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Abstract: 
Background: Previous studies showed contradictory data regarding 
sphingosine1-phosphate (S1P) levels in hepatocellular carcinoma (HCC) of 
HBV etiology and no data reported in HCV- related HCC. Role of S1P in liver 
fibrosis differs whether of HCV or HBV etiology. Experimental studies 
described interplay of S1P, adiponectin and sex hormones.  
Aim: Studying sex disparity ad interplay of theses parameters in pathogenesis, 
diagnosis, clinic –morphological and staging of HCC.  
Methods: Measurement of SIP, adiponectin and testosterone (T), estradiol (E) 
and sex hormone binding globulin (SHBG) among HCV–HCC group in 
comparing with HCV-related cirrhotic and healthy groups with their sex 
stratified subgroups.  
Results: S1P was significantly higher in HCC patients with cut off value ≥ 
113ng/l as screening test (sensitivity 95%, specificity 56%) for diagnosis of 
HCC diagnosis compared to sex -matched cirrhotic and healthy subjects. 
Compared to sex matched cirrhotic subgroups, male-HCC had significantly 
higher SHBG and lower adiponectin and estradiol while an opposite profile was 
observed in female-HCC. Female-HCC had significantly higher SIP and 
adiponectin than male-HCC. S1P level was positively correlated with 
adiponectin & testosterone and negatively correlated with E/T ratio in male and 
female HCC subgroups, adiponectin was negatively correlated with testosterone 
and SHBG and positively correlated with estradiol and E/T ratio among entire 
HCC group but reverse associations were observed in female-HCC. In females, 
large tumor size and higher T-class TNM staging were associated with higher 
adiponectin and testosterone and lower E/T ratio, and multiplicity was liked to 
higher estradiol. In males, an association between higher testosterone and higher 
T-class TNM staging was observed.  
Conclusion: S1P is screening test for diagnosis of HCV-HCC which display sex 
disparity of association and interaction of S1P, adiponectin and, sex hormones 
in clinic-morphological features and staging 
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Background: 
Hepatocellular carcinoma (HCC) is more frequently 

observed in males than in females with more aggressive 

behavior in males [1]. This sex disparity is 

multifactorial, hepatitis C viral infection (HCV), sex 

hormones and adiponectin play a contributing role [2,3]. 

The role of adiponectin in HCC is still unclear. It has 

diverse actions, and both protective and oncogenic 

actions have been previously reported [4,5]. Based on 

studies performed in cell lines, animal models, and 

epidemiological studies, testosterone may decrease 

adiponectin levels while estrogen may stimulate its 

release [3,6]. While many studies have supported the 

protective role of estradiol, others have referred to its 

oncogenic role in HCC. Enhanced aromatization with 

conversion of androgen to estrogen was described in 

HCC tissue and can be assessed by calculating the 

estradiol to testosterone (E/T) ratio [7,8]. Total 

testosterone (T) circulates in three forms, ~60% of 

which is bound to sex hormone-binding globulin 

(SHBG), which is synthetized by the liver. Both of the 

fractions bound to albumin (40-50%) and free 

testosterone (1%) represent active testosterone forms, 

and they are estimated by the bioavailable testosterone 

(BAT) and free androgen index (FAI), respectively [9]. 

Among HCV-cirrhotic males, FAI but not T was related 

to fibrosis and steatosis [10]. Despite extensive 

molecular studies, few clinical studies, with conflicting 

results, have described the role of testosterone (usually 

total and seldom free forms), estradiol, E/T and SHBG 

in males with HCC of various etiologies, and these 

studies were rarely stratified by sex or HCV etiology 

[11-16] 
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 In addition, adiponectin receptors have intrinsic 

ceramidase activity that is increased 20-fold by 

adiponectin binding, particularly adiponectin receptor 2, 

which increases sphingosine 1-phosphate (S1P) 

production [17]. S1P is produced by the deacylation of 

ceramide to sphingosine by ceramidase, followed by 

phosphorylation by sphingosine kinase (SphK). S1P is a 

pleotropic molecule that enhances cell proliferation and 

mobility, immune cell recruitment, angiogenesis, and 

metastasis, and it is a diagnostic and prognostic 

biomarker for various cancers [18]. 

   Animal and molecular studies have suggested the 

roles of SphK and S1P signaling in HCC, and these 

roles are involved in cell proliferation, epithelial 

mesenchymal transition, progression, angiogenesis, 

invasion and metastasis [19]. Sparse and inconsistent 

data exist about S1P tissue overexpression in HCC 

compared to normal adjacent tissues [20,21]. 

Alterations of its serum level were measured by high 

performance liquid chromatography-mass spectrometry 

in a heterogeneous population of Chinese HCC patients 

of mainly hepatitis B virus (HBV) etiology as compared 

to healthy subjects or non-comparable cirrhotic patients 

[22-24]. However, sphingosine is a biomarker of 

chronicity and fibrosis in HCV but not HBV [25,26]. 

The effects of sex and menopause on S1P level and its 

regulation by sex hormones are uncertain [27,28]. 

The purpose of the current study was to evaluate the 

serum levels of S1P, adiponectin, SHBG and sex 

hormones, including total testosterone, calculated BAT 

and FAI, estradiol and E/T ratio, in male and female 

subgroups of HCV-related HCC patients in comparison 

to sex-matched corresponding cirrhotic and healthy 

subjects. This study aimed to verify the possible 

interactions between the studied biomarkers and their 

associations with clinical and morphological data 

stratified by sex in HCC. This aspect not been studied 

previously. 

    

Subjects and Methods: 
In the current cross-sectional case-control study, 80 

HCV-cirrhotic patients with HCC (males/females [m/f]: 

(40/40) formed the HCC group and aged 61.4±10 years 

old, 60 HCV-cirrhotic patients (m/f: 30/30) formed the 

cirrhotic group and aged 60±7.6 years old, and 50 

healthy control subjects who aged 60.7±6.6 years old 

(m/f: 25/25) were included in our analysis. The three 

groups were age- and sex-matched, and each group was 

further subdivided into male and female subgroups. The 

study was performed in accordance with the Declaration 

of Helsinki and was permitted by the local ethics 

committee during the period from February 2019 to 

November 2020 at the Department of Internal 

Medicine, Minia University Hospital, Egypt. All 

participants signed written informed consent before 

inclusion in the study. 

The diagnosis of chronic HCV infection was based 

on the presence of anti-HCV antibodies for ≥6 months 

and the detection of HCV RNA. The diagnosis of 

cirrhosis was based on abdominal ultrasound and 

laboratory data. The severity of liver dysfunction was 

assessed by the Child-Pugh and model end stage liver 

disease (MELD) scores [29]. The diagnosis of HCC was 

based on the European Association for the Study of the 

Liver (EASL) guidelines of 2012 and visualized by 

dynamic imaging CT or MRI [30]. Staging of HCC was 

based on The Barcelona Clinic Liver Cancer (BCLC) 

and tumor node metastasis (TNM) system according to 

The American Joint Committee on Cancer (AJCC) 

[31,32]. 

 All participants underwent conventional 

assessments, including a thorough history, physical 

examination, and abdominal ultrasonography. They 

underwent routine laboratory tests. All females were 

menopausal. 

Exclusion criteria were a history of malignancy 

elsewhere, diabetes mellitus, endocrine disorders, any 

organ failure, recent infection, fertile females, alcohol 

intake, any local or systemic treatment for HCC, other 

causes of cirrhosis, or hormonal treatment. 

