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ABSTRACT

Objective: To analyze the association between PNPLA3 rs738409 polymorphism and severity of liver
disease in human immunodeficiency virus (HIV)/hepatitis C virus (HCV) coinfected patients.

Methods: We performed a cross-sectional study of 215 patients who underwent a liver biopsy.
PNPLA3 rs738409 polymorphism was genotyped using GoldenGate® assay. The outcome variables
were: i) advanced fibrosis (F23 and FIB-423.25), ii) rapid fibrosis progression (FPR>0.10 fibrosis
units/year), iii) severe activity grade (A>3), and iv) steatosis (fatty hepatocytes 210%). T genetic
association analysis was carried out according to an additive genetic model through logistic
regressions adjusted by the most significant covariables.

Results: Overall, 21.4% had F>3, 8.9% had FIB-4>3.25, 11.4% had A>3, 60.6% had steatosis, and 32.5%
had FPR20.10. For each rs738409 G allele, we found an increased frequency of patients with
advanced fibrosis (F23) (0% CC, 18.5% CG, and 25.2% GG; p=0.049) and FIB-4>3.25 (0% CC, 3.8% CG,
and 13.2% GG; p=0.016). Furthermore, for each rs738409 G allele, the odds of having F23 increased
2.15 times (95% of confidence interval (95%Cl)=1.07; 4.35; p=0.029) and having FIB-4>3.25 increased
8.77 times (95%Cl=1.11; 69.0; p=0.039). Note that rs738409 G allele carriers tended to higher
likelihood of having FPR>0.10, but statistical significance was not reached (p=0.054). Finally, we did
not find any association for A>3 and liver steatosis.

Conclusion: PNPLA3 rs738409 polymorphism was associated with the severity of liver fibrosis in
patients coinfected with HIV and HCV, suggesting that this polymorphism might also play a significant

role in the progression of hepatic fibrosis in this group of patients.
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INTRODUCTION

Chronic hepatitis C (CHC) may cause liver fibrosis and steatosis, leading to cirrhosis and hepatocellular
carcinoma [1, 2]. The natural course of CHC varies widely among individuals and several factors have
been associated with liver fibrosis progression, including age at infection, sex, route of infection,
hepatitis C virus (HCV) genotype, obesity and human immunodeficiency virus (HIV) coinfection,
among others [3-5]. Regarding HCV/HIV coinfection, the natural history of CHC is accelerated in
presence of HIV infection [6-8]. Thus, HCV infection constitutes an important cause of morbidity and
mortality among HCV/HIV coinfected patients [9, 10].

However, liver fibrosis progression remains variable between individuals with similar environmental
risk factors. Thus, genetic background could be another important factor to take into account [11]. In
this setting, rs738409 C>G polymorphism, which encodes for the 148 Isoleucine to Methionine
protein variant (1148M) of patatin-like phospholipase domain-containing 3 (PNPLA3) gene, has been
recognized as a risk factor for liver disease severity [5]. The PNPLA3 rs738409 polymorphism has been
widely related to nonalcoholic steatohepatitis (NASH) and progressive liver fibrosis in HCV-infected
patients [12-16]. However, to our knowledge, there is no report related to severity of liver disease in
HIV/HCV coinfected patients.

The aim of this study was to analyze the association between PNPLA3 rs738409 polymorphism and
severity of liver disease in HIV/HCV coinfected patients.



PATIENTS AND METHODS
Study population

We performed a cross-sectional study in 215 HIV/HCV-coinfected patients who underwent a liver biopsy
between September 2000 and November 2008. The study was conducted in accordance with the
Declaration of Helsinki and patients gave their written consent for the study. The Institutional Review
Board and the Research Ethic Committee of the Instituto de Salud Carlos Il (ISCIII) approved the study.
Liver biopsies were performed on patients who were potential candidates for anti-HCV therapy and
had not received previous interferon therapy. Selection criteria were: no clinical evidence of hepatic
decompensation, detectable HCV RNA by polymerase chain reaction (PCR), negative hepatitis B surface
antigen, availability of DNA sample, CD4+ lymphocyte count higher than 200 cells/uL, and stable
combination antiretroviral therapy (cART) for at least 6 months before study entry or no need for cART
according to treatment guidelines used in the study period [17]. Patients with active opportunistic
infections, active drug addiction, and other concomitant severe diseases were excluded. High alcohol
intake was not a contraindication to initiate anti-HCV therapy, unless the clinician felt that it could
compromise treatment adherence. All subjects included in our study were European white.

Clinical and laboratory assessment

Clinical and epidemiological data were obtained from medical records. Alcohol intake of more than
50g of alcohol per day for at least 12 months was considered as high intake. Body mass index (BMI)
was calculated as the weight in kilograms divided by the square of the height in meters.
Biochemistry panel was measured using a clinical chemistry analyzer (Hitachi 912, Boehringer
Mannheim, Germany) in fasting patients. The degree of insulin resistance (IR) was estimated for each
patient using the homeostatic model assessment (HOMA\): fasting plasma glucose (mmol/L) times
fasting serum insulin (mU/L) divided by 22.5. FIB-4 index, a non-invasive test of liver fibrosis in
HIV/HCV-coinfected patients, was calculated as age ([yr] x AST [U/L]) / ((PLT [10(9)/L]) x (ALT
[U/L1)(1/2)) [18].

