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Abstract

Accurate estimation of hepatic necroinflammation caused by chronic hepatitis C (CHC) is crucial for prediction of prognosis
and design of therapeutic strategy, which is particularly true for CHC patients with normal alanine aminotransferase (ALT)
level. Recent studies have shown that sphingolipids have a close relationship with hepatitis C virus infection. The present
study aimed to identify plasma sphingolipids related to hepatic necroinflalmmation. We included 120 treatment-naive CHC
patients and 64/120 had normal ALT levels (<40 U/L). CHC patients who underwent liver biopsies were subjected to
Scheuer scoring analysis for scope of hepatic inflammation. Plasma sphingolipids were detected by high-performance liquid
chromatography tandem mass spectrometry. Our results showed 44 plasma sphingolipids were detected altogether. Of all
detected sphingolipids, hexosylceramide (HexCer) (d18:1/22:0) and HexCer (d18:1/24:0) showed a significant difference
among G0/G1, G2, and G3/G4 (P<<0.05). For identifying hepatic necroinflammation (G=2), after adjusting other factors, the
odds ratio (OR) of HexCer (d18:1/22:0) reached 1.01 (95% confidence interval [Cl]: 1.00-1.02). Furthermore, the area under
the curve (AUC) of HexCer (d18:1/22:0) was 0.7 (P=0.01) and approached that of ALT (AUC=0.78). However, in CHC patients
with normal ALT, HexCer (d18:1/22:0) was an independent factor (OR: 1.02, 95% Cl: 1.01-1.03) to identify the hepatic
necroinflammation (G=2). HexCer (d18:1/22:0) not only showed the largest AUC (0.78, P=0.001), but also exhibited the
highest specificity of all indicators. These results indicate that plasma HexCer (d18:1/22:0) is a potential indicator to
distinguish hepatic necroinflammation in CHC patients. For CHC with normal ALT, the ability of HexCer (d18:1/22:0) to
distinguish hepatic necroinflammation might be superior to conventional serum indicators.
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Introduction nowadays because of the invasive procedures with potential
complications [6]. Serum aminotransferases are used to evaluate
hepatic injury indirectly, but are limited because 15-30% of CHC
patients have consistently normal alanine aminotransferase (ALT)
despite the presence of liver inflammation [7,8]. Furthermore,
through long-term follow-up, liver histological injury can also be
eventually contribute to liver fibrogenesis [3]. It has been found in CHC patients with normal serial ALT [9]. There is an
confirmed that chronic hepatitis C (CHC) patients with extensive urgent need to find novel noninvasive biomarkers to evaluate
periportal hepatocellular necrosis and inflammation have higher accurately hepatic necroinflammation in CHC patients, especially
rates of fibrosis progression [4]. Therefore, the necroinflammatory those with normal ALT, to identify candidates for antiviral
activity should be regarded as a major clue for deciding therapy therapy.

[5]. As the gold criterion for estimating hepatic necroinflamma- Sphingolipids are enriched in lipid rafts of biological mem-
tion, liver biopsies are recommended in treatment guidelines branes and provide a distribution platform for different signal
worldwide. Nevertheless, these biopsies are not undertaken widely processes including proliferation, differentiation and apoptosis

Hepatitis C is a major public health problem, affecting over 2%
of the global population who are at risk of cirrhosis or
hepatocellular carcinoma [1,2]. Persistent hepatitis C  virus
(HCV) infection triggers hepatic necroinflammation, which may
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[10,11]. During infection, pathogens are able to exploit lipid rafts donations with blood cell re-transfusions between 1992 and 1995,

composed of sphingolipids and others to gain entry to their target and did not receive antiviral treatment before being recruited into
host cells [12]. For HCV infection, it has been reported that, in the present study. CHC diagnosis was made in accordance with
HCV-infected chimeric mice, inhibition of serine palmitoyltrans- established criteria [21,22]. Patients with co-infections with other
ferase, which is a first-step enzyme in the sphingolipid biosynthetic viruses or who were ineligible for liver biopsy were excluded. Two
pathway, could suppress replication of HCV [13]. Moreover, patients who were ineligible for liver biopsy, one due to ascites, the
inhibitors of HCV replication can prevent the de novo synthesis of ~ other due to the small size of the liver biopsy specimen, were
sphingolipids i vitro [14]. After persistent infection in CHC excluded. One hundred and twenty patients were eligible for the
patients, altered plasma sphingosine 1-phosphate, as a bioactive study. To seek potential biomarkers among plasma sphingolipids

sphingolipid, has also been found recently to be involved in liver for patients with normal ALT levels (<40 U/L), 64 patients were
fibrosis [15]. Thus, sphingolipids have a close relationship with rescreened for analysis (Figure 1).

