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Abstract: The aim of the present study was to explore the relationship

between plasma sphingolipids and hepatitis C virus (HCV) replication

in chronic hepatitis C (CHC) patients.

A cohort of 120 treatment-naı̈ve CHC patients was included. Liver

biopsies and the Scheuer scoring system were used to assess hepatic

inflammatory activity. Blood biochemical indicators, HCV-RNA load,

and immunological markers were also measured. Forty-four plasma

sphingolipids were identified and quantified using high-performance

liquid chromatography–tandem mass spectrometry.

The hexosylceramide (HexCer) (d18:1/18:1) level was significantly

different between patients with a low HCV load (<106 IU/mL) and a
an-Dan Bian, MD , PhD,
, MD, PhD, and Su-Jun Zheng, MD, PhD

interval 1.129–1.502) was an independent factor for a high HCV-RNA

load. For patients with hepatic inflammation grade�2 or HCV genotype

2, HexCer (d18:1/18:1) was independently related to a high HCV-RNA

load.

Plasma HexCer (d18:1/18:1) might be involved in the high viral

replication level in chronic HCV infection, especially for CHC patients

with genotype 2.

(Medicine 95(23):e3773)

Abbreviations: ALT = alanine aminotransferase, APOB =

apolipoprotein B, AST = aspartate aminotransferase, C3 =

complement 3, Cer = ceramide, CHC = chronic hepatitis C, CI =

confidence interval, HCV = hepatitis C virus, HDV = hepatitis delta

v i rus , HexCer = hexosy lce ramide , HIV = human

immunodeficiency virus, HVL = high viral load, LVL = low viral

load, OR = odds ratio, PALB = prealbumin, PLT = platelet, SD =

standard deviation, SM = sphingomyelin, TP = total protein.

INTRODUCTION

H epatitis C virus (HCV) infection has been recognized as a
leading cause of chronic liver disease, since it was dis-

covered in 1989.1 Approximately 3% of the population world-
wide—130 to 170 million people—has an HCV infection.2

Approximately 10% to 20% of patients with chronic HCV
infection progress to cirrhosis in a period of 20 to 30 years.3

Although many factors are associated with disease progression,
persistent HCV replication has been recognized as one of the
main determinants of hepatic deterioration.4 Suppression of
viral replication is an important strategy for preventing the
progression of chronic liver disease. Although the combination
of pegylated interferon-a and ribavirin or direct-acting antiviral
agents could remove the viruses, a few patients suffer from
treatment failure, and they require treatment in the future.
Therefore, further searches for novel targets that are a closely
related to the HCV replication process are urgently needed.

Sphingolipids interact with cholesterol and glycosphingo-
lipid during the formation of lipid rafts. These provide a
platform for signal transduction and pathogen infection,5 and
also play crucial roles in the viral life cycle.6 For instance, lipid
rafts may be the sites for HCV-RNA synthesis.7 Recent studies
have demonstrated that sphingolipids are closely related to liver
disease, especially ceramide metabolites.8 Ceramides play an
essential role in inhibiting HCV entry.9 During HCV infection,
hingolipid biosynthesis with a serine
hibitor, which is the first-step enzyme
nthetic pathway, could suppress viral
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serum alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) values were 60.42 and 47.94 U/L, respect-
ively; they were mildly elevated at the time of biopsy.

TABLE 1. Demographic and Clinical Characteristics of the
Patients With Chronic Hepatitis C (n¼120)

Variables Value

Age, yrs, mean�SD 51.33� 7.33
Male, n (%) 57 (47.50)
ALT, U/L, mean�SD 60.42� 70.88
AST, U/L, mean�SD 47.94� 44.31
Total bilirubin, mmol/L, mean�SD 16.51� 7.25
Direct bilirubin, mmol/L, mean�SD 3.26� 1.36
Total protein, g/L, mean�SD 70.93� 4.95
Albumin, g/L, mean�SD 43.21� 2.36
Globulin, g/L, mean�SD 29.19� 17.28
g-GGT, U/L, mean�SD 22.04� 16.50
Alkaline phosphatase, U/L, mean�SD 76.29� 20.91
Cholinesterase, U/L, mean�SD 6957.09� 1442.44
Prothrombin activity, %, mean�SD 92.41� 9.11
Scheuer inflammation grade, n (%)

