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Antiretroviral therapy in HIV/HCV co-infection: immune
reconstitution, liver, metabolic damage and immune
activation
Paola Nasta
Institute of Infectious and Tropical Diseases, University of Brescia

Summary. 50% of HIV-infected people in Italy are carriers of hepatitis C and 9% of these people have the
hepatitis B virus. In these people the first cause of death is liver disease. 14% of this population dies from liver disease. Liver with HIV co-morbidity exposes patients to a higher risk of contracting AIDS, a faster progression towards cirrhosis, a more frequent toxicity and a lower tolerability of the antiretroviral therapy.
Moreover, HCV infection contributes to a worsening of immunodepression, neurological, cognitive, renal
damage, and induces a higher bone fragility.
The choice of when and how to start an antiretroviral therapy and for what medications it would be better
to maintain before, during and after treatment with Interferon and Ribavirin are essential elements to improve the prognosis of the co-infected subjects. However, there are still few antiretroviral drugs with enough
safety and efficacy data in those subjects with HIV/hepatitis co-infection, as well as solid studies of pharmacokinetics to allow them to be used in patients with advanced fibrosis or cirrhosis.
The main goal of HAART is immune reconstitution, a necessary but inefficient step, to slow down the liver disease progression. Once the plateau of the T CD4+ lymphocyte cell count has been reached, the metabolic and hepatic toxicity of some antiretroviral drugs is likely to contribute towards inflammatory and fibrogenic processes.
Medications capable of assuring the best immunologic recovery without inducing either transaminitis, or immune reconstitution syndrome, or metabolic damage should be chosen in co-infected subjects.
The evidence related to the activation of stellate cells – mainly responsible for hepatic fibrogenesis, - are induced to investigate the anti-inflammatory and antifibrogenic properties of CCR5 inhibitors. The close examination below tries to broach, through literature revision, the topic regarding the choice of the antiretroviral drugs in the HIV/HCV co-infected patient, considering HAART as a fundamental part of the treatment of both the infections.
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Introduction
Hepatitis C Virus co-infection was acknowledged as the most dangerous co-morbidity among
those in HIV-infected patients.
With the introduction of the combined antiretroviral therapy (cART), the survival of the seropositive
subjects increased so much that it allowed chronic hepatitis C to manifest itself in all its aggressiveness,
thus becoming one of the main causes of death.
The estimated percentage of HIV/HCV co-infected subjects is enormous, reaching 25% of the
whole seropositive population.
As both infections share transmission routes
alike, contracting both viruses is relatively frequent in
subjects running the risk of contamination with infected blood or blood derivatives. Active drug addicts
who use or have used intravenous drugs and
haemophiliacs are the people most affected by the
double infection (2).
On the contrary, the sexual transmission – prevailing in the HIV population in the last few years –
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is a rare infection route for HCV, although small epidemic foci happened in the homosexual communities
in the United Kingdom at the same time of outbreaks
of syphilis and other sexually-transmitted diseases (3).
The mode of transmission accounts for the geographical differences in the majority of HIV/HCV
co-infections. In Eastern Europe (4) and South-East
China, ¾ of the HIV-positive population is
HIV/HCV co-infected. In most African regions as
well as in India, where the most prevailing transmission route is the sexual one, the hepatitis C virus coinfection does not reach 5% of the population HIVcarrier (3).
In the European countries where HIV population is mostly accounted for by homosexuals, the frequency of the co-infection levels off at mean levels:
approximately 10% (5).
In the USA, the co-infection majority is approximately 18%, reaching 60% in IVDU (Intravenous
Drug User) subjects (6).
As to Europe, the most reliable epidemiological
data come from a EuroSIDA study (Figure 1). In the

Figure 1. Prevalence of HCV cda co-infection in HIV-positive population in the EuroSIDA cohort
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Antiretrroviral therapy in HIV/HCV co-infection

Southern European Countries the prevalence equals
41.4%, in the central ones equals 20.5%, in the Northern ones equals 23.2% and in the Eastern ones it
reaches 47% (2).
Geographical differences in the distribution of
the viral genotypes were pointed out. HCV genotype
1 is the most widespread in Europe (global prevalence
40-60%), genotype 3 (global prevalence 20-40%) prevails in Eastern Europe, genotype 2 (global prevalence
1-5%) can be found in Northern and central Europe,
genotype 4 (global prevalence 5-15%) prevails in
North Africa and reaches 20% of infections in Southern Europe (4) (Figure 2).
HCV vertical transmission is uncommon (approximately 5% of HCV-RNA positive women). HIV
co-infection increases the risk of foetus exposure (up to
8-20%). Nevertheless, HIV/HCV co-infected pregnant women under effective antiretroviral therapy do
not show an increase in the risk of C virus transmission
(7). The level of plasma HCV-RNA represents the
major predictor of the risk of perinatal transmission.
Caesarean section and bottle-feeding are deemed to be
protective and are recommended to avoid the transmission of both viruses to the newborn child (8).
North

HIVAb+ patients with HCV co-infection show
important peculiarities compared to subjects with
HIV mono-infection. In this population the risk of
death due to liver disease and other AIDS-correlated
pathologies is higher.
The mortality rate due to liver disease is the second cause of death in HIV/HCV co-infected subjects
(Figure 3).
Once the cirrhosis of the liver is developed,
HIV/HCV co-infected people show a chance of surviving three years equalling 30% compared to 60% of
HCV mono-infected subjects (9).
Antiretroviral therapy may considerably improve
the short- and mid-term results of patients with HIV
and cirrhosis of the liver, and may slow down fibrosis
progression.
However, the hepatic and metabolic toxicity of
cART may pose a danger in the co-infected population.
The tolerability of antiretroviral therapy is compromised owing to the loss of working hepatic tissue,
and the reduction of the available metabolic routes for
antiretroviral drugs may represent a risk factor for the
onset of transaminitis or metabolic toxicity.
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Figure 2. HCV genotype distribution in Europe (V. Soriano et al. J Infect Dis 2008; 198: 1337-44)
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Figure 3. Causes of death in patients with HIV (Smith CJ,
#145, 16° CROI 8-11 February 2009)

Changes in the pharmacokinetics of antiretroviral
drugs are frequent in the hepatopathic subjects, and
the plasma level of drugs should be monitored properly and often (10).
HIV/HCV co-infected subjects must be unequivocally regarded as a particular population to be
treated in specialised and dedicated outpatient clinics.
Co-infected subjects have different needs compared to
HIV mono-infected population as regards “when to
start” and “how to choose” the most suitable antiretroviral therapy. They must choose the most suitable therapy to avoid phenomena of hepatic and metabolic toxicity, to diminish the risk of renal and bone damage –
which occurs often in subjects with chronic hepatitis
(11), - to ensure the best tolerability in case of any
treatment with Peginterferon and Ribavirin. Those
treatments should allow, at the same time, the maximum immune recovery, a higher viremic control without exposing the patient to any risks of chronic immune activation or immune reconstitution syndromes.

The interaction between HIV and HCV and the role
played by immune reconstitution
The influence exerted by HCV on HIV-correlated disease progression is not yet entirely clear. Literature suggests different conclusions, showing that