CHC, especially for the metabolites ceramide, which have been Fasting blood samples were collected on the day of the liver
implicated in apoptosis and necrosis of hepatic cells and contribute ~ biopsy. Liver function and coagulation function tests were
to progression of liver diseases [16,17,18]. performed in all patients. Each patient gave signed informed

We have previously established a mature high-performance consent at the beginning of the study. The study protocol was
liquid chromatography-tandem mass spectrometry (HPLC-MS/ conducted in accordance with the provisions of the Declaration of

MS) method to quantify sphingolipids in other diseases [19]. Based He.l.s'inki, 1975 and approved bY. the IHStiFUIiOHal Revi'ew Boa.rfl of
on that improved quantitative high-throughput lipidomic plat- Beijing YouAn Hospital, Capital Medical University, Beijing,

form, we initially found a relationship between plasma sphingo- China.
lipids and hepatic inflammation in CHC [20]. However, the
relationship between plasma sphingolipids and hepatic necroin- Liver Biopsy
flammation has only rarely been studied before, especially for Liver biopsies were obtained from CHC patients under
CHC patients with normal ALT. ultrasound guidance. Specimens were fixed in formalin and
Therefore, in the present study, based on our previous improved embedded in paraffin. Specimens longer than 1.5 cm, containing
HPLC-MS/MS methods and liver biopsy, we aimed to evaluate at least six complete portal areas, were reviewed by two senior
the diagnostic ability of plasma sphingolipids to identify hepatic pathologists who were unaware of the patients’ clinical data. The
necroinflammation (G=2) among patients with CHC and the Scheuer scoring system was used to assess hepatic necroinflam-
subgroup of patients with normal ALT levels, respectively. matory activity, and G=2 was considered to show the presence of
necrosis [23]. Also, with fewer samples from GO and G4 patients,
Materials and Methods GO and G1, and G3 and G4 were respectively merged into GO/
G1 or G3/G4 groups for statistical analysis.
Patients
A group of 122 CHC patients with long-term follow-up, from HPLC-MS/MS
Dingxi City, Gansu Province, China, were enrolled from July 2010 Blood was collected into cold lithium heparin used as an

to June 2011. All the patients had a history of paid plasma anticoagulant and immediately centrifuged at 4°C at 8000 x g
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Figure 1. Flowchart of patient selection and study design. Serum ALT level <40 U/L was considered normal. Data are number of patients (%).
doi:10.1371/journal.pone.0095095.g001
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The samples were stored at —80°C.. All lipid standards were from
Avanti Polar Lipids (Alabaster, AL, USA). Ultra Resi-analyzed
grade methanol and HPLC grade methyl-tert-butyl ether (M TBE)
were purchased from Mallinckrodt Baker (Phillipsburg, NJ, USA).
Formic acid of analytical grade was obtained from TEDIA
(Fairfield, OH, USA). Ammonium formate (purity >99.99%) was
purchased from Sigma—Aldrich (St. Louis, MO, USA). Ultrapure
water was prepared using a Milli-Q) purification system (Millipore,
Bedford, MA, USA). HPLC-MS/MS was performed on an
Agilent 6410B Triple Quad mass spectrometer (QQQ); Agilent
Technologies Santa Clara, CA, USA) comprising a triple
quadrupole MS analyzer with an electrospray ionization interface
and an Agilent 1200 RRLC system. Sphingolipidomic assays were
performed at the Institute of Materia Medica, Peking Union
Medical College (Beijing, China) as previously described [19].

Statistical Analysis

Data were expressed as mean * standard deviation (SD). In
univariate analysis, depending on the data distribution according
to the Kolmogorov—Smirnov test, continuous variables among
multiple groups were analyzed by one-way analysis of variance or
the nonparametric Kruskal-Wallis test. Comparisons between
pairs of groups subsequently were analyzed by the least significant
difference ¢ test or Mann—Whitney test. Additionally, the
independent-samples ¢ test or Mann—Whitney test was used to
compare G<2 against G=2. Categoric variables were analyzed by
Pearson y? test. Correlation analysis between plasma sphingolipids
and inflammation grades was performed by Spearman’s rank
correlation. Moving forward, the (LR) multivariate logistic
regression analysis was performed, and the P values of entry and
removal were respectively set to 0.05 and 0.1. The diagnostic value
of each indicator with significant difference in univariate analysis
was assessed by the area under the receiver operating character-
istic (ROC) curve. Statistical analysis was performed using SPSS
version 19.0 (Chicago, IL, USA), while a two-sided P value <0.05
was considered statistically significant.

