
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Lopes-Araujo et al. BMC Infectious Diseases          (2025) 25:377 
https://doi.org/10.1186/s12879-025-10665-4

Introduction
The human immunodeficiency virus (HIV) is a single-
stranded retrovirus that infects and destroys immune 
cells, particularly CD4 + T-cells, which play a crucial role 
in coordinating the immune response [1]. People liv-
ing with HIV (PLHIV) experience a chronic depletion of 
these cells, which can lead to the progression to acquired 
immunodeficiency syndrome (AIDS) is established [2]. 
AIDS is characterized by severe immune system compro-
mise, increasing susceptibility to opportunistic infections 
and HIV-related cancers [3, 4]. Antiretroviral therapy 
(ART) seeks to achieve virological suppression, defined 
as reducing the viral load to undetectable levels (< 50 
copies/mL) [5, 6].
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Abstract
The primary goal of antiretroviral therapy (ART) is to suppress viral replication to undetectable levels (< 50 copies/
mL). Despite achieving complete viral suppression, 10–40% of individuals on ART do not adequately restore their 
CD4 + T-cell count, being defined as immunological non-responders (INR). Factors such as sex, age at treatment 
initiation, coinfections, and pre-ART CD4 + T-cell count may influence this insufficient recovery. This impairment 
can also result from poor production or exacerbated destruction of CD4 + T-cells, particularly through extrinsic 
pathway-mediated apoptosis involving Fas/FasL and caspase-3. Thus, this study aimed to evaluate the expression 
profile of extrinsic apoptosis pathway genes (CASP3, FAS, FASLG) in adult male HIV patients on ART. The patients 
were stratified as immunological responders (n = 25) and immunological non-responders (n = 8) based on the 
increase and total count of CD4 + T-cells. Significant differences for CASP3 (FC = 1.39, p = 0.047) and FASLG (FC = 1.94, 
p < 0.0001) gene expressions were identified between IR and INR groups, but not for FAS (FC=-1.2, p = 0.638). This 
study indicates increased apoptotic pathway gene expression in INR and highlights the influence of cell destruction 
mechanisms on immunological recovery.
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Although not the primary goal, a gradual reconsti-
tution of CD4 + T-cells is expected in PLHIV under-
going successful ART [7]. Patients who achieve a 
satisfactory immune reconstitution, indicated by an 
increase in CD4 + T-cell count, are classified as immu-
nological responders (IR) [8]. However, 10–40% of indi-
viduals who achieve virological suppression exhibit 
incomplete immune reconstitution, defined as immuno-
logical non-responders (INR). These individuals experi-
ence limited CD4 + T-cell recovery despite prolonged 
ART, typically gaining less than 200 cells/µL over 24 
months and failing to reach a total CD4 + count of 500 
cells/µL. As a result, INR are more susceptible to devel-
oping HIV-related complications [9].

Incomplete immune reconstitution is a multifactorial 
condition influenced by several factors such as advanced 
age, male sex, exacerbated immune activation, thymic 
exhaustion, co-infections, genetic background, and low 
pre-ART CD4 + T-cell counts. Immunological recovery 
depends on a delicate balance between CD4 + T-cell pro-
duction and destruction [7, 9, 10]. Studies demonstrate 
that immunological nonresponse is primarily character-
ized by reduced T-cell production and increased rates of 
T-cell destruction [11, 12]. In the context of HIV infec-
tion, apoptosis plays a key role in CD4 + T-cell depletion, 
as viral proteins possess apoptotic properties that induce 
the death of both infected and, notably, uninfected cells 
[13, 14].

Apoptosis is a programmed cell death process where 
cells undergo self-destruction in a regulated manner, 
occurring via two primary pathways: intrinsic and extrin-
sic [15–17]. The extrinsic apoptosis pathway is initiated 
by the activation of death receptors on immune cells, 
such as the Fas receptor (CD95) [17]. The Fas ligand 
(FasL or CD178), expressed on immune cells like lym-
phocytes and natural killer cells [18], binds to FAS, trig-
gering a cascade that leads to activation of caspase-3, the 
key effector of apoptosis [19]. The Fas-FasL pathway is a 
major mechanism driving apoptosis in immune cells, and 
dysregulation of this pathway can contribute to the devel-
opment of immunological nonresponse in PLHIV under-
going ART [20, 21].