P. Nasta

HCV does not influence immune reconstitution in
patients treated with antiretroviral therapy and that
the recovery of T CD4+ lymphocytes seems to be
alike in co-infected subjects and in mono-infected patients (12-14), although a possible reduction in the
therapy adherence due to diminished tolerability is evident (15).
However, the analysis of some cohorts has recently showed that – with an equal number of T
CD4+ lymphocytes – HIV/HCV co-infected subjects, and notably the subjects with cirrhosis, show a
higher risk of AIDS defining events (ADI) (ARR 2,6
IC 95% 1,8-3,6); of bacterial infections (ARR 3,1 IC
95% 1,7-5,6); of mycoses (ARR 3,8 95% IC 2,2-6,5)
and HIV-correlated pathologies (ARR 2,6 95% IC
1,03-6,9), but not of non-Hodgkin’s lymphoma
(NHL), which was previously deemed to be the most
opportunistic illness subjects with hepatitis C might
be exposed to (16).
The influence exerted by the immunodeficiency
state on hepatitis C outcome, instead, is pretty clear.
Reduction in T CD4+ lymphocytes exposes to a
series of phenomena leading to a reduced clearance of
hepatic virus, hence to a higher risk of making an
acute infection chronic (17, 18). Substantial differences in HIV/HCV co-infected subjects, compared
to HCV mono-infected subjects, are: higher level of
circulating HCV-RNA (19), faster progression towards cirrhosis (20-21) and more frequent possibility
of hepatic decompensation with episodes such as
bleeding of oesophageal varices and development of
ascites (22).
There are differences in HIV/HCV co-infected
subjects compared to the C mono-infected ones even
in the manifestations of hepatic decompensation.
There are hepatic decompensation manifestations. In mono-infected subjects, the onset of ascites is
more frequent as the first decompensation event.
Whilst in HIV/HCV subjects, those events connected with portal hypertension and bleeding of oesophageal varices prevail (24).
A higher risk of developing hepatocellular carcinoma (HCC) was also shown with different characteristics than in mono-infected subjects: tumour progression is faster and multiple lesions appear more often (25).
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In short, progression of liver disease from acute to
chronic and development of hepatic decompensation
are considerably more frequent in HIV/HCV co-infected subjects than in HCV mono-infected subjects
(Figure 4).
The most known predictors of the hepatic disease
progression are unalterable (advanced age, female gender) or modifiable.
The modifiable factor which is mainly correlated
with liver disease progression is the level of T CD4+
lymphocytes, hence the use of antiretroviral therapy
(Figure 5).
Studies show how the low level of T CD4+ lymphocytes would expose to a higher risk of progression
towards cirrhosis, of hepatic decompensation and of
death due to liver disease (26).

Figure 4. HIV effect on the liver disease progression in subjects with HIV infection

Figure 5. Probability of developing cirrhosis according to
cART presence

7

With HAART introduction, the risk of death
due to hepatic events has obviously increased owing to
the growth in survival which lets a sufficient time for
the liver disease to progress until its final stage. Much
literature at the end of the 90s and in the first few
years of 2000 showed how the hospitalisations for hepatic decompensation had increased in all the Countries where HAART was widespread (27, 28).
On the other hand, those patients who have never been treated show a speed of cirrhosis onset much
faster compared to the subjects undergoing even sequential therapy. It is evident, however, that combination antiviral therapy, although it slows down cirrhosis development, would never allow equalisation of
the onset times of cirrhosis manifestations in HIV
positive and HIV negative subjects. The immune
damage affects, in any case, the survival of co-infected subjects, who have a higher risk of death due to
both AIDS-correlated events and non-AIDS-correlated events than HIV mono-infected people (29).
The immunologic gain assured by antiretroviral
therapy – especially based on protease inhibitors (30)
– allows to slow down the hepatic disease progression.
Moreover, the immune system recovery is essential to increase CXCR3/CCR5+ specific CD4 and
CD8 lymphocytes migration to the hepatic level and
increase the possibility of viral clearance.
It seems like there are no substantial differences
between antiretroviral regimens with regard to the recovery of anti-HCV specific CD4 and CD8, but the
studies that compare the best combinations of antiretroviral therapy are still very few. A recent research
study by A. Perrella and colleagues pointed out how,
in naïve subjects treated with Fosamprenavir/RTV,
the anti-HCV specific immune response of type 1 was
particularly effective (31).
The immunologic recovery is so important in the
natural history of co-infection that it induces current
American and European guidelines to suggest the
possibility of starting HAART first in case of co-infection with hepatitis virus (32, 33).
Antiretroviral therapy has the undeniable advantage of slowing down hepatic progression, yet there
are some negative effects that may prevail in the long
term, once the immune reconstitution goal has been
achieved (Figure 6).
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Figure 6. Antiretroviral therapy effect on hepatic fibrosis in
time

There are three phenomena which are still currently being studied and are the object of a thorough
analysis. The first factor is the hepatic toxicity of some
antiretroviral drugs which increase transaminases,
hence induce evident necroinfiammation. The second
factor is the metabolic toxicity caused by some molecules that might trigger an iatrogenic steatosis more
easily than others – an event which is known to contribute to hepatic fibrosis progression to a great extent.
There is a third phenomen – whose dynamics are not
yet much definite – which might contribute in the
long term towards intrahepatic inflammatory state
with the consequent activation of fibrogenic mechanisms. This is a condition of chronic immune activation connected with the possible residual replication
of HIV in peripheral tissues and organs, with the presence of C virus in hepatic parenchyma and with the
possible contribution – more or less important – of the
circulating lipopolysaccharide residues reaching the
liver from a distended and congested portal circulatory system (microbial translocation).

P. Nasta

Although a shared hepatotoxicity parameter is
not available, a transaminase increase is taken into account compared to its normal value (WHO toxicity
scales) or compared to the patient’s baseline values
(ACTG scales) (Figure 7), a useful factor is to subdivide medications into more, average or less hepatotoxic.
The importance of a transaminase increase is
tightly linked to the direct bond between AST and
ALT plasma levels and the hepatic necroinflammation
state. A constant or occasional high transaminase value is correlated with a faster progression towards cirrhosis (34).
In a study conducted in Brescia, it was shown that
in a cohort of 808 subjects observed for 6 years in a
row, the mortality rate due to liver disease was connected with an increase > 1,5 times than AST and
ALT normal values for at least one year. Their increase
could have been continuous or even transitory, but in
both cases the risk of death was higher than in those
subjects with normal transaminasemia. The analysis,
therefore, showed how hepatopatic subjects, who underwent hepatotoxic HAART, had an increased risk
of death (35).
The recognised hepatotoxicity mechanisms are:
1) medication’s direct hepatic toxicity (mitochondrial
toxicity); 2) specific hypersensitivity; 3) immune reconstitution.
Trying to classify medications as more or less hepatotoxic, in terms of induction of transaminitis phenomena, is almost impossible, due to the extreme vari-

HAART hepatic toxicity and fibrosis progression
How to choose the best HAART for a co-infected subject?
One of the useful factors in deciding what antiretroviral drugs to use in a subject with chronic hepatic disease is the reduced hepatotoxic impact.

Figure 7. Definition of medication hepatotoxicity
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ability of classifications used in studies. Vincent Soriano proposed an extremely concise colorimetric scale
which is very significant: it summarises the hepatotoxic characteristics of antiretroviral molecules in
coloured boxes (36) (Figure 8).
Studies on the antiretroviral drugs hepatic toxicity highlight the risk of AST/ALT increase in co-infected people from 38 to 54% compared to 1.1-4.8%
of the HIV mono-infected subjects (37, 38).
Although hepatic safety represents one of the
most important characteristics of medications in general, regulatory trials of all the antiretroviral drugs do
not provide sufficient data to define safety in those patients with HIV/hepatitis virus co-infection. In fact,
co-infected subjects enrolled in randomised protocols
are very few.
Hepatic toxicity linked to the depletion of mitochondrial DNA of the thymidine analogue reverse
transcriptase inhibitors (NRTI) (39, 40) is so much
well known by now that its use is not recommended in
co-infected subjects.
Abacavir, Tenofovir, Lamivudine and Emtricitabine have a reduced toxic mitochondrion potential,
hence they proved to be safer during chronic hepatopathy (41).
AST-ALT increase is observed in 4-8% of cases
treated with Efavirenz among the reverse transcriptase
analogue non-nucleosides as well as in 12-15.6% of
subjects being treated with Nevirapine (42, 43).
Ritonavir is recognised as the most hepatotoxic
protease inhibitor when used in therapeutic doses.