PLOS ONE | www.plosone.org

Table 1. Characteristics of patients included and univariate analysis of routine indicators according to hepatic inflammation grade.
Variable Total patients (n=120) GO/G1 (n=17) G2 (n=67) G3/G4 (n=36) P value
Age, yrs 51.33£7.33 50.41+8.42 50.88*7.07 52.58*7.33 0.36

Male, n (%) 57(47.50) 3(17.65) 35 (52.24) 19 (52.78) 0.03

ALT (U/L) 60.42+70.88 29.34+17.66 48.37+33.78 97.52+112.35 <0.001
AST (U/L) 47.94+44.30 27.49+10.18 40.33+18.78 71.76+71.16 <0.001
TBIL (umol/L) 16.51%£7.25 13.40£4.47 17.06*7.42 16.96*7.75 0.13

DBIL (umol/L) 3.26*+1.36 2.89*+1.14 3.23+1.23 3.50*+1.65 043

TP (g/L) 70.93+4.95 69.84+3.65 71.23£5.27 70.89+4.89 0.59
Albumin (g/L) 43.21+2.36 44.34+1.84 43.19+2.38 42.72+2.43 0.06
Globulin (g/L) 29.19%£17.29 26.08+3.57 30.50+22.84 28.23*+4.19 0.09

GGT (U/L) 22.04+16.50 16.49+10.89 18.00*8.00 32.17£24.46 <0.001
ALP (U/L) 76.29+20.91 75.35+18.52 72.57+17.25 83.64+26.19 0.11

TBA (umol/L) 11.24+46.76 4.57*2.75 13.70+62.44 9.80+6.61 0.004
Cholinesterase (U/L) 6957.09+1442.44 7541.44+2140.99 6882.53+1350.68 6819.92+1158.74 0.09

PTA (%) 92.41£9.11 98.47+6.30 92.96+9.39 88.50£7.99 <0.001
Data are means = SD or number of patients (%).

P values are acquired by one-way analysis of variance or the nonparametric Kruskal-Wallis test for continuous variables depending on the data distribution, and by
Pearson y? for categoric variables.

ALT: alanine aminotransferase; AST: aspartate aminotransferase; TBIL: total bilirubin; DBIL: direct bilirubin; TP: total protein; GGT: y-glutamyl transpeptidase; ALP, alkaline
phosphatase; TBA: total bile acid; PTA: prothrombin activity.

doi:10.1371/journal.pone.0095095.t001

Results

Clinical Characteristics of Patients

The characteristics of the 120 patients who underwent a liver
biopsy are summarized in Figure 1 and Table 1. The patient
group comprised 57 (47.5%) male and 63 (52.5%) female patients
with a mean age of 51.33 years. According to the Scheuer
inflammation score, G2 was present in 67 patients, which
accounted for the largest proportion (55.8%). This was followed
by G3 (28.3%, 34/120) and G1 (13.3%, 16/120). GO and G4 were
found in 0.8% (1/120) and 1.7% (2/120) of the patients,
respectively. In the subgroup of patients (n=64) with normal
ALT levels (<40 U/L), G2 predominated (39/64, 60.9%),
followed by G1 (13764, 20.3%) and G3 (11/64, 17.2%)
(Figures 1 and 2). In univariate analysis of routine serological
indicators in all patients, ALT (P<0.001), aspartate aminotrans-
ferase (AST) (P<<0.001), y-glutamyl transpeptidase (GGT) (P<
0.001), total bile acid (TBA) (P<<0.05), and prothrombin activity
(PTA) (P<0.001) showed a significant difference among G0/Gl1,
G2, and G3/G4 (Table 1).

Relationship between Plasma Sphingolipids and Hepatic
Inflammation Grades in CHC Patients