 

Biochemical assays:  

After an 8-hour fast, venous blood samples were 

taken at 9 a.m. An EDTA -containing tube was used for 

the complete blood count. Prepared serum was used to 

assess liver function (aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), and total bilirubin), 

viral infection status, renal function and fasting blood 

sugar. Citrated blood samples were used to separate 

plasma for prothrombin time and calculation of the 

international normalized ratio (INR). Routine 

biochemical analyses were done by auto-analyzer 

Kone-lab (2011). The Child-Pugh and MELD scores 

were calculated. Serum aliquots were stored at -80 °C 

for measurements of S1P, adiponectin, testosterone, 

estradiol and SHBG, which were quantitatively 

determined by ELISA kits supplied by Bioassay 

Technology Laboratory Biotech Co, Shanghai, China, 

according to the manufacturer’s instructions. The 

principle for assessment of adiponectin, S1P, estradiol, 

and SHBG: the plate has been pre-coated with Human 

specific antibody. The specific measured parameter 

present in the sample is added and binds to antibodies 

coated on the wells, then biotinylated Human specific 

antibody and Streptavidin-HRP are added. After 

incubation, unbound Streptavidin-HRP is washed away 

during a washing step. Substrate solution is then added 

and color develops in proportion to the amount of 

Human specific measured parameter. The results were 

calculated by constructed a standard curve and drawing 

a best fit curve through the points on the graph. 

Testosterone assay is based on the principle of 

competitive binding between Testosterone in the test 

specimen and Testosterone-HRP conjugate for a 

constant amount of rabbit anti- Testosterone. BAT, FAI 

and E/T were calculated [8,9].  

 

Statistical Analysis: 

SPSS version 20 was used for data analysis. 

Normally distributed quantitative data are expressed as 

the mean ± SD and were compared by ANOVA test for 

comparison between more than two groups that was 

followed by post hoc Tukey test for comparison 
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between each two groups. Non-normally distributed 

quantitative data are expressed as the median and 

interquartile range (25% and 75% IQ) and were 

compared using the Kruskal Wallis test for comparison 

between more than two groups that was followed by the 

Mann–Whitney test for comparison between two 

groups. Comparing male to female subgroups in disease 

respective subgroups was done using the independent 

sample T test and the Mann–Whitney test for normally 

and non- normally distributed data respectively test. 

Qualitative variables are presented as percentages and 

were compared by the chi-square test. Correlation 

analysis was performed using the Spearman rank test. A 

receiver operating characteristic (ROC) curve was used 

to determine the diagnostic performance of S1P for 

HCC. Specificity, sensitivity, and cut-off values were 

detected via areas under the ROC curve (AUCs). P < 

0.05 was considered to be statistically significant. 

 

Results:  
Clinical and laboratory characteristics of the studied 

groups and subgroups: 

Although the HCC group was matched to the 

cirrhotic group with regard to the se 

verity of liver disease (Child-Pough or MELD 

score), the former had significantly higher liver enzyme 

levels, leucocyte count, S1P levels and adiponectin 

levels. These two groups had significantly higher S1P 

levels and significantly lower adiponectin and estradiol 

levels than healthy subjects. The detailed laboratory 

characteristics and the comparisons between the three 

groups and each two groups were shown in Table 1. 

In the next step, we apportioned the studied HCC, 

cirrhotic and healthy subject groups in the 

corresponding male and female subgroups, and the 

laboratory data are shown in Table (2). The male and 

female subgroups were similar in age, liver markers and 

severity in the HCC group and in the cirrhotic group. 

However, the ALT levels were significantly higher in 

the female HCC subgroup and significantly lower in the 

cirrhotic female subgroup compared to the male 

subgroups of their respective disease.  

Comparing male subgroups, there were statistically 

significant differences between HCC patients, cirrhotic 

patients and healthy subjects groups with regard to Hb, 

AST, ALT, albumin, total bilirubin level, S1P, 

adiponectin, testosterone forms (total, BAT and FAI) 

SHBG and estradiol levels, and WBC and platelet 

count, and INR, and E/T ratio (p<0.001 for all except p 

values were 0.009 for HB, 0.03 for platelet count, 

estradiol level and E/T ratio, and 0.003 for ALT. Also, 

among the male subgroups, HCC patients had 

significantly higher S1P and SHBG levels and 

significantly lower adiponectin levels, estradiol levels 

and E/T ratios (p =0.03, <0.001, 0.03, 0.002, and 0.02, 

respectively) compared to cirrhotic patients. They had 

comparable testosterone forms (total, BAT and FAI). 

Moreover, comparing female subgroups, there were 

statistically significant differences between the HCC 

patients, cirrhotic patients and healthy subjects with 

regard to Hb, AST, ALT, albumin, bilirubin, S1P, 

adiponectin, SHBG, BAT, FAI, and estradiol levels, 

platelet count, INR, and E/T ratio (p<0.001 for all 

except p values were 0.008 for HB, 0.002 for SHBG 

and FAI, and 0.028 for BAT). Additionally, the female-

HCC subgroup had significantly higher S1P levels, 

adiponectin levels, estradiol levels and E/T ratios and 

significantly lower total testosterone and SHBG levels 

(p=0.002, <0.001, <0.001, <0.001, 0.04, and 0.001, 

respectively) compared to the cirrhotic female 

subgroup. They had comparable levels of BAT and 

FAI. 

In comparison to sex-matched healthy subjects, both 

the HCC and cirrhotic subgroups had significantly 

higher S1P levels and significantly lower adiponectin 

levels (p <0.001 for all). In addition, the HCC and 

cirrhotic male subgroups had significantly lower 

testosterone forms (total, BAT, FAI) and estradiol 

levels (p<0.001 for all) than healthy male subjects. 

Among the female subgroups, the FAI was significantly 

higher, and estradiol was lower in both HCC (p=0.01, 

0.03) and cirrhotic patients (p=0.001, <0.001) compared 

to healthy subjects. Furthermore, in the female 

subgroups, the SHBG levels were lower in HCC 

patients, and the E/T ratio was lower in cirrhotic 

patients (p=0.01, <0.001) compared to healthy subjects. 

When comparing males and females in their 

corresponding disease subgroups, the serum levels of 

S1P and adiponectin were lower among male HCC 

subgroup (0.001, <0.001). Additionally, testosterone, 

FAI, BAT, and SHBG levels were higher, and estradiol 

levels and the E/T ratio were lower in both the cirrhotic 

and HCC male subgroups (p<0.001 for all). 

 

Morphological features and staging of HCC 

We found tumors > 5 cm in diameter in 62.5% of 

HCC patients (50/80, m/f: 24/26). There were multiple 

tumor lesions in 53% (42/80, m/f: 20/22) of HCC 

patients, and portal vein thrombosis (PVT) in 27.5% 

(22/80, m/f: 12/10) of HCC patients. Neither lymph 

node metastasis nor distant metastasis was detected. 

The number of cases and m/f ratio according to the T-

class (T1, T2 and T3) and TNM staging (I/II/IIIa) were 

similar (25 cases and 13/12; 32 cases and 16/16; and 23 

cases and 11/12, respectively). According to the BCLC 

stages A, B, C, and D, these values were 16 cases and 

8/8, 20 cases and 8/12, 16 cases and 10/6, and 28 cases 

and 14/14, respectively. Male and female subgroups had 

comparable morphological features and staging. 

The correlation between sphingosine 1 phosphate, 

adiponectin and sex hormone levels in the HCC group 

First, we studied the relationships among S1P, 

adiponectin and sex hormones in the entire HCC group 

and the sex-stratified subgroups. S1P was positively 

correlated with adiponectin and estradiol in the HCC 

group (r= 0.56, p<0.001; r=0.25, p=0.02) (Figures 1, 2). 