Grade 0 1 (0.83)
Grade 1 16 (13.33)
Grade 2 67 (55.83)
Grade 3 34 (28.33)
Grade 4 2 (1.67)

HCV-RNA load, IU/mL, n (%)
<106 72 (60.00)
�106 48 (40.00)

HCV genotype, n (%)
1b 44 (36.67)
2 53 (44.17)
Unknown 23 (19.17)

Data are presented as mean� standard deviation (SD) or number (%).
replication in HCV-infected chimeric mice and HCV replicon
cells.10–12 Additionally, HCV infection regulates various
aspects of lipid metabolism within infected hepatocytes.13–15

For example, HCV upregulates the sphingomyelin and cera-
mide levels, promoting viral replication in the hepatocytes of
humanized chimeric mice.16 Although multiple reports have
indicated that dysregulation of sphingolipid synthesis affects
HCV replication in animal models and cells, the relationship of
plasma sphingolipids with HCV replication in chronic hepatitis
C (CHC) patients remains poorly understood.

Previously, we established mature high-performance
liquid chromatography–tandem mass spectrometry (HPLC-
MS/MS) techniques to quantify sphingolipids.17,18 On the basis
of a platform that improved quantitative high-throughput lipi-
domic, we initially confirmed a relationship between the plasma
sphingolipids and hepatic inflammation in CHC.19 Sub-
sequently, we demonstrated that glycosphingolipid and sphin-
gomyelin were closely related to hepatic steatosis and fibrosis in
CHC patients, respectively.20,21 On the basis of the previous
reports and studies, we hypothesized that one or a subset of
sphingolipids might be involved in HCV replication.

Therefore, in the present study, with the help of HPLC-
MS/MS, liver biopsy, and HCV-RNA quantification, we aimed
to evaluate the relationship between plasma sphingolipids and
HCV replication among treatment-naı̈ve patients with CHC,
and also the subgroup of patients without significant necroin-
flammation (grade �2) or with HCV genotype 2.

METHODS

Patients
A cohort of 122 treatment-naı̈ve CHC patients with a clear

history of paid plasma donation from 1992 to 1995, from Dingxi
City (Gansu Province, China), who were followed between July
2010 to June 2011, were enrolled in the present study.22 The
CHC diagnosis was made in accordance with established
criteria.23,24 Patients were excluded if they were coinfected
with HBV, human immunodeficiency virus (HIV), or hepatitis
delta virus (HDV), or if they had a malignant disease, including
hepatocellular carcinoma, or there were no biopsy results. Two
cases were excluded; one was for ascites, and the other one was
because the liver biopsy specimen volume was too small. One
hundred twenty patients were eligible for the study. Informed
consents were obtained. The study was performed according to
the provisions of the Declaration of Helsinki and was approved
by the Institutional Review Board of Beijing YouAn Hospital,
Capital Medical University, Beijing, China.

Clinical Date Collection
The blood biochemical indicators, HCV-RNA load, and

immunological markers were collected as previously
described.22 Fasting blood samples were collected at the time
of biopsy and stored at �808C. Routine serological indications
were extracted in all patients.

Liver Biopsy
Liver biopsies were performed as described.22 The Scheuer

scoring system was used to assess hepatic inflammatory
activity.25 We selected patients without significant necroinflam-
mation (grade �2) for the subgroup statistical analysis.

Zhang et al
HPLC-MS/MS
Serum sphingolipids were detected by HPLC-MS/MS

as previously described.17 Sphingolipidomic assays were
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performed at the Institute of Materia Medica, Peking Union
Medical College (Beijing, China).

Statistical Analysis
Data were expressed as mean� standard deviation (SD),

unless otherwise specified. Statistical comparisons for continu-
ous variables were performed using the independent-samples t
test or Mann–Whitney U test. Categorical variables were
analyzed using the Pearson chi-square test. Correlation analysis
between the plasma sphingolipids and HCV-RNA load was
made using Spearman rank correlation. After univariate
analysis, stepwise logistic regression analysis with a forward
selection, and the P values of entry and removal were set to 0.05
and 0.1, respectively. Statistical analysis was performed using
SPSS version 19.0 (Chicago, IL). A P value <0.05 was
considered statistically significant.

