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Hepatitis C virus and lipid profiles: more questions than answers?
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Overnutrition and sedentary lifestyle have increased the

global prevalence of diabetes and obesity [1]. In addition,

the accompanying metabolic derangements, cardiovascular

diseases [2], non-alcoholic fatty liver disease [3], and dif-

ferent malignant diseases also heavily impact public health

and economic burden worldwide. Insulin resistance, the

essence of metabolic syndrome with a constellation of

metabolic derangements as well as risk factors for both

cardiovascular diseases and diabetes [2], is known to

aggravate hepatic steatosis, drive liver fibrosis progression,

and increase the risk of hepatocellular carcinoma (HCC)

[4]. Therefore, metabolic factors and their adjustments

have been increasingly recognized in the clinical practice

of hepatology, and become hot subjects in this active

research field [5].

In the meantime, hepatitis C virus (HCV) infection

affects [170 million people with severe liver disease,

including chronic hepatitis, liver fibrosis, cirrhosis, and

HCC [6]. Therefore, HCV infection bears a huge disease

burden globally, and it is prudent to eradicate the virus and

halt disease progression in patients with chronic HCV

infection. Unfortunately, the current standard of care with

pegylated interferon-a plus ribavirin (RBV) for the treat-

ment of chronic hepatitis C (CHC) is costly, poorly toler-

ated, and only effective in a certain portion of patients [7].

With these reasons, identifying and modifying factors

associated with disease progression or predictive of thera-

peutic response in CHC patients is a matter of clinical

concern.

Of note, ample epidemiologic and clinical evidence has

demonstrated a close association of HCV infection with

metabolic derangements [8]. CHC patients are known to

have an increased prevalence of diabetes and hepatic ste-

atosis. In addition, serum lipid profiles of CHC patients are

different from healthy or other disease control subjects. For

example, CHC patients usually have lower serum triglyc-

eride, total cholesterol, but higher serum adiponectin,

homeostasis model assessment (HOMA)-insulin resistance

index, and serum high-density lipoprotein (HDL) levels

than matched healthy adults [9]. Moreover, serum HCV

RNA levels were positively proportional to HOMA-insulin

resistance index, serum triglyceride, and total cholesterol

levels in CHC patients [10, 11]. Additionally, several lines
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of in vivo and in vitro evidence also strongly support the

interactions between HCV and metabolic factors [12, 13].

In brief, HCV-specific proteins may affect glucose or lipid

metabolism through the interactions with intracellular

signal transduction pathways [14, 15], and interventions on

host lipid or glucose metabolism may inhibit HCV repli-

cation by affecting its replication complex [13, 16]. Hence,

modifying metabolic factors becomes a reasonable mea-

sure for the comprehensive management of HCV infection.

Taken together, the epidemics of diabetes, obesity, and

HCV infection may increase the likelihood of interactions

between HCV and metabolic factors. These interactions

certainly make the clinical scenarios even more compli-

cated, and thus deserve further intensive studies. For

example, metabolic derangements are important risk fac-

tors for cardiovascular diseases, hepatitis, and several

cancers. The link between HCV and metabolic factors

highlights not only the risk but also the necessity of

screening cardiovascular diseases and malignancies in

CHC patients. Moreover, clear delineation of the link

between HCV infection and metabolic factors may

improve our understanding about the pathophysiologic

mechanisms involved in HCV infection and disease

progression.

In this issue of Hepatology International, Rowell et al.

[17] investigated the usefulness of serum apolipoprotein

(Apo) C-III level, which is an important risk factor for

cardiovascular diseases, as a new marker of HCV infection

and disease progression from a large well-phenotyped

database [HI-]. They first evaluated the effect of chronic

HCV infection and viral clearance on serum lipoprotein

profiles in CHC patients. Since the severity of hepatic

fibrosis is an important prognostic factor of disease pro-

gression for chronic HCV infection, they then examined

the relationship between severity of hepatic fibrosis and

serum lipoprotein profiles.