Among the male and female HCC subgroups (Table 3), 

S1P was positively correlated with adiponectin (p=0.02, 

0.002), total testosterone (p=0.04, p<0.001), FAI 

(p=0.01, 0.01), and BAT (p=0.03, p=0.001), and it was 

negatively correlated with the E/T ratio (p=0.02, 

p=0.001). S1P was positively correlated with SHBG 

only in female HCC patients (r=0.56, p<0.001). Serum 
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adiponectin was negatively correlated with testosterone, 

SHBG, BAT and FAI and positively correlated with 

estradiol and the E/T ratio in the HCC group (r= -0.46, 

r= -0.59, r= -0.43, r= -0.44, r= 0.59, and r= 0.50, 

respectively, p<0.001 for all). In contrast, adiponectin 

was positively correlated with testosterone, BAT and 

FAI and negatively correlated with the E/T ratio in 

female HCC patients, with p<0.001 for all. S1P was 

positively correlated with age in male HCC patients 

(r=0.42, p=0.007) and positively correlated with HB 

levels in the male and female subgroups (r=0.46, 

p=0.003; r=0.35, p=0.02). However, it did not show any 

correlation with liver enzymes or severity of liver 

disease in the HCC subgroups. 

 

 

 

 

 
Figure (1): Correlation of serum sphingosine 1-

phosphate with serum adiponectin in all HCC patients 

((r= 0.56, p<0.001) 

 

 

 

 

 
Figure (2): Correlation of serum sphingosine 1-

phosphate with Serum Estradiol   in all HCC patients 

(r=0.25, p=0.02) 
 

 

Second, the associations between S1P, adiponectin 

and sex hormones and the tumor morphological features 

and TNM staging were analyzed (Table 4). In male 

HCC patients, the presence of PVT was associated with 

significantly lower levels of SHBG, and those with 

TNM stage II had higher total testosterone and BAT 

levels than those with stage I. Female HCC patients 

with large tumor size and advanced TNM staging had 

significantly higher adiponectin and testosterone levels 

(total, BAT, FAI) and a significantly lower E/T ratio 

compared stage IIIa to stage II. Additionally, the 

presence of multiple lesions and PVT were associated 

with higher estradiol and BAT levels, respectively. In 

comparison to TNM stage I, TNM stage II was 

associated with significantly higher estradiol levels 

while stage IIIa was associated with higher S1P, total 

testosterone and estradiol levels and a significantly 

lower E/T ratio in female HCC patients. 

The diagnostic performance of S1P for the diagnosis 

of HCC was assessed by ROC analysis in the HCC 

patient group, male HCC patient subgroup, and female 

HCC patient subgroup. The AUCs were 0.79, 0.78, and 

0.81, respectively, and the 95% confidence intervals 

(CIs) were 0.70–0.88, 0.65–0.92 and 0.69–0.93, 

respectively, (P < 0.001 for all) (Fig. 3). When the 

cutoff value was set at ≥ 113 ng/l as a screening test, the 

sensitivity was 95% for the HCC group and subgroups 

while the specificity was 56%, 52% and 60% in the 

HCC patient group, female HCC patient subgroup and 

male HCC patient subgroup, respectively. When the 

cutoff value was set at ≥ 125 ng/l as a diagnostic test, 

the sensitivity and specificity were 72% and 70% in the 

HCC patient group, 60% and 72% in the male HCC 

patient subgroup, and 85% and 64% in the female HCC 

patient subgroup, respectively. 

 

 

 
Figure (3): Roc curve analysis of sphingosine 1 

phosphate for diagnosis of HCC among cirrhotic 

patients and healthy subjects. The AUCs were was 0.79, 

95% CI (0.70–0.88) with P < 0.001. At cut-off value ≥ 

113ng/l as a screening test, the sensitivity and 

specificity were 95% and 56% among all HCC patients.
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Table (1): Clinical and laboratory Data of the Studied Groups. 

Variables HCC Group (n=80) 
Cirrhotic Group 

(n=60) 

Healthy Group 

(n=50) 

P value between 

the 

Three groups 

Age (years) a 61.4±10 60±7.6 60.7±6.6 
 

0.9 

Male gender (%) 40(50%) 30(50%) 25(50%) 1 

Hemoglobin% (gm/dl) a 11.5± 2.3** 11.9±2.7* 13.2±1.2 0.003 

White blood cells count(x103) b 6.1(4.5- 8.3) ‡‡ 5.5(4.4-6.3) ** 6.3(5.7 -7.7) 0.003 

Platelet count (x103) b 153(131-225) ** 163(143-212) ** 219(179-271) <0.001 

Alanine aminotransferase (U/l) b 53(33-65) ‡‡‡*** 34(21-49) 30(23-33) <0.001 

Aspartate aminotransferase (U/l) b 49 (33-78) ‡‡‡*** 36(26-53.2) *** 25(23-33) <0.001 

Albumin (gm/dl) a 3.3±0.67*** 3.3±0.8*** 4.05±0.43 <0.001 

 Total bilirubin (mg/dl) b 1.3(0.9-1.9) *** 1.2(0.8-1.4) *** 0.56(0.4-0.8) <0.001 

International normalized ratio a 1.3±0.25*** 1.4±0.32*** 1.1±0.2 <0.001 

Random blood sugar (mg/dl) a 130±17 128± 18 124±15 0.16 

Creatinine (mg/dl) a 0.98±0.3 0.95±0.3 .93±0.3 0.58 

Child class A/B/C n  

                             (%) 

24/28/28 

30/35/35 

22/18 /20               

36.7/ 30/ 33.3 
------ 

------ 

Child score a 8.6±2.6 8 ±2.5 ------ ------ 

MELD score a 12.2±3.9 12±3.4 ------ ------ 

Sphingosine-1 phosphate (ng/l) a 146 ± 31‡‡‡*** 129±22.4*** 34.1.8±13.9 <0.001 

Adiponectin (mg/l) b 3.4(2.6-6.5) ‡ *** 3(2.4-4.1) *** 12.1(8.5-15.8) <0.001 

Total testosterone (ng/ml) b 1.5(0.51-3.8) 1.2(0.66-3.4) 3.9(0.35-0.89) 0.16 

Sex hormone binding globulin (mmol/l) b  15.2(10.2-29.6) 14.3(10.6-19.8) * 19.7(14.3-24.1) 0.23 

Bioavailable testosterone (ng/ml) b 0.63(0.29-1.8) 0.73(0.36-1.7) 2.5(0.2-5.8) 0.19 

Free androgen index (ng/ml) b 0.04(0.02-0.09) 0.04(0.02-0.09) 0.12(0.01-0.26) 0.48 

Estradiol (pg/ml) b 29.4(16.8-22.7) *** 27.8(20.5-35) *** 57(49.5-66.7) 0.66 

Estradiol to testosterone ratio  x10-3 b 17.3(5-10) 25.9(6.1-45.6) 31.9(5.6-47) 0.66 

 HCC= Hepatocellular carcinoma; MELD: Model of End stage Liver Disease; a= normally distributed quantitative data are expressed 

as mean ± standard deviation and compared using ANOVA test between the three groups followed by post hoc Tukey test   between 

each two groups. Sex and child class are expressed as number (percentage) and compared by Chi square test 

b= not- normally distributed quantitative data are   expressed as median and interquartile (25%-75%) and compared using Kruskal 

Wallis between the three groups and was followed by Mann Whitney U test between each two groups. P < 0.05 is considered to be 

statistically significant. difference when HCC patients compared to cirrhotic patients p <0.05= ‡, p<0.01=‡‡, p<0.001=‡‡‡, Significant 

difference when compared to healthy subjects p<0.05= *, p<0.01=**, p<0.001=*** 
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Table (2):   Clinical and laboratory Data of the Studied Subgroups 

Female subgroups Male subgroups 

Variables 
Healthy (n=25) Cirrhotic (n=30) HCC (n=40) Healthy (n=25) Cirrhotic (n=30) HCC (n=40) 

59.5±8.9 60±7.7 59.9 ±10.9 61.9±7.3 60.1±7.5 62. 8 ± 10.5 Age(years) a 

12.1±0.4 10.4±2.3** 10.7±2.2* 14.2±1.1£££ 13.3±2.4£££ 12.7±2.2**££ Hb (gm/dl)  a 

6.2(4.9-

7.8) 
5.6(4.5-7.7) 5.9(5.2-10.3) 6.9(5.6-7.9) 5.5(4.5-6.1) ** 6.7(5.4-8) ‡‡‡ WBCs(x103) b 