RESULTS

Clinical Characteristics of Patients
In our cohort, there were 57 (47.5%) male and 63 (52.5%)

female patients who had a mean age of 51.33 years. The mean

Medicine � Volume 95, Number 23, June 2016
ALT¼ alanine aminotransferase, AST¼ aspartate aminotransferase,
GGT¼ gamma-glutamyl transferase, HCV¼ hepatitis C virus,
SD¼ standard deviation.
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latio
According to the Scheuer inflammation score, grade 2 was
present in 67 patients, accounting for the largest proportion
(55.8%). This was followed by grades 3 (28.3%, 34/120) and 1
(13.3%, 16/120). Grades 0 and 4 were found in 0.8% (1/120)
and 1.7% (2/120) of the patients, respectively. The number of
patients presenting with an HCV-RNA load less than 106 IU/mL
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was 72 (60%); 48 (40%) patients had more than 106 IU/mL. In
terms of genotypes, 44.2% (53/120) of patients had HCV
genotype 2, which was closely followed by HCV genotype

TABLE 2. Plasma Sphingolipid Profile of Untreated Chronic Hepa

Variables, pmol/mL <106 IU/mL (n¼ 72)

Sphingosine-1-P 153.49� 34.30
Cer (d18:1/16:0)-1-P 24.21� 11.06
Cer (d18:1/18:1)-1-P 17.60� 11.82
Cer (d18:1/18:0)-1-P 210.48� 75.83
Cer (d18:1/20:0)-1-P 19.10� 10.89
Cer (d18:1/24:0)-1-P 14.33� 6.09
Cer (d18:1/16:0) 126.30� 33.13
Cer (d18:1/18:1) 3.28� 1.19
Cer (d18:1/18:0) 25.74� 11.54
Cer (d18:1/20:0) 21.71� 8.01
Cer (d18:1/22:0) 150.07� 57.63
Cer (d18:1/24:1) 378.50� 121.03
Cer (d18:1/24:0) 546.36� 117.24
Cer (d18:1/26:0) 4.29� 1.96
dhSphingosine 3.28� 1.92
dhSphingosine-1-P 25.48� 5.78
HexCer (d18:1/6:0) 5.05� 5.24
HexCer (d18:1/12:0) 17.34� 11.84
HexCer (d18:1/14:0) 8.05� 3.22
HexCer (d18:1/16:0) 1338.46� 558.33
HexCer (d18:1/18:1) 10.45� 5.69
HexCer (d18:1/18:0) 9.67� 5.98
HexCer (d18:1/20:0) 17.18� 11.24
HexCer (d18:1/22:0) 291.23� 84.02
HexCer (d18:1/24:1) 456.06� 184.07
HexCer (d18:1/24:0) 355.75� 101.52
dhCer (d18:0/16:0) 7.64� 2.38
dhCer (d18:0/18:0) 7.24� 2.60
dhCer (d18:0/20:0) 36.01� 14.08
dhCer (d18:0/22:0) 117.47� 55.80
dhCer (d18:0/24:1) 45.47� 25.18
dhCer (d18:0/24:0) 110.82� 48.27
dhCer (d18:0/26:1) 6.23� 3.93
dhCer (d18:0/26:0) 9.11� 4.11
Lyso-SM (d18:1) 5.08� 1.70
SM (d18:1/12:0) 10.22� 2.85
SM (d18:1/14:0) 4.67� 1.10
SM (d18:1/16:0) 3329.00� 392.23
SM (d18:1/18:1) 757.25� 217.79
SM (d18:1/18:0) 1467.92� 210.89
SM (d18:1/20:0) 17.81� 2.65
SM (d18:1/22:0) 25.74� 4.41
SM (d18:1/24:1) 2758.56� 631.99
SM (d18:1/24:0) 1552.46� 246.28

Data are expressed as mean� standard deviation.
Cer¼ ceramide, dhCer¼ dihydroceramide, dhSphingosine¼ dihydrosphi�

P values were calculated by the independent-sample t test or the nonp

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
1 (36.7%, 44/120). The remainder did not belong to either
genotype 1 or genotype 2 (19.2%) (Table 1).

