
REVISTA ROMÂNÅ DE BOLI INFECºIOASE – VOLUMUL XVII, NR. 1, AN 2014 33

ABSTRACT
Despite the innovations in the past years in the fi eld of chronic hepatitis C treatment, Hepatitis C virus (HCV) 
infection remains an important global burden with elevated healthcare costs and high morbidity and mortality 
due to its complications – liver cirrhosis and hepatocellular carcinoma. The interrelation between HCV and 
host’s lipid metabolism is widely accepted, as it has been proved in many clinical and research studies. HCV 
infection is associated with different types of metabolic disorders such as liver steatosis and insulin-resis-
tance. On the other side these metabolic disturbances induce an accelerated progression of liver disease. 
HCV interacts with host lipids in every step of viral life cycle: viral transport in the blood stream, cell entry, 
replication, assembly and transport to the extra-cellular space. This review focuses on the complex link be-
tween HCV and host lipids, emphasizing the clinical implications of these interactions. Although the patho-
genic mechanisms of HCV infection are incompletely understood, recent literature data elucidates some im-
portant aspects which opened a road to innovating therapeutic approaches such as host targeting agents, 
with a pan-genotypic antiviral effect and high genetic barrier. Targeting parts of the pathogenic pathways of 
HCV infection represents a new kind of therapeutic approach, hopefully with higher treatment success rates 
and lowering morbidity and mortality related to this infection.
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BACKGROUND

Despite remarkable progress over the past few 
years regarding diagnostic tools and treatment op-
tions for chronic hepatitis C, this infection remains 
an important public health problem which affects 
150 million individuals worldwide and approxi-
mately 350 000 deaths annually are attributed to its 
complications – liver cirrhosis and hepatocellular 
carcinoma. (1) Romania has a moderate prevalence 
of HCV infection, of 3.23% according to a study 
published by L Gheorghe et al in 2010. (2)

It is well established that certain factors, such as 
older age, male gender, chronic ethanol abuse, co-
infection with hepatitis B virus or human immuno-
defi ciency virus, co-existence of other chronic he-
patic conditions, lead to an accelerated progression 
of HCV infection to liver cirrhosis. (3) Over the 
past years, apart from these traditional risk factors, 
multiple studies reported the infl uence of some 

metabolic disorders on fi brosis progression. The 
liver plays a key role in regulating lipid and carbo-
hydrate homeostasis and at the same time repre-
sents an obvious target of different metabolic disor-
ders. Also, HCV seems to be tightly connected to 
the host’s lipid and carbohydrate metabolism. HCV 
infection is associated to a wide range of metabolic 
disorders, including hepatic steatosis, insulin resis-
tance and diabetes mellitus, dyslipidemia. On the 
other hand these metabolic factors are associated to 
an accelerated progression of HCV infection to he-
patic cirrhosis and hepatocellular carcinoma. 

Moreover, over the past century, human society 
has evolved to a new lifestyle that has a progressive 
tendency to reducing physical activity, while food 
resources became more available and varied, which 
explains the increasing prevalence of metabolic 
syndrome. Furthermore, the lifespan has increased 
over time and hypertension, obesity, dyslipidemia 
and diabetes mellitus have a higher rate of occur-
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rence in older people. These aspects explain why 
the metabolic syndrome has spread to an epidemic 
range, especially in well developed countries. For 
example, in the Unites States, the NHANES pro-
gram (The National Health and Nutrition Examina-
tion Survey) which contains a series of surveillance 
studies on health issues and nutrition related condi-
tions, reported an increasing incidence of the meta-
bolic syndrome from 23-25% between 1988 and 
1994 to 34 % between 2003-2006 (4). Also it has 
been reported a higher incidence of metabolic 
syndrome components: abdominal obesity, eleva-
ted arterial blood pressure, hypertrygliceridemia 
and fasting hyperglicemia.

