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f Unidad de VIH; Servicio de Medicina Interna, Hospital Universitario “La Paz”, Madrid, Spain 
g Instituto de Investigación Sanitaria La Paz (IdiPAZ), Madrid, Spain   

A R T I C L E  I N F O   

Keywords: 
HIV/HCV coinfection 
Gene expression 
RNA-seq 
PBMCs 
Liver stiffness 
Advanced cirrhosis 

A B S T R A C T   

Background: Patients with advanced cirrhosis are at high risk of developing clinically significant portal hyper
tension (CSPH). We analyzed the gene expression profile of peripheral blood mononuclear cells (PBMCs) from 
HIV/HCV coinfected patients to identify a gene expression signature of advanced cirrhosis with high risk for 
CSPH. 
Methods: We conducted a cross-sectional study on 68 patients. Liver stiffness measurement (LSM) was used to 
stratify patients into < 12.5 kPa (no cirrhosis, n = 19), 12.5 – 24.9 kPa (cirrhosis, n = 20), and ≥ 25 kPa 
(advanced cirrhosis with high risk for CSPH, n = 29). Besides, we further evaluated LSM < 25 kPa (n = 39) vs. ≥
25 kPa (n = 29). Total RNA was extracted from PBMCs, and poly(A) RNA sequencing was performed. Two 
significant differentially expressed (SDE) transcripts were validated by quantitative PCR in a different cohort (n 
= 46). 
Results: We found 60 SDE transcripts between patients with LSM < 12.5 kPa and ≥ 25 kPa. Partial least squares 
discriminant analysis showed that those 60 SDE transcripts collectively discriminated LSM ≥ 25 kPa, with an 
area under the receiver operating characteristic curve (AUROC) of 0.84. Eight genes had an AUROC ≥ 0.75 for 
LSM ≥ 25 kPa: five were positively associated with LSM values (SCAMP1, ABHD17B, GPR146, GTF2A1, and 
TMEM64), while three were inversely associated (ZFHX2-AS1, MDK, and STAG3L2). We validated the two SDE 
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transcripts with the highest discrimination capacity in a different cohort, finding significant differences between 
< 25 kPa and ≥ 25 kPa (MDK (p = 0.006) and STAG3L2 (p = 0.021)). 
Conclusions: A gene expression signature of 60 transcripts was associated with advanced cirrhosis with high risk 
for CSPH in HIV/HCV coinfected patients.   

1. Background 

Both human immunodeficiency virus (HIV) and hepatitis C virus 
(HCV) share transmission routes, cause chronic infections, and represent 
a significant global health burden [1]. HIV/HCV coinfection is common, 
and liver disease is the leading cause of morbidity and mortality among 
coinfected patients [2]. HIV/HCV-coinfected patients develop cirrhosis 
more rapidly than their HCV monoinfected counterparts [3], with 
higher rates of liver decompensation, end-stage liver disease, hepato
cellular carcinoma (HCC), and liver-related death [4]. 

Liver fibrosis is a dynamic response to liver injury that leads to the 
accumulation of extracellular matrix. When the damage is maintained, 
the liver parenchyma is gradually replaced by scar tissue, which can lead 
to cirrhosis [5]. Chronic hepatitis C promotes massive destruction of 
hepatocytes, leading to significant pathophysiological changes during 
advanced fibrosis and cirrhosis [6], such as immune activation, 
inflammation, and coagulopathy [7], which can trigger the appearance 
of cirrhosis-associated immune dysfunction, characterized by systemic 
inflammation and immune deficiency [8]. These pathophysiological 
processes contribute to an increased risk of infections, organ failure [8], 
and carcinogenesis [9]. After HCV eradication, epigenetic and immu
nological alterations persist [10], and the burden of liver cirrhosis re
mains substantial for a long time [11]. In addition, HIV/HCV-coinfected 
patients continue to have a higher mortality risk than 
HCV-monoinfected patients [12]. 

An accurate assessment of the degree of liver fibrosis is a crucial step 
for proper patient management. A widely used physical method to assess 
liver fibrosis is using transient elastography (Fibroscan®), which reports 
liver stiffness measurement (LSM) in kilopascals (kPa) to estimate liver 
fibrosis [13]. In this regard, LSM ≥ 12.5 kPa is considered cirrhosis [13], 
and ≥ 25 Kpa is advanced cirrhosis with high risk for clinically signifi
cant portal hypertension (CSPH) [14,15]. 

Liquid biopsy, such as a blood sample, can overcome the limitations 
of both liver biopsy and current noninvasive methods [16]. Peripheral 
blood mononuclear cells (PBMCs), one of the main extrahepatic reser
voirs of HCV, may be an excellent source of biomarkers reflecting HCV 
liver infection [17,18]. There is a continuing interest in developing new 
biomarkers that support clinical decisions. The application of omics 
techniques has opened multiple possibilities to identify suitable bio
markers for liver fibrosis, which has already been applied in the context 
of viral hepatitis [19,20]. Furthermore, using transcriptomics can help 
us elucidate the molecular mechanisms behind liver fibrosis at different 
stages [21] and the acceleration of liver disease in HIV/HCV-coinfected 
patients [22]. Identifying key molecular cues in liver fibrosis can 
accelerate the development of antifibrotic agents to reverse persistent 
hepatic pathology after HCV eradication [16,23]. These approaches 
should be applied to accessible tissues to identify non-invasive 
biomarkers. 