237(176-290) 166(150-247) ** 147(108-210) ** 207(173-243) 160(140-179) ** 162(141-240) Plat (x103)b 

29(22-32) 29(16-35) 53(38-70) ‡‡‡*** 31(26-35) 39(24-75) *££ 48(30-60) **£ ALT (U/l l)b 

24(22.7-31) 33(20-53) 49(29-88) ‡‡ *** 26.5(20-38) 73(29-58) ** 49(39-68) ‡ *** AST(U/l)b 

4.1±0.5 3.2±0.9*** 3.2±0.6*** 4± 0.4 3.4±0.8** 3.4±0.7** Alb (gm/dl)a 

0.5(0.3-0.7) 1.1(0.9-1.4) *** 1.3(0.9-1.9)*** 0.58(0.4-0.7) 1.1(0.8-1.8) *** 1.5(0.9-2.3)*** T bil (mg/dl)b 

1 ±0.1 1.4 ±0.3*** 1.3 ±0.3*** 1.1 ± 0.2 1.4 ± 0.3*** 1.3 ± 0.2** INR a 

121±15 128±18 128±18 127±15 127±18 132±16 RBS (mg/dl) a 

0.95 ±0.25 0.94 ±0.31 0.96 ±0.27 0.91 ±0.21 0.97 ±0.21 1 ± 0.31 Crea (mg/dl) a 

---- 
10/10/10 

33.3/33.3/33.3 

12/14/14 

30/35/35 
----- 

11/9/10 

36.7/33.3/30 

12/14/14 

30/35/35 

Child class   n 

A/B/C       % 

--------- 8(6-11) 8(6-11) --------- 8(5-11) 9(6-11) Child score a 

--------- 11(9-17) 13(8-14) --------- 12(10-18) 12.5 (9-15) MELD score a 

31.5±12.1 134.8±24.7*** 157.5±33.7‡‡*** 36.7±15.7 124.8±19.6*** 134.3±22.1‡***££ S1P(ng/l) a 

12.2(9.8-14.5) 2.7(2.4-4.1) *** 5.6(3.5-8.3)‡‡‡*** 5.1(4.5-7) £££ 3.3(2.5-4.1) *** 2.6(2.4-3.2) ‡ ***£££ Adipon (mg/l) b 

0.48(0.17-0.82) 0.66(0.49- 1.7) 0.51(0.34-0.82) ‡ 8.7(8.2-10.2) ££ 3.4(1.4-5.9) **£££ 3.8(2.9-5.1) *** £££ Test(ng/ml) b 

15.2(8.6-20.4) 12.7(9.9-14.2) 10.65(8.7-12.3) ‡‡* 
23.1(19.8-24.7) 

£££ 
19.8(14.7-24.8) £££ 

29.4(21.8-

32.8)‡‡‡**£££ 
SHBG (nmol/l)b 

0.26(0.9-0.5) 0.36(0.31-0.7) * 0.3(0.7-0.55) 5.8(4.8-6.3) £££ 1.6(0.97-3.8) *** £££ 1.7(1.12- 2.6) *** £££ BAT (ng/ml) b 

0.01(0.004-

0.02) 
0.02(0.01-0.03) ** 0.02(0.01-0.03) * 

0.25(0.22-0.3) 

£££ 

0.09(0.05-0.19) *** 

£££ 
0.09(0.06-0.13) **£££ FAI (ng/ml) b 

63(52-67) 33(28.1-42.7) *** 52(45-64) ‡‡‡* 53(45.5-65) 24(17.9-27.8) ***£££ 18(13-23) ‡ ‡***£££ Estr (pg/ml) b 

185(47-393) 45(32.9-77.4) *** 100(66-153) ‡‡‡ 5.6(2.4-6.7) £££ 6.6(4.35-11.2) * £££ 5.3(2.3-7.8) ‡ £££ E/T x10-3 b 

HCC= Hepatocellular carcinoma; HB= Hemoglobin; WBCs=White blood cells; Plat=platelet ,ALT=Alanine aminotransferase; AST= 

Aspartate aminotransferase; ALB= Albumin; T bil = total bilirubin; INR= International normalized ratio; RBS=Random blood sugar; crea 

= creatinine ; MELD: Model of End stage Liver Disease, S1P= Sphingosine 1- phosphate ;adipon= Adiponectin; Test= Testosterone; 

SHBG=Sex hormone binding globulin; BAT= Bioavailable testosterone ; FAI = Free androgen index; Estr = Estradiol ; E/T = Estradiol to 

testosterone ratio. .a= normally distributed quantitative data are expressed as mean ± standard deviation and compared using ANOVA test 

between the three subgroups of the same sex followed by post hoc Tukey test  between each two groups and Independent sample T test 

when compared male to female of disease respective subgroups.b= not- normally distributed quantitative data are expressed as median and 

interquartile (25%-75%) and compared using Kruskal Wallis between the three subgroups of the same sex and was followed by Mann 

Whitney U test between each two groups. Mann Whitney U test was used to compare males to females of the disease respective 

subgroups.P < 0.05 is considered to be statistically significant. 

. Child class is expressed as number (percentage) and compared by Chi square test P < 0.05 is considered to be statistically significant. 

Statistical significance vs. sex- respective matched cirrhotic patients ‡=P <0.05, ‡‡=P<0.01, ‡‡‡= p<0.001; Statistical significance vs. sex 

- respective matched healthy subjects *=P<0.05, **=p<0.01, ***= p<0.001; Statistical significance vs. corresponding group of females 

£=p<0.05, ££= p<0.01, £££= p<0.001 
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Table (3): Spearman’s correlation coefficients of SIP and adiponectin in male and female HCC subgroups  

Correlation of SIP   and adiponectin with sex hormone 

variables Adiponectin 

(mg/l) 

Total T 

(ng/ml) 

SHBG 

(nmol/l) 

BAT 

(ng/ml) 

FAI 

(ng/ml) 

Estr 

(pg/ml) 

E/T x10-3 

S1P 0.36* (0.47**) 0.31*(0.66***) 0.05(0.56***) 0.34*(49**) 0.39*(0.4*) -0.24(-0.04) -0.36*(-0.49**) 

Adiponectin  ----------- 0.22 (0.67***) -0.03(0.17) 0.22(0.66***) 0.15(0.64***) 0.11(0.14) -0.06 (-0.56***) 

Correlation of SIP with liver markers  

Liver 

markers  
AST (U/l) ALT(U/l) 

Albumin 

(gm/dl) 

Total bilirubin 

(mg/dl) 
INR Child score MELD score 

S1P (ng/l) -0.24 (0.06) -0.21 (0.16) 0.17 (0.11) -0.07 (-0.08) -0.05 (-0.24) -0.06(-0.33) 0.11(-0.13) 

Correlation coefficients are written first for male HCC patients followed by correlation coefficients in female HCC patients are shown 

within parentheses. HCC=Hepatocellular carcinoma; S1P=Sphingosine1phosphate; T= testosterone; SHBG=Sex hormone binding 

globulin; BAT= Bioavailable testosterone; FAI = free androgen index; Estr = Estradiol; E/T =Estradiol to testosterone ratio; 

AST=Aspartate aminotransferase; ALT=Alanine aminotransferase; INR= International normalized ratio; MELD: Model of End stage 

Liver Disease. Significant correlation coefficients are given in bold. ***=p < 0.001, **=p < 0.01,*=p < 0.05.  