Relationship Between Plasma Sphingolipids
and HCV-RNA Load in CHC Patients

Plasma sphingolipids in the 120 patients were detected by

n of Hexosylceramide (d18:1/18:1) Contributes to HCV Replication
HPLC-MS/MS. Forty-four sphingolipids were identified and
quantified. Twenty-two plasma sphingolipids showed a signifi-
cant difference between patients with a low viral load (LVL,

titis C Patients According to HCV-RNA Load

�106 IU/mL (n¼ 48) P
�

138.11� 41.25 0.03
29.05� 9.17 0.004
15.37� 15.40 0.03

219.56� 85.32 0.85
23.43� 12.46 0.05
14.22� 4.67 0.81

151.18� 41.78 <0.001
3.53� 1.48 0.51

30.17� 15.98 0.16
20.42� 9.59 0.20

203.56� 96.88 <0.001
447.00� 163.28 0.03
626.18� 92.86 0.12

4.98� 2.25 0.07
2.76� 1.94 0.05

25.60� 6.72 0.92
3.88� 2.01 0.64

16.28� 18.26 0.03
6.40� 2.41 0.003

1235.59� 395.82 0.44
15.59� 6.00 <0.001
12.95� 6.08 0.001
23.49� 12.77 0.02

312.68� 81.17 0.14
484.62� 151.11 0.18
383.48� 100.79 0.13

8.76� 2.73 0.02
7.75� 3.16 0.48

38.66� 19.88 0.48
153.17� 84.82 0.03
49.71� 21.96 0.18

133.17� 64.90 0.08
6.72� 4.38 0.37

11.01� 5.17 0.02
5.75� 1.92 0.05

10.12� 2.96 >0.99
5.00� 0.90 0.02

3507.84� 347.10 0.005
645.18� 171.88 0.005

1563.03� 214.39 0.01
19.29� 2.97 0.007
28.14� 4.33 0.001

3280.42� 647.29 <0.001
1659.26� 235.79 0.02

ngosine, HexCer¼ hexosylceramide, SM¼ sphingomyelin.
arametric Mann–Whitney U test. Bold values indicated that P< 0.05.
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HCV-RNA load <106 IU/mL) and a high viral load (HVL,
HCV-RNA load �106 IU/mL) (P< 0.05) (Table 2). To further
analyze the correlation between these differentially expressed
sphingolipids and HCV-RNA load, Spearman correlation
analysis was performed. The results of the correlation analysis
revealed that 9 sphingolipids were correlated with the HCV-
RNA load (Table 3).

Routine blood indicators, such as the platelet (PLT),
prealbumin (PALB), apolipoprotein B (APOB), and CD4þ T-
cell ratio, and CD8þ T-cell ratio, had significant differences
between LVL and HVL patients (P< 0.05). Then, PLT, PALB,
APOB, CD4þ T-cell ratio, CD8þ T-cell ratio, sphingosine-1-P,
ceramide (Cer) (d18:1/16:0)-1-P, Cer (d18:1/16:0), Cer (d18:1/
22:0), hexosylceramide (HexCer) (d18:1/18:1), HexCer (d18:1/
18:0), sphingomyelin (SM) (d18:1/18:1), SM (d18:1/22:0), and
SM (d18:1/24:1) were initially included in the multivariate
analysis. The odds ratio (OR) for HexCer (d18:1/18:1) and
HexCer (d18:1/18:0) reached 1.302 (95% confidence interval
[CI] 1.129–1.502) and 0.868 (95% CI 0.757–0.995), respect-
ively (Table 4).

Identification of HCV Replication in the
Subgroup of CHC Patients Without Significant

Zhang et al
Necroinflammation (Grade <– 2)
Hepatic necroinflammatory activity is closely related to

the rapid disease progression in CHC patients,26 and hepatic

TABLE 3. The Correlation Analysis between Differentially
Expressed Sphingolipids and HCV-RNA Load in Patients With
Chronic Hepatitis C

Variables,
pmol/mL

Correlation
Coefficient
(n¼ 100)

�
Py

Sphingosine-1-P �0.212 0.03
Cer (d18:1/16:0)-1-P 0.206 0.04
Cer (d18:1/18:1)-1-P �0.190 0.06
Cer (d18:1/16:0) 0.201 0.05
Cer (d18:1/22:0) 0.248 0.01
Cer (d18:1/24:1) 0.140 0.16
HexCer (d18:1/12:0) �0.140 0.17
HexCer (d18:1/14:0) �0.229 0.02
HexCer (d18:1/18:1) 0.337 0.001
HexCer (d18:1/18:0) 0.279 0.005
HexCer (d18:1/20:0) 0.193 0.06
dhCer (d18:0/16:0) 0.081 0.42
dhCer (d18:0/22:0) 0.047 0.64
dhCer (d18:0/26:0) 0.071 0.48
SM (d18:1/14:0) 0.115 0.25
SM (d18:1/16:0) 0.175 0.08
SM (d18:1/18:1) �0.256 0.01
SM (d18:1/18:0) 0.171 0.09
SM (d18:1/20:0) 0.105 0.30
SM (d18:1/22:0) 0.211 0.04
SM (d18:1/24:1) �0.318 0.001
SM (d18:1/24:0) 0.097 0.34