Liver biopsies were performed as we described previously [19]. Liver fibrosis and necroinflammatory
activity were estimated according to Metavir score as follows [20]: FO, no fibrosis; F1, mild fibrosis; F2,
significant fibrosis; F3, advanced fibrosis; and F4, definite cirrhosis. The degree of necroinflammation
(activity grade) was scored as follows: AO, no activity; A1, mild activity; A2, moderate activity; A3, severe
activity. Liver steatosis was evaluated according to the existence of hepatocytes containing visible
macrovesicular fat droplets, which was clinically significant when fatty hepatocytes exceeded 10% of
parenchyma hepatic.

The duration of HCV infection for patients with a history of intravenous drug use (IDU) was estimated
using the first year they shared needles and other injection paraphernalia, which are the most
relevant risk practices for HCV transmission. The duration of HCV infection was not calculated when
the date of initiation of their HCV infection could not be determined with certainty (n=15). The
fibrosis progression rate (FPR) was calculated dividing the fibrosis stage (0 to 4) by the estimated
duration of HCV infection in years (fibrosis units per year) [21].

Genomic DNA was extracted from peripheral blood with Qiagen columns (QlAamp DNA Blood
Midi/Maxi; Qiagen, Hilden, Germany). DNA samples were sent to the Spanish National Genotyping
Center (CeGen; http://www.cegen.org/) in order to genotype PNPLA3 rs738409 and /IL28B
rs12980275 polymorphisms. Genotyping was performed by using Sequenom’s MassARRAY platform
(San Diego, CA, USA) using the iPLEX® Gold assay design system.

Data analysis

The outcome variables were: i) advanced fibrosis (F>3 and FIB4>3.25), ii) rapid fibrosis progression
(FPR>0.10 fibrosis units/year), iii) severe activity grade (A>3), and iv) liver steatosis (fatty hepatocytes
>10%)[22]. These outcomes were developed after a minimum follow-up time of 10 years with HCV
infection.

The genetic association analysis was carried out according to an additive genetic model, which was
the model that best fit to our data. Chi-square test and logistic regression analysis were used to
investigate the relationship among PNPLA3 rs738409 polymorphism and severe liver disease. Each
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regression analysis was always adjusted by the most significant co-variables associated with each one
of the outcome variables, avoiding the over-fitting of the regression. The co-variables were selected
by "Stepwise" algorithm (p-value of entry and exit of 0.15 and 0.20, respectively), including gender,
age, alcohol intake, BMI, HOMA, nadir CD4+ T-cells, AIDS, undetectable HIV-RNA (<50 copies/ml),
CD4+ T-cells, time on cART, HCV-RNA >500,000 IU/ml, HCV genotype, and /L28B rs12980275
polymorphism (see Supplemental table 1).

These analyses were performed by using the IBM SPSS Statistics for Windows, Version 21.0 (IBM
Corp, Chicago, Armonk, NY, USA). All p-values were two-tailed and statistical significance was defined
as p<0.05.



RESULTS

Table 1 shows the epidemiological and clinical characteristics of 215 HIV/HCV-coinfected patients at
the time of liver biopsy. Regarding liver biopsy, 21.4% had advanced fibrosis (F>3), 8.9% had FIB-
42>3.25, 11.4% had severe necroinflammatory activity (A>3), 60.6% had steatosis, and 32.5% had
FPR>0.10.

Table 1. Clinical and epidemiological characteristics of HIV/HCV-coinfected patients.

Characteristics All Patients
No., (%) 215
Male, n (%) 161 (74.9%)
Age, years 38.8(37.4;44.1)
Epidemiological history
HIV acquired by IVDU, n (%) 190 (88.4%)
Years since HCV infection (n=200) 21.4 (17.1; 24.4)
High alcohol intake 116 (54.2%)
High alcohol intake at biopsy study 32 (14.8%)
CDC category C, n (%) 59 (27.4%)
Metabolic markers
BMI, kg/m2(n=213) 22.3(20.7; 24.6)
BMI 225 kg/m?2 46 (21.4%)
HOMA 2.10(1.27; 3.68)
HOMA >3 68 (32.9%)
Antiretroviral therapy
CART, n (%) 178 (82.8%)
Time on cART, years 4.4 (2.5;6.6)
Current cART protocols, n (%)
Non treated 33 (15.3%)
Pl-based 45 (20.9%)
NNRTI-based 115 (53.5%)
NRTI-based 22 (10.2%)
HIV markers
Nadir CD4+, T cells/uL 195 (84; 325)
CD4+, T cells/pL 472 (324; 682)
HIV-RNA < 50 copies/mL, n (%) 162 (74%)
HCV markers, n (%)
HCV genotype
1 119 (56.1%)
2 5(2.4%)
3 48 (22.6%)
4 40 (18.9%)
HCV RNA >500,000 Ul/mL 159 (75.0%)
Liver biopsy
Hepatic fibrosis
FO 25 (11.6%)
F1 86 (40.0%)
F2 58 (27.0%)
F3 25 (11.6%)
F4 21 (9.8%)
Activity grade

A<l 102 (48.2%)



A2 86 (40.8%)

A3 24 (11.4%)
Steatosis 114 (60.6%)
Fibrosis progression rate (FPR) 0.07 (0.04; 0.12)