1.1. Objective 

We aimed to analyze the gene expression profile of PBMCs in HIV/ 
HCV coinfected patients with different degrees of fibrosis/cirrhosis, 
measured by LSM using transient elastography, to identify a gene 
expression signature of advanced cirrhosis with high risk for CSPH in 
this population group. 

2. Methods 

2.1. Patients 

We conducted a cross-sectional study on 68 HIV/HCV-coinfected 
patients (training cohort) and 46 HIV/HCV-coinfected patients (vali
dation cohort). For this study, inclusion criteria were: 1) detectable 
HCV-RNA (HCV+) and HIV-DNA (HIV+) in peripheral blood by poly
merase chain reaction; 2) LSM data available; 3) PBMCs sample avail
able; 4) combination antiretroviral therapy (cART) for at least six 
months or no need for cART according to guidelines used in the study 
period; 5) CD4+ T cell ≥ 200 cells/µL; 6) undetectable plasma HIV-RNA 
viral load (<50 copies/mL). Patients with acute hepatitis C, hepatitis B 
virus coinfection, and previous diagnosis of HCC were excluded. 

Data and samples were selected from two previously described co
horts: GESIDA 3603b cohort (November 2012 and February 2014, n =
63) and the ESCORIAL cohort (March 2015 and September 2015, n =
51) (Appendix) [24,25]. Both cohorts belong to specific research pro
jects approved by the Research Ethics Committee of the Instituto de 
Salud Carlos III (References CEI PI 23_2011 and CEI PI 41_2014, 
respectively), which verify the ethical development of research projects. 
The study was conducted according to the Declaration of Helsinki, and 
all participants gave their written consent before enrollment. 

2.2. Clinical data and samples 

Clinical data were collected using an online form, and the informa
tion was monitored. As previously described, trained operators assessed 
LSM using transient elastography (FibroScan®, Echosens, Paris, France) 
[7]. The LSM ranged from 2.5 to 75 kPa. 

Clinical samples were obtained by venipuncture in ethyl
enediaminetetraacetic acid tubes. Peripheral venous blood samples were 
sent to the HIV HGM BioBank (http://hivhgmbiobank.com/?lang=en) 
on the same day of the extraction. PBMCs were isolated by Ficoll-Paque 
density gradient and stored in liquid nitrogen (− 180 ◦C) until use. 

2.3. Outcome variables 

The outcome variable was LSM (kPa), using the following strata 
[13–15]: i) < 12.5 kPa (no cirrhosis); ii) 12.5 – 24.9 kPa (cirrhosis), and 
iii) ≥ 25 kPa (advanced cirrhosis with high risk for CSPH, Baveno VII 
Consensus Workshop)). In addition, we assessed the presence of LSM ≥
25 kPa. 

2.4. RNA extraction, library preparation, and RNA sequencing 

According to the manufacturer’s instructions, total RNA was 
extracted from PBMCs using the RNeasy Micro kit (Qiagen, Hilden, 
Germany). RNA concentration was quantified using NanoDrop 2000 
Spectrophotometer (ThermoFisher). The RNA quality was evaluated by 
the RNA Integrity Number (RIN) using 2100 Bioanalyzer RNA Nano 
assay (Agilent). Only samples with RIN > 7.5 were selected for library 
preparation. 

Libraries were synthesized following Illumina’s TruSeq Stranded 
mRNA Sample Prep Kit v2 protocol, using 500 nanograms of total RNA 
of each sample. With this procedure, polyadenylated RNAs were 
captured, including coding RNA and multiple forms of noncoding pol
yadenylated RNAs. Next, libraries were pooled for multiplexed 
sequencing to obtain an average of 25 million reads per sample. 
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Sequencing was then performed on an Illumina HiSeq2500, single read, 
50nts (1 ×50). Library preparation and sequencing were performed at 
the Centre for Genomic Regulation in Barcelona (Spain). More details on 
these processes were recently described by our group [26]. The raw 
sequencing data were processed using FastQC (v. 0.11.8) for quality 
control and Trimmomatic (v. 0.38) for adapter trimming. The applied 
bioinformatics workflow includes sequence alignment with STAR (v. 
2.6.1d), using GRCh38 as a reference genome, and the Subread’s fea
tureCounts software (v. 1.6.4) for reading count extraction [26]. The 
raw RNA-seq data are publicly available at the ArrayExpress repository 
(EMBL-EBI; https://www.ebi.ac.uk/) under the accession number 
E-MTAB-12251. 

Before testing for differentially expressed transcripts, filtering and 
normalization were applied to RNA-Seq data with the edgeR package (v. 
3.32.1). Briefly, transcripts with low counts were first filtered out using 
the filterByExpr() function. Normalization was then performed by 
applying the trimmed mean of the M-values (TMM) method. 