Figure 8. Hepatotoxicity degree of antiretroviral drugs (from
Soriano et al AIDS 2008)
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Norvir® does not seem to boost transaminases at
booster doses of 100 to 200 mg/die (44).
Despite this evidence, the administration of protease inhibitors without Ritonavir is a strategy pursued in co-infected subjects.
The presence of chronic hepatitis at different
stages impairs the liver’s capacity to metabolise medications (45). Histological damage translates into loss
of hepatocytes, hence of working cytochromes. Such
anatomical modification induces changes in antiretroviral drugs pharmacokinetics, in particular of protease
inhibitors.
The plasma dose of protease inhibitors acquires a
great importance, especially in co-infected subjects.
The medication plasma dose might underline the necessity of maintaining Ritonavir booster in the event
that one had opted to administer a non-boosted protease inhibitor or vice versa to the patient.
Studies conducted on the population of randomised and controlled trials – and confirmed in the
population enrolled in the Expanded Access Programm
(EAP), - show that AST/ALT increase in those subjects treated with Atazanavir is minimum (46, 47).
However, since sporadic cases of transaminitis in
subjects without co-infection have been signalled (48),
300 mg/die is the dose of Atazanavir that must be administered in those subjects with functional classification of Child Pugh 7-9, whilst it is not indicated with
values of Child-Pugh > 9.
In phase III trials with Lopinavir/RTV an increase in AST/ALT is highlighted, similar to the one
observed with Nelfinavir, and definitely lower when
compared to Inidinavir and Saquinavir (49). The relative safety of Lopinavir/RTV was confirmed in cohort
and even Italian studies (50). The American guidelines invite prudence in using Lopinavir/RTV in subjects with a reduced hepatic function.
Subjects treated with Tipranavir in the RESIST
study had a transaminitis frequency of considerably
higher 3/4 degree; HCV or HBV co-infection exposed
to a further risk of increase in AST/ALT (51).
The protease inhibitor on which most data on
hepatic safety in co-infected subjects come from is
Fosamprenavir. Data emerged from regulatory trials
show a risk of increase in AST/ALT similar to Nelfinavir (52). The average increment in AST/ALT in
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subjects with or without co-infection treated with
Fosamprenavir is remarkably reduced after 120 weeks
of treatment (53).
A corroboration of the hepatic safety of Fosamprenavir comes from a Spanish trial conducted on 636
subjects, of whom 545 have HIV infection and 5.6%
are HBsAg positive. After an average of 6.9 months of
therapy (0.4-4.6) in HCV co-infected subjects, ALT
increment percentage equalled 0.58%, whilst equalled
2.6% in HBsAg+ subjects (54).
In an analysis conducted on 131 HIV/HCV coinfected subjects, of whom 38.6% have advanced hepatopathy (FIB 4 > 3.25) and 53% have high baseline
transaminases, a significant reduction in ALT and
AST was seen after 6 months of therapy, and the safety is confirmed in subjects with advanced hepatopathy
(55).
Thanks to in-depth pharmacokinetics studies
(56-58), Fosamprenavir dosage is also indicated in
case of Child Pugh B and C functional classification,

P. Nasta

always with Ritonavir booster owing to the medication reduced levels in subjects with advanced hepatopathy (Figure 9).
The possibility of correctly dosing the medication
and the considerable clinical experience allow consideration for Fosamprenavir/Ritonavir as the choice of
inhibitors in HIV/HCV co-infection (59).
Hepatotoxicity of new medications
Darunavir hepatic safety in co-infected subjects is
not currently much investigated. An analysis of the increment in transaminases in subjects with and without
co-infection, and with and without cirrhosis conducted on patients enrolled in the Italian EAP shows a
partial increment in transaminases in co-infected subjects regardless of cirrhosis presence. It is not clear
how much highlighted increase in AST/ALT with
Darunavir depends on the presence of the 200 mg Ritonavir dose (60). DHHS guidelines do not recom-

Figure 9. Dosage of protease inhibitors in patients with hepatopathy (McCabe, Clin Pharmacokinet 2008)
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mend the use of Darunavir in case of impaired hepatic function.
Regulatory trials of Raltegravir show an increase
in AST/ALT of ¾ degree in 2-3% of treated population. Studies on co-infected populations are not available. A trial was conducted at the Institute of Infectious Diseases in Brescia on 135 subjects treated with
integrase inhibitor, of whom 45 patients had
HIV/HCV co-infection. It showed how the risk of increase in 1-2 degree transaminases is higher in co-infected subjects (39.5%) compared to HIV mono-infected subjects (9.1%), especially when cholesterol levels equal > 200 mg/dl and when Raltegravir is combined with a protease inhibitor. In subjects with advanced hepatopathy the rise in transaminases does not
seem considerably higher (61). However, in cirrhotic
subjects with reduced hepatic function, the rapid increase in CD4+ lymphocytes – evident when using
Raltegravir – might expose one to immune reconstitution hepatitis with a possible further deterioration of
hepatic function (personal data). Even though some
molecules of the class of CCR5 inhibitors have been
characterised by important hepatic events (62), the
MOTIVATE trial showed a considerable hepatic
safety of Maraviroc. After 48 weeks the AST/ALT
percentage increase of ¾ degree equalled 0.6-3.7%
(62).

Metabolic changes and liver disease
Obesity, changes in lipid structure and resistance
to insulin occur very frequently in subjects with
HIV/HCV co-infection. Insulin resistance is present
in half the HIV+ subjects treated with protease inhibitors and type 2 diabetes mellitus (DMT2) represents a second extra-hepatic pathology, after cryoglobulinemia, in HCV+ subjects.
Changes in glucose and fatty acid metabolism
contribute to increasing the risk of vascular damage
and hasten the progression of hepatic fibrosis in patients with chronic hepatitic C.
Moreover, both hyperinsulinaemia and obesity
are considered as negative prognostic factors of the
response to therapy with Pegylated Interferon and
Ribavirin.
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People with HIV/HCV are more prone to developing some pathologies of lipid and glucidic metabolism due to the presence of concomitant factors such
as the two viruses and antiretroviral therapy.
In these patients, the metabolic damage treatment takes on a particular significance in order to slow
down the progression of steatosis, fibrosis and boost
the success of therapy with PegIFN and Ribavirin.
Insulin resistance and diabetes in HIV/HCV co-infection
DMT2 affects 4% of the world population and it
is estimated that the prevalence will reach 5.4% within 2025 (63).
The observation of DMT2 higher incidence rate
among subjects with chronic viral hepatitis compared
to healthy populations dates back to 1994 (64). Since
then the evidence of correlation between HCV and
DMT2 has become an object of several transverse and
longitudinal studies conducted in hepatopathic, diabetic and transplant patients.
Insulin resistance is found more often in patients
with cirrhosis compared to stages of slighter fibrosis
(62% vs 24%) (65-67), and DMT2 frequency increases as Child Pugh score increases. It gets to the point
of being present in 50% of subjects with Child Score
equalling 15 (66). But many studies show how the insulin resistance is constant in HCV+ subjects, even
with initial fibrosis (68-70) and normal transaminases
(71).
The big cohort study conducted by Mheta and
colleagues (72) leaves no doubt on the correlation between type 2 diabetes and HCV. The study was conducted on 9481 subjects of whom 8.4% showed a
DMT2; 2.1% of them were HCV+ and 0.5% HBsAg+. Patients with HCV prevailed among DMT2
carriers in any age group, but after 40 years of age, the
risk of developing diabetes would increase three times
as many in HCV+ subjects compared to HCV- ones
in absence of high levels of fibrosis.
The risk of developing DMT2 correlates with the
observation time: the longer the follow-up the easier it
is to find events (73).
After the treatment with Interferon, the metabolic damage reduction can be noticed, thus highlighting
the virus’ direct role in dysmetabolism genesis (74).
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HIV virus is directly involved in metabolic damage.
In the pre-HAART era, the typical change in the
lipid structure with hypertriglyceridemia and hypocholesterolemia was described. Antiviral therapy, predisposing to insulin resistance, induces, instead, a different history, characterised by increase in total cholesterol, LDL and VLDL fractions, triglycerides and
glycemia. Insulin resistance was found in 50% of the
subjects who underwent treatments containing protease inhibitors (75), and the prevalence of DMT2 was
signalled in 2-14% (76, 77) of HIV+ subjects in ART
with particular frequency in case of lipodystrophy (78).
Pathogenesis of insulin resistance in HIV/HCV co-infection
Insulin resistance is defined as a metabolic condition in which normal glycemic levels can be only ensured by higher insulin levels. The definition of insulin
resistance is specified in Figure 10. The three tissue
compartments involved in the pathogenic mechanisms
that establish and maintain insulin resistance are:
• muscle tissue where myocytes, resistant to the insulin signal, catch less glucose, thus favouring the
emergence of plasma hyperglycaemia;
• liver where in the hepatocytes, insensitive to insulin
metabolic signal, gluconeogenesis and lipogenesis
mechanisms activate, thus helping increase glucose
and triglycerides in the plasma and cell;

Prediabetes
Impaired
Fasting Glucose
Fasting glucose
100-125mg/dL

Diabete Mellitus

Impaired
Glucose Tolerance
2-hour postloadglucose
Fasting glucose
140-199 mg/dL during CGTT ≥126 mg/dL