FPR>0.10 65 (32.5%)
FIB-4 1.46 (1.03; 2.03)

FIB-4>3.25 18 (8.9%)

Values are expressed as absolute numbers (%) and median (percentile 25; percentile 75).
Abbreviations: BMI, body mass index; HOMA, homeostatic model assessment; HCV, Hepatitis C virus;
CDC category C, centers for disease control and prevention classification system, clinical category C
which includes any condition listed in the CDC’s 1897 surveillance case definition of AIDS; Pl-based,
protein inhibitor-based therapy; NNRTI-based, non-nucleoside reverse transcriptase inhibitor -based
therapy; 3NRTI-based, triple nucleoside regimen; HIV; Human immunodeficiency virus; HIV-RNA, HIV
plasma viral load; HCV-RNA, HCV plasma viral load.

Allele frequencies for PNPLA3 rs738409 polymorphism were 0.76 for G allele and 0.24 for T allele.
Genotype frequencies were 0.57, 0.38 and 0.05 for GG, CG and CC genotypes, respectively. These
frequencies in our dataset were in accordance with the data listed on the NCBI SNP database
(http://www.ncbi.nlm.nih.gov/projects/SNP/snp ref.cgi?rs=rs738409). The PNPLA3 rs738409
polymorphism fulfilled the minimum allele frequency >0.05 and had missing values <5%.
Furthermore, rs738409 polymorphism was in Hardy—Weinberg equilibrium (p=0.710).

Table 2 shows the relationship of PNPLA3 rs738409 polymorphism with severity of liver disease
under a model of additive inheritance. For each rs738409 G allele, we found an increased frequency
of patients with advanced fibrosis (F>3) (0% CC, 18.5% CG, and 25.2% GG; p=0.049) and FIB-4>3.25
(0% CC, 3.8% CG, and 13.2% GG; p=0.016). Furthermore, for each rs738409 G allele, the probability of
having values of F>3 increased 2.15 times (p=0.029) and having FIB-4 >3.25 increased 8.77 times
(p=0.039). Note that rs738409 G allele tended to higher likelihood of having FPR >0.10, but statistical
significance was not reached (p=0.054). Finally, we did not find any association for severe activity
grade (A>3) and liver steatosis (fatty hepatocytes 210%). Supplemental Table 1 shows the significant
covariates maintained in each logistic regression model by using Stepwise algorithm.



http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=rs738409

Table 2. Relationship between PNPLA3 rs738409 polymorphism and severity of liver disease in HIV/HCV coinfected patients.

Liver disease

Significant fibrosis (F 23)

Significant fibrosis (FIB4 23.25)

High fibrosis progression (FPR 20.10)
Severe activity grade (A 23)

Liver steatosis (FH 210%)

No.
215
203
200
211
188

cC
0/11 (0%)
0/11 (0%)
0/10 (0%)
0/11 (0%)
7/10 (70%)

CG
15/81 (18.5%)
3/78 (3.8%)
24/74 (32.4%)
8/80 (10.0%)
45/71 (63.4%)

GG
31/123 (25.2%)
15/114 (13.2%)
41/116 (35.2%)
16/120 (13.3%)
62/107 (57.9%)

95%Cl, 95% of confidence interval; FPR, fibrosis progression rate; OR, odds ratio; P-value, level of significance.

Statistically significant differences are shown in bold.

3p-values were calculated by linear-by-linear association x? test.

OR (95%Cl)
2.15 (1.07; 4.35)
8.77 (1.11; 69.0)
1.81 (0.99; 3.30)
1.69 (0.64; 4.42)
0.72 (0.41; 1.27)

bP_values were calculated by multivariate logistic regression adjusted by the most important clinical and epidemiological characteristics (see

statistical analysis section).

p®
0.029
0.039
0.054
0.286
0.260



DISCUSSION

The major finding of the present study was that the presence of PNPLA3 rs738409 G allele increased
the odds of having advanced liver fibrosis in HIV/HCV-coinfected patients. To our knowledge, this
study is the first description of the relationship between PNPLA3 rs738409 polymorphism and
severity of liver fibrosis in HIV/HCV-coinfected patients.

PNPLA3 is a protein with lipase activity which is highly expressed in the liver and adipose tissue. The
nonsynonymous rs738409 (G allele; 1148 M substitution) seems not to affect PNPLA3 mRNA levels;
however it results in a loss of PNPLA3 function, influencing individual susceptibility to hepatocyte
lipid accumulation [23, 24]. Emerging evidence has linked PNPLA3 rs738409 polymorphism with
fibrosis progression in patients with HCV infection [5, 13, 14]. The mechanism implicated in liver
fibrosis could be related to lipotoxicity because lipid accumulation may lead to inflammatory
mediators release, oxidative stress, and hepatocyte apoptosis [25]. Thus, liver steatosis would be
responsible for liver fibrosis development and progression [26]. However, the effect of PNPLA3
rs738409 polymorphism on HCV-related liver disease severity remains largely unknown in HIV/HCV
coinfected patients [27]. In our study, rs738409 G allele was associated with significant fibrosis, which
is in concordance with those results found for HCV monoinfected patients. Thus, rs738409 genotyping
could be useful in both HCV monoinfected and HIV/HCV coinfected patients.