2.5. Quantitative Reverse Transcription PCR (RT-qPCR) 

RT-qPCR was used to validate the expression of differentially 
expressed genes by RNA sequencing. Total RNA previously extracted 
was reverse-transcribed with the High-Capacity cDNA Reverse Tran
scription Kit (Applied Biosystems) according to the manufacturer’s 
protocol. Generated cDNA was used to quantify the expression of the 
selected genes by RT-qPCR using Taqman Gene Expression Assays (FAM 
dye-labeled, Applied Biosystems) specific for each gene in a Step One 
system (Applied Biosystems). PCRs were run in triplicate for midkine 
(neurite growth-promoting factor 2) (MDK; Hs00171064_m1) and stromal 
antigen 3-like 2 (STAG3L2; Hs00414793_m1) genes. To normalize the 
quantification of an mRNA target for differences in the amount of total 
RNA, we used actin-β (ACTB; Hs99999903_m1) as an endogenous 
control. 

We performed a relative quantification using the comparative Ct 
(ΔΔCt) method (Applied Biosystems User Bulletin no. 2) using a random 
mixture of samples from six HIV-infected patients as a reference sample 
(calibrator). Quantifying target mRNA expression was performed rela
tive to the calibrator, expressed as n-fold for all samples. 

2.6. Sample size calculation 

The sample size was calculated according to the RNASeqPower 
package (v. 1.30.0), using 25 million reads per sample, a minimum fold 
change of 1.5, an alpha of 0.05, and an estimated dispersion of 0.4. For 
pairwise comparison of the strata of cirrhosis according to LSM (< 12.5 
kPa (n = 19), 12.5 – 24.9 kPa (n = 20), and ≥ 25 kPa (n = 29)), we found 
a statistical power of 0.82 when comparing groups of at least 20 patients 
each. For comparison of advanced cirrhosis with high risk for CSPH 
(<25 kPa (n = 39) vs. ≥ 25 kPa (n = 29)), we found a statistical power of 
0.96. 

2.7. Statistical analysis 

All statistical analyses were performed using R version 3.6.1 (R 
Foundation for Statistical Computing, Vienna, Austria), Stata/IC 17 
(StataCorp, Texas, USA), and GraphPad Prism 7.04 (GraphPad Software, 
Inc., California, USA). All p-values were two-tailed, and statistical sig
nificance was set as p ≤ 0.05. 

A descriptive analysis of the study population was performed by 
applying the Chi-squared or Fisher’s exact test on categorical variables 
and the Kruskal-Wallis test on continuous variables. 

For gene expression analysis, we analyzed the differences in gene 
expression in PBMCs (counts per million) between all possible pairwise 
comparisons among patient groups according to LSM strata (< 12.5kPa, 
12.5 - 25 kPa, ≥ 25 kPa), using generalized linear models (GLM) with a 
negative binomial distribution (stats package v3.6.2 in R). The GLM test 

provides the fold-change (FC) and its level of significance (p-value), 
which were corrected for multiple tests using the false discovery rate 
(FDR) with the Benjamini and Hochberg method (q-value). Transcripts 
with FC ≥ 1.5 in both directions and a q-value ≤ 0.05 were considered 
significantly differentially expressed (SDE). Besides, the linear associa
tion between SDE genes (counts per million) and LSM (kPa) as a 
continuous variable was also evaluated. This test provides the arithmetic 
mean ratio (AMR) and the 95% confidence interval (95%CI). Marginal 
effects were computed, and results were plotted using the ggpredict 
function from the ggeffects package. Next, we evaluated the discrimi
natory performance of the SDE transcripts resulting from GLMs to 
distinguish advanced cirrhosis with high risk for CSPH (< 25 kPa vs. ≥
25 kPa). 

We also carried out a supervised multivariate analysis (multiple 
dependent variables) with the SDE transcripts previously identified to 
confirm patients’ clusterization using a partial least squares discrimi
nant analysis (PLS-DA) [R-packages mixOmics v6.3.2]. PLS-DA creates a 
regression model that classifies patients based on all SDE transcripts, 
dealing with common multicollinearity among transcripts. This test 
gives us the area under the receiver operating characteristic curve 
(AUROC) of all SDE transcripts (cirrhosis signature) for discriminating 
advanced cirrhosis with high risk for CSPH (< 25 kPa vs. ≥ 25 kPa), 
considering that an AUROC between 0.90 and 1 was outstanding, 
0.80–0.90 was excellent, and 0.70–0.80 was good. We also analyzed the 
discriminatory performance of each SDE transcript separately to 
discriminate advanced cirrhosis with high risk for CSPH (< 25 kPa vs. ≥
25 kPa) via AUROC calculation. 

3. Results 

3.1. Significant differences between fibrosis strata 

Characteristics of HIV/HCV-coinfected patients (training cohort) 
were similar among LSM strata (Table 1), except for nadir CD4+ T-cells 
(p = 0.017), LSM (p < 0.001), and total cholesterol levels (p = 0.005). 