• adipose tissue where lipolysis mechanisms activate
with the consequent increase in free circulating fatty acids.
Figure 11 represents the cascade of events induced by insulin, once it has been caught by its specific receptor, and the induction mechanisms of insulin
resistance attributed to HCV. Insulin promotes tyrosine phosphorylation of IRS1 and IRS2 receptor substrates (Insulin Receptor Subastrates 1 e 2). The bond activates the phosphorylation of Phosphatidyl inositol
3-Kinase (IP-3) and of Akt protein kinase, which allow the translocation - through the cell membrane –
of GLUT-4 (Glucose Transporter-4), a specific glucose
carrier.
HCV is able to inhibit insulin metabolic action
through some mechanisms:

1. Change in insulin receptors
a) It was proved that HCV Core antigen is capable of
influencing the regular phosphorylation of tyrosine
induced by insulin on IRS1 and IRS2, with consequent receptor degradation (79).
b) HCV core protein (HCc) induces TNFα production, particularly correlated with the hepatic damage progression (80, 81) and capable of changing
IRS1 and 2 function, by inducing their phosphorylation on serine (82).
c) TNFα is capable, in adipocytes, of influencing the
transcription of genes involved in mechanisms of
insulin sensitivity/resistance (83), and a sort of hyper susceptibility to TNFα action in patients with
HCV was assumed (84).
d) HCc, through the induction of various Cytokines
such as TNFα and IL6, is able to activate SOCS-3
(Suppressor of Cytokines Signalling-3). SOCS may
induce IRS1 and 2 proteasomal degradation
through their ubiquitination (85).

or
2-hour postload glucose
≥200mg/dL during CGTT
or
Symptoms of clabates
with random glucose of
≥200mg/dL
OGTT, oral glucose tolerance test

Figure 10. Definition of insulin resistance

2. Accumulation of fatty acids in the hepatocyte and activation of hepatic liponeogenesis and gluconeogenesis
a) HCV stimulates the transduction route of SREBP1c (Sterol regulatory element binding protein) signal
as well as of ChREBPS (Carbohydrate response element-binding protein). They are the proteins binding to the specific regulation element of sterols and
carbohydrates. They are instrumental in the insulin
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Liver

Plasma

Induction mechanisms of
insulin-hepatic resistance

RS1 inhibition with phosphorylation on Serine
and not Tyrosine phosphorylation
Induction of TNF a and IL6 which inhibit
IRS1 with phosphorylation on Serine and
not Tyrosine phosphorylation

1- IRS-1, phosphorylated
by insulin receptor,
activates PI-3K by
binding itself to its SH2
domain.
PI-3K converts PIP2 into
PIP3
2- PKB, bound to PIP 3,
is phosphorylated and it
activates with consequent
GLUT-4 translocation on
the membrane and
glucose intake

Activation of SOCS-3 which inhibit IRS1 with
phosphorylation on Serine and not Tyrosine
phosphorylation or by blocking PI-3K

Glucose

Inhibition of GLUT 4 functioning

b) Gluconeogenesis
activation

Figure 11. The insulin receptor is a catalytic dimeric receptor with tyrosine kinase activity. Following binding to insulin, its subunits self-phosphorylate with each other on Tyr, thus activating the receptor. The receptor phosphorylates (on Tyr) IRS1-4 (Insulin
Receptor Substrates 1-4). IRS1 binds the PI 3-kinase enzyme (PI3K with domain SH2) and activates it. PI3K turns the PIP2 membrane phospholipid into PIP3, which binds PKB by indirectly activating it. The known effects of PKB activation are: a) GLUT4
(Glucose Transporter-4) translocation on the membranes, thus favouring glucose intake (adipose tissue and muscle); b) activation of
glycogen synthetase through phosphorylation, hence inhibition of GSK3 (glycogen synthase kinase 3). The figure describes some
mechanisms through which HCV is able to induce insulin resistance, sharing part of such capacities with antiretroviral drugs.

signal translation, and involved in the chronic stimulation of lipogenesis and gluconeogenesis, in the
expression of pyruvate kinase and in the reduction
of the fatty acid oxidation in liver respectively. It
follows that the availability of triglycerides and sugars in hepatocytes is increased (86). SREBP-1c is
directly activated by HCV or through SOCS-3
stimulation. Its action predisposes the increase in
triglycerides availability inside the hepatocyte, and
the final result is a systemic insulin resistance and
hepatic steatosis.
b) It was proved that HCc interacts with retinoids X