Apart from liver biopsy, we used FIB-4 as an outcome to evaluate the influence of rs738409 on liver
fibrosis. FIB-4 was chosen because it is a non-invasive test widely validated for HIV/HCV coinfected
patients [28]; unlike others more commonly used for HCV monoinfected patients. In our study, the
association between rs738409 and FIB-4 was even stronger than that noted with liver biopsy, being
the probability of developing advanced fibrosis eight times higher for G carriers.

Regarding fibrosis progression, rs738409 G allele has been described as a risk factor for accelerated
FPR in HCV monoinfected patients [5]. In our study, the association was close to statistical significance
and we cannot discard that the lack of association may be due to a limited sample population. Thus,
note that further studies with a longer sample size would be interesting.

As mentioned above, PNPLA3 rs738409 polymorphism has been widely associated with steatosis [12,
15, 16, 29]. However, we found no significant association between PNPLA3 rs738409 polymorphism
and steatosis. This inconsistence with previous reports could be explained by our unavailability of
continuous values to define steatosis. Steatosis was defined as a dichotomous variable (fatty
hepatocytes 210%) according to the procedure established in our hospital, and data collection was
performed by retrospective review of medical records. However, the large majority of the articles that
found association between rs738409 polymorphism and steatosis used steatosis in an ordinal scale
[12, 15, 16, 29]. Thus, it may have limited the finding of statistically significant results in our study, not
ruling out the association between rs738409 polymorphism and steatosis.

The treatment regimens with new direct-acting antivirals (DAAs) are characterized by shorter
duration, simplified dosing, improved safety profile and effectivity, and > 90% of sustained virological
response. These HCV regimens are the HCV therapies recommended by international guidelines.
However, DAAs are being prioritized in patients at high risk for liver-related complications because of
cost [30]. In this setting, the PNPLA3 rs738409 genotyping could be a valuable tool to identify
patients at high risk for developing advanced fibrosis, who could be prioritized. So, these patients
could benefit from the predictive value of rs738409 polymorphism.

Finally, several aspects have to be taken into account for the correct interpretation of the results.
Firstly, this is a cross-sectional study with a limited number of patients, which could limit achieving
statistically significant values. Besides, the cross-sectional design of the analyses may be a
confounding factor. Secondly, data were collected retrospectively, which entails a lack of uniformity.
Thirdly, all selected patients met a set of criteria for starting HCV treatment (e.g., no alcohol abuse,
high CD4 cell counts, controlled HIV replication, and good treatment adherence), and this may have
introduced a selection bias. Fourthly, this study was performed on patients with European ancestry,
and it would also be interesting to perform these analyses on different ethnic groups.



In conclusion, PNPLA3 rs738409 polymorphism was associated with severity of liver fibrosis in
patients coinfected with HIV and HCV, suggesting that this polymorphism might also play a significant
role in the progression of hepatic fibrosis in this group of patients. Further studies with bigger cohorts
should be performed to confirm the trend of our results.
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SUPPLEMENTAL MATERIAL

Supplemental Table 1. Adjusted likelihood between PNPLA3 rs738409 polymorphism and severity of liver

disease in HIV/HCV coinfected patients.

Severity of liver disease
Significant fibrosis (F 23)
HOMA
High alcohol intake
Significant fibrosis (FIB4 23.25)
Age (years)
Time on cART (years)
BMI
High fibrosis progression (FPR 20.10)
HOMA
Time on cART (years)
Severe activity grade (A 23)
Male
CD4 nadir
Time on cART (years)
Liver steatosis (FH 210%)
Age (years)
IL28B rs12980275 AA
HCV GT3
HCV RNA >500,000 Ul/mL

Hosmer-Lemeshow

Chi-square
7.38

9.28

5.19

5.65

2.89

p-value
0.497

0.319

0.737

0.686

0.941

Adjusted model

aOR (95%Cl)
2.15 (1.07; 4.35)
1.06 (0.99; 1.13)
1.38 (0.93; 2.05)
8.77 (1.11; 69.0)
1.12 (1.03; 1.23)
0.79 (0.64; 0.99)
0.78 (0.61; 0.98)
1.81 (0.99; 3.30)
1.09 (1.01; 1.17)
0.88 (0.78; 0.99)
1.69 (0.64; 4.42)
3.25 (0.70; 15.03)
1.01 (1.00; 1.01)
0.85 (0.70; 1.03)
0.72 (0.41; 1.27)
1.08 (1.02; 1.15)
0.35(0.18; 0.72)
5.30 (1.99; 14.06)
0.39 (0.17; 0.92)

p@
0.029
0.061
0.082
0.039
0.007
0.048
0.036
0.054
0.038
0.036
0.286
0.132
0.058
0.105
0.260
0.008
0.004
0.001
0.031

Statistically significant differences are shown in bold. (a), P-values were calculated by multivariate logistic

regression adjusted by the most important clinical and epidemiological characteristics (see statistical

analysis section). The Hosmer—Lemeshow test evaluates the goodness of fit for logistic regression models.
Abbreviations: 95%Cl, 95% of confidence interval; aOR, adjusted odds ratio; p-value, level of significance;
FPR, fibrosis progression rate; FH, fatty hepatocytes.
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ABSTRACT

Objective: To analyze the association between PNPLA3 rs738409 polymorphism and severity of liver
disease in human immunodeficiency virus (HIV)/hepatitis C virus (HCV) coinfected patients.