Moreover, as previously mentioned, sex can influ-
ence immune reconstitution, with male ART-treated 
PLHIV being more prone to immunological nonresponse 
[12, 22]. Thus, this study aimed to evaluate the associa-
tion between the expression of genes encoding proteins 
involved in the extrinsic apoptosis pathway (FAS, FASLG, 
and CASP3) in male ART-treated patients, and to explore 
a potential relation between these gene expressions and 
immune reconstitution.

Materials and methods
Study population
This study included 33 male ART-treated PLHIV, 
recruited from the Instituto de Medicina Integral Profes-
sor Fernando Figueira (IMIP) in Pernambuco, Northeast 
Brazil, between 2018 and 2020. The inclusion criteria 
were being male, ≥ 18 years old, on ART for at least 24 
months with good adherence, and exhibiting undetect-
able viral load. The exclusion criteria included cancer, 
autoimmune diseases, and history of injecting drug use. 
Clinical data were obtained from medical records. This 
study was approved by the Ethics Committee of IMIP 
(protocol code: 3629-13).

Immunological classification
The patients were classified as IR and INR based on their 
CD4 + T-cell count after 24 months of ART. Patients who 
either started ART with a baseline CD4 + count of ≥ 500 
cells/µL or achieved this count after 24 months were clas-
sified as IR. Conversely, patients who began ART with 
< 500 cells/µL and gained < 200 cells/µL during treatment 
were classified as INR. As a result, seven male ART-
treated PLHIV were classified as INR, and 25 patients 
were defined as IR.

PBMC isolation
Peripheral blood samples (4mL) were collected in EDTA 
tubes. Peripheral blood mononuclear cells (PBMC) were 
then isolated using Ficoll-Paque Plus density gradient 
centrifugation, followed by two washes and resuspension 
in 1x PBS.

Expression analysis
RNA from the 33 ART-treated PLHIV was isolated from 
the PBMCs suspension using Trizol® (Invitrogen, Carls-
bad, CA, USA), according to the manufacturer’s instruc-
tions. The RNA concentration and quality were assessed 
using a Nanodrop® 2000 spectrophotometer (Thermo 
Fisher Scientific, USA). cDNA was then synthesized 
employing 500 ng of RNA per sample as input, using the 
High-Capacity cDNA Reverse Transcription Kit (Thermo 
Fisher Scientific, USA), following the manufacturer’s 
instructions. The reverse transcription reaction was per-
formed with an initial incubation at 25 °C for 10 min, fol-
lowed by 120 min at 37  °C, and a final step at 85  °C for 
5 min. Gene expression assays for CASP3 (Hs00234387), 
FAS (Hs00236330), and FASLG (Hs00181226) were per-
formed using Taqman® probes, on an ABI 7500 Real Time 
PCR detection system (Applied Biosystems, Foster City, 
CA, USA), according to the manufacturer’s instructions. 
The reference genes GAPDH, ACTB, and RPLP0 were 
used for normalization, and relative gene expression was 
calculated using the 2−ΔΔCq method.
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Statistical analysis
Fisher’s exact and Chi-squared tests were used to evaluate 
categorical (clinical) variables. The normal distribution 
of numerical variables, including gene expression data, 
was assessed using the Shapiro-Wilk test. Variables with 
a normal distribution were compared between groups 
using Student’s t-test and are presented as mean ± SD. 
For variables that did not follow a normal distribution, 
the Mann-Whitney test was applied, and the results was 
represented by the median and interquartile range (IQR). 
Linear regression analysis was performed to correct pos-
sible confounding factors in relation to gene expression. 
The statistical significance level (α) was set at 0.05 for all 
tests. Statistical analyses were performed using Graph-
Pad Prism, version 8.0.1.