RNA-seq samples showed an average of 23.47 million reads and 
99.04% mapped to the reference genome. A total of 60,623 different 
genes were identified, but only 15,642 met the filtering criteria for 
subsequent analysis (see methods). 

No significant differences were observed among contiguous fibrosis 
strata (< 12.5kPa vs. 12.5 kPa-24.9 kPa, and 12.5 kPa-24.9 kPa vs. ≥ 25 
kPa; q-value > 0.25). However, a total of 60 SDE transcripts were found 
between patients with extreme LSM values, LSM < 12.5 kPa (no 
cirrhosis) vs. LSM ≥ 25 kPa (advanced cirrhosis with high risk for CSPH) 
(Fig. 1; the full description is in Supplementary Table 1). Twenty-two 
out of 60 SDE genes were downregulated, and 38 were upregulated in 
patients with advanced cirrhosis with high risk for CSPH. Additionally, 
these 60 SDE transcripts followed a significant linear association with 
LSM values in all cases, whether positive or negative (Supplementary 
Table 2 and Supplementary Figure 1). We used these 60 SDE transcripts 
for further analyses. 

3.2. Gene expression discriminates advanced cirrhosis with high risk for 
CSPH 

Subsequently, we stratified all HIV/HCV patients of the training 
cohort into two groups by absence (< 25 kPa) or presence (≥ 25 kPa) of 
advanced cirrhosis with high risk for CSPH. Clinical, epidemiological, 
and virological characteristics are displayed in Supplementary Table 3. 
Patients with ≥ 25 kPa had lower values of total cholesterol (p = 0.001), 
LDL (p = 0.037), and HDL (p = 0.030). 

PLS-DA showed that the previous 60 SDE transcripts collectively 
discriminated between patients with and without advanced cirrhosis 
with high risk for CSPH (AUROC = 0.835) (Fig. 2A), with an excellent 
discrimination ability (AUROC = 0.84; Fig. 2B). Moreover, we individ
ually assessed this ability for each of the 60 SDE transcripts previously 
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identified (Supplementary Table 4). We found eight genes with an 
AUROC ≥ 0.75 (Table 2). Five out of 8 genes were positively associated 
with LSM values: secretory carrier membrane protein 1 (SCAMP1), abhy
drolase domain containing 17B (ABHD17B), general transcription factor IIA 
subunit 1 (GTF2A1), transmembrane protein 64 (TMEM64), and G protein- 
coupled receptor 146 (GPR146); while three genes were negatively 
associated: zinc finger homeobox 2 antisense RNA 1 (ZFHX2-AS1), MDK, 
and STAG3L2. 

3.3. SDE transcripts validation 

RT-qPCR was used to confirm the significance of the two SDE tran
scripts with higher discrimination ability for advanced cirrhosis with 
high risk for CSPH (STAG3L2 and MDK) in a validation cohort of 46 
HIV/HCV-coinfected patients (Supplementary Table 5) with similar 
characteristics to the training cohort. Both MDK (p = 0.006; Fig. 3A) and 
STAG3L2 (p = 0.021; Fig. 3B) showed significant differences between 
< 25 kPa and ≥ 25 kPa groups. 

4. Discussion 

We found a PBMCs gene expression signature of 60 SDE transcripts in 
HIV/HCV coinfected patients between extreme phenotypes of cirrhosis 
(non-cirrhotic (< 12.5 kPa) vs. advanced cirrhosis with high risk for 
CSPH (≥ 25 kPa)). Assessing PBMCs expression is a worthy option since 
it may resemble some molecular mechanism related to HCV in the liver 
[16,18]. Besides, most gene expression changes overlap between the 
liver and PBMCs compartments in coinfected patients, supporting the 
systemic nature of inflammatory cues [27]. Lastly, the immune system is 
a critical element in the pathogenesis of liver fibrosis [5]. PBMCs may be 
arguably the best tissue to assess the chronic inflammatory state during 
chronic hepatitis, acting as an interplay between the liver and systemic 
factors. Therefore, our results may reflect the relationship between the 
state of the immunological system and the cirrhotic stage. In this regard, 
transcriptomics has already been applied to PBMCs to gain insight into 
immune system activity in the context of different liver diseases [28]. 
However, both HCV and HIV can infect PBMCs and, thus, alter their 
expression, making studies in HIV/HCV-coinfected patients necessary. 

Our study did not find differences in contiguous fibrosis stages 
(<12.5 kPa vs. 12.5 – 24.9 kPa and 12.5 – 24.9 kPa vs. ≥ 25 kPa), 
probably because changes in gene expression are gradually established 
as fibrosis increases, and our statistical power is limited to detect them. 
However, we found a set of 60 SDE transcripts when groups with 
extreme LSM values (< 12.5 kPa vs. ≥ 25 kPa) were compared, as dif
ferences were maximized. Of note, an increased number of lncRNAs (e. 
g., AD000090.1) or pseudogenes (e.g., TPT1P9) were significantly 
altered, supporting the growing evidence that noncoding RNAs are 
critical key players during liver cirrhosis progression [29]. 