Plasma sphingolipids in the 120 patients were analyzed by
HPLC-MS/MS, and 44 sphingolipids were identified and
quantified (Table S1). Two plasma sphingolipids showed a
significant difference among G0/G1, G2, and G3/G4 (P<0.05).
hexosylceramide (HexCer) (d18:1/22:0), which differed signifi-
cantly between G0/Gl and G2 (P=0.02), also showed a
significant difference between G0/Gl and G3/G4 (P=0.01).
Similarly, another sphingolipid HexCer (d18:1/24:0) showed a
significant difference in both G2 versus G0/G1 (P=0.02) and G3/
G4 versus GO/G1 (P=0.02) (Figure 3). To analyze further the
correlation between these two sphingolipids and hepatic inflam-

mation grades, Spearman’s correlation analysis was performed.
The results revealed that HexCer (d18:1/22:0) correlated with
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Figure 2. Liver histopathology of patients with G0O/G1, G2 and G3/G4 according to the Scheuer scoring system. (A) G1, portal
inflammation (HE x200); (B) G2, mild piecemeal necrosis (HE x200); (C) G3, moderate piecemeal necrosis (HE x200); (D), G4, severe piecemeal

necrosis and bridging necrosis (HE x200).
doi:10.1371/journal.pone.0095095.9g002
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Figure 3. Plasma sphingolipids with significant difference by hepatic inflammation grades in patients with CHC.
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Table 2. Indicators related to necroinflammation in CHC patients in univariate and multivariate analyses.

Variable G<2 (n=17) G=2 (n=103) P value OR (95% ClI)
Age, yrs 50.41*8.42 51.48*7.17 0.83

Male, n (%) 3(17.65) 54 (52.43) 0.01

ALT (U/L) 29.34+17.66 65.55+75.00 <0.001

AST (U/L) 27.49+10.18 51.32+46.83 <0.001 1.07 (1.01-1.13)
TBIL (umol/L) 13.404.47 17.02%7.50 0.05

DBIL (umol/L) 2.89*+1.14 3.32*1.39 0.21

TP (g/L) 69.84+£3.65 71.11%£5.12 0.33

Albumin (g/L) 44.34+1.84 43.02*2.40 0.03

Globulin (g/L) 26.08*3.57 29.70£18.57 0.03

GGT (U/L) 16.49+10.89 2295%17.12 0.01

ALP (U/L) 75.35+18.52 76.44+21.36 0.58

TBA (umol/L) 4.57%2.75 12.34%50.41 0.04

Cholinesterase (U/L) 7541.44+2140.99 6860.64+1281.44 0.03

PTA (%) 98.47+6.30 91.40£9.14 0.002 0.89 (0.81-0.98)
Cer(d18:1/18:1) (pmol/mL) 3.85x1.11 3.30%+1.33 0.03

HexCer(d18:1/16:0) (pmol/mL) 1131.87£525.58 1324.62+:493.48 0.03

HexCer(d18:1/22:0) (pmol/mL) 250.11+:46.82 308.01:85.18 0.01 1.01 (1.00-1.02)
HexCer(d18:1/24:1) (pmol/mL) 372.25+106.73 483.20*175.46 0.001

HexCer(d18:1/24:0) (pmol/mL) 307.8661.45 376.58+103.94 0.01

Data are means = SD or number of patients (%).

categoric variables.

doi:10.1371/journal.pone.0095095.t002

inflammation grades, and the correlation coefficient (r) was 0.21
(P=0.02). HexCer (d18:1/24:0) also showed a correlation with
inflammation grade (r=0.19, P=0.04).

Distinction of Hepatic Necroinflammation (G=2) in CHC
Patients

Hepatic necroinflammatory activity is one of the most
important predictors of fibrosis progression in CHC patients
[4,5,24]. Likewise, the identification of hepatic necroinflammation
(G=2) is essential for assessment of disease status in CHC patients.
We analyzed plasma sphingolipids and routine clinical indicators
to establish better noninvasive markers. Of all plasma sphingolip-
ids, ceramide (Cer) (d18:1/18:1), HexCer (d18:1/16:0), HexCer
(d18:1/22:0), HexCer (d18:1/24:1), and HexCer (d18:1/24:0)
showed a significant difference between G<2 and G=2 (P<<0.05)
in univariate analysis. Routine serological indicators such as ALT,
AST, albumin, globulin, GGT, TBA, cholinesterase, and PTA
also showed significant differences between G<2 and G=2 (P<
0.05). To determine independent factors for the absence or
presence of necroinflammation (G<2 versus. G=2), the multivar-
iate logistic regression analysis was performed. Sex, ALT, AST,
GGT, cholinesterase, PTA, Cer (d18:1/18:1), HexCer (d18:1/
16:0), HexCer (d18:1/22:0), HexCer (d18:1/24:1), and HexCer
(d18:1/24:0) were initially included in multivariate analysis. The
final results showed that the odds ratio (OR) for HexCer (d18:1/
22:0) reached 1.01 [95% confidence interval (CI): 1.0-1.02]. In
addition, the OR of AST and PTA was 1.07 (95% CI: 1.01-1.13)
and 0.89 (95% CI: 0.81-0.98), respectively (Table 2).