Cer¼ ceramide, dhCer¼ dihydroceramide, dhSphingosine¼ dihy-
drosphingosine, HexCer¼ hexosylceramide, SM¼ sphingomyelin.�

Twenty patients’ viral loads were below the detection limit.
yP values were calculated by Spearman correlation test. Bold values

indicated that P< 0.05.
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inflammation caused by T cells contributes to HCV replica-
tion.27–29 To reduce the impact of hepatic inflammation and the
possible accompanying cytotoxic T-lymphocyte response on
HCV replication, we evaluated the association of sphingolipids
with the HCV-RNA load in the subgroup of CHC patients
without significant necroinflammation (grade �2) after adjust-
ing for the immunological index. Routine blood indicators PLT,
PALB, complement 3 (C3), and the CD8þ T-cell ratio were
significantly different between LVL and HVL patients
(P< 0.05). Cer (d18:1/16:0)-1-P, Cer (d18:1/22:0), HexCer
(d18:1/14:0), HexCer (d18:1/18:0), HexCer (d18:1/18:1),
Lyso-SM(d18:1), SM (d18:1/18:1), SM (d18:1/20:0), and SM
(d18:1/24:1) showed significant differences between LVL and
HVL patients (P< 0.05) for all plasma sphingolipids (Tables S1
and S2, http://links.lww.com/MD/B7). For the logistic
regression analysis, PLT, PALB, C3, CD8þ T-cell ratio, Cer
(d18:1/16:0)-1-P, Cer (d18:1/22:0), HexCer (d18:1/14:0), Hex-
Cer (d18:1/18:0), HexCer (d18:1/18:1), Lyso-SM(d18:1), SM
(d18:1/18:1), SM (d18:1/20:0), and SM (d18:1/24:1) were
included. The final results showed that the OR for HexCer
(d18:1/18:1) reached 1.186 (95% CI 1.085–1.296) (Table 5).

Relationship Between Plasma Sphingolipids and
HCV-RNA Load in CHC Patients With HCV
Genotype 2

The relationship between plasma sphingolipids and the
HCV-RNA load in 53 patients with HCV genotype 2 was
analyzed. Of all plasma sphingolipids, Cer(d18:1/24:0), HexCer
(d18:1/18:1), HexCer (d18:1/18:0), SM (d18:1/18:1), SM
(d18:1/22:0), and SM (d18:1/24:1) were significantly different
between LVL and HVL patients (P< 0.05) in univariate
analysis (Tables S3 and S4, http://links.lww.com/MD/B7).
Routine blood indicators, such as the total protein (TP), glo-
bulin, total bile acid, PALB, APOB, and lgG, showed signifi-
cant differences between LVL and HVL patients (P< 0.05). In
plasma sphingolipids, Cer (d18:1/24:0) (OR 1.009, 95% CI
1.001–1.017) and HexCer (d18:1/18:1) (OR 1.173, 95% CI
1.031–1.334) were independently linked to the HCV-RNA load
(LVL vs HVL), after adjusting for other factors (Table 6).

DISCUSSION
In this study, a cohort of antiviral treatment naı̈ve, non-

diabetic, and nonobese CHC patients were enrolled. After
eliminating the influence of antiviral treatment, we revealed
the true relationship between plasma sphingolipids and HCV
replication. For the first time, we found that the altered plasma
sphingolipids were closely associated with HCV replication in
chronic HCV infection, especially for CHC patients with
genotype 2.

Sphingolipids have recently been found to be involved in
liver disease; for example, they play an important role in
hepatitis C virus entry,9 HCV infection, virion maturation,30

liver fibrosis progression, and antiviral therapy responsive-
ness.31 To the best of our knowledge, the role of plasma
sphingolipids in HCV replication of CHC patients is currently
unknown. In our study, although several sphingolipids correlate
with HCV replication, only HexCer (d18:1/18:1) always per-
formed outstandingly in the subsequent analysis and
subgroup analysis.