LIPID PROFILES IN HCV INFECTED 
PATIENTS 

Currently, the relationship between HCV and 
the lipid metabolism is widely accepted, as it has 
been proved in many clinical and experimental 
studies. Hence, in a large study led by Li et al (5), 
which included over 26000 patients, of which over 
1000 HCV infected, LDL and HDL values were 
signifi cantly lower in infected patients and the 
prevalence of the metabolic syndrome was consid-
erably higher in infected patients over 45 years old. 
Another study, published by Nogueira et al (6), 
which evaluated 150 HCV infected patients geno-
types 1, 2 and 3 respectively, showed that serum 
triglycerides, VLDL and HDL values were signifi -
cantly lower in infected patients, while LDL and 
apolipoprotein (apo) B were higher. Although these 
variations were more pronounced in patients with 
genotype 3, they were signifi cant for all genotypes. 
In addition, the authors reported a correlation be-
tween serum levels of apoB and the viral load in 
genotype 1 infected patients. Another study from 
Egypt, on 150 genotype 4 HCV infected patients, 
also reported low levels of total cholesterol, triglyc-
erides and LDL in infected patients, with an in-
crease of the serum lipids following antiviral treat-
ment in patients who obtained sustained virological 
response (7). These data suggest that the interaction 
between HCV and lipid metabolism is available for 
all viral genotypes.

Other authors reported an infl uence of the anti-
viral therapy on serum lipids as well. On that ac-
count, Kuo and col reported a rebound of serum 
cholesterol and triglycerides in patients with sus-
tained viral response (SVR), but not in those with 
different non-response types (8).

THE ROLE OF LIPID METABOLISM IN THE 
PATHOGENY OF HCV INFECTION

A large amount of literature data emphasize the 
complex interactions between HCV and different 
parts of the host lipid metabolism, which are used 
in several steps of the viral life cycle. HCV circu-
lates in the blood as two types of particles, which 
are classifi ed based on their densities: high density 
particles which are associated to immunoglobulins 
and are less infective, and low density particles, as-
sociated with lipids and lipoproteins, highly infec-
tive.(9) These lipoviral particles contain HCV-
RNA, core protein, LDL, VLDL and apolipoproteins 
B and E. (10)

The virus adheres and enters the hepatocyte via 
numerous receptors, including CD81, scavenger 
receptor B type 1 (SR-B1), glycozaminoglycans, 
claudin 1, occludin and the LDL receptor (LDLr). 
Two of these receptors will be further discussed be-
cause of their role in the lipid metabolism. SR-B1 
is a lipoprotein part of the hepatocyte membrane 
and also of steroid producing cells that has a physi-
ological role as an HDL receptor, but also for VLDL 
and oxidized forms of LDL, in order to extract cho-
lesterol from these lipoproteins for subsequently 
cell internalization. (9, 11) As Lindenbach et al em-
phasized, the SR-B1 is a mandatory receptor for 
HCV. It binds to E2 envelope glycoprotein, medi-
ates the effi ciency of cell entry using its lipid trans-
fer ability and fi nally exposes certain segments of 
the E2 protein which facilitates the CD81 binding. 
(11)

 The LDL receptor is the ligand for LDL on the 
surface of the hepatocyte and has a role in the endo-
cytosis of these particles. Although HCV has a low 
affi nity for the LDLr and this receptor is not abso-
lutely necessary for HCV entry, it is important for 
optimal replication of the virus. (12) A recent study 
published by Nakamuta et al (13) showed that in 
HCV infected hepatocytes, the LDL receptor tran-
scription is inhibited and has a negative correlation 
with serum level of LDL and HCV core protein. 
The authors postulated that inhibiting the transcrip-
tion of LDLr might be a consequence of intracel-
lular lipid accumulation, by suppressing the micro-
somal triglyceride transfer protein by HCV. 
Furthermore, certain genotypes of LDLr correlate 
with high levels of viral load, (14) while low ex-
pression of LDLr gene seems to correlate with lack 
of antiviral treatment response. (15)

The Niemann-Pick C1-like 1 is a transmembra-
nous protein involved in cholesterol transport, 
which is expressed on the surface of hepatocytes 
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and enterocytes. This protein has recently been de-
scribed as a co-factor required for HCV entry in the 
hepatocyte, and also has been proposed as a thera-
peutic target. (16)

Apolipoproteins also play a key role in the pen-
etration of HCV into the hepatocyte. Apo B and E 
are part of the lipoviral particles, while Apo-C1 ap-
pears to have a role in the fusion of the endosome 
after HCV entry. (9) On the other hand, Apo CIII 
inhibits the internalization of VLDL and inhibits 
the stimulating effect of Apo E in VLDL capture, 
(17) with a possible benefi cial effect in HCV infec-
tion. Thus, Apo CIII seems to correlate to spontane-
ous viral clearance, (18) whilst low levels of Apo 
CIII were associated to viral persistence and ad-
vanced fi brosis. (19) Apo A1 seems to play a part in 
HCV replication and lowering its expression leads 
to an inhibition of viral replication and a decrease 
in viral particle production in cell cultures. (20)