Methods: We performed a cross-sectional study of 215 patients who underwent a liver biopsy.
PNPLA3 rs738409 polymorphism was genotyped using GoldenGate® assay. The outcome variables
were: i) advanced fibrosis (F23 and FIB-423.25), ii) rapid fibrosis progression (FPR>0.10 fibrosis
units/year), iii) severe activity grade (A>3), and iv) steatosis (fatty hepatocytes 210%). T genetic
association analysis was carried out according to an additive genetic model through logistic
regressions adjusted by the most significant covariables.

Results: Overall, 21.4% had F>3, 8.9% had FIB-4>3.25, 11.4% had A>3, 60.6% had steatosis, and 32.5%
had FPR20.10. For each rs738409 G allele, we found an increased frequency of patients with
advanced fibrosis (F23) (0% CC, 18.5% CG, and 25.2% GG; p=0.049) and FIB-4>3.25 (0% CC, 3.8% CG,
and 13.2% GG; p=0.016). Furthermore, for each rs738409 G allele, the odds of having F23 increased
2.15 times (95% of confidence interval (95%Cl)=1.07; 4.35; p=0.029) and having FIB-4>3.25 increased
8.77 times (95%Cl=1.11; 69.0; p=0.039). Note that rs738409 G allele carriers tended to higher
likelihood of having FPR>0.10, but statistical significance was not reached (p=0.054). Finally, we did
not find any association for A>3 and liver steatosis.

Conclusion: PNPLA3 rs738409 polymorphism was associated with the severity of liver fibrosis in
patients coinfected with HIV and HCV, suggesting that this polymorphism might also play a significant

role in the progression of hepatic fibrosis in this group of patients.

Key words: AIDS; chronic hepatitis C; PNPLA3; SNPs; liver fibrosis



INTRODUCTION

Chronic hepatitis C (CHC) may cause liver fibrosis and steatosis, leading to cirrhosis and hepatocellular
carcinoma [1, 2]. The natural course of CHC varies widely among individuals and several factors have
been associated with liver fibrosis progression, including age at infection, sex, route of infection,
hepatitis C virus (HCV) genotype, obesity and human immunodeficiency virus (HIV) coinfection,
among others [3-5]. Regarding HCV/HIV coinfection, the natural history of CHC is accelerated in
presence of HIV infection [6-8]. Thus, HCV infection constitutes an important cause of morbidity and
mortality among HCV/HIV coinfected patients [9, 10].

However, liver fibrosis progression remains variable between individuals with similar environmental
risk factors. Thus, genetic background could be another important factor to take into account [11]. In
this setting, rs738409 C>G polymorphism, which encodes for the 148 Isoleucine to Methionine
protein variant (1148M) of patatin-like phospholipase domain-containing 3 (PNPLA3) gene, has been
recognized as a risk factor for liver disease severity [5]. The PNPLA3 rs738409 polymorphism has been
widely related to nonalcoholic steatohepatitis (NASH) and progressive liver fibrosis in HCV-infected
patients [12-16]. However, to our knowledge, there is no report related to severity of liver disease in
HIV/HCV coinfected patients.

The aim of this study was to analyze the association between PNPLA3 rs738409 polymorphism and
severity of liver disease in HIV/HCV coinfected patients.



PATIENTS AND METHODS
Study population

We performed a cross-sectional study in 215 HIV/HCV-coinfected patients who underwent a liver biopsy
between September 2000 and November 2008. The study was conducted in accordance with the
Declaration of Helsinki and patients gave their written consent for the study. The Institutional Review
Board and the Research Ethic Committee of the Instituto de Salud Carlos llI (ISCIIl) approved the study.
Liver biopsies were performed on patients who were potential candidates for anti-HCV therapy and
had not received previous interferon therapy. Selection criteria were: no clinical evidence of hepatic
decompensation, detectable HCV RNA by polymerase chain reaction (PCR), negative hepatitis B surface
antigen, availability of DNA sample, CD4+ lymphocyte count higher than 200 cells/uL, and stable
combination antiretroviral therapy (cART) for at least 6 months before study entry or no need for cART
according to treatment guidelines used in the study period [17]. Patients with active opportunistic
infections, active drug addiction, and other concomitant severe diseases were excluded. High alcohol
intake was not a contraindication to initiate anti-HCV therapy, unless the clinician felt that it could
compromise treatment adherence. All subjects included in our study were European white.

Clinical and laboratory assessment

Clinical and epidemiological data were obtained from medical records. Alcohol intake of more than
50g of alcohol per day for at least 12 months was considered as high intake. Body mass index (BMI)
was calculated as the weight in kilograms divided by the square of the height in meters.
Biochemistry panel was measured using a clinical chemistry analyzer (Hitachi 912, Boehringer
Mannheim, Germany) in fasting patients. The degree of insulin resistance (IR) was estimated for each
patient using the homeostatic model assessment (HOMA\): fasting plasma glucose (mmol/L) times
fasting serum insulin (mU/L) divided by 22.5. FIB-4 index, a non-invasive test of liver fibrosis in
HIV/HCV-coinfected patients, was calculated as age ([yr] x AST [U/L]) / ((PLT [10(9)/L]) x (ALT
[U/L1)(1/2)) [18].