In the correlation analysis, HexCer (d18:1/18:1) was posi-

Medicine � Volume 95, Number 23, June 2016
tively correlated with the HCV-RNA load, which reflects the
viral replication level. Additionally, alterations in plasma Hex-
Cer (d18:1/18:1) were independently related to HVL after

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 4. Indicators Related to HCV-RNA Load in Chronic Hepatitis C Patients in Univariate and Multivariate Analyses

Variables <106 IU/mL (n¼ 72) �106 IU/mL (n¼ 48) P
�

OR (95% CI) Py

Age, yrs 50.76� 7.57 52.17� 6.95 0.31
Male, n (%) 32 (44.44%) 25 (52.08%) 0.41
ALT, U/L 58.86� 58.30 62.76� 87.04 0.88
AST, U/L 46.33� 34.58 50.36� 56.16 >0.99
TBIL, mmol/L 15.99� 7.48 17.28� 6.86 0.20
DBIL, mmol/L 3.26� 1.50 3.26� 1.12 0.56
TP, g/L 71.63� 5.24 69.89� 4.33 0.06
Albumin, g/L 43.27� 2.50 43.12� 2.17 0.74
Globulin, g/L 28.21� 5.20 30.67� 26.68 0.09
ALP, U/L 74.48� 22.48 79.00� 18.19 0.13
PLT, 109/L 181.51� 51.30 156.13� 52.88 0.01 0.988 (0.980–0.997) 0.009
PALB, g/L 164.93� 36.61 219.88� 274.59 0.006
APOA1, g/L 118.77� 30.42 129.60� 31.16 0.06
APOB, g/L 59.39� 12.81 62.88� 14.20 0.02
CD4þ T-cell ratio, % 41.68� 9.32 46.93� 13.06 0.02
CD4þ T-cell count, /mL 730.26� 239.06 646.30� 220.34 0.06
CD8þ T-cell ratio, % 26.32� 11.04 30.51� 9.09 0.007
CD8þ T-cell count, /mL 463.85� 222.84 426.23� 183.78 0.45
Sphingosine-1-P, pmol/mL 153.49� 34.30 138.11� 41.25 0.03
Cer (d18:1/16:0)-1-P, pmol/mL 24.21� 11.06 29.05� 9.17 0.004
Cer (d18:1/22:0), pmol/mL 150.07� 57.63 203.56� 96.88 <0.001
HexCer (d18:1/14:0), pmol/mL 8.05� 3.22 6.40� 2.41 0.003
HexCer (d18:1/18:1), pmol/mL 10.45� 5.69 15.59� 6.00 <0.001 1.302 (1.129–1.502) <0.001
HexCer (d18:1/18:0), pmol/mL 9.67� 5.98 12.95� 6.08 0.001 0.868 (0.757–0.995) 0.04
SM (d18:1/18:1), pmol/mL 757.25� 217.79 645.18� 171.88 0.005
SM (d18:1/22:0), pmol/mL 25.74� 4.41 28.14� 4.33 0.001
SM (d18:1/24:1), pmol/mL 2758.56� 631.99 3280.42� 647.29 <0.001

Data are means�SD or number of patients (%).
ALP¼ alkaline phosphatase, ALT¼ alanine aminotransferase, APO¼ apolipoprotein, AST¼ aspartate aminotransferase, CI¼ confidence inter-

val, DBIL¼ direct bilirubin, OR¼ odds ratio, PALB¼ prealbumin, PLT¼ platelet, TBIL¼ total bilirubin, TP¼ total protein.�
P values are acquired by univariate analyses.
yP values are acquired by multivariate analyses.