Results
Clinical data analyses
We observed a significant difference in pre-treatment 
CD4 + T-cell counts between the groups (p = 0.008), 

with means of 215.5 ± 50.2 cells/µL for the INR group 
and 473.2 ± 49.0 for the IR group, demonstrating that 
IRs initiated ART with higher CD4 + T-cell levels. A sig-
nificant difference was also observed in pre-treatment 
CD4% (p = 0.004), and this pattern was maintained after 
24 months after ART, where both the CD4 + T-cell count 
(p = 0.004) and the CD4% (p = 0.002) remained signifi-
cantly different. Additionally, the CD4/CD8 ratio after 24 
months of ART showed a notable difference between the 
two groups (p = 0.011).

In addition, we analyzed age at ART initiation, body 
mass, time to ART initiation post-diagnosis, ART regi-
mens, and their changes, pre-treatment CD8 + T-cell 
count, CD8% after 24 months of ART, and pre-treatment 
plasma viral load (PVL). However, no statistically signifi-
cant differences were identified between the groups for 
any of these variables (Table 1).

Table 1  Clinical characteristics of PLHIV based on their immunological response during ART
Variables INR

n = 8(%)
IR
n = 25(%)

p

Age (years old) at ART start date* 40.7 ± 3.8 32.2 ± 2.2 0.063
Body mass (kg)* 77.6 ± 6.0 72.2 ± 2.4 0.666
Time (weeks) to ART starting 
post-diagnosis**

6.0 (2.0-10.7) 7.0 (2.0–9.0) 0.756

Detailed ART regimens, 
NRTI + 3TC + (third option)

ABC + 3TC + DTG 0 (0.0) 1 (4.0) 0.850b

TDF + 3TC + ATV/r 1 (12.5) 2 (8.0)
TDF + 3TC + DTG 5 (62.5) 13 (52.0)
TDF + 3TC + EFZ 2 (25.0) 9 (36.0)

ART regimens, stratified by 
classes

2 NRTI + INI 5 (62.5) 14 (56.0) 0.818b

2 NRTI + IP/r 1 (12.5) 2 (8.0)
2 NRTI + NNRTI 2 (25.0) 9 (36.0)

ART regimen changec 2 (28.6) 3 (12.0) 1.000a

Pre-treatment CD4 + T-cell 
count (cells/µL)*

215.5 ± 50.2 473.2 ± 49.0 0.008

Pre-treatment CD8 + T-cell 
count (cells/µL)*

830.4 ± 133.3 971.1 ± 85.0 0.721

CD4 + T-cell count after 24
months of ART (cells/µL)*

312.0 ± 68.4 761.2 ± 77.9 0.004

CD4/CD8 ratio after 24
months of ART*

0.4 ± 0.10 1.1 ± 0.12 0.011

Pre-CD4+ (%)* 7.4 ± 3.6 21.6 ± 1.8 0.004
CD4+ (%) after 24 months of
ART*

18.5 ± 2.5 34.8 ± 1.9 0.0002

CD8+ (%) after 24 months of 
ART*

44.7 ± 3.6 39.0 ± 2.3 0.231

Pre-treatment PVL 
(log10 RNA copies/mL)*

4.1 ± 0.5 4.5 ± 0.2 0.391

* t-test (Shapiro-Wilk test: >0.05), values displayed as mean ± SE

**Wilcoxon-Mann-Whitney test (Shapiro-Wilk: <0.05), values displayed as median (IQR)
aFisher’s exact test
bChi-squared test
cChange from a NNTRI-containing cART (EFZ) to a PI/r (ATV/r), INI (DTG), or another NNTRI (NVP) -containing ART regimen
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Expression assays
In our study, we evaluated gene expression profiles in 33 
men living with HIV undergoing ART, consisting of 25 IR 
and 8 INR. The results revealed a statistically significant 
difference in the expression of apoptosis-related genes 
between the IR and INR groups. Specifically, CASP3 
expression was significantly elevated in the INR group, 
showing a 1.39-fold change (FC) (p = 0.047) (Fig.  1A). 
Similarly, the FASLG expression was 1.94-FC higher in 
the INR group, with statistical significance (p < 0.0001) 
(Fig. 1C). However, despite a slight decrease of 1.2-FC in 
FAS gene expression, this difference was not statistically 
significant between the groups (p = 0.638) (Fig. 1B). 