We analyzed these 60 SDE transcripts to discriminate the CSPH (< 25 
kPa vs. ≥ 25 kPa). Collectively, this set of transcripts was able to 
correctly classify patients with advanced cirrhosis with high risk for 
CSPH. Eight of them showed good independent discriminatory perfor
mance (AUROC ≥ 0.75). The expression values of five of these tran
scripts were positively associated with LSM (SCAMP1, ABHD17B, 
GPR146, GTF2A1, and TMEM64). Some of these overexpressed genes 
have already been involved in HCC (GTF2A1, SCAMP1, and TMEM64). 
GTF2A1 has previously been found to play a role in HCC [30]. GTF2A1 
encodes the general transcription factor IIA subunit 1, which, together 
with GTF2A2, forms the general transcriptional regulator TFIIA, which 
is regulated through multiple complex regulatory mechanisms, 

Table 1 
Clinical, epidemiological, and virological characteristics of HIV/HCV-coinfected 
patients in training set according to values of LSM.   

All < 12.5 kPa 12.5 – 
24.9 kPa 

≥ 25 kPa p- 
value 

No. 68 19 20 29  
Gender (male) 48 

(70.6%) 
12 (63.2%) 15 (75%) 21 

(72.4%) 
0.691 

Age (years) 50.5 (47; 
53) 

50.4 (45; 
53) 

48.4 
(46.3; 
53.1) 

50.9 
(48.7; 
53.6) 

0.513 

BMI (kg/m2) (n 
¼ 65) 

23.8 
(21.7; 
25.5) 

23.6 
(20.4;26.4) 

24.1 
(22.9; 
25.2) 

23.3 
(21.7; 
25.7) 

0.798 

BMI ≥ 25 (kg/ 
m2) (n ¼ 65) 

21 
(32.3%) 

7 (38.9%) 5 
(26.3%) 

9 
(32.1%) 

0.716 

Alcohol 
consumed 
ever 

36 
(52.9%) 

8 (42.1%) 11 (55%) 17 
(58.6%) 

0.521 

Intravenous 
drug user 

57 
(83.8%) 

16 (84.2%) 16 (80%) 25 
(86.2%) 

0.844 

Previous HCV 
therapy 

30 
(44.1%) 

7 (36.8%) 13 (65%) 10 
(34.5%) 

0.081 

HIV 
antiretroviral 
therapy     

0.349 

NRTI þ II-based 29 
(42.6%) 

8 (42.1%) 7 (35%) 14 
(48.3%)  

NRTI þ NNRTI- 
based 

11 
(16.2%) 

4 (21.1%) 5 (25%) 2 (6.9%)  

NRTI þ PI- 
based 

6 (8.8%) 2 (10.5%) 1 (5%) 4 
(13.8%)  

PI-based 7 
(10.3%) 

2 (10.5%) 3 (15%) 2 (6.9%)  

PI þ II-based 4 (5.9%) 2 (10.5%) 2 (10%) 0 (0%)  
Others 10 

(14.7%) 
1 (5.3%) 2 (10%) 7 

(24.1%)  
HIV markers      
Nadir CD4þ T- 

cells (n ¼ 67) 
122 (71; 
224) 

234 (70; 
367) 

88 (52.5; 
172.5) 

114.7 
(93.5; 
180) 

0.017 

CD4þ T-cells/ 
mm3 

520.5 
(279.5; 
822.5) 

695 (455; 
814) 

370.5 
(245; 
760.2) 

434 
(236.5; 
901.5) 

0.404 

HCV markers      
HCV genotype 

(n ¼ 66)     
0.349 

1 40 
(60.6%) 

11 (57.9%) 14 (70%) 15 
(55.6%)  

2 1 (1.5%) 0 (0%) 0 (0%) 1 (3.7%)  
3 15 

(22.7%) 
7 (36.8%) 2 (10%) 6 

(22.2%)  
4 10 

(15.2%) 
1 (5.3%) 4 (20%) 5 

(18.5%)  
Log10 HCV-RNA 

(IU/mL) 
6.4 (5.8; 
6.6) 

6.4 (5.9; 
6.8) 

6.2 (5.5; 
6.5) 

6.4 (5.9; 
6.7) 

0.187 

HCV-RNA > 
850.000 IU/ 
mL 

48 
(70.6%) 

13 (68.4%) 13 (65%) 22 
(75.9%) 

0.693 

LSM (Kpa) 21 (11.9; 
34.6) 

9.8 (7.8; 
11.4) 

17.6 
(14.8; 
21.1) 

36.3 
(27.3; 
40.6) 

< 
0.001 

Biochemical 
markers      

Triglycerides 
(mg/dL) 

114 (79; 
161) 

106 (65.5; 
182.5) 

115 (80; 
160) 

115 (81; 
183) 

0.781 

Total 
cholesterol 
(mg/dL) 

151 (123; 
174) 

167 (136; 
193) 

169.5 
(129.5; 
194.7) 

130.5 
(105.5; 
156.5) 

0.005 

LDL (mg/dL) 74.5 (56; 
104) 

94 (57.5; 
108) 

93 (65; 
108.2) 

60 (53.5; 
84) 