Certain lipid components also play an important 
role in the replication and assembly of HCV. After 
internalization of HCV into the cell, it loses its cap-
sid, discharging a single stranded positive RNA 
chain, which then enters the endoplasmic reticulum 
where the translation of the viral poli-protein will 
take part. Releasing the positive chain of RNA in-
duces a permutation of the intracellular membranes 
which is necessary for further organization of repli-
cation complexes, which contain nonstructural vi-
ral proteins – NS4B, NS5A and NS3, viral RNA 
and other cellular components. (21) The replication 
complex is rich in cholesterol and fatty acids, 
whose esterifi cation degree infl uences HCV repli-
cation. (22) Furthermore, in the replication vesi-
cles, fatty acid synthase stimulates the activity of 
the NS5B protein which acts as an RNA poly-
merase, thus infl uencing replication. (23)

Moreover, newly synthesized viral particles are 
transported to the cell membrane by inclusion into 
lipid droplets which are then released into the ex-
tracellular space through VLDL excretion path-
ways. (24) Nepomnyashchikh et al (25) described a 
particular type of fat load in the hepatocyte with 
small lipid vesicles rich in NS3, corresponding to 
the replicative phase of HCV, located subcytole-
mal, which suggest a role in the transportation of 
virions towards the extracellular space.

CLINICAL ASPECTS OF THE HCV-HOST 
LIPIDS INTERRELATION

Multiple studies demonstrated that chronic HCV 
infection is associated to a high prevalence of hepa-
tic steatosis. Steatosis is considered to be a direct 

consequence of the viral factors for patients 
carrying genotype 3,\ in whom hepatic steatosis is 
almost customary and frequently present as high 
degrees of liver fat load. For the other genotypes, 
including genotype 1, which is almost exclusevely 
present in Romania, steatosis is related to both viral 
and metabolic factors. (26) Thus, Lerat et al show-
ed in a murin model that HCV induces liver lipoge-
nesis by activating the fatty acid synthase complex 
and stimulating certain sterol transcription factors 
and at the same time inhibits triglyceride secretion 
to extracellular space by inhibiting the microsomal 
triglyceride transfer protein. (27) Increased synthe-
sis and low excretion obviously lead to an accumu-
lation of lipids in the intracellular space, with liver 
steatosis as a direct consequence. Similary, Lam-
bert et al showed that HCV increases liver synthe-
sis of free cholesterol, also proved HCV role in 
systemic lipid dysregulation by increasing free and 
esterifi ed cholesterol production in infected pati-
ents. (28)

Hepatic steatosis in HCV infected patients 
seems to be an important predictor for disease pro-
gression. Zubair et al (29) found a signifi cant cor-
relation between steatosis and the fi brosis score, 
but not with necroinfl ammatory score, while Syed 
et al (30) reported a correlation between steatosis 
and fi brosis score, also between steatosis and liver 
necroinfl ammation in HCV infected patients. Also, 
a meta-analysis published by Leandro et al (31) 
which included over 3000 HCV infected patients 
enrolled in 10 clinical studies, demonstrated an in-
dependent association between steatosis and the 
presence of fi brosis and liver necroinfl ammation. 
Furthermore, steatosis was associated with hepatic 
iron load, which is considered a contributing factor 
to disease progression. (32)

Steatosis appears to play a role in hepatic carci-
nogenesis in infected patients. A retrospective Jap-
anese study, which evaluated over 1300 HCV in-
fected patients, followed for a period of 11 years, 
showed that hepatic steatosis is an independent risk 
factor in developing hepatocellular carcinoma, 
with an odds ratio of 3.04. (33) Moreover, hepatic 
steatosis is a risk factor for hepatocarcinoma recur-
rence in patients with liver resection. (34)

Hepatic steatosis is considered an negative prog-
nostic factor for treatment response. In a study on 
574 infected patients, Patton et al (35) showed that 
steatosis is associated to a lower probability of ob-
taining undetectable viral load after 12 weeks of 
treatment and a lower incidence of sustained viro-
logical response. Another recently published study, 
on 150 infected patients showed that liver steatosis 
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is associated to less favorable viral kinetics under 
treatment. (36) Also, Restivo et al reported an as-
sociation between hepatic steatosis and virological 
relapse in genotype 3 infected patients, but not in 
genotype 2 infected patients. (37) Although meta-
bolic factors seem to play a key role in pegylated 
Interferon and ribavirin treatment response, it 
seems this is not the case for triple therapy with 
protease inhibitors. (38)