Liver biopsies were performed as we described previously [19]. Liver fibrosis and necroinflammatory
activity were estimated according to Metavir score as follows [20]: FO, no fibrosis; F1, mild fibrosis; F2,
significant fibrosis; F3, advanced fibrosis; and F4, definite cirrhosis. The degree of necroinflammation
(activity grade) was scored as follows: AO, no activity; A1, mild activity; A2, moderate activity; A3, severe
activity. Liver steatosis was evaluated according to the existence of hepatocytes containing visible
macrovesicular fat droplets, which was clinically significant when fatty hepatocytes exceeded 10% of
parenchyma hepatic.

The duration of HCV infection for patients with a history of intravenous drug use (IDU) was estimated
using the first year they shared needles and other injection paraphernalia, which are the most
relevant risk practices for HCV transmission. The duration of HCV infection was not calculated when
the date of initiation of their HCV infection could not be determined with certainty (n=15). The
fibrosis progression rate (FPR) was calculated dividing the fibrosis stage (0 to 4) by the estimated
duration of HCV infection in years (fibrosis units per year) [21].

Genomic DNA was extracted from peripheral blood with Qiagen columns (QlAamp DNA Blood
Midi/Maxi; Qiagen, Hilden, Germany). DNA samples were sent to the Spanish National Genotyping
Center (CeGen; http://www.cegen.org/) in order to genotype PNPLA3 rs738409 and /IL28B
rs12980275 polymorphisms. Genotyping was performed by using Sequenom’s MassARRAY platform
(San Diego, CA, USA) using the iPLEX® Gold assay design system.

Data analysis

The outcome variables were: i) advanced fibrosis (F>3 and FIB4>3.25), ii) rapid fibrosis progression
(FPR>0.10 fibrosis units/year), iii) severe activity grade (A>3), and iv) liver steatosis (fatty hepatocytes
>10%)[22]. These outcomes were developed after a minimum follow-up time of 10 years with HCV
infection.

The genetic association analysis was carried out according to an additive genetic model, which was
the model that best fit to our data. Chi-square test and logistic regression analysis were used to
investigate the relationship among PNPLA3 rs738409 polymorphism and severe liver disease. Each
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regression analysis was always adjusted by the most significant co-variables associated with each one
of the outcome variables, avoiding the over-fitting of the regression. The co-variables were selected
by "Stepwise" algorithm (p-value of entry and exit of 0.15 and 0.20, respectively), including gender,
age, alcohol intake, BMI, HOMA, nadir CD4+ T-cells, AIDS, undetectable HIV-RNA (<50 copies/ml),
CD4+ T-cells, time on cART, HCV-RNA >500,000 IU/ml, HCV genotype, and /L28B rs12980275
polymorphism (see Supplemental table 1).

These analyses were performed by using the IBM SPSS Statistics for Windows, Version 21.0 (IBM
Corp, Chicago, Armonk, NY, USA). All p-values were two-tailed and statistical significance was defined
as p<0.05.



RESULTS

Table 1 shows the epidemiological and clinical characteristics of 215 HIV/HCV-coinfected patients at
the time of liver biopsy. Regarding liver biopsy, 21.4% had advanced fibrosis (F>3), 8.9% had FIB-
42>3.25, 11.4% had severe necroinflammatory activity (A>3), 60.6% had steatosis, and 32.5% had
FPR>0.10.

Table 1. Clinical and epidemiological characteristics of HIV/HCV-coinfected patients.

Characteristics All Patients
No., (%) 215
Male, n (%) 161 (74.9%)
Age, years 38.8(37.4;44.1)
Epidemiological history
HIV acquired by IVDU, n (%) 190 (88.4%)
Years since HCV infection (n=200) 21.4 (17.1; 24.4)
High alcohol intake 116 (54.2%)
High alcohol intake at biopsy study 32 (14.8%)
CDC category C, n (%) 59 (27.4%)
Metabolic markers
BMI, kg/m2(n=213) 22.3(20.7; 24.6)
BMI 225 kg/m?2 46 (21.4%)
HOMA 2.10(1.27; 3.68)
HOMA >3 68 (32.9%)
Antiretroviral therapy
CART, n (%) 178 (82.8%)
Time on cART, years 4.4 (2.5;6.6)
Current cART protocols, n (%)
Non treated 33 (15.3%)
Pl-based 45 (20.9%)
NNRTI-based 115 (53.5%)
NRTI-based 22 (10.2%)
HIV markers
Nadir CD4+, T cells/uL 195 (84; 325)
CD4+, T cells/pL 472 (324; 682)
HIV-RNA < 50 copies/mL, n (%) 162 (74%)
HCV markers, n (%)
HCV genotype
1 119 (56.1%)
2 5(2.4%)
3 48 (22.6%)
4 40 (18.9%)
HCV RNA >500,000 Ul/mL 159 (75.0%)
Liver biopsy
Hepatic fibrosis
FO 25 (11.6%)
F1 86 (40.0%)
F2 58 (27.0%)
F3 25 (11.6%)
F4 21 (9.8%)
Activity grade

A<l 102 (48.2%)



A2 86 (40.8%)

A3 24 (11.4%)
Steatosis 114 (60.6%)
Fibrosis progression rate (FPR) 0.07 (0.04; 0.12)