In the first part, the authors selected 83 CHC patients

with sustained virologic response (SVR) for combination

therapy. Of these 83 patients, 54 had serum samples

available prior to treatment (chronic infection group) and

29 had samples after successful treatment (cleared infec-

tion group). Finally, they found that only Apo C-III levels

were 25% higher in cleared infection group versus those

with active infection (p = 0.009), but marginally higher

serum total cholesterol, triglyceride, and Apo B levels in

the cleared infection group than chronic infection group. In

the second part, they further examined the relationship

between the severity of hepatic fibrosis and serum lipo-

protein profiles in 216 CHC patients with pretreatment

liver biopsy. In univariate analysis, they found that low

levels of Apo C-III (p = 1.3 9 10-5), Apo A-I (p =

2.9 9 10-5), total cholesterol (p = 5.0 9 10-4), low-den-

sity lipoprotein-cholesterol (LDL-C) (p = 0.005), and

HDL-C (p = 2.0 9 10-4) were associated with advanced

hepatic fibrosis. Of note, after the adjustment for possible

covariates and confounders, Apo C-III was identified as the

most significant factor associated with advanced hepatic

fibrosis (p = 0.0004), followed by age (p = 0.013) and Apo

A-I (p = 0.022). Consequently, this study demonstrated a

strong association of serum Apo C-III level with cleared

infection in CHC patients with SVR as well as a close link

between serum Apo C-III levels and liver fibrosis stages,

implicating a possible predictive role of Apo C-III in dis-

ease progression and encouraging further investigations.

Although their findings are interesting and clinically

useful, several points need be clarified. First, this was a

case–control study to make comparisons between two

matched groups (cleared infection vs. active infection) in

terms of lipoprotein profiles. Although several baseline

factors, such as age, gender, body mass index, HCV

genotype, and liver fibrosis stage were matched between

the two groups, other important parameters regarding

metabolic derangements and liver fibrosis, such as insulin

resistance, status of liver inflammation, alanine amino-

transferase (ALT) levels, steatosis, adipocytokines, history

of medication, alcohol consumption, diabetes mellitus, and

hyperlipidemia were lacking. All these factors may affect

metabolic profiles and probably modify their conclusions.

Similarly, the lack of these data may also affect the anal-

ysis of relationship between the severity of hepatic fibrosis

and serum lipoprotein profiles. Second, previous studies

demonstrated a significant rebound of serum lipid profiles

[18] and a decrease of insulin resistance in CHC patients

who achieved SVR [19], but only trends were observed in

this study. This discrepancy may be explained by a rela-

tively small sample size with lower power in the first part

of present report. However, the findings on the basis of

small sample size also support a more significant role of

serum Apo C-III level than other serum lipoproteins fol-

lowing clearance of HCV infection. Finally, it is known

that patients with HCV genotype 3 infections have differ-

ent metabolic presentations to those with non-genotype 3

infection [20]. In addition, the metabolic profiles and

associations with hepatic fibrosis are also different between

HCV genotype 1 and 2 infection [10, 21]. Accordingly,

further studies to investigate HCV genotype-specific

associations with Apo C-III are needed.

Recent genome-wide association studies (GWAS) have

identified strong associations of single nucleotide poly-

morphisms (SNPs) in the interleukin-28B (IL28B) region

with spontaneous clearance of HCV [22], therapeutic

response, and early viral kinetics to combination therapy in

HCV-infected individuals [23, 24]. Since metabolic regu-

lation and immune response are highly integrated [25],

HCV-related immune reactions may play a given role in

modulating the associations between serum Apo C-III and
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disease progression. In addition, HCV is known to form a

complex with very-low-density lipoprotein (VLDL) and

LDL in the bloodstream, then bind to the surface of

hepatocytes through LDL receptor (LDLR), and with the

help of four crucial host factors, SCARB1, CD81, claudin-

1, and occluding, the virions finally enter into hepatocytes

[26]. Of note, Apo C-III may inhibit the binding of other

lipoproteins to hepatic LDLR [27]. Whether Apo C-III may

affect HCV entry and serve as a therapeutic target or the

observed association is merely an epiphenomenon which

deserves further investigations. To that end, much work

needs to be done before we can fully understand the

mechanisms involved in the interactions between Apo

C-III and HCV infection, and use lipidomic approaches as

an adjuvant treatment of CHC.
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