also 
related to distant metastasis. The possible reason for this is 
that the tumor locally invades the liver, and then the SGIP1 
can enter the blood circulation system through local blood 
vessels, or the methylation of the SGIP1 gene promotes 
tumor proliferation and metastasis. SGIP1 gene methyla-
tion acts as an independent prognostic factor that affects 
metastatic-free survival, suggesting that patients with HCC 
can take different treatment options according to different 
levels of SGIP1 gene methylation. For example, patients 
with high methylation levels might require a more rigorous 
detection of distant metastases and need stronger systemic 
treatment.

There were several limitations to our study. First, this was 
a single-center study. Our results should be validated using 
larger multi-center patient cohorts. Second, the follow-up 
period in this study was short. Longer follow-up work should 
be performed to determine whether plasma SGIP1 methyla-
tion levels are related to prognosis.

In summary, our study demonstrated that plasma SGIP1 
gene methylation levels had high sensitivity in distin-
guishing HCC from HC, while it had low sensitivity and 
high specificity in distinguishing HCC from CHB and LC. 
Diagnosis with a combination of AFP levels could improve 
its sensitivity. SGIP1 plasma methylation levels could be 
used as a non-invasive diagnostic method for HCC and 
need to be further validated using larger multi-center 
patient cohorts.

Supplementary information is available in the online version 
of the paper.
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