 

 

 

 

 

 

Discussion: 

Our study is the first to demonstrate significantly 

elevated S1P levels in HCC and cirrhotic patients 

whose disease is related to HCV etiology compared to 

healthy subjects. The S1P levels were also elevated in 

HCC patients compared with the cirrhotic patients; this 

was found among the entire group and among the 

female and male subgroups. Moreover, we recommend 

serum S1P ≥ 113 ng/l as a screening test for HCC 

diagnosis with a high sensitivity (95%) but 

unfortunately a low specificity of 56%. On the other 

hand, with S1P ≥ 125 ng/l as a diagnostic test, the 

sensitivity and specificity were 72% and 70%, 

respectively, among all HCC patients. Notably, S1P as a 

diagnostic measure was more sensitive in females but 

more specific in males. S1P and adiponectin showed 

sex disparities with respect to HCC patients; they were 

significantly higher among females than males. 

Compared to sex-specific cirrhotic patients, female 

HCC patients had higher adiponectin, estradiol and E/T 

levels and lower SHBG levels, while the inverse profile 

was observed in male HCC patients. Our study is the 

first to describe interactions among S1P, adiponectin 

and sex hormones in HCC using data described by 

previous molecular studies. Although S1P demonstrated 

a significant positive correlation with adiponectin and 

testosterone forms and a negative correlation with the 

E/T ratio in both the male and female HCC subgroups. 

The adiponectin relationships showed a marked sex 

disparity. Adiponectin was negatively associated with 

testosterone forms and SHBG and was positively 

associated with estradiol and the E/T ratio among entire 

HCC group and an inverse association was found in 

female HCC patients. Additionally, only in female HCC 

patients a larger tumor size was associated with higher 

levels of adiponectin and testosterone forms and with 

significantly lower aromatization (lower E/T ratio). 

Furthermore, multiple lesions and PVT were associated 

with higher estradiol ad higher BAT, respectively. 

Advanced TNM staging was associated with higher 

testosterone in both sexes and with higher S1P levels, 

adiponectin levels, estradiol levels and the E/T ratio in 

females only. 
 

The finding that S1P levels were higher in cirrhotic 

patients than in healthy subjects may be explained via 

several mechanism [33,34]. There is sparse previous 

research addressing the relationship between S1P and 

HCC, but three previous studies found a significantly 

higher level of S1P in HCC patients than in cirrhosis 

patients. However, these studies were restricted by 

either a very small sample number (n=10 for each 

group) with a lack of clinical, morphological and 

laboratory data [35] or a non-comparable cirrhotic 

group with regard to etiology, age, severity of liver 

disease and hemoglobin with the latter two variables 

were correlated with S1P levels in a retrospective study, 

which might convince us to accept their results [36]. A 

recent Chinese study found elevated S1P levels and 

indicated a diagnostic role for it in HCC patients who 

were mainly of HBV etiology [24]. Two Chinese 

studies reported conflicting data about the up-regulation 

of S1P in HCC patients, mainly of HBV etiology, 

compared to healthy subjects [22,23]. 
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Table (4):  Association of Sphingosine 1 Phosphate, adiponectin and Sex Hormones with Tumor Clinicopathological status and TNM Staging among female HCC subgroup 

Estradiol to 

testosterone 

ratio (x10-3) 

estradiol 

Free 

androgen 

index x10-3 

Bioavailable 

testosterone 

Sex hormone 

binding 

globulin 

Total 

testosterone 
Adiponectin 

Sphigosine 1 

phosphate 
n 

Clinicopathological 

and TNM staging 

152(102-165) 63 (48-73) 12(11-17) 0.22(0.21-.21) 11.4(9.5-2.8) 0.38(0.34-0.48) 3.7(3.4 -5.1) 130(120-192) 14 <5 Tumor 

diameter (cm)  79(61-139) 51(42-59) 25(14-31) 0.48(0.23-0.57) 9.3(8.2-12) 0.75(0.37-0.83) 7.5 (5 - 8.4) 170(130-181) 26 ≥5 

0.005 0.07 0.003 0.048 0.10 0.04 0.002 0.21   P-value 

102(67-147) 51(37-53) 15(12-27) 0.20(0.22-0.54) 9.3(8.2-1.9) 0.36(0.32-0.79) 4.9(3.4-8.8) 131(128-176) 18 S Number of  

Focal lesion  98(62-165) 63(48-70) 25(12-29) 0.23(0.33-0.56) 12(8.9-12.3) 0.59(0.38-0.83) 5.8(3.9-8.3) 170(126-208) 22 M 

0.88 0.003 0.56 0.26 0.23 0.21 0.67 0.14   P-value 

137(62-165) 51(43-66) 14(11-29) 0.27(0.21-0.52) 11.4(8.9-12.3) 0.4(0.34-0.81) 6.8(4.5-8.6) 176(127-194) 10 No Portal vein 

thrombosis. 79(70-101) 63(48-65) 25(19-27) 0.53(0.36-0.57 9.3(7-12.8) 0.75(0.49-0.84 5.5(3.4-8.1) 150(128-176) 30 Yes 

0.30 0.46 0.19 0.04 0.86 0.08 0.41 0.47   P-value 

120(65- 155) 45(36- 53) 13(11-35) 0.21(0.19-0.57) 9.4(8.6-11.7) 0.34(0.29-0. 78 5.5(3.4-12.8) 130(128-144) 12 I TNM      

148 (88- 179) 65(49- 72) 14(11-19) 0.25(0.22-0.37) 10.6(8.5-12.6 0.39(0.34-0.52 4(3.4-5.7) 157(122-188) 16 II                 

71(57- 86) 54(48-65) 29(25-30) 0.52(0.48-0.65) 12.1(8.9-12.3) 0.82(0.75-.083 8.1(6.5-8.3) 184(170-208) 12 IIIa                

0.2 

0.03 

0.001 

0.004 

0.03 

0.14 

1 

0.17 

<0.001 

0.2 

0.17 

0.002 

0.47 

0.17 

0.8 

0.42 

0.02 

<0.001 

0.32 

0.38 

<0.001 

0.3 

0.006 

0.07 

I vs II 

I vs III 

II vs III 

 P-value 

HCC =hepatocellular carcinoma; S= solitary, M=multiple Data are expressed as median (25-75%) quartile range and compared by Mann Whitney test. 

                      Bold values indicate statistically significant results. 
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Our study overcame these obstacles and provides 

results from novel population designs, etiologies, 

regions, ethnicities and methodologies. We studied the 

effect of sex by constricting an equal number of 

postmenopausal female and age-matched male 

participants in sex-stratified HCV-related HCC 

subgroups that were comparable with regard to age, 

severity of liver disease, clinicopathological data and 

staging of HCC among both cirrhotic and HCC patients. 

The average age of HCC diagnosis was approximately 

65 years [1]. The association between sphingosine and 

chronic hepatitis differs with regard to HCV or HBV 

infection status [25,26]. We used the standard antibody-

based ELlSA method to measure S1P levels, as it is 

more sensitive than available conventional spectrometry 

in our area. However, it was more expensive and may 

show cross-reactivity. The previously mentioned studies 

used high-performance liquid chromatography tandem 

mass spectrometry. 

Consistent with our result of higher S1P levels with 

higher T class or TNM staging only among female HCC 

patients, animal and molecular studies have suggested 

an enhancing effect of S1P on the initiation and 

progression of HCC [19]. The sex disparity of S1P that 

we observed is similar to its association with cardiac 

autonomic neuropathy only among diabetic females and 

not males [37]. In our study, S1P levels were positively 

correlated with age in male HCC patients and positively 

correlated with HB levels in the male and female 

subgroups. However, it was not correlated with liver 

disease markers, severity scores, tumor size or the 

multiplicity or presence of PVT. This was, to some 

extent, in agreement with previous studies [24,36]. S1P 

levels were elevated in female HCC patients compared 

to either male HCC patients or female cirrhosis patients. 