FPR>0.10 65 (32.5%)
FIB-4 1.46 (1.03; 2.03)

FIB-4>3.25 18 (8.9%)

Values are expressed as absolute numbers (%) and median (percentile 25; percentile 75).
Abbreviations: BMI, body mass index; HOMA, homeostatic model assessment; HCV, Hepatitis C virus;
CDC category C, centers for disease control and prevention classification system, clinical category C
which includes any condition listed in the CDC’s 1897 surveillance case definition of AIDS; Pl-based,
protein inhibitor-based therapy; NNRTI-based, non-nucleoside reverse transcriptase inhibitor -based
therapy; 3NRTI-based, triple nucleoside regimen; HIV; Human immunodeficiency virus; HIV-RNA, HIV
plasma viral load; HCV-RNA, HCV plasma viral load.

Allele frequencies for PNPLA3 rs738409 polymorphism were 0.76 for G allele and 0.24 for T allele.
Genotype frequencies were 0.57, 0.38 and 0.05 for GG, CG and CC genotypes, respectively. These
frequencies in our dataset were in accordance with the data listed on the NCBI SNP database
(http://www.ncbi.nlm.nih.gov/projects/SNP/snp ref.cgi?rs=rs738409). The PNPLA3 rs738409
polymorphism fulfilled the minimum allele frequency >0.05 and had missing values <5%.
Furthermore, rs738409 polymorphism was in Hardy—Weinberg equilibrium (p=0.710).

Table 2 shows the relationship of PNPLA3 rs738409 polymorphism with severity of liver disease
under a model of additive inheritance. For each rs738409 G allele, we found an increased frequency
of patients with advanced fibrosis (F>3) (0% CC, 18.5% CG, and 25.2% GG; p=0.049) and FIB-4>3.25
(0% CC, 3.8% CG, and 13.2% GG; p=0.016). Furthermore, for each rs738409 G allele, the probability of
having values of F>3 increased 2.15 times (p=0.029) and having FIB-4 >3.25 increased 8.77 times
(p=0.039). Note that rs738409 G allele tended to higher likelihood of having FPR >0.10, but statistical
significance was not reached (p=0.054). Finally, we did not find any association for severe activity
grade (A>3) and liver steatosis (fatty hepatocytes 210%). Supplemental Table 1 shows the significant
covariates maintained in each logistic regression model by using Stepwise algorithm.
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Table 2. Relationship between PNPLA3 rs738409 polymorphism and severity of liver disease in HIV/HCV coinfected patients.

Liver disease No.
Significant fibrosis (F 23) 215
Significant fibrosis (FIB4 23.25) 203
High fibrosis progression (FPR 20.10) 200
Severe activity grade (A 23) 211
Liver steatosis (FH 210%) 188

cC
0/11 (0%)
0/11 (0%)
0/10 (0%)
0/11 (0%)
7/10 (70%)

CG
15/81 (18.5%)
3/78 (3.8%)
24/74 (32.4%)
8/80 (10.0%)
45/71 (63.4%)

GG
31/123 (25.2%)
15/114 (13.2%)
41/116 (35.2%)
16/120 (13.3%)
62/107 (57.9%)

OR (95%Cl)
2.15 (1.07; 4.35)
8.77 (1.11; 69.0)
1.81 (0.99; 3.30)
1.69 (0.64; 4.42)
0.72 (0.41; 1.27)

p®
0.029
0.039
0.054
0.286
0.260

Statistically significant differences are shown in bold. (a), P-values were calculated by linear-by-linear association Chi-squared test; (b), P-values were calculated
by multivariate logistic regression adjusted by the most important clinical and epidemiological characteristics (see statistical analysis section).
Abbreviations: 95%Cl, 95% of confidence interval; OR, odds ratio; p-value, level of significance; FPR, fibrosis progression rate; FH, fatty hepatocytes



DISCUSSION

The major finding of the present study was that the presence of PNPLA3 rs738409 G allele increased
the odds of having advanced liver fibrosis in HIV/HCV-coinfected patients. To our knowledge, this
study is the first description of the relationship between PNPLA3 rs738409 polymorphism and
severity of liver fibrosis in HIV/HCV-coinfected patients.

PNPLA3 is a protein with lipase activity which is highly expressed in the liver and adipose tissue. The
nonsynonymous rs738409 (G allele; 1148 M substitution) seems not to affect PNPLA3 mRNA levels;
however it results in a loss of PNPLA3 function, influencing individual susceptibility to hepatocyte
lipid accumulation [23, 24]. Emerging evidence has linked PNPLA3 rs738409 polymorphism with
fibrosis progression in patients with HCV infection [5, 13, 14]. The mechanism implicated in liver
fibrosis could be related to lipotoxicity because lipid accumulation may lead to inflammatory
mediators release, oxidative stress, and hepatocyte apoptosis [25]. Thus, liver steatosis would be
responsible for liver fibrosis development and progression [26]. However, the effect of PNPLA3
rs738409 polymorphism on HCV-related liver disease severity remains largely unknown in HIV/HCV
coinfected patients [27]. In our study, rs738409 G allele was associated with significant fibrosis, which
is in concordance with those results found for HCV monoinfected patients. Thus, rs738409 genotyping
could be useful in both HCV monoinfected and HIV/HCV coinfected patients.