TABLE 5. Indicators Related to Sphingolipids in Chronic Hepatitis C Patients With Hepatic Inflammation Grade �2 in Univariate
and Multivariate Analyses

Variables <106 IU/mL (n¼ 52) �106 IU/mL (n¼ 32) P
�

OR (95% CI) Py

Age, yrs 50.27� 7.54 51.63� 6.96 0.41
Male, n (%) 21 (40.38%) 17 (53.13%) 0.26
ALT, U/L 50.27� 35.42 44.96� 26.17 0.44
AST, U/L 38.18� 20.49 37.01� 13.61 0.88
TBIL, mmol/L 15.42� 6.73 17.78� 7.45 0.14
DBIL, mmol/L 3.09� 1.27 3.27� 1.12 0.42
TP, g/L 71.58� 5.25 69.93� 4.45 0.14
Albumin, g/L 43.57� 2.49 43.18� 2.02 0.46
Globulin, g/L 27.80� 5.37 32.54� 32.61 0.27
ALP, U/L 72.38� 19.04 74.36� 14.67 0.62
PLT, 109/L 191.12� 51.60 166.81� 53.71 0.04
PALB, g/L 170.83� 37.78 247.73� 333.61 0.005
C3, g/L 1.03� 0.13 0.96� 0.16 0.03 0.005 (0.000–0.246) 0.008
C4, g/L 0.22� 0.06 0.19� 0.07 0.08
CD4þ T-cell ratio, % 42.13� 9.76 45.70� 12.58 0.33
CD4þ T-cell count, m/L 727.21� 254.97 624.81� 208.75 0.06
CD8þ T-cell ratio, % 25.75� 10.99 32.10� 8.53 0.007
CD8þ T-cell count, m/L 438.54� 191.58 434.55� 144.43 0.92
Cer (d18:1/16:0)-1-P, pmol/mL 23.38� 9.51 30.24� 9.41 0.002
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Variables <106 IU/mL (n¼ 52) �106 IU/mL (n¼ 32) P
�

OR (95% CI) Py

Cer (d18:1/22:0), pmol/mL 152.72� 57.12 211.22� 92.10 0.001
HexCer (d18:1/14:0), pmol/mL 8.12� 3.23 5.93� 2.30 0.001
HexCer (d18:1/18:1), pmol/mL 10.48� 5.88 16.37� 5.76 <0.001 1.186 (1.085–1.296) <0.001
HexCer (d18:1/18:0), pmol/mL 9.73� 6.46 12.97� 5.57 0.002
Lyso-SM (d18:1), pmol/mL 4.98� 1.66 5.90� 1.94 0.022
SM (d18:1/18:1), pmol/mL 780.76� 207.07 623.39� 156.48 <0.001
SM (d18:1/22:0), pmol/mL 25.74� 4.51 28.42� 4.13 0.002
SM (d18:1/24:1), pmol/mL 2728.52� 661.08 3366.74� 595.99 <0.001

Data are means�SD or number of patients (%).
ALP¼ alkaline phosphatase, ALT¼ alanine aminotransferase, AST¼ aspartate aminotransferase, C¼Complement, CD¼ cluster differentiation,

Cer¼ ceramide, CI¼ confidence interval, DBIL¼ direct bilirubin, HexCer¼ hexosylceramide, OR¼ odds ratio, PALB¼ prealbumin, PLT¼ plate-
platelet, TBIL¼ total bilirubin, TP¼ total protein.�

P values are acquired by univariate analyses.
yP values are acquired by multivariate analyses.

TABLE 6. Indicators Related to Sphingolipids in Chronic Hepatitis C Patients With HCV Genotype 2 in Univariate and Multivariate
Analyses

Variables <106 IU/mL (n¼ 28) �106 IU/mL (n¼ 25) P
�

OR (95% CI) Py

Age, yrs 51.79� 6.48 52.84� 6.22 0.55
Male, n (%) 13 (46.43%) 12 (48.00%) 0.91
ALT, U/L 61.04� 50.27 44.22� 28.82 0.11
AST, U/L 52.83� 38.56 38.25� 14.64 0.14
TBIL, mmol/L 18.74� 9.54 16.59� 5.77 0.65
DBIL, mmol/L 3.72� 1.86 3.12� 0.86 0.52
TP, g/L 73.29� 5.40 69.86� 4.25 0.01
Albumin, g/L 43.11� 2.31 43.56� 2.23 0.47
Globulin, g/L 30.21� 4.78 33.81� 36.90 0.004
TBA, mmol/L 27.09� 96.02 5.50� 3.92 0.01
PLT, 109/L 160.57� 43.34 152.48� 48.12 0.52
PALB, g/L 157.33� 31.83 189.73� 33.60 0.001
APOA1, g/L 121.18� 36.88 135.80� 30.35 0.12
APOB, g/L 58.52� 12.20 66.69� 10.71 0.003
LgA, g/L 2.11� 0.83 1.83� 0.62 0.18
lgM, g/L 1.26� 0.38 1.48� 0.68 0.31
lgG, g/L 18.12� 4.00 14.96� 2.85 <0.001 0.723 (0.535–0.978) 0.04
Cer (d18:1/24:0), pmol/mL 562.01� 101.73 659.10� 83.67 <0.001 1.009 (1.001–1.017) 0.03
HexCer (d18:1/18:1), pmol/mL 10.24� 5.73 17.35� 6.04 <0.001 1.173 (1.031–1.334) 0.02
HexCer (d18:1/18:0), pmol/mL 9.28� 6.26 14.28� 6.22 0.001
SM (d18:1/18:1), pmol/mL 780.94� 242.74 657.76� 167.60 0.04
SM (d18:1/22:0), pmol/mL 25.88� 4.32 29.22� 4.56 0.009
SM (d18:1/24:1), pmol/mL 2737.27� 719.91 3348.29� 621.63 0.001