Although age did not show a statistically significant 
difference between the groups (p = 0.063), there was a 
notable difference between them (INR = 40 years old and 
IR = 32 years old, Table 1). In fact, age is a factor that may 
influence immune reconstitution and gene expression. 
To account for this confounding factor, we performed 
linear regression analyses between age at ART initiation 
and the gene expression levels of CASP3, FAS and FASL. 
According to the linear regression models for each gene, 
age at ART initiation did not significantly influence gene 
expression in ART-treated PLHIV. The linear regression 
models are provided in Supplementary Data.

Discussion
Although the primary goal of ART is controlling viral 
replication, its objectives have expanded to facilitate the 
recovery of CD4 + T-cells lost during HIV infection [7]. 
Despite achieving complete virological suppression, a 
significant proportion of PLHIV continue to have low 
CD4 + T-cell counts, making them susceptible to oppor-
tunistic infections and neoplasms, which adversely 
affect their quality of life [11].Various mechanisms that 

influence CD4 + T-cell restoration have been identified, 
including an exacerbated cell death through apoptosis 
[23]. Additionally, male sex has also been recognized as 
a risk factor for immunological nonresponse [12]. Thus, 
the present study aimed to evaluate clinical factors asso-
ciated with immune reconstitution, and the expression 
levels of apoptosis-related genes in male ART-treated 
PLHIV. 

One of the most significant factors influencing immune 
reconstitution in PLHIV is the pre-ART CD4 + T-cell 
count [24]. Our analyses demonstrate that the IR group 
shows a higher pre-ART CD4 + T-cell count, align-
ing with other studies that have associated low levels of 
CD4 + T-cells at the beginning of ART with immunologi-
cal nonresponse [25–27]. Patients who initiate ART with 
a baseline CD4 + T-cell ≥ 500 cells/µL have a reduced risk 
of mortality and progression to AIDS, as well as a higher 
change of satisfactory immunological recovery and 
maintaining an undetectable viral load [27]. This under-
scores the importance of early diagnosis and supports the 
“treat-all” approach recommended by the World Health 
Organization (WHO) [28].

Our study also reveals that the INR group exhibits sig-
nificantly higher expression of genes involved in extrinsic 
apoptosis pathways, such as CASP3 and FASLG. Previ-
ous studies have identified elevated surface expression of 
apoptotic markers, such as annexin-V, and increased lev-
els of pro-apoptotic proteins in INR compared to IR, sug-
gesting that apoptosis plays a crucial role in CD4 + T-cell 
destruction [29, 30]. While apoptosis is a physiological 
process essential for maintaining T-cell homeostasis, its 
excessive activation can critically impact immunological 
recovery of PLHIV during ART [7].

Several mechanisms may contribute to the increased 
expression of apoptosis-related genes, including 

Fig. 1  Differential gene expression of the extrinsic apoptosis pathway between IR and INR: (A)CASP3 (FC = 1.39; p = 0.047); (B)FAS (FC = -1.2; p = 0.638); 
(C)FASLG (FC = 1.94; p < 0.0001). The relative expression levels of these genes are depicted in scatter plots based on fold change values. The relative expres-
sion levels of these genes were analyzed using the 2−ΔΔCq method and compared between groups with the Mann-Whitney test. The data are presented 
as the mean with the corresponding standard deviation

 



Page 5 of 6Lopes-Araujo et al. BMC Infectious Diseases          (2025) 25:377 

exacerbated immune activation [31, 32]. It has been 
established that a high levels of activated CD4 + T-cells 
undergo apoptosis [33]. Our previous research also 
demonstrated that INR group exhibits higher immune 
activation, especially within CD4 + T-cells [25]. Addition-
ally, studies have shown that, in conjunction with exac-
erbated immune activation, CD4 + T-cells experience 
increased cellular proliferation rates and a higher inci-
dence of spontaneous apoptosis, effectively mediated by 
caspase-3 activity [23, 32, 34]. Different apoptosis path-
ways contribute to CD4 + T-cell death during HIV infec-
tion, including both intrinsic (mitochondria-mediated) 
and extrinsic (death receptor-mediated) pathways. The 
extrinsic pathway, in