0.113 

HDL (mg/dL) 44.5 (34; 
58) 

48 (34; 61) 51 (40; 
58) 

37 (29.5; 
50.5) 

0.089 

Statistics: The values are expressed as the absolute number (percentage) and 
median (interquartile range). P-values were calculated by the Fisher’s exact test 
and the Kruskal-Wallis test. 
Abbreviations: BMI, body mass index; HCV, hepatitis C virus; HIV, human 

immunodeficiency virus; NRTI, nucleoside analogue HIV reverse transcriptase 
inhibitor; II, HIV integrase inhibitor; NNRTI, non-nucleoside analogue HIV 
reverse transcriptase inhibitor; PI, HIV protease inhibitor; LSM, liver stiffness 
measurement; HCV-RNA, viral load of hepatitis C; HDL, high-density lipopro
tein; LDL, low-density lipoprotein. 
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including site-specific proteolysis by the highly conserved protease 
Taspase 1 [31]. Taspase 1 overexpression has already been associated 
with HCC [32]. SCAMP1 is a protein involved in the endomembrane 
system and vesicle trafficking[33], and its dysregulation may contribute 
to several diseases, such as cancer [34]. Extracellular vesicles, especially 
exosomes, are the main form of communication in the liver [35], and 
HCV and HIV are known to hijack the host exosomal machinery. While 
each SCAMP member may have a distinctive role in trafficking pathways 
[33], it is worth mentioning that another member of the same family, 
SCAMP3, has already been related to the pathogenesis of HCC [36]. 
TMEM64, which has already been associated with HCC [37], codes for a 
transmembrane protein capable of modulating Wnt signaling, which in 
turn may be involved in promoting liver fibrosis [38] and the develop
ment of HCC [39]. In addition, TMEM64 positively mediates sarcoen
doplasmic reticulum Ca2+ ATPase (SERCA) activity [40], a critical 
regulator of calcium homeostasis and signaling, which regulates Th17 
cell differentiation [41]. This would agree with previous findings in 
which HIV/HCV-coinfected patients with higher degrees of cirrhosis 
(LSM ≥ 25 kPa) had the lowest plasma cytokine values related to Th17 
response [42]. 

The remaining overexpressed genes in patients with advanced 
cirrhosis with high risk for CSPH, GPR146, and ABHD17B, together with 
the previously commented TMEM64, could also be related to metabolic 
function. HIV and HCV infections cause alterations in metabolism, 
which triggers a pathological process that leads to liver steatosis and 
cirrhosis [43]. GPR146 has been given a role in the selective inhibition 
of RNA virus infection [44], exerts a detrimental effect on the regulation 
of systemic cholesterol metabolism [45], and, therefore, its over
expression could contribute to the alteration of lipid metabolism. This 

would agree with the lower cholesterol values detected in our patients 
with LSM ≥ 25 kPa. TMEM64 overexpression has been associated with 
increased adipogenesis [46], and ARL15, another SDE overexpressed in 
patients with LSM ≥ 25 kPa, may predispose them to lipodystrophy 
[47]. ABHD17B codes for an enzyme with depalmitoylating activity. 
Palmitoylation alterations have been associated with different neuro
logical disorders [48], which could explain the neurological manifes
tations often described in HCV-infected patients with LSM ≥ 25 kPa 
[49]. Besides, ABHD17B appears to be involved in progressing from 
cirrhosis to HCC [50]. The ABHD17B overexpression detected in our 
study is consistent with previous findings, where higher free fatty acids 
and glycerol levels in patients with higher Child-Turcotte-Pugh scores 
were found [51]. 

On the other hand, three additional transcripts showed good 
discriminatory performance (STAG3L2, MDK, and ZFHX2-AS1), whose 
expression decreased with LSM values. ZFHX2-AS1 is a lncRNA without 
known function besides the putative negative regulator of the tran
scription factor ZFHX2, promoting upregulation of somatostatin [52], 
which is elevated in cirrhotic patients [53]. These results support our 
current findings, where the down-regulation of ZFHX2-AS1 contributes 
to advanced cirrhosis with high risk for CSPH. STAG3L2 is a pseudogene 
of unknown function, predicted to be involved in chromatin dynamics, 
according to the Alliance of Genome Resources (Apr 2022). STAG3L2 
shows low expression values in the average adult liver [54]; conversely, 
it is highly expressed in the liver of HCC patients [55]. MDK encodes for 
midkine, a heparin-binding growth factor that has pro-inflammatory, 
angiogenic, and anti-apoptotic functions implicated in several inflam
matory pathophysiological processes, such as autoimmune disease and 
cancer [56]. The presence of high levels of MDK in serum is a promising 