PLOS ONE | www.plosone.org

P values are acquired by independent-samples t test or the Mann-Whitney test for continuous variables depending on the data distribution, and by Pearson y? for

OR: odds ratio; Cl: confidence interval; ALT: alanine aminotransferase; AST: aspartate aminotransferase; TBIL: total bilirubin; DBIL: direct bilirubin; TP: total protein; GGT: -
glutamyl transpeptidase; ALP, alkaline phosphatase; TBA: total bile acid; PTA: prothrombin activity; Cer: ceramide; HexCer: hexosylceramide.

Subsequently, the ROC analysis was performed to determine
the diagnostic value of these significantly altered indicators. The
area under curve (AUC) of HexCer (d18:1/22:0) reached 0.7
(P=0.01). Although it was lower than that of ALT (AUC =0.78,
P<0.001), the specificity and positive likelihood ratio of HexCer
(d18:1/22:0) (0.82 and 3.30, respectively) were higher than the
routine serological indicators, including ALT. The AUC value of
the other plasma sphingolipids HexCer (d18:1/24:0), HexCer
(d18:1/24:1) ranged from 0.69 to 0.70 (all P<0.05); both of which
were larger than that of globulin, cholinesterase, albumin, and

TBA (Table S2).

Identification of Hepatic Necroinflammation (G=2) in the
Subgroup of CHC Patients with Normal ALT levels

In order to evaluate whether sphingolipids could differentiate
the hepatic necroinflammation (G=2) in the subgroup of CHC
patients with normal ALT levels, we also performed a univariate
and multivariate analysis (T'able 3). Routine serological indicators
AST, total bilirubin, albumin, GGT, and PTA were significantly
different between G<<2 and G=2 (P<0.05). HexCer (d18:1/22:0),
HexCer (d18:1/24:1), and HexCer (d18:1/24:0) showed signifi-
cant differences between G<2 and G=2 (P<0.05) among all the
plasma sphingolipids. During the logistic regression analysis, sex,
AST, total bilirubin, GGT, PTA, HexCer (d18:1/22:0), HexCer
(d18:1/24:1), and HexCer (d18:1/24:0) were included. The final
multivariate results revealed that HexCer (d18:1/22:0) was
independent of other factors and its OR value was 1.02 (95%
CI: 1.01-1.03).
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Table 3. Indicators related to necroinflammation (G=2) in CHC patients with normal ALT in univariate and multivariate analyses.

Variable G<2 (n=14) G=2 (n=50) P value OR (95% CI)
Age, yrs 49.29+8.84 51.84+6.97 0.26

Male, n (%) 1(7.14) 18(36.00) 0.08

AST (U/L) 24.13+7.44 30.86+8.61 0.01

TBIL (umol/L) 12.53*4.15 17.48+8.40 0.02

DBIL (umol/L) 2.67%1.10 3.24*+1.36 0.11

TP (g/L) 70.24+3.32 71.10%5.39 0.58

Albumin (g/L) 44.60+1.83 43.17£2.36 0.04

Globulin (g/L) 26.35+3.53 27.98+4.23 0.19

GGT (U/L) 12.97+4.27 16.61%7.31 0.03

ALP (U/L) 74.98+20.09 71.10+13.91 0.41

TBA (umol/L) 4.21x243 6.544.72 0.10

Cholinesterase (U/L) 7546.392232.91 6884.89+1437.77 0.19

PTA (%) 99.59+6.18 93.39+10.04 0.02

HexCer(d18:1/16:0) (pmol/mL) 1079.01+495.41 1271.33+390.77 0.05

HexCer(d18:1/22:0) (pmol/mL) 236.83+40.12 315.53%+90.33 <0.001 1.02(1.01-1.03)
HexCer(d18:1/24:1) (pmol/mL) 340.53+86.46 490.90+189.20 <0.001

HexCer(d18:1/24:0) (pmol/mL) 291.15%+50.55 377.49+102.57 <0.001

dhCer(d18:0/24:1) (pmol/mL) 35.10+11.78 48.48+22.56 0.05

Data are means = SD or number of patients (%).

doi:10.1371/journal.pone.0095095.t003

In the ROC analysis, two plasma sphingolipids demonstrated
larger AUCs than those of routine serological indicators. Of
concern was the fact that HexCer (d18:1/22:0) with the largest
AUC (0.78, P=0.001) exhibited the highest specificity (1.0) when
the optimal cutoff value was set to 281.37 pmol/mL. The AUC of
HexCer (d18:1/24:1) followed closely, which reached 0.75 (95%
CI: 0.62-0.87, P<<0.05) and was the same as AST. The AUCs of
total bilirubin, PTA, and GGT fluctuated from 0.69 to 0.71
(Table 4).