receptor α(RXRα), transcription regulator which
controls several cellular functions, including lipid
metabolism. HCc is capable of binding itself to
RXRα DNA binding domain, by activating it and
stimulating lipogenesis (87).
3. Reduced excretion and reduced use of fatty acids in the
hepatocyte
a) HCV non-structural proteins (core and NSA5) are
also involved in the functionality changes through
the membrane breakage of mitochondria, microsomes and peroxisomes (88).
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b) Mitochondrial damage may be also induced by the
function inhibition of Peroxisome-proliferator-activated receptors, (PPAR α and γ) members of the super-family of nuclear receptors involved in the
translation of the nutritional and metabolic signals
into transcriptional responses influencing the oxidative function of mitochondria, peroxisomes and
microsomes (89). A reduced action of PPARα and
γ during HCV, especially genotype 3, induces insulin resistance and steatosis through the arrest of
beta-oxidation (90).
The role of adipokines
Adipose tissue is quite abundant in the adult and
plays three important roles: 1) to store energy, 2) hydrolysis of triglycerides to make free fatty acids available for beta-oxidation, 3) release of adipokines.
The significance of lipid metabolism in the hepatic disease is shown by the rapid progession of cirrhosis
in obese people (91). The role played by non-alcoholic
fatty liver disease (NAFLD) is important per se, but
obesity worsens chronic viral hepatitis C progression,
and it is connected with a higher mortality rate and the
development of tumours such as HCC (92, 93).
Adipokines play an important role in the communication between adipose tissue and liver, and they
are mainly expressed, but not only, by adipose tissue.
All adipose tissue cells (adipocytes, stromal cells, myofibroblasts and medullary cells) contribute towards
the production of adipokines. In particular, ectopic fat
(subcutaneous or pericardial fat) allows the emergence
and maintenance of obesity, since it is more often the
seat of chronic inflammatory phenomena (94).
Adipokines are directly involved in the pathogenesis of hepatic damage, since the direct target is the
liver, through portal circulation.
Leptin
Leptin, ob gene’s product, is mainly synthetised
in the adipose tissue. Leptin receptors consist of six
isoforms (ObRa - ObRf ) expressed in the central nervous system, in several peripheral tissues and in the
liver.
ObRb mediates most of leptin biological effects
(by activating jak2/Stat3 complex).
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ObRe is a soluble receptor that binds itself to the
circulating leptin. ObRe increment correlates with a
reduced effect of leptin (95).
The circulating leptin is proportional to the fat
mass and induces anti-obesity signals, by influencing
the sensation of hunger, energy use, protects against
the development of hepatic steatosis (96, 97), alcoholic damage, and from acquiring viral and bacterial
infections (98, 99).
However, an increase in circulating leptin levels
and the presence of hepatic steatosis can be noted in
obese patients (95).
This phenomenon is linked to peripheral and intrahepatic leptin resistance.
Some mechanisms inducing leptin resistance in
the liver include the intake of some foods, such as: a)
fructose (100), which induces hyperleptinaemia and
intrahepatic resistance to leptin; b) excessive production of SOCS 3 (suppressors of cytokines signaling 3) inhibiting leptin signal (101) and c) the activation of
cannabinoid receptors (102).
ObRe production (leptin soluble receptor) is
mainly hepatic and induced by the insulin signal. Insulin resistance causes an increase in the soluble receptor production which diminishes leptin biological
effect (as the portion linked to the receptor prevails
compared to the free one) (103).
Leptin is well known as a powerful profibrogenic
agent. At hepatic level (104) it can induce fibrosis by
activating Kupffer cells, stellate cells (HSCs) and an
increase in TGF-beta (transforming growth factor beta)
production (105). Leptin action induces the production of free radicals which, in their turn, stimulate
proinflammatory mechanisms 106, 107).
Once HSCs are activated, they contribute towards the production of leptin, whilst quiescent HSCs
induce high levels of adiponectin with antifibrogenic
action (108).
Leptin has been recently connected with HCC
development for a direct and/or mediative effect by
the induction of angiogenic mechanisms (109-111).
Highly undifferentiated human HCC shows high levels of ObR receptors, and it was proved that
ObR/Leptin levels are correlated with HCC angiogenesis in vivo (112-113).
Leptin is able to induce HCC proliferation, mi-
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gration and invasive character (113), and it increases
cholangiocarcinoma metastatic capacity (114). In
chronic hepatitis C, leptin increases the possibility of
developing HCC by hastening fibrogenesis, angiogenesis and directly acting on the neoplastic cells.
However, leptin seems to exert a positive effect in liver protection by triggering the innate immune response (natural killer) capable of reducing the tumour
size (115).
Leptin effect is therefore controversial. In particular, we have yet to understand the reason why hepatic resistance to leptin does not protect from the profibrogenic effect of this adipokine.
Leptin levels are constantly high during NASH,
regardless of BMI (body mass index), with higher levels in those cases of more advanced disease (116). But
these data have not been corroborated by other studies (117, 118). In case of viral hepatitis, some authors,
but not others, have correlated leptin levels with viral
steatosis and fibrosis progression (119, 120).
Adiponectin
Adiponectin is active in its high molecular weight
form, and it binds itself to two specific receptors: AdipoR1, expressed in the skeletal-muscle tissue, and
AdipoR2, mainly expressed in the liver (121). Plasma
concentration of adiponectin inversely correlates with
the fat mass and it is reduced in case of obesity and
type 2 diabetes. Adiponectin improves steatosis and
exerts an antifibrogenic effect through the partial reduction of TNF-alpha (122).
A saturated fat diet protects from alcoholic damage through the adiponectin hypersecretion (123).
In case of chronic alcoholic hepatopathy,
adiponectin levels diminish, whilst homocysteine rises. Betaine reduces homocysteine and increases
adiponectin level (124). The adiponectin protective
effect at hepatic level seems to be mediated by the increase in PPAR-α activity in the liver (125) and in
PPAR-γ activity in adipose tissue (126).
According to this model, PPAR-γ activation in
the adipose tissue allows to store and keep triglycerides, thus reducing the circulating amount of free
fatty acids. Therefore, it frees both liver and muscles
from excessive fats sequestered in their context, thus
increasing their sensitivity to insulin. The central adi-
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pose tissue expands to allow for this compensation
mechanism (126).
In case of hepatic insulin resistance, the effect of
adiponectin seems to decrease, and a resistance to
adiponectin is established (127). High insulin levels,
in fact, diminish the expression of adiponectin receptors, creating resistance to adiponectin.
The effect on the inflammatory cytokines is opposite compared to the one exerted by leptin.
Adiponectin, in fact, induces the expression of antiinflammatory cytokines such as IL 10, and reduces the
expression of proinflammatory cytokines (TNF-alpha, IL6, chemo-kine) (128).
Adiponectin is a powerful atherogenic action inhibitor (129); on the contrary, the chronic inflammatory state and lipid peroxidation – which occurs in
case of fat accumulation (obesity, steatosis, etc…), reduces adiponectin levels.
Transgenic ob/ob mice (without leptin) are protected against the onset of hepatitis mediated by T
lymphocytes; if adiponectin is removed as well, such a
protection disappears (130). Transgenic mice without
leptin undergo more serious hepatic damage if subjected to experimental cirrhogenous stimuli. These experiments show how adiponectin is instrumental in
counteracting the hepatic damage induced by leptin
fibrogenic action (131).
Adiponectin levels are reduced in subjects with
NASH regardless of the presence of insulin resistance
and of the degree of abdominal circumference.
Reduced adiponectin levels correlate with high
degrees of steatosis and necroinflammation, but not
with the degree of fibrosis, which is only predicted by
insulin resistance (132). Adiponectin levels are inversely correlated with the severity of hepatic damage
(133).
On the contrary, the role played by adiponectin in
case of viral hepatitis seems to be definitely reduced, if
not entirely absent. The absence of any differences between adiponectin levels and mediated hepatic virus,
adipokine independent, might account for the most
serious degree of insulin resistance during viral hepatitis. Low adiponectin levels were found in case of
genotype 3 HCV infection (134, 135), and a diminished response to interferon correlates with low
adiponectin levels (136).
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Resistin
Resistin is expressed, in the animal model, by adipose tissue, and its plasma concentration depends on
both diet and obesity (137). Resistin might represent
a connection between obesity and insulin resistance
(98). Resistin induces gluconeogenesis and seems to
promote both VLDL production and accumulation of
fatty acids in the liver (138). In human beings, resistin
effect is not clear and it seems to be mainly produced
by medullary and inflammatory cells (95). Resistin is
produced by activated macrophages and induces the
production of proinflammatory cytokines. Resistin expression increases in case of hepatic inflammation and
worsens it through the increase in TNF-alpha production (139, 140).
In HIV/HCV subjects a chronic hepatic inflammation can be noticed, mediated by the hepatitis C
virus, viral and iatrogenic steatosis and chronic immune activation state (persistency of low HIV copies,
microbial translocation). In these subjects the condition of hyperleptinaemia (and of possible leptin resistance), as well as of hypoadiponectinemia might contribute to worsening intrahepatic necro-inflammation, reducing hepatic defensive capacities and inducing profibrogenic mechanisms.

Steatogenesis and fibrogenesis in subjects with
HIV/HCV co-infection
Steatosis
Visceral fat is metabolically more active than
subcutaneous fat. Hepatic steatosis is connected to
visceral obesity, and both correlate with insulin resistance.
The base of the steatosis damage can be understood from the pathogenic mechanisms listed above:
the missing sensitivity to insulin signal induces the
adipocyte lipolysis with the consequent increase in circulating free fatty acids (FFA). Moreover, through the
increase in SREBPs and ChREBP activity, it makes
FFA internalisation easier in the hepatocyte and creates the substrate of triglycerides necessary for lipogenesis. At the same time FFAs are neither metabolised
– due to the arrest of mitochondrial beta-oxidation –
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nor externalised through lipoproteins (VLDL, LDL),
whose production is inhibited.
In those patients with HCV genotype 3, the
virus’ role is predominant, and the onset of a real “viral steatosis” can be noticed, unlike the infection with
HCV genotype 1, where the steatosis is “metabolic”,
hence linked to the host’s factors.
The reduced assembly capacity of VLDL and
LDL lipoproteins containing ApoB (141) is due to
MTP (Microsomal Triglyceride Transfer Protein) inhibition by the virus. In presence of MTP, both triglycerides and APo B are assembled in VLDL inside the
Endoplasmic Reticulum (ER). Following studies
show that, more than to block MTP, the virus is able
to use it to improve its own replication. Endoplasmic
Reticulum (ER) turns into a sort of membraneous
support where HCV proteins and NS5A interact with
Apo B and triglycerides to create tiny lipid drops containing virion.
LVP (Lipo-viro-particles) are released through
exocytosis as small lipid particles of 100 nm (142), capable of circulating in the plasma and infecting other
cells by using LDL receptors (143).
Recent studies assumed that MTP inhibition
mechanisms – with consequent arrest of LDL-VLDL
production – are a strategy used by the virus to diminish the competition on LDL receptors.
On the other hand, fatty acid consumption
through beta-oxidation and other mechanisms is
linked to PPARα inhibition induced by the virus and
described above. The gene transcription of MDR 3
(Multidrug Resistance Protein) - involved in the use of
fatty acids through the secretion of phospholipids in
the bile, - of CPT-1 (Carnitine palmitoyltransferase I
gene) and of AOX (Acetyl Co-A Synthetase) depends
on PPAR α and γ activity. All of them are necessary to
regulate the mitochondrial beta-oxidation, main route
for fatty acid consumption (141).
If steatosis recognises the viral pathogenesis for
HCV genotype 3 infection, the metabolic origin prevails in the genotype 1 infection, and the host’s factors
appear completely predomninant.
It is clear how steatotis represents a strategy concocted by the virus to improve its own replication inside the hepatic cell and insure itself a transfection
system of the extrahepatic viral sanctuaries. It seems
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like it was proved, in fact, that fatty acids contained in
the cell may stimulate or inhibit HCV replication according to their saturation (144), and that the entire
host’s intrahepatic lipid metabolism is disrupted to assure the virus’ replication and LPV formation.
It has been known already since 1997 how the patient – especially carrier of HCV genotype 3 – would
show low concentrations of cholesterol (145), lipoproteins and ApoB. It was assumed that those patients
with HIV/HCV co-infection genotype 3 were protected against hypercholesterolemia due to HAART, given the evidence of low cholesterol levels (146). But it is
actually dangerous to assume a protective effect of
HCV genotype 3 from the lipidemic effect of the antiviral therapy, given the proven capacity of the virus to
remove free fatty acids from the liver, stop the cholesterol production and boost the steatosis damage.
Even in the HIV+ person naïve to therapies, a reduced cholesterol concentration is observed; lipid
structure seems to be modified by the inflammatory
state induced by cytokines (TNFα, IL1, and IL6), capable of inhibiting lipogenesis, inducing lipolysis and
apoptosis.
The same pathogenic history can be found in the
patient with lipoatrophy induced by HAART (147150).
The increase in circulating FFAs, therefore, induces insulin resistance, which is typical of patients
with HIV and hypertriglyceridemia - linked to the
use of some IPs and NRTIs, - and it also increases the
lipid layer in the liver, thus triggering steatosis formation.