Fig. 1. Volcano plot of the differences in gene 
expression in PBMCs from HIV/HCV coinfected 
patients clustered according to LSM < 12.5 kPa 
(no cirrhosis) versus LSM ≥ 25 kPa (high risk 
for clinically significant portal hypertension, 
CSPH). Significant upregulated and down
regulated transcripts are illustrated as red and 
green circles, respectively. Statistics: The vol
cano plot is depicted with the fold change (FC) 
of each transcript calculated by the GLM test. 
The significance level was corrected for multi
ple testing using the false discovery rate (FDR) 
with the Benjamini and Hochberg method. Ab
breviations: FC, Fold-change; FDR, False dis
covery rate.   
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marker of HCC in patients with HCV-related cirrhosis, but the role of 
MDK before the HCC apparition is much less studied. MDK may be 
induced at earlier fibrosis stages to protect liver cells from ongoing 
aggression [57]. Fibrosis progression could alter MDK function and 
expression, which may be related to the cirrhosis-associated immune 
dysfunction characteristic of cirrhotic patients [8]. During the early HCC 
stage, MDK expression would be induced by hypoxia in the tumor 
microenvironment, and its anti-apoptotic functions would contribute to 
carcinogenesis instead [58]. Our study found that MDK expression de
creases as liver cirrhosis increases, supporting the dual function of MDK 
as a liver protector and carcinogenesis promoter. Interestingly, MDK 
expression in a model of lung fibrosis was shown to be biphasic, with 

increased expression in both the early and late stages of fibrosis [59]. 
This set of SDE transcripts showed excellent discriminative ability for 

advanced cirrhosis with a high risk for CSPH (≥ 25 kPa). However, SDE 
transcripts to identify patients with advanced cirrhosis with increased 
risk for CSPH may be of little practical use since the physical examina
tion and abdominal ultrasound make advanced cirrhosis easy to detect 
in the clinical setting. Despite that, omics-based analyses are becoming 
more accessible, and their routine application at the clinical level is 
closer than ever. Moreover, our study addresses two main purposes at 
this point. Firstly, our findings can help to understand the pathophysi
ological mechanisms underlying fibrosis progression and portal hyper
tension development at this disease stage. Secondly, it suggests 
molecular targets that can be employed for diagnostic or therapeutic 
applications. These findings could help explain the variability and the 
appearance of complications in advanced chronic liver disease and allow 
individualized management of these patients, improving the outcome of 
this disease. 

4.1. Limitations of the study 

Our study has some limitations that should be taken into account. 
Firstly, our sample size may limit the statistical power to detect minor 
differences between groups and increase the risk of false-positive results. 
Secondly, the lack of liver biopsies to assess the grade of fibrosis since 
the practice of liver biopsies in Spain is no longer in use. However, 
although liver biopsy was considered the gold standard, its role as a gold 
standard is far from perfect because it has several drawbacks regarding 
constrained feasibility, complications that can arise during the proced
ure, and sampling errors [13]. Moreover, transient elastography is 
validated in HIV/HCV coinfected patients to measure liver stiffness [60]. 

Fig. 2. Multivariate analysis of 60 SDE transcripts from PBMCs to discriminate advanced cirrhosis with high risk for clinically significant portal hypertension (CSPH) 
in HIV/HCV coinfected patients. A) The partial least squares discriminant analysis (PLS-DA) plot can differentiate patients with ≥ 25 kPa (orange triangles) from 
patients with < 25 kPa (blue circles). B) The area under the receiver operating characteristic curve (AUROC) estimates an excellent PLS-DA classification perfor
mance. Statistics: Multivariate analysis was performed by PLS-DA, a ROC curve was plotted, and AUROC was calculated. Abbreviations: PLS-DA, Partial least squares 
discriminant analysis; ROC, Receiver operating characteristic; AUROC, Area under the ROC. 

Table 2 
Summary of predictive performance and odds of peripheral blood gene expres
sion (counts) for advanced cirrhosis with high risk for clinically significant 
portal hypertension ((<25 kPa (n = 39) vs. ≥ 25 kPa (n = 29)) in HIV/HCV- 
coinfected individuals.   

AUROC 95%CI OR 95%CI p-value 

TMEM64  0.752 0.636 – 0.867  1.25 1.09 – 1.43  0.001 
SCAMP1  0.753 0.631 – 0.874  1.15 1.06 – 1.26  0.001 
GPR146  0.756 0.640 – 0.873  1.93 1.28 – 2.91  0.002 
GTF2A1  0.772 0.652 – 0.891  1.11 1.05 – 1.19  0.001 
ABHD17B  0.776 0.658 – 0.893  1.13 1.06 – 1.21  0.001 
ZFHX2-AS1  0.791 0.684 – 0.898  0.50 0.34 – 0.74  < 0.001 
MDK  0.793 0.682 – 0.905  0.21 0.08 – 0.52  0.001 
STAG3L2  0.794 0.684 – 0.904  0.30 0.16 – 0.57  < 0.001 

Statistic: Values are expressed as the area under the curve ROC (AUROC), odds 
ratio (OR), and 95% confidence interval (95%CI). 
Abbreviations. HCV, hepatitis C virus; HIV, human immunodeficiency virus. 
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Thirdly, hepatic venous pressure gradient measurement (HPVG) re
mains the gold standard for the diagnosis of CSPH, as recommended in 
the Baveno VII Consensus [13–15]. Thus, emerging biomarkers to 
discriminate between CSPH and non-CSPH status should be compared 
with the HPVG. This comparison would have reinforced our findings, 
but the data scarcity in our study precluded its assessment (HPVG data 
available in only 15 patients of the ESCORIAL cohort, 5 of them with 
HVPG values ≤10 mmHg). Nevertheless, Baveno VII also aimed for a 
pragmatic definition of cACLD based on transient elastography [13–15], 
considering that non-invasive tests are sufficiently accurate to identify 
CSPH in clinical practice. In this regard, our study delves into the un
derlying molecular differences between patients with and without 
advanced cirrhosis with high risk for CSPH, finding several transcripts 
with high discrimination ability in the two independent cohorts studied. 