Lipid profi le before treatment also seems to play 
a role in treatment response. In a study that includ-
ed over 300 HCV infected patients published by 
Ramcharan et al, (39) the probability for sustained 
virological response correlated with lower values 
of serum triglyceride and higher values for LDL. 
Another study from Japan on 108 infected patients 
showed that treatment response is infl uenced by 
VLDL composition. Thus an increased cholesterol/
triglycerides ratio was proved as an independent 
predictor for SVR. (40) Similarly, Lange et al (41) 
demonstrated the role of hypocholesterolemia as a 
negative predictor for SVR, also in the study lead 
by Mawatari et al, patients who obtained SVR had 
higher pretreatment concentration of serum choles-
terol, triglyceride and LDL, while hypercholester-
olemia and hypertriglyceridemia were predictors 
for SVR. (42)

Genetic profi le of IL28B, considered an impor-
tant predictor for antiviral treatment response, (43) 
seems to have certain connections with the lipid 
metabolism in HCV infected patients. A study con-
ducted on 377 infected patients compared to over 
400 controls reported that the favorable IL28B-CC 
genotype was associated to higher serum levels of 
cholesterol and LDL in HCV infected patients with 
genotype 1, but not in those with genotypes 3 and 
4. (15) Another recent study which evaluated 434 
infected patients with genotype 1 reported that the 
IL28B CC genotype correlated with higher levels 
of LDL, lower triglycerides, also with low preva-
lence of insulin-resistance and moderate / severe 
liver steatosis (44) – metabolic profi le described by 
other authors as favorable for SVR rate.

Liver steatosis is frequently in HCV infected 
subjects and seems to infl uence the disease pro-
gression and treatment response. The interaction 
between the virus and the host cellular components 
implies complex alterations in lipid metabolism 
with consequence and common factor liver steato-
sis.

Multiple data published in the literature in the 
past 15 years lead to a better comprehension of the 
complex interaction between viral and host factors, 
highlighting certain steps in HCV infection patho-

genesis that can be approached as therapeutic tar-
gets.

Molecules against host factors represent a new 
therapeutic approach for HCV infection with cer-
tain advantages compared to direct antiviral agents. 
(45) By acting on host factors and not on viral fac-
tors, the probability of the virus developing resis-
tance mutations is low, which confers a higher ge-
netic barrier. Moreover, their action does not 
depend on the viral genotype, unlike interferon and 
direct antiviral molecules. Furthermore, by acting 
on complete different targets, it is expected a syner-
gic action with direct antiviral agents and it might 
even permit the use of reduced doses and/or a 
shorter therapy course with direct agents in combi-
nation schemes – with direct effect on reducing ad-
verse effects and drug interactions, which is espe-
cially useful for HIV co-infected patients. Multiple 
molecules targeting different components of the 
lipid metabolism involved in the HCV life cycle are 
currently in different phases of research, from 
membranous receptors used for virus attachment 
and penetration into host cell, to different host mol-
ecules involved in viral replication. (46)

Although the pan-genotypic antiviral effect and 
high genetic barrier represent two of the major ad-
vantages of these molecules, an important obstacle 
could be the possible adverse reactions, as conse-
quence of altering some important cellular process-
es. On the other side, statins, which belong to this 
therapeutic area, have been widely utilized for 
treatment of hypercholesterolemia without major 
adverse reactions. Future research will show how 
many of these molecules will become part of the 
therapeutic arsenal against HCV infection.

Although the exact pathogenic mechanisms of 
the interaction between HCV and host lipid metab-
olism are not fully comprehended, many aspects 
have been clarifi ed in recent published data, and 
certain aspects of these interactions are investigat-
ed as therapeutic targets which may help in manag-
ing the metabolic disorders associated to HCV in-
fection, also with an antiviral effect.

An overwhelming amount of data from funda-
mental and clinical research emphasized the com-
plex interactions of hepatitis C virus host lipid me-
tabolism, with a high impact over disease activity 
and progression, also on antiviral treatment re-
sponse. Furthermore, these interactions lead to a 
high cardiovascular risk, by increasing the inci-
dence of diabetes and insulin resistance, which im-
plies the necessity of a complex interdisciplinary 
approach of these patients.
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All this data suggest that HCV infection must 
not be seen as a simple liver infection, but as a 
complex metabolic condition, and understanding 

the underlying pathogenic mechanisms will lead to 
an improvement in managing these patients.
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