Fibrosis
Fibrogenesis is a process triggered by the hepatic
damage and represents the breaking up of the “repairing” programme during a chronic disease (148).
Epatocyte damage is followed by the activation
of resident macrophages (Kupffer cells) and/or by inflammatory cell infiltration. The inflammatory phase
is linked to the emergence of myofibroblast-like cells
responsible for ECM (Extra Cellular Matrix) production, representing the main effectors of fibrogenic
process.
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In the last 10 years, research has identified Hepatic Stellate Cells (HSC) as the main effector cells and
responsible ones for ECM placement (151).
HSCs and mesenchymal cells in the fibrotic process acquire a myofibroblast-like phenotype
with functional, biochemical and structural changes
that make these cells more suitable for tissue repair
(152).
Once HSCs are activated, they produce receptors
for fibrogenic soluble mediators such as:
1) PDGF (Platelet derived grow factor) receptors
2) TGF-β (Transforming growth factor β) receptors
3) cytoskeleton proteins such as alpha-SMA (Alfa
smooth muscle actin) (153).
Epatocytes, cholangiocytes, damaged Kupffer
cells release factors capable of activating HSCs, such
as: TGFβ PDGF, CTGF (Connective Tissue Growth
Factor), Leptin, EGF (Epidermal Growth Factor),
Angiotensin II, products linked to oxidative stress,
MCP-1 (Monocyte chemoattractant protein-1), IL-8.
Once HSCs are activated, they show several
functional characteristics:
1) Increase in production of fibrillar collagens.
2) Increase in production of metalloproteinase inhibitors, essential for fibrillar ECM degradation
(TIMP-Tissue Inhibitors of Metalloproteinase).
3) Increase in production of MMP-2 and 3 degrading
the normal epatocyte matrix. Both these behaviours
are stimulated by TGF-β and CTGF.
4) Increase in proliferation of cell survival, entailing a
growth of fibrogenic cells, especially in those areas
of more active reshaping, such as fibrous septa
edges in chronic hepatitis. This event is mediated
by PDGF and EGF as well as angiotensin II modulating mitogenic processes.
5) Increase in migratory capacities allowing fibrogenic
cells to move towards areas of active fibrogenesis,
following chemotactic signals. Migration is a factor
involved in the localisation of fibrotic process in
different areas than the hepatic lobule.
PDGF is the biochemical mediator capable of
boosting the migratory capacities of activated HSCs.
6) Ability to secrete inflammatory cytokines and
chemokines which boost the inflammatory processes and lead to recruiting inflammatory cells.
The presence of proinflammatory cytokines such
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as IL-1, TNF or IFN-α (154) allows the up regulation
of chemoattractive factors such as MCP-1 and IL8.
7) Acquisition of a contractile phenotype when they
are exposed to vasoactive agents such as angiotensin, endothelin-1 and thrombin (155). Owing to the proximity of these cells to sinusoids and
just formed vessels, their contractile action is
thought to be involved in the portal hypertension
mechanism.
From steatosis to fibrosis
The correlation between steatosis and advanced
degrees of fibrosis is corroborated by various research
studies, but the presence of IR per se is considered a fibrogenic factor (156).
HOMA (Homeostasis Model Assessment) is correlated with the degree and rapidity of fibrosis, regardless of age, alcohol consumption, sex and degree of
portal inflammation (157); it increases in patients with
serious fibrosis, but it is present even in absence of histological damage. Insulin, besides its metabolic effects, exerts also important stimulating and mitogenic effects on the cellular replication, whilst hyperglycemia allows the release of profibrogenic cytokines. Hyperinsulinism induces the production of
collagen in hepatic stellate cells and hence can be considered an important factor involved in fibrogenesis
(157-159).
An increase in the activity of Connective Tissue
Growth Factor (CTGF) was assumed, capable of inducing matrix synthesis (160). CTGF and TGF-β
(Transferring growth factor-β) are expressed at the
same time during the phases of skin cicatrisation and
in production of keloids. CTGF levels are correlated
with the fibrotic degree, regardless of hepatitis aetiology (160). Both insulin and HCV are able to induce
the production of CTGF and TGF-β (161).
Adipokines are part of the fibrosis pathogenic
mechanisms. Hypoadiponectinemia is connected with
progressive degrees of steatosis in patients with
NASH (162). Adiponectin improves the sensitivity to
insulin and diminishes the hepatic content of triglycerides (163); it also diminishes the damage due to carbon tetrachloride in the experimental model (164).
Many studies highlight the ability of antiviral therapy
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to induce hypoadiponectinemia, which therefore represents an added factor of insulin resistance in
HIV/HCV patients in HAART (165).
Leptin, on the other hand, derived from
adipocytes, regulates the sensation of hunger and satiety and insulin effects. Leptin-resistance occurs in
obese people, hence high circulating levels of leptin
are seen. The assumption is that leptin is the key to account for steatosis and fibrosis in obese people (166).
Animal models support leptin profibrogenic capacities; in some studies the steatosis degree seems to correlate with the levels of serum leptin, and leptin seems
to be an independent factor of steatosis (166).

Antiretroviral drugs, iatrogenic steatosis induction
and fibrosis progression
The metabolic effects of some antiretroviral
drugs might contribute, in the co-infected subject, to
the onset of an iatrogenic steatosis in the long run cause and effect of insulin resistance and of the increment in leptin plasma levels. A very important contribution to the fibrogenic mechanisms would follow.
NRTIs
Mitochondrial damage attributed to HIV nucleoside-analogue reverse transcriptase inhibitors (NRTI) has been known since 1996 (167). Mitochondrial DNA polymerase inhibition leads to the slow depletion of mitochondrial DNA and the consequent
loss of oxidative functions. The disappearance of mitochondrial functionality is tightly correlated with
lipoatrophy in adipose tissue, to lactic acidosis and
steatosis in the liver, to distal sensory polyneuropathy
(DSP) in the peripheral nervous system. The long exposure to NRTIs is correlated with insulin resistance,
diabetes and an increase in serum lactates. The exposure to d4T is correlated with the presence of steatosis in HIV-positive subjects (168, 169).
Protease inhibitors
Protease inhibitors, in a different way between
each other, induce insulin resistance, increase triglyc-
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erides, total cholesterol and peptide C; they reduce
HDL cholesterol, increase leptin, and reduce
adiponectin (170). The recognised pathogenic mechanisms are GLUT 4 inhibition, mitochondrial toxicity, apoptosis of visceral adipose tissue, SOCS 3 activation, reduction in PPAR-α activity in the liver and
PPAR-γ activity in the adipose tissue.

adipocytes induced by chronic exposure to Ritonavir
(180-182).
Arrest of adipocyte maturation
Exposure to Ritonavir, but not to Atazanavir, reduces preadipocyte maturation both in the omental
adipose tissue and in the subcutis (183).