Data are means�SD or number of patients (%).
ALT¼ alanine aminotransferase, APO¼ apolipoprotein, AST¼ aspartate aminotransferase, Cer¼ ceramide, CI¼ confidence interval,

DBIL¼ direct bilirubin, HexCer¼ hexosylceramide, Ig¼ immune globulin, OR¼ odds ratio, PALB¼ prealbumin, TBA¼ total bile acid,
TBIL¼ total bilirubin, TP¼ total protein.�

Zhang et al Medicine � Volume 95, Number 23, June 2016
adjusting for confounding variables. Moreover, an in vitro study
reported that glycosphingolipids play a crucial role in the HCV
life cycle and that they share a link with phosphatidylinositol
4-phosphate in HCV replication.32 However, the detailed under-
lying mechanisms responsible for the association of HexCer

P values are acquired by univariate analyses.
yP values are acquired by multivariate analyses.
(d18:1/18:1) with HCV replication is unclear.
Our previous studies indicated that plasma sphingolipids are

related to hepatic inflammation in CHC, especially hepatic

6 | www.md-journal.com
necroinflammation (grade >2).18,19 To eliminate the impact
of necroinflammation on plasma sphingolipids and the possibly
accompanying cytotoxic T-lymphocyte response on HCV repli-
cation, we analyzed the relationship between plasma sphingoli-
pids and HCV replication in CHC patients without hepatic

necroinflammation (grade�2). Remarkably, the plasma HexCer
(d18:1/18:1) level was also independently related to HCV repli-
cation in this subgroup analysis. However, another sphingolipid,
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HexCer (d18:1/18:0), as an independent factor for HCV replica-
tion in CHC patients, was not associated with viral replication in
CHC patients who had hepatic inflammation grade �2.

In our cohort, HCV genotypes 1b and 2 were the major
types, which were consistent with the HCV genotype prevalent
in China, where genotypes 1b and 2 account for nearly 80% of
HCV infection patients.33,34 In CHC patients with genotype 2,
the plasma HexCer (d18:1/18:1) level was also independently
related to HCV replication after adjusting for the confounding
factor in the multivariate analysis. However, Cer (d18:1/24:0),
which was an independent factor for viral replication in geno-
type 2 CHC patients, was not associated with HCV replication
in any of the 120 CHC cohort patients. We also explored the role
of sphingolipids in CHC patients with genotype 1b. Regrettably,
no association was found between these sphingolipids and HCV
replication in CHC patients with genotype 1b (data not shown).

Although our study did not reveal the mechanisms for
plasma HexCer (d18:1/18:1) in HCV replication on the basis of
the present data, we speculated that elevated HexCer (d18:1/
18:1) might contribute to the pathogenesis of viral replication in
CHC patients, especially for genotype 2 CHC patients. The
sample size in this cohort was not sufficiently large, and patients
with other genotypes were not analyzed in this study. Therefore,
it would make sense to verify the role of HexCer (d18:1/18:1) in
large-scale clinical studies in the future.

In conclusion, our results suggest, for the first time, the
crucial role of plasma HexCer (d18:1/18:1) in HCV replication.
Additionally, HexCer has potential as a novel therapeutic target
for antiviral therapy in CHC, especially in patients with geno-
type 2. These findings will provide new insights into the
molecular mechanism of HCV replication in CHC. Further
studies are necessary to determine the detailed mechanisms
responsible for these associations.
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