This finding may be attributed to higher adiponectin 

and estradiol levels in female HCC patients and its 

positive association with adiponectin and estradiol 

among all HCC patients. This association was in line 

with molecular studies; adiponectin receptors have 

intrinsic ceramidase activity that is markedly increased 

by adiponectin binding with increased S1P production 

[17]. Similarly, both overexpressing adiponectin 

receptors and adiponectin agonist administration in 

hepatocytes increased S1P levels [38]. This may be an 

oncogenic mechanism of action for adiponectin. In vitro 

and molecular studies have demonstrated that estradiol 

markedly improves S1P synthesis and export by 

activating SphK1 in normal and breast cancer cells. 

Compared to males, a higher level of S1P was reported 

in childbearing females in one study, and a higher level 

was reported in menopausal females in another study 

[27,28,39]. The positive association between S1P and 

various testosterone forms in male and female HCC 

patients is in line with previous experimental findings 

that T deprivation downregulated SphK1 expression but 

upregulated SphK2. Hence, SphK1 is a greater 

contributor to S1P synthesis than SphK2 [40]. S1P was 

correlated with estradiol in all HCC patients but was 

correlated with testosterone and E/T in only stratified 

male and female HCC patient subgroups. This may be 

attributed to different wide and narrow ranges of 

studied hormonal levels. 

Adiponectin shows a complex dual tumor promoter 

or suppressor effect in hepatocarcinogenesis [5]. Tissue 

or serum adiponectin has been reported to be either 

elevated or decreased or even not associated with HCV-

related HCC development compared to cirrhotic 

patients in global and Egyptian studies [4,41,42]. In our 

study, we observed a significant decrease in adiponectin 

levels in HCC and cirrhotic patients compared to 

healthy subjects in the entire groups and sex-stratified 

subgroups. Adiponectin showed sex disparity. It was 

elevated in female HCC patients compared to cirrhotic 

female patients, and Sadik et al. 2012 reported similar 

findings in both sexes. Additionally, we reported higher 

levels of S1P in female patients than in male HCC 

patients, which were similar to the findings of Shen et 

al. 2016 [5,41]. This can be explained by higher 

estradiol and E/T ratios and lower testosterone and 

SHBG levels compared to either HCC males or 

cirrhotic females. In this respect, we are the first to 

report significant positive correlations of adiponectin 

with estradiol and the E/T ratio and negative 

correlations of adiponectin with testosterone and SHBG 

in HCC patients. Our findings are supported by 

previous data. Manieri et al., 2019 reported 

physiologically higher adiponectin levels in females 

than males and observed faster growth of HCC 

allografts in male mice than in female mice but not in 

castrated or adiponectin knockout mice. Adiponectin 

activates AMPK and p38 in HCC cells through an 

adiponectin R2–dependent pathway, which is 

predominantly expressed in the liver as a protective 

mechanism of adiponectin against HCC. This study also 

suggested that testosterone enhances tumor growth 

through a reduction in adiponectin production via the 

activation of JNK in the adipocytes of humans and 

mice. This reduction prevents AMPK and p38 

activation in HCC cells through an adiponectin R2–

dependent pathway [6]. However, adiponectin 

demonstrated the opposite relationship with sex 

hormones in female HCC patients, and no relationship 

was detected in male HCC patients. These findings may 

be attributed to the narrow and different ranges or 

menopausal states. In line with our results, a higher 

androgen to estrogen ratio has been associated with 

lower adiponectin in both sexes, and estrogen 

administration in postmenopausal females decreases 

adiponectin levels [3]. In contrast to our findings, 

adiponectin was shown to increase hepatic SHBG 

production in males, and endogenous estrogen reduction 

causes a drop in adiponectin in postmenstrual females 

[3,43]. This conflict may be attributed to different 

behaviors in HCC pathology and normal physiology. 

In our study, higher adiponectin levels were 

correlated with larger tumor size and advanced staging 

only in female HCC patients. This is consistent with 

previous reports in HCC tissues [44]. In our study, 

HCV-related cirrhosis in both sexes was accompanied 
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by significantly lower estradiol levels and 

insignificantly lower SHBG levels than corresponding 

healthy subjects. However, these parameters showed 

sex disparities with HCC development. Male HCC 

patients had significantly lower estradiol levels and E/T 

ratios and significantly higher SHBG levels, while 

female HCC patients showed the opposite changes 

compared to their respective sex subgroups in cirrhotic 

patients. This is an aspect that has not been studied 

before. 

 We reported a lack of association between the 

various testosterone forms and HCC development in the 

cirrhotic subgroups (except for total testosterone in 

HCC females). Most previous studies were longitudinal 

studies that involved males, and they showed 

conflicting results that may be attributed to ethnicity. 

Testosterone has been reported to not be a predictor, to 

be a positive predictor, and to be a negative predictor of 

HCC occurrence among healthy European individuals, 

HBV cirrhotic Asian individuals, and cirrhotic Egyptian 

individuals, respectively [12,13,15,16]. Among the 

males and females in our study, testosterone forms 

enhanced tumor growth and were associated with tumor 

size and staging. However, BAT was associated with 

PVT in females only. This result is similar to the results 

previously described in ovariectomized mice, which 

showed accelerated hepatocarcinogenesis upon 

testosterone administration due to upregulated cell cycle 

factors and downregulated apoptotic factors [45]. It is 

worth emphasizing that androgenic receptors are 

overexpressed in HCC. They demonstrate a “vicious 

circle” of androgenic signaling and tumor growth and a 

decline in HCC malignancy after androgenic receptor 

antagonism treatment [7]. 

In our study, a valid characterization of the 

association between testosterone and HCC requires 

concurrent measurement of SHBG synthesis in the liver 

and calculation of the FAI and BAT. SHBG synthesis 

may increase or decrease with liver damage depending 

on sex and etiology, for example, it was increased in 

HCV cirrhotic males but decreased in decompensated 

nonalcoholic cirrhotic males and HCV-related cirrhotic 

postmenopausal females [10,46,47]. We identified the 

sex disparity of SHBG with respect to HCC and its 

relationship with PVT in males, which developed 

mainly subsequent to tumor invasion. Recent studies 

have reported the role of SHBG in enhancing prostate 

and ovarian cancer. However, a protective role in breast 

and endometrial cancers has also been reported for 

SHBG, and it may even be expressed by tumor cells 

[48]. Little data, mainly in men, are available regarding 

the role of SHBG and HCC. Elevated SHBG may 

predict HCC development in males with cirrhosis of 

alcohol etiology but not of HCV etiology in 

longitudinal studies [12,13]. Similarly, it was a 

predictor among healthy subjects, even with sex-

stratified groups. It was also associated with IGF-1 and 

liver damage markers in one longitudinal study but not 

in a cross-sectional study of Greece healthy males 

[14,15]. Elevated SHBG may have direct or indirect 

effects. The indirect effect occurs via a decrease in 

BAT, which either subsequently inhibits tumor growth 

and invasion to the portal vein, as was the case in our 

male HCC patients, or enhances fibrosis, steatosis and 

insulin resistance in HCV cirrhotic males. On the other 

hand, reduced SHBG in females leads to increased free 

testosterone, which enhances IR and tumor growth 

[3,10]. 

The protective effects of estrogen against HCC 

through IL-6 inhibition and STAT3 inactivation by 

binding to wild-type estrogen receptor (ER) are well 

recognized [7]. In line with our results, a previous study 

by Farinati et al., 1995 reported lower estradiol among 

virus-related HCC patients than patients with cirrhosis 

in a male predominant study, but others have reported 

the reverse for HBV-infected or alcoholic males 

[11,14]. Our results are in partial agreement with an 

Egyptian study that reported reduced estradiol levels in 

cirrhotic and HCC patients of both sexes [16]. 

Moreover, higher estradiol was associated with multiple 

focal lesions and advanced TNM staging in HCC 

females. No mechanistic evidence conclusively links 

local estrogen production to HCC growth, but the 

enhanced expression and activity of aromatase was 

observed in hepatocyte G2 cells and human HCC tissue. 