Apart from liver biopsy, we used FIB-4 as an outcome to evaluate the influence of rs738409 on liver
fibrosis. FIB-4 was chosen because it is a non-invasive test widely validated for HIV/HCV coinfected
patients [28]; unlike others more commonly used for HCV monoinfected patients. In our study, the
association between rs738409 and FIB-4 was even stronger than that noted with liver biopsy, being
the probability of developing advanced fibrosis eight times higher for G carriers.

Regarding fibrosis progression, rs738409 G allele has been described as a risk factor for accelerated
FPR in HCV monoinfected patients [5]. In our study, the association was close to statistical significance
and we cannot discard that the lack of association may be due to a limited sample population. Thus,
note that further studies with a longer sample size would be interesting.

As mentioned above, PNPLA3 rs738409 polymorphism has been widely associated with steatosis [12,
15, 16, 29]. However, we found no significant association between PNPLA3 rs738409 polymorphism
and steatosis. This inconsistence with previous reports could be explained by our unavailability of
continuous values to define steatosis. Steatosis was defined as a dichotomous variable (fatty
hepatocytes >10%) according to the procedure established in our hospital, and data collection was
performed by retrospective review of medical records. However, the large majority of the articles that
found association between rs738409 polymorphism and steatosis used steatosis in an ordinal scale
[12, 15, 16, 29]. Thus, it may have limited the finding of statistically significant results in our study, not
ruling out the association between rs738409 polymorphism and steatosis.

The treatment regimens with new direct-acting antivirals (DAAs) are characterized by shorter
duration, simplified dosing, improved safety profile and effectivity, and > 90% of sustained virological
response. These HCV regimens are the HCV therapies recommended by international guidelines.
However, DAAs are being prioritized in patients at high risk for liver-related complications because of
cost [30]. In this setting, the PNPLA3 rs738409 genotyping could be a valuable tool to identify
patients at high risk for developing advanced fibrosis, who could be prioritized. So, these patients
could benefit from the predictive value of rs738409 polymorphism.

Finally, several aspects have to be taken into account for the correct interpretation of the results.
Firstly, this is a cross-sectional study with a limited number of patients, which could limit achieving
statistically significant values. Besides, the cross-sectional design of the analyses may be a
confounding factor. Secondly, data were collected retrospectively, which entails a lack of uniformity.
Thirdly, all selected patients met a set of criteria for starting HCV treatment (e.g., no alcohol abuse,
high CD4 cell counts, controlled HIV replication, and good treatment adherence), and this may have
introduced a selection bias. Fourthly, this study was performed on patients with European ancestry,
and it would also be interesting to perform these analyses on different ethnic groups.

In conclusion, PNPLA3 rs738409 polymorphism was associated with severity of liver fibrosis in
patients coinfected with HIV and HCV, suggesting that this polymorphism might also play a significant
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role in the progression of hepatic fibrosis in this group of patients. Further studies with bigger cohorts
should be performed to confirm the trend of our results.
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SUPPLEMENTAL MATERIAL

Supplemental Table 1. Adjusted likelihood between PNPLA3 rs738409 polymorphism and severity of liver

disease in HIV/HCV coinfected patients.

Severity of liver disease
Significant fibrosis (F 23)
HOMA
High alcohol intake
Significant fibrosis (FIB4 23.25)
Age (years)
Time on cART (years)
BMI
High fibrosis progression (FPR 20.10)
HOMA
Time on cART (years)
Severe activity grade (A 23)
Male
CD4 nadir
Time on cART (years)
Liver steatosis (FH 210%)
Age (years)
IL28B rs12980275 AA
HCV GT3
HCV RNA >500,000 Ul/mL

Hosmer-Lemeshow

Chi-square
7.38

9.28

5.19

5.65

2.89

p-value
0.497

0.319

0.737

0.686

0.941

Adjusted model

aOR (95%Cl)
2.15 (1.07; 4.35)
1.06 (0.99; 1.13)
1.38 (0.93; 2.05)
8.77 (1.11; 69.0)
1.12 (1.03; 1.23)
0.79 (0.64; 0.99)
0.78 (0.61; 0.98)
1.81 (0.99; 3.30)
1.09 (1.01; 1.17)
0.88 (0.78; 0.99)
1.69 (0.64; 4.42)
3.25 (0.70; 15.03)
1.01 (1.00; 1.01)
0.85 (0.70; 1.03)
0.72 (0.41; 1.27)
1.08 (1.02; 1.15)
0.35(0.18; 0.72)
5.30 (1.99; 14.06)
0.39 (0.17; 0.92)

p@
0.029
0.061
0.082
0.039
0.007
0.048
0.036
0.054
0.038
0.036
0.286
0.132
0.058
0.105
0.260
0.008
0.004
0.001
0.031

Statistically significant differences are shown in bold. (a), P-values were calculated by multivariate logistic

regression adjusted by the most important clinical and epidemiological characteristics (see statistical

analysis section). The Hosmer—Lemeshow test evaluates the goodness of fit for logistic regression models.
Abbreviations: 95%Cl, 95% of confidence interval; aOR, adjusted odds ratio; p-value, level of significance;
FPR, fibrosis progression rate; FH, fatty hepatocytes.
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