Discussion

In our cohort, all CHC patients had definite histories of plasma
donation with blood cell re-transfusion and did not receive
antiviral treatment before enrollment. Therefore, in this context of
an interferon-naive state of disease, we were able to obtain true
results of sphingolipids changes after eliminating the influence of
interferon therapy on hepatic inflammation. From our data, for
the first time, we reported that HexCer (d18:1/22:0) might be a
surrogate marker for assessing hepatic necroinflammation in
patients with CHC, especially, for those with normal ALT level.

Currently, although increasing evidence confirms the close
relationship between sphingolipids and liver diseases [18], for
example, ceramides which interact with several pathways involved
in oxidative stress, inflammation and apoptosis, can promote the
progress of nonalcoholic fatty liver disease [25], the role of
sphingolipids in hepatic inflammation in CHC patients remains to
be elucidated. In our study, the univariate and multivariate
analyses showed that HexCer (d18:1/22:0) correlated with
alteration of hepatic inflammation grade in CHC, and verified
that HexCer (d18:1/22:0) had an independent relationship with
hepatic necroinflammation (G=2) after adjusting for other factors,
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P values are acquired by independent-samples t test or the Mann-Whitney test for continuous variables, and by Pearson y? for categoric variables.
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alkaline phosphatase; TBA: total bile acid; PTA: prothrombin activity; Cer: ceramide; HexCer: hexosylceramide; dhCer: dihydroceramide.

especially in CHC patients with normal ALT level. Our results
show that HexCer (d18:1/22:0), which was elevated in CHC
patients with hepatic necroinflammation, might contribute
uniquely to the pathogenesis of hepatic necroinflammation in
CHC. Although there is no direct evidence of the role of HexCer
(d18:1/22:0) in hepatic necroinflammation caused by CHC, there
are several possible mechanisms that may be involved in the
relationship between this specific sphingolipid and hepatic
necroinflammation. One wm viwo study has reported that o-
galactosylceramide induces pronounced cytokine responses that
could contribute to hepatic inflammation, by activating natural
killer T cells [26]. In addition, a-galactosylceramide can also lead
to hepatic injury through tumor necrosis factor, which increased
Fas-ligand expression of natural killer T cells in an animal model
[27]. However, experimental studies are needed to determine the
exact underlying mechanisms responsible for the association of
HexCer (d18:1/22:0) with hepatic necroinflammation in CHC.
Furthermore, we focused on the potential of plasma sphingo-
lipids to identify the presence of hepatic necroinflammation (G=2)
in CHC. Another interesting finding in our study was that,
although the AUC value of these sphingolipids to identify hepatic
necroinflammation (G=2) was not larger than that of routine
serological indicators in the total patient population, others such as
negative likelihood ratio and positive likelihood ratio of some
sphingolipids were better indicators than routine serological
indicators. This indicated that plasma sphingolipids, especially
HexCer (d18:1/22:0), which was independently linked to hepatic
necroinflammation with the largest AUC of all sphingolipids, had
a certain superiority in identifying hepatic necroinflammation in