This aromatization has been associated with the degree 

of malignancy in liver tissue and liver cell lines. It also 

enhances the expression of an oncogenic ER called 

variant ER, which can induce tumor growth in contrast 

to wild-type ER [7]. This may contradict the 

suppressive role of estrogen and the oncogenic role of 

androgen, so further studies are required to verify this 

observation. The sex disparities in estradiol and the E/T 

ratio in HCC patients may be explained by sex 

differences in ERα expression in normal livers and 

altered subtype expression in HCV-related cirrhotic 

males progressing to HCC [49]. However, the role of 

increased estrogen in female HCC patients as a 

compensatory mechanism to protect and decrease 

morbidity and mortality in females cannot be excluded. 

 Our study had limitations. A cross-sectional study 

cannot describe causal relationships, and the study 

sample size was relatively small. We studied only 

elderly HCC patients and not younger age groups. 

Further studies may address this issue. We used the 

ELlSA method for the quantitative measurement of S1P 

and did not use high-performance liquid 

chromatography-mass spectrometry, which allows for 

the quantification of many serum sphingolipid 

members. Despite these limitations, this study has many 

important strengths. First and foremost, this is the first 

study to examine sex disparities of S1P in respect to 

HCV-related HCC. It is also the first to support the 

ceramidase activity of adiponectin in both sexes and 

describe sex disparities in the interactions between 

adiponectin (but not S1P) and sex hormones. Second, 

male and female HCC patients were comparable with 

regard to age, severity of liver disease, 

clinicopathological and tumor staging. Additionally, 

cirrhotic patients and HCC patients (entire or sex-

stratified groups) were matched for clinical and 

laboratory data as well as the severity of liver disease. 

Finally, elderly HCC patients were chosen as they are 

the most common age for its incidence. 
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Conclusion: 
In conclusion, our study described sex disparities in 

S1P, adiponectin, and sex hormones (estradiol, total and 

free testosterone forms, SHBG, and E/T ratio) with 

respect to HCC development among HCV-cirrhotic 

patients and their clinicopathological features and 

staging. The cross talk of adiponectin with sex hormone 

parameters shows sexual dimorphism, but such cross 

talk with S1P was similar in both sexes. S1P could be 

used as a novel screening and diagnostic biomarker for 

the diagnosis of HCC among cirrhotic and healthy 

subjects with a cutoff diagnostic value that was more 

sensitive in females but more specific in males. The 

present study suggested that the enhanced ceramidase 

activity of adiponectin in HCC may explain the 

oncogenic role of adiponectin. Further mechanistic 

delineation of S1P, adiponectin, and sex hormones 

using a correct approach will be needed to shed light on 

HCC and its associated sex disparities. Further studies 

evaluate inhibition of the SpK/S1P/S1P receptor 

signaling axis as one arm of a combination therapy for 

the treatment of this HCC. Moreover, functional S1P 

receptor 1 antagonist FTY720 may also be a target for 

HCC treatment in the future. Further studies in young 

males and fertile females are recommended. This study 

described sex disparities that may impact the 

development, pathogenesis, progression and staging of 

HCC and may identify treatment modalities for 

response or relapse. 
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virus; E/T= estradiol to testosterone; T =Total 

testosterone; SHBG= sex hormone-binding globulin; 

BAT= bioavailable testosterone; FAI= free androgen 

index; S1P= sphingosine 1-phosphate; SphK= 

sphingosine kinase; HBV= hepatitis B virus; MELD= 

model end stage liver disease; EASL= European 

Association for the Study of the Liver; BCLC= 

Barcelona Clinic Liver Cancer; TNM =tumor node 

metastasis; AJCC= American Joint Committee on 

Cancer; AST =aspartate aminotransferase; ALT= 

alanine aminotransferase; INR= International 

normalized ratio; ROC= receiver operating 

characteristic; AUCs= areas under the ROC curve; 

PVT= portal vein thrombosis 

 

References: 

1.  Bray F, Ferlay J, Soerjomataram I, et al. Global 

cancer statistics 2018: GLOBOCAN estimates of 

incidence and mortality worldwide for 36 cancers in 

185 countries. CA Cancer J Clin. 2018;68(6):394–

424. [published correction appears in CA Cancer J 

Clin. 2020 Jul;70(4):313] 

2.  El-Serag HB. Epidemiology of viral hepatitis and 

hepatocellular carcinoma. Gastroenterology. 

2012;142(6):1264-1273.e1. 

doi:10.1053/j.gastro.2011.12.061  

3. Cheung OK, Cheng AS. Gender differences in 

adipocyte metabolism and liver cancer progression. 

Front Genet. 2016;7:168.  

4. Duan XF, Tang P, Li Q, et al. Obesity, adipokines 

and hepatocellular carcinoma. . Int J Cancer. 

2013;133(8):1776-1783.  

5. Shen J, Yeh CC, Wang Q, et al. Plasma Adiponectin 

and Hepatocellular Carcinoma Survival Among 

Patients Without Liver Transplantation. Anticancer 

Res. 2016;36(10):5307-5314.  

6. Manieri E, Herrera-Melle L, Mora A, Tet al. 

Adiponectin accounts for gender differences in 

hepatocellular carcinoma incidence. . J Exp Med. 

2019;216(5):1108-1119.  

7. Kur, P, Kolasa-WołosiukA, Misiakiewicz-Has K, et 

al. Sex Hormone-Dependent Physiology and 

Diseases of Liver. Int J Environ Res Public Health. 

2020;17(8):2620. 

8. de Ronde W, van der Schouw YT, Muller M, et al. 

Associations of sex-hormone-binding globulin 

(SHBG) with non-SHBG-bound levels of 

testosterone and estradiol in independently living 

men. J Clin Endocrinol Metab. 2005;90(1):157-162.  

9. Vermeulen A, Verdonck L , Kaufman JM . A 

critical evaluation of simple methods for the 

estimation of free testosterone in serum J Clin 

Endocrinol Metab. 1999;84(10):3666-3672.  

10. Himoto T, Fujita K, Sakamoto T, et al. Clinical 

efficacy of free androgen index, a surrogate 

hallmark of circulating free testosterone level, in 

male patients with HCV-related chronic liver 

disease J Clin Biochem Nutr. 2018;63(3):238-245.  



Matta et al. SECI Oncology 2022(2):73-85  
Page 84 

   

11. Farinati F, De Maria N, Marafin C, et al. 

Hepatocellular carcinoma in alcoholic cirrhosis: is 

sex hormone imbalance a pathogenetic factor? Eur J 

Gastroenterol Hepatol. 1995;7(2):145-150. 

12. Ganne-Carrié N, Chastang C, Uzzan B, et al. 

Predictive value of serum sex hormone binding 

globulin for the occurrence of hepatocellular 

carcinoma in male patients with cirrhosis. J Hepatol. 

1997;26(1):96-102. 

13. Tanaka K, Sakai H, Hashizume M, et al. Serum 

testosterone:estradiol ratio and the development of 

hepatocellular carcinoma among male cirrhotic. 

Cancer Res. 2000;60(18):5106-5110.  

14. Kuper H, Mantzoros C, Lagiou P, et al. Estrogens, 

testosterone and sex hormone binding globulin in 

relation to liver cancer in men. Oncology. 

2001;60(4):355-360.  

15. Lukanova A, Becker S, Hüsing A, et al. 

Prediagnostic plasma testosterone, sex hormone-

binding globulin, IGF-I and hepatocellular 

carcinoma: etiological factors or risk markers ?. Int J 

Cancer. 2014;134(1):164-173.  

16.  Korah TE, Badr AE, Emara MM, et al. Relation 

between sex hormones and hepatocellular 

carcinoma. Andrologia. 2016;48(9):948-955.  