GLUT 4 inhibition
Adipokine expression
IPs capability to selectively inhibit GLUT-4 was
proved.
Their inhibitory action – studied in vitro – seems
to be reversible and it is very evident for Indinavir, less
for Atazanavir, Saquinavir and Amprenavir, even
when connected with a low dose of Ritonavir, disagreeing with Lopinavir/Itonavir (171-176).
Mitochondrial toxicity
New mechanisms of mitochondrial toxicity depending on antiretroviral therapy exposure have been
proved lately. Mitochondrial DNA loss in the
adipocytes depends on an ROS increase capable of inducing apoptosis through mitochondria-dependent
mechanisms. NRTI and PI association and the chronic inflammatory state of adipose tissue induce a mitochondrial disorder (177).
Oxidative damage lies at the heart of insulin resistance induced by Nelfinavir (178).
Lopinavir/RTV, Nelfinavir and Zidovudine, but
not Atazanavir, Amprenavir and Abacavir, induce
ROS production inside adipocytes (179).
Genes involved in adipocitary stress
Ritonavir is able to modify the expression of
proinflammatory cytokines, of response genes to stressor stimuli localised in the adipocyte endoplasmic
reticulum, of response genes to oxidative stress, of
genes inducing apoptosis and of genes involved in the
mechanisms of adhesion and reshaping of extracellular matrix. Moreover, the capacity to inhibit the expression of a new gene involved in the free fatty acid
metabolism was highlighted. These changes suggest
an activation pattern of genes correlated with stress in

Exposure to Ritonavir diminishes adiponectin
production (183, 184). Both Ritonavir and Atazanavir
modify leptin secretion (183).
The chronic inflammatory state of adipose tissue
induced by mitochondrial damage causes a change in
adipokine production (177).
Some protease inhibitors seem to be able to modify gene expression in the adipocytes with consequent
maturation reduced capacity by adipocytes, and apoptosis mediated by the reduction in mitochondria
membrane potential (185, 186).
All protease inhibitors – except Atazanavir, Amprenavir and Abacavir – reduce adipokine expression
(179).
Adipocyte apoptosis
Adipocyte apoptosis, lipolysis and lipogenesis inhibition are also consequent to the increase in levels of
TNFα, IL6, IL 1, IFNα cytokines, evident in the
HIV patient even without HAART (184-188). Ritonavir, Saquinavir and Nelfinavir are capable of inducing lipolysis and reducing lipogenesis, whilst Amprenavir and Inidinavir seem to modify these mechanisms to a lesser extent (189).
Lopinavir/r, Nelfinavir and Zidovudine, but not
Atazanavir, Amprenavir and Abacavir, induce MCP-1
and IL 6, TNF and IL 1 beta production (179).
Increase in SOCS expression
SOCS are a well-known inductor of insulin resistance, and in the animal model the capacity to dramatically increase SOCS in the adipose tissue, muscle
and liver was proved. SOCS increase induces TNF α
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boost and SREBP reduction with a consequent increase in inflammatory stimuli and reduced use of fatty acids. This leads to a condition of hepatic sequestrum of fatty acids and lipid peroxidation induction (190).
Reduction of PPAR α-γ function
PPARs regulate gene transcription in adipose tissue and the liver; they are capable of activating fat
lipid peroxidation, and play an important role in the
homeostasis of lipogenesis and gluconeogenesis. Protease inhibitors diminish the effect of these enzymes,
significantly modifying the metabolism of fatty acids
and sugars.
All protease inhibitors, with less evidence for
Amprenavir and Atazanavir, reduce adipocyte maturation, induce lipogenesis with a release of circulating
fatty acids and a reduction in insulin sensitivity. Leptin increase and insulin resistance trigger fibrogenic
stimuli in the liver, thus contributing, in the long
term, towards the progression of liver disease (Figure
11).

Metabolic damage and response to therapy with interferon
HOMA score (Homeostasis Model of Assessmentm), calculated with insulin before meals (mmol/l)
x glycemia before meals (mmol/l) ÷ 22,5, allows identification of the presence of insulin resistance with
good approximation.
This score is suitable for identifying the insulin
resistance (IR) in population studies. It is necessary to
establish the pathological cut-off on the basis of the
normal score identified on a sample of the non-diabetic population without any chronic infections or
other predisposing pathologies in the same hospital
where the research study is carried out.
A study conducted by Romero Gomez and colleagues (191) showed how in HCV + subjects with IR,
defined as HOMA > 2, the achievement of the Sustained Virological Response (SVR) was lower than in
subjects with HOMA <2. The rates of SVR and Early Viral Response (EVR) are lower in patients with
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hepatic steatosis (192); this is particularly true for
those patients with genotype 1-4 who have a much
lesser probability of obtaining EVR compared to patients without steatosis (71% vs 42%) (193).
Hepatic steatosis is a SVR predictive factor independent of age, gender, BMI, viral load, glucose, or fibrosis for the genotypes 1,4,5 and 6, with a long-term
virological success percentage of 35% in subjects with
steatosis vs 57% (p<0,001) (192). Even those patients
with genotype 2 – who usually show SVR high rates –
showed significant differences, if steatosis was present
(86% vs 96% p 0,04) (194).
The studies devoted to the virological success in
obese patients are very few. Bressler and colleagues
prove how obese people show a lower SVR rate (OR
0.23) compared to people with a normal weight (195).
In a sub-analysis of FRAM (Fat Redistribution and
Metabolic Change) study conducted on 1119 patients a subgroup of 247 HIV/HCV co-infected people – a
correlation between ALT increase and the presence of
visceral adipose tissue (VAT) was noted compared to
HIV mono-infected people (196). In the patient with
HIV/HCV co-infection, hypertriglyceridemia, insulin
resitance and any lipodystrophy, connected with
HAART, go with insulin resistance induced by HCV
and create a condition particularly adverse to the therapy success with Interferon.
Insulin resistance, defined as HOMA > 2.25 in
patients with HIV/HCV co-infection treated with
PegIFN alpha 2 at 180 mcgr/week and Ribavirin
1000-1200 mg/die, negatively correlates with RVR,
EVR and SVR (197-200).
The high triglyceride level – unlike LDL level
(201), - correlates with a rapid and early reduced response (202).
The mechanism of Interferon antiviral activity
inhibition induced by insulin resistance was assumed
in an in-vitro study.
Peg-interferons alpha-2a and b perform their antiviral activity by binding themselves to a heterodimeric receptor complex (IFNAR1/IFNAR2).
Such bond induces JAK-1 ( Janus Kinase -1) and Tyk2 (Tyrosine Kinase-2), which, in turn, activate STAT
1 and STAT2, mechanisms of transduction and activation of the transcriptional signal. The activated
STATs turn into multimeric complexes, and are relo-
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cated in the nucleus, where they bind with the response element stimulated by IFN α -2, promoting
transcription of anti-HCV specific genes, whose PKR
shows higher antiviral activity (203).
In a recent study that uses the replicon model in
HhU-7 cells, IFNa stops HCV replication, but in the
presence of hyperinsulinaemia (128 µU/ml), IFN was
no longer able to stop HCV replication and PKR was
not expressed (204).
Changes in lipid and sugar metabolism in the patient with HIV/HCV co-infection have a multifactorial genesis. The combination of the two viruses and
the antiretroviral therapy are the causes that keep insulin resistance directly involved in the process of
steatosis and fibrosis. Since insulin resistance is a negative prognostic factor of interferon response, the
metabolic syndrome treatment becomes an essential
element of anti-HCV therapy, especially for the infections sustained in difficult genotypes. The replacement of antiviral therapy with low-metabolic impact
medications might represent an important choice to
slow the disease progression and improve the therapy
success with PegIFN and Ribavirin.

Immune activation, progression of hepatic fibrosis
and role of CCR5 inhibitors
At the intrahepatic level an immune activation
condition can be observed, due to the presence of a)
one or more chronically infecting hepatitis viruses
which stimulate the specific CD8 (CCR5+) response,
b) hepatic steatosis of viral or iatrogenic origin that in
time turns into steatohepatitis with lipid peroxidation
of fatty acids sequestered in the liver, c) phenomena
linked to microbial translocation.
Microbial translocation is recognised among the
most important mechanisms of chronic immune activation in HIV- positive subjects. The most significant
indicator is the plasma concentration of circulating
lipopolysaccharide residues (LPS). LPSs induce the
activation of monocytes and “trafficking” in the central
nervous system (205) and liver. The subjects with
chronic hepatitis C show an increase in circulating
LPS as much higher as the level of T CD4+ lymphocytes is lesser and as the hepatic disease is serious. LPS