CHC patients.
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3 We also verified the superiority of plasma sphingolipids
E compared with routine serological indicators to reflect the
5 presence of necroinflammation (G=2) in CHC patients with
; IR ETAH LR E normal ALT levels. At present, elevated ALT level, as an indirect
5 surrogate marker for hepatic necrosis, still has poor ability to
£ identify hepatic inflammation in CHC patients [28], which is
< 4 particularly true for CHC patients with normal ALT and liver
2, , 2 90 [ inflammation [7,8]. Thus, it is more meaningful to find new
g markers for hepatic necroinflammation in CHC patients with
2 normal ALT for deciding therapeutic strategy. Our results
2 8 8R 8 ¥ R & s revealed that plasma HexCer (d18:1/22:0) exhibited the largest
e AUC (0.78, P=0.001) and the highest specificity (1.0) of all the
€ indicators including plasma sphingolipids and routine serological
o 1Y 28I 38 3 A g indicators. This suggests that HexCer (d18:1/22:0) might become
"SERIE e 5 a potential marker for identifying hepatic necroinflammation in
Q. . .
a CHC patients with normal ALT.
i & Although HexCer (d18:1/24:0) showed that its AUC ap-
(%] 2] s
< < . .
g v proached that of HexCer (d18:1/22:0) in ROC analysis, HexCer
f g (d18:1/24:0) was not an independent factor to identify hepatic
= g necroinflammation in CHC in multivariate analysis. However, we
v . . .
= = speculated that the association with small samples and poor
£ ° g statistical power could not be ruled out. We confirmed the superior
e 2 - diagnostic value of HexCer (d18:1/22:0) to identify hepatic
(] . . . . .
< o Y necroinflammation in patients with CHC and normal ALT level.
= b3 [} . . . .
2 21m 2 w3 w o g Tz There were some limitations in our study. We analyzed the
*2 Sl @ c-g ¥ '% relationship between the plasma sphingolipids and hepatic
@ - necroinflammation based on a long-term (~20 years) follow-up
- . . .
8 _§ in a cohort of interferon-naive CHC patients, and the actual
U E number of cases was not large, and the different inflammation
S E groups were not matched exactly for sex. However, by adjusting
< § - = for sex, the multivariate analysis showed that sex had minimal
N E 8 3835 38 8 3 g effects on plasma sphingolipid level.
kAD‘ "l & In summary, based on liver biopsies and HPLC-MS/MS, we
= .i have found for the first time that plasma sphingolipid HexCer
8 ® (d18:1/22:0) has a positive diagnostic value to distinguish hepatic
g 3 necroinflammation in CHC, especially in patients with normal
£ 2 ALT levels. Meanwhile, our discovery of plasma sphingolipids has
ur—g = opened new directions of research to identify novel noninvasive
S ¢ markers for progression of CHC.
9 G
CU .0
< N N HE Er Supporting Information
o == N = NN © % © 3
0|2 ® @ ©« ® ® o F& . ..
S :\g S $ 9 9 3 9 | 2y Table S1 Plasma sphingolipids profile of untreated
= ~ Q O O s = . oy . .
5 a o E o g o E £ & chronic hepatitis C patients with G0/G1, G2, G3/G4.
95 Y oy o ff_ S =% % g Data are expressed as mean * standard deviation, P values were
% ‘BB El R f o calculated by one-way analysis of variance or the nonparametric
R g < Kruskal-Wallis test.
e 03 (DOC)
g 3%
e 589 Table S2 Performance of indicators for identification of
< f gé’ liver necroinflammation (G=2) in ROC analysis. The
@ R4 3 § indicators whose P values of AUC were less than 0.05 are listed in
] g2 the Table.
© 2 C =
9 S (DOC)
S ygs3d
£ T55%
5 5258 Acknowledgments
© Lsig
2 TE 5 £ 3 We thank all the patients involved in this study.
o L
© [N c
< 2328 -
O 5 = = 8383 Author Contributions
N ¥ < s 53EE
8 g g N - Conceived and designed the experiments: S-JZ J-YR J-LZ Z-PD.
< % & £ = 3_% = Performed the experiments: FQ S-J7Z J-FL. H-LW ML HL FR YC.
) % T3z Z 5 % g 2 Analyzed the data: J-FL. Contributed reagents/materials/analysis tools:
) g9 g g == FQ J-LZ. Wrote the paper: J-FL.
© s |3 85 35S gl 209
= > |T T < T - o OUlF<gad

PLOS ONE | www.plosone.org 7 April 2014 | Volume 9 | Issue 4 | €95095



References

1.

Shepard CW, Finelli L, Alter MJ (2005) Global epidemiology of hepatitis C virus
infection. Lancet Infect Dis 5: 558-567.

. Lavanchy D (2009) The global burden of hepatitis C. Liver Int 29 Suppl 1: 74—

81.

. Ascione A, Tartaglione T, Di Costanzo GG (2007) Natural history of chronic

hepatitis C virus infection. Dig Liver Dis 39 Suppl 1: S4-7.

. Ghany MG, Kleiner DE, Alter H, Doo E, Khokar F, et al. (2003) Progression of

fibrosis in chronic hepatitis C. Gastroenterology 124: 97-104.

. Fontaine H, Nalpas B, Poulet B, Carnot F, Zylberberg H, et al. (2001) Hepatitis

activity index is a key factor in determining the natural history of chronic
hepatitis C. Hum Pathol 32: 904-909.

. Bravo AA, Sheth SG, Chopra S (2001) Liver biopsy. N Engl J Med 344: 495

500.

. Marcellin P, Levy S, Erlinger S (1997) Therapy of hepatitis C: patients with

normal aminotransferase levels. Hepatology 26: 133S-136S.