5. Conclusions 

A gene expression signature of 60 SDE transcripts was related to 
advanced cirrhosis with high risk for CSPH in HIV/HCV coinfected pa
tients. Of these, MDK and STAG3L2 were validated and showed good 
discriminative value. Our data may help clarify the pathophysiological 
mechanisms involved in advanced cirrhosis in this population group. 
Further studies and longitudinal data are required to delve into the 
biological meaning of these findings. 
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Appendix 

The GESIDA 3603b Cohort Study Group 

Hospital General Universitario Gregorio Marañón, Madrid: A 
Carrero, P Miralles, JC López, F Parras, B Padilla, T Aldamiz-Echevarría, 
F Tejerina, C Díez, L Pérez-Latorre, C Fanciulli, I Gutiérrez, M Ramírez, S 
Carretero, JM Bellón, J Bermejo, and J Berenguer. 

Hospital Universitario La Paz, Madrid: V Hontañón, JR Arribas, mL 
Montes, I Bernardino, JF Pascual, F Zamora, JM Peña, F Arnalich, M 
Díaz, J González-García. 

Hospital de la Santa Creu i Sant Pau, Barcelona: P Domingo, JM 
Guardiola. 

Hospital Universitari Vall d’Hebron, Barcelona: E Van den Eynde, 

Fig. 3. Validation by RT-qPCR of differences in MDK (A) and STAG3L2 (B) gene expression for advanced cirrhosis with high risk for clinically significant portal 
hypertension (CSPH) (LSM ≥25 kPa). Relative quantification is expressed as n-fold relative to the calibrator sample. Statistics: The p-values were estimated using the 
Mann-Whitney test. Abbreviations: MDK, Midkine; STAG3L2, Stromal antigen 3-like 2; kPa, Kilopascals. 
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M Pérez, E Ribera, M Crespo. 
Hospital Universitario Ramón y Cajal, Madrid: JL Casado, F 

Dronda, A Moreno, MJ Pérez-Elías, MA Sanfrutos, S Moreno, C Quereda. 
Hospital Universitario Príncipe de Asturias, Alcalá de Henares: A 

Arranz, E Casas, J de Miguel, S Schroeder, J Sanz. 
Hospital Universitario de La Princesa, Madrid: J Sanz, I Santos. 
Hospital Donostia, San Sebastián: MJ Bustinduy, JA Iribarren, F 

Rodríguez-Arrondo, MA Von-Wichmann. 
Hospital Clínico San Carlos, Madrid: J Vergas, MJ Téllez. 
Hospital Universitario San Cecilio, Granada: D. Vinuesa, L. 

Muñoz, and J. Hernández-Quero. 
Hospital Clínico Universitario, Valencia: A Ferrer, MJ Galindo. 
Hospital General Universitario, Valencia: L Ortiz, E Ortega. 
Hospital Universitari La Fe, Valencia: M Montero, M Blanes, S 

Cuellar, J Lacruz, M Salavert, J López-Aldeguer. 
Hospital Universitario de Getafe, Getafe: G Pérez, G Gaspar. 
Fundación SEIMC-GESIDA, Madrid: M Yllescas, P Crespo, E Aznar, 

H Esteban. 

The ESCORIAL study group 

Hospital General Universitario Gregorio Marañón (Madrid, Spain): 
Cristina Díez, Luis Ibáñez, Leire Pérez-Latorre, Diego Rincón, Teresa 
Aldámiz-Echevarría, Vega Catalina, Pilar Miralles, Teresa Aldámiz- 
Echevarría, Francisco Tejerina, María C Gómez-Rico, Esther Alonso, 
José M Bellón, Rafael Bañares, and Juan Berenguer. 

Hospital Universitario La Paz/IdiPAZ (Madrid, Spain): José Arri
bas, José I Bernardino, Ana Delgado, Carmen Busca, Javier García- 
Samaniego, Víctor Hontañón, Luz Martín-Carbonero, Rafael Micán, 
María L Montes-Ramírez, Victoria Moreno, Antonio Olveira, Ignacio 
Pérez-Valero, Eulalia valencia, and Juan González-García. 

Hospital Universitario Puerta de Hierro (Madrid, Spain): Elba Llop 
and José Luis Calleja. 

Hospital Universitario Ramón y Cajal (Madrid, Spain): Javier 
Martínez and Agustín Albillos. 

Fundación SEIMC/GeSIDA (Madrid, Spain): Marta de Miguel, María 
Yllescas, and Herminia Esteban. 
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