are considered one of the most involved factors in liver disease in HIV subjects (206).
CCR5 chemokine receptor plays an instrumental
role in maintaining immune activation in mediated
chronic HIV and HCV.
CCR5: description and function
It is a chemokine receptor; it has a coiled alphahelix structure with 7 transmembrane domains and an
N-terminal involved in the bond with chemokines, in
the intracellular signal transduction and in protein G
activation. Cells expressing CCR5 receptors on the
membrane are the haematic-derived dendritic cells,
macrophages, lymphocytes, endothelial cells, pancreatic beta cells and hepatic stellate cells.
CCR5 mediates the bond with CCL3/MIP1-α,
CCL4/MIP 1-β CCL5/RANTES chemokines.
CCR5, and chemokines binding to it, play an instrumental role in the response differentiation of type
Th1 or Th2 of TCD4+ lymphocytes (207-208).
CCR5, in fact, is expressed by T-helper cells, both
by memory T lymphocytes and activated lymphocytes.
It is especially expressed by Th1 cells, whilst most Th2
clones do not show the expression of this receptor
(209).
CCR5 expression depends on the degree of activation of the immune system, and it is especially mediated by the concentration of circulating IL 2 (210).
Homozygosity for CCR5 gene deletion 32
(CCR∆32) causes the receptor non-complete expression on the cell, whilst the heterozygous state entails
the reduction of cell expression by 20-30%.
CCR2, CCR3, CCR4 and CCR5 are among the
recognised receptors capable of binding endothelial
inflammation mediators, hence, most likely, at the
base of the pathogenic processes of cardiovascular
damage. These receptors activate mechanisms mediated by G protein inside the cell with a final effect of
leukocyte chemoattraction (211). The inhibition of
chemokine receptors was proved to reduce the formation of atheromata in the animal model (212-213).
CCR5∆32 was proved to be connected to a reduction in cardiovascular damage (myocardial infarction, ictus, transient ischemic attack and reduction in
carotid intima media thickness). Homozygosity leads
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to a substantial protection, whilst the heterozygous
state leads to an intermediate protection.
Moreover, the inflammatory markers, such as
PCR, Fibrinogen, alpha 1-Antitrypsin, and Procalcitonin which correlate with the increase in chemotactic
activity in the endothelium (215-216), hence with cardiovascular risk (214), are less expressed in patients
with CCR5∆32 compared to the general population
(homozygote<heterozygote< wild type).
CCR5 is also expressed on the insulin-pancreatic
β cells, and it is directly involved in the immune-mediated pancreatic damage of subjects with type 1 diabetes.
It was proved that CCL3/MIP1-α and CCL5/
RANTES, CCR5 ligands, are the products of Th1
type response and their action is deeply detrimental to
beta cells. In the animal model, CCR5-/- mice
showed a substantial protection towards immune-induced pancreatic damage, leading to the conclusion
that, even in type 1 diabetes, CCR5 inhibition might
favour organ damage protection (217).
From the literature it emerges that CCR5∆32
mutation is linked to:
• reduction of HIV infection risk (218);
• reduction of necroinflammation processes during
chronic hepatitis C (219-220);
• reduction of inflammatory damage in rheumatoid
arthritis (221);
• cardiovascular risk reduction (222);
• pancreatic damage reduction in type 1 diabetes
(217).
CCR5 role in the chronic inflammatory state mediated by
HCV
Cell immune response plays a key role in HCV
infection.
Effectors of induced immune response (CD4+
and CD8+ lymphocytes) and innate immune response
(NK and NKT cells) are involved in acute hepatic
damage due to virus C, and they are the key factors in
Th1 response induction mediated by IFN γ production (223-224).
These cells are capable of reducing hepatic damage induced by the virus just by producing IFN γ and
Th1-type immune response (224).
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The increase in CD8 in IFN γ production induces HCV clearance.
People having a genetic predisposition to a higher NK activity - through a higher IFN γ production, do not make HCV chronic, if infected, compared to
general population.
In the liver of patients with HCV acute infection,
CCR5 ligands (MIPα, β RANTES and the same
CCR5 receptor) are increased to favour Th1 responses and eradicate the virus. The officially accepted dogma is that a strong Th1 response is linked to virus
clearance during acute HCV infection (225).
On the other hand, chronic infection is linked to
a defective response of CD8+ and NK cells during
HCV infection due to consequent diminished IFN γ
production (226).
An ineffective response of NK and NKT cells is
linked to a longer HCv chronic state (226).
During chronic infection, an intrahepatic accumulation of T CD8+ lymphocytes is observed. They
are recalled by the viral infection and migrate from the
plasma towards the liver, but they are sequestered and
phagocytised by stellate cells with the virus clearance
attempt having no effects whatsoever. The intrahepatic accumulation of T CD8+ lymphocytes concurs with
a reduction in T CD4+ lymphocytes and NK cells. It
follows an inflammatory cytokine increase with consequent implementation of fibrogenic stimuli.
The great quantity of chemokines present in the
chronically infected liver by the virus contribute towards the immune-mediated damage by HCV
through CCR1 activation, especially expressed by
medullary cells (Kupffer cells), and through the prevailing CCR5 activation expressed by hepatic-derived
cells (stellate cells).
Testing on the animal model highlighted how the
action of chemokines, in particular RANTES –
through CCR5 expression – causes the activation,
proliferation and migration of stellate cells.
The inhibition of chemokines or CCR5 receptor
or CCR1 receptor or, better, of both, considerably reduces the activation of stellate cells and fibrogenesis
(227).
T lymphocytes, chemokines and their receptors
– notably CCR5 and CCR1 – are essential in both
virus clearance – in case of acute hepatitis – and he-
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patic fibrosis progression, through an immunemediated chronic damage – in case of chronic hepatitis
(228).
One of the mechanisms of virus escape in patients with HCV chronic infection is the reduced
CCR5 expression by hepatic cells. In fact, during
chronic infection, CCR5 internalisation phenomenon
can be observed mediated by the binding of a HCV
structural protein – E2 – to one of the virus co-receptors on hepatocytes - CD81. This event causes a reduction of mediated Th1 response with a reduced
CD8 (CCR5+) migration from plasma to the liver,
which, however, do not cease. Such an event causes a
reduction in the strength of mediated Th1 response
and predisposes to chronic immune activation perpetuation to which fibrosis progression follows (229).
The efficacy of alpha Interferon in chronic infection was identified in its capacity to upregulate CCR5
expression, whilst Ribavirin is thought to be effective
because it stimulates a Th1-type response (230, 231).
The observation that the downregulation of
CCR5 expression on TCD8+ lymphocytes would prevent HCV clearance led to the idea that patients with
CCR5∆32 might be more predisposed to flavivirus infection. The frequency of ∆32 mutation was observed
to be three times higher in patients with HCV chronic infection compared to the healthy ones (232).
In a group of haemophiliac patients, ∆32 mutation was linked to an increase in HCV infection risk,
an increase in HCV-RNA and a reduced infection risk
with HIV (232).
In other studies, the highest HCV infection risk
and the severity of illness in patients with ∆32 were
not confirmed, and the role played by deletion remains
controversial (233).
However, it was shown that, in patients with ∆32
and HCV, a reduced portal and peri-portal necroinflammation was observed, but not a fibrosis reduction,
as if CCR5 reduced expression would diminish the
immune-induced necroinflammatory damage, but
would not improve the progression of HCV-induced
fibrosis, perhaps due to the reduced expression of Th1
immune response (234, 235).
In conclusion, hepatic fibrosis progression is
faster in the patient with HIV/HCV co-infection.
HSCs activation causes the pathogenic phenomena

inducing hepatic parenchyma fibrosis. Stellate cells are
stimulated by the chronic immune activation mediated by CCR5 receptor exposure to HIV gp 120, by the
chronic presence of one or more hepatic viruses, by the
increased presence of circulating lipopolysaccharides,
by the production of mediators by the damaged hepatic cells, by the presence of intrahepatic T CD8+
lymphocytes recalled by chronic infection condition as
well as by proinflammatory chemokine self-production.
The activated HSCs produce and respond to
chemokines through the expression of receptors, notably CCR5 and CCR1.
CCR5 receptor inhibition correlates with hepatic
fibrosis reduction. The subjects, carriers of CCR5∆32
mutation, show a lesser CCR5 expression; when they
are HCV-infected, they have a lower portal inflammation and a reduced progression towards cirrhosis.
HSC activation provides the pathogenic base of
hepatic fibrosis; CCR5 inhibition might contribute –
to a certain extent – to deactivating these cells, which
are essential in the progression of liver disease.
This observation leads us to consider Maraviroc
as a possible candidate as an anti-fibrotic medication
useful in subjects with non-responder chronic infection or non-eligible to undergo treatment with Peginterferon and Ribavirin.
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