. Tassopoulos NC (1999) Treatment of patients with chronic hepatitis C and

normal ALT levels. J] Hepatol 31 Suppl 1: 193-196.

. Okanoue T, Makiyama A, Nakayama M, Sumida Y, Mitsuyoshi H, et al. (2005)

A follow-up study to determine the value of liver biopsy and need for antiviral
therapy for hepatitis C virus carriers with persistently normal serum
aminotransferase. ] Hepatol 43: 599-605.

. Bartke N, Hannun YA (2009) Bioactive sphingolipids: metabolism and function.

J Lipid Res 50 Suppl: S91-96.

. Lingwood D, Simons K (2010) Lipid rafts as a membrane-organizing principle.

Science 327: 46-50.

. Hawkes DJ, Mak J (2006) Lipid membrane; a novel target for viral and bacterial

pathogens. Curr Drug Targets 7: 1615-1621.

Umechara T, Sudoh M, Yasui F, Matsuda C, Hayashi Y, et al. (2006) Serine
palmitoyltransferase inhibitor suppresses HCV replication in a mouse model.
Biochem Biophys Res Commun 346: 67-73.

Sakamoto H, Okamoto K, Aoki M, Kato H, Katsume A, et al. (2005) Host
sphingolipid biosynthesis as a target for hepatitis C virus therapy. Nat Chem Biol
1: 333-337.

. Ikeda H, Ohkawa R, Watanabe N, Nakamura K, Kume Y, et al. (2010) Plasma

concentration of bioactive lipid mediator sphingosine 1-phosphate is reduced in
patients with chronic hepatitis C. Clin Chim Acta 411: 765-770.

PLOS ONE | www.plosone.org

Sphingolipids and Hepatic Necroinflammation in Chronic Hepatitis C

21.

22.

23.

24.

28.

. Jones BE, Lo CR, Srinivasan A, Valentino KL, Czaja MJ (1999) Ceramide

induces caspase-independent apoptosis in rat hepatocytes sensitized by inhibition
of RNA synthesis. Hepatology 30: 215-222.

. Arora AS, Jones BJ, Patel TC, Bronk SF, Gores GJ (1997) Ceramide induces

hepatocyte cell death through disruption of mitochondrial function in the rat.

Hepatology 25: 958-963.

. Mari M, Fernandez-Checa JC (2007) Sphingolipid signalling and liver diseases.

Liver Int 27: 440-450.

Qu F, Wu CS, Hou JF, Jin Y, Zhang JL (2012) Sphingolipids as new biomarkers
for assessment of delayed-type hypersensitivity and response to triptolide. PLoS
One 7: €52454.

Qu F, Zheng SJ, Wu CS, Jia ZX, Zhang JL, et al. (2014) Lipidomic profiling of
plasma in patients with chronic hepatitis C infection. Anal Bioanal Chem 406:
555-564.

Ghany MG, Strader DB, Thomas DL, Seeff LB (2009) Diagnosis, management,
and treatment of hepatitis C: an update. Hepatology 49: 1335-1374.
Hepatotogy Branch, Infectious and Parasitology branch, Chinese Medical
Association(2004) Guideline of prevention and treatment of hepatitis C.
Zhonghua Yu Fang Yi Xue Za Zhi 38: 210-215.

Scheuer PJ (1991) Classification of chronic viral hepatitis: a need for
reassessment. ] Hepatol 13: 372-374.

Lagging LM, Westin J, Svensson E, Aires N, Dhillon AP, et al. (2002)
Progression of fibrosis in untreated patients with hepatitis C virus infection. Liver

22: 136-144.

. Pagadala M, Kasumov T, McCullough AJ, Zein NN, Kirwan JP (2012) Role of

ceramides in nonalcoholic fatty liver disease. Trends Endocrinol Metab 23: 365
371.

. Biburger M, Tiegs G (2005) Alpha-galactosylceramide-induced liver injury in

mice is mediated by TNF-alpha but independent of Kupffer cells. J Immunol
175: 1540-1550.

. Inui T, Nakashima H, Habu Y, Nakagawa R, Fukasawa M, et al. (2005)

Neutralization of tumor necrosis factor abrogates hepatic failure induced by
alpha-galactosylceramide without attenuating its antitumor effect in aged mice.
J Hepatol 43: 670-678.

Sanai FM, Benmousa A, Al-Hussaini H, Ashraf S, Alhafi O, et al. (2008) Is
serum alanine transaminase level a reliable marker of histological disease in
chronic hepatitis C infection? Liver Int 28: 1011-1018.

April 2014 | Volume 9 | Issue 4 | €95095