17. Vasiliauskaité-Brooks I, Sounier R, Rochaix P, et al. 

Structural insights into adiponectin receptors 

suggest ceramidase activity Nature. 

2017;544(7648):120-123.  

18. Wang P, Yuan Y, Lin W, et al. Roles of 

sphingosine-1-phosphate signaling in cancerCancer 

Cell Int. 2019;19:295.  

19. Maceyka M, Rohrbach T, Milstien S, et al. Role of 

Sphingosine Kinase 1 and Sphingosine-1-Phosphate 

Axis in Hepatocellular Carcinoma. Handb Exp 

Pharmacol. 2020;259:3-17.  

20. Uranbileg B, Ikeda H, Kurano M, et al. Increased 

mRNA levels of sphingosine kinases and S1P lyase 

and reduced levels of S1P were observed in 

hepatocellular carcinoma in association with poorer 

differentiation and earlier recurrence. PLoS One. 

2016;11(2):e0149462.  

21. Reynolds GM, Visentin B, Sabbadini R. 

Immunohistochemical detection of sphingosine-1-

phosphate and sphingosine kinase-1 in human tissue 

samples and cell lines. Methods Mol Biol. 

2018;1697:43-56.  

22. Zeng Y, Yao X, Chen L, et al. Sphingosine-1-

phosphate induced epithelial-mesenchymal 

transition of hepatocellular carcinoma via an MMP-

7/syndecan-1/TGF-beta autocrine loop Oncotarget. 

2016;7(39):63324-63337.  

23. Dong H, Xiao J, Zhu R, et al. Serum sphingosine 1-

phosphate in hepatocellular carcinoma patients is 

related to HBV infection. J BUON. 

2018;23(6):1711-1716. 

24. Jiang Y, Tie C, Wang Y, et al. Upregulation of 

serum sphingosine (d18:1)-1-P potentially 

contributes to distinguish HCC including AFP-

negative HCC from cirrhosis. Front Oncol. 

2020;10:1759.  

25. Grammatikos G, Ferreiros N, Bon D, et al.  

Variations in serum sphingolipid levels associate 

with liver fibrosis progression and poor treatment 

outcome in hepatitis C virus but not hepatitis B virus 

infection. Hepatology. 2015;61(3):812-822.  

26. Grammatikos G, Dietz J, Ferreiros N, et al. 

Persistence of HCV in acutely-infected patients 

depletes C24-ceramide and upregulates sphingosine 

and sphinganine serum levels. Int J Mol Sci. 

2016;17(6):922.  

27. Guo S, Yu Y, Zhang N, et al. Higher level of plasma 

bioactive molecule sphingosine 1-phosphate in 

women is associated with estrogen. Biochim 

Biophys Acta. 2014;1841(6):836-846.  

28. Daum G, Winkler M, Moritz E, et al. Determinants 

of Serum- and Plasma Sphingosine-1-Phosphate 

Concentrations in a Healthy Study Group. TH Open. 

2020;4(1):e12-e19.  

29. Kim HJ, Lee HW  Important predictor of mortality 

in patients with end-stage liver disease. Clin Mol 

Hepatol. 2013;19(2):105-115.  

30. European Association for Study of Liver; European 

Organization for Research and Treatment of Cancer 

2012 EASL-EORTC clinical practice guidelines: 

management of hepatocellular carcinoma. 

[published correction appears in Eur J Cancer. 2012 

May;48(8):1255-6]. Eur J Cancer. 2012;48(5):599-

641.  

31. Llovet JM, Di Bisceglie AM, Bruix J, et al .  Design 

and endpoints of clinical trials in hepatocellular 

carcinoma. J Natl Cancer Inst. 2008;100(10):698-

711.  

32. Edge SB, Compton CC. The American Joint 

Committee on Cancer: the 7th edition of the AJCC 

cancer staging manual and the future of TNM.  Ann 

Surg Oncol. 2010;17(6):1471-1474.  

33. Li C, Zheng S, You H, et al. Sphingosine 1-

phosphate (S1P)/S1P receptors are involved in 

human liver fibrosis by action on hepatic 

myofibroblasts motility. J Hepatol. 

2011;54(6):1205-1213.  

34. Park WJ, Song JH, Kim GT, et al. Ceramide and 

Sphingosine 1-Phosphate in Liver Diseases. Mol 

Cells. 2020;43(5):419-430.  

35. Ressom HW, Xiao JF, Tuli L, et al. Utilization of 

metabolomics to identify serum biomarkers for 

hepatocellular carcinoma in patients with liver 

cirrhosis. Anal Chim Acta. 2012;743:90-100.  

36. Grammatikos G, Schoell N, Ferreirós N, et al. 

Serum sphingolipidomic analyses reveal an 

upregulation of C16-ceramide and sphingosine-1-

phosphate in hepatocellular carcinoma. Oncotarget. 

2016;7(14):18095-18105.  

37. Chung MY, Park SY, Chung JO, C et al. Plasma 

sphingosine 1-phosphate concentrations and 

cardiovascular autonomic neuropathy in individuals 

with type 2 diabetes. Sci Rep. 2020;10(1):12768.  

38. Reibe-Pal S, Febbraio MA. Adiponectin serenades 

ceramidase to improve metabolism. Mol Metab. 

2017;6(3):233-235.  

39. Maczis M, Milstien S, Spiegel S. Sphingosine-1-

phosphate and estrogen signaling in breast cancer. 

Adv Biol Regul. 2016;60:160-165.  



Matta et al. SECI Oncology 2022(2):73-85  
Page 85 

   

40. Yin J, Guo YM, Chen P, et al. Testosterone 

regulates the expression and functional activity of 

sphingosine-1-phosphate receptors in the rat corpus 

cavernosum. J Cell Mol Med. 2018;22(3):1507-

1516.  

41. Sadik NAH, Ahmed A, Ahmed S. The significance 

of serum levels of adiponectin, leptin, and 

hyaluronic acid in hepatocellular carcinoma of 

cirrhotic and non-cirrhotic patients. Hum Exp 

Toxicol. 2012;31(4):311-321.  

42. Radwan HA, Hamed EH, Saleh OM . Significance 

of serum adiponectin and insulin resistance levels in 

diagnosis of Egyptian patients with chronic liver 

disease and HCC. Asian Pac J Cancer Prev. 

2019;20(6):1833-1839.  

43. Simó R, Saez-Lopez C, Lecube A, et al. 

Adiponectin upregulates SHBG production: 

molecular mechanisms and potential implications. . 

Endocrinology. 2014;155(8):2820-2830.  

44. Chen MJ, Yeh YT, Lee KT, et al. The promoting 

effect of adiponectin in hepatocellular carcinoma. J 

Surg Oncol. 2012;106(2):181-187.  

45. Pok S, Barn VA, Wong HJ, et al. Testosterone 

regulation of cyclin E kinase: A key factor in 

determining gender differences in 

hepatocarcinogenesisJ Gastroenterol Hepatol. 

2016;31(6):1210-1219.  

46. Maruyama Y, Adachi Y, Aoki N, et al. Mechanism 

of feminization in male patients with non-alcoholic 

liver cirrhosis: role of sex hormone-binding 

globulin. Gastroenterol Jpn. 1991;26(4):435-439.  

47. Sarkar M, Lai JC, Sawinski D, Z et al. Sex hormone 

levels by presence and severity of cirrhosis in 

women with chronic hepatitis C virus infection. J 

Viral Hepat. 2019;26(2):258-262.  

48. Goldštajn MŠ, Toljan K, Grgić F, et al. Sex 

Hormone Binding Globulin (SHBG) as a Marker of 

Clinical Disorders. Coll Antropol. 2016;40(3):211-

218.  

49. Iyer JK, Kalra M, Kaul A, et al. Estrogen receptor 

expression in chronic hepatitis C and hepatocellular 

carcinoma pathogenesis. World J Gastroenterol. 

2017 ;23(37):6802-6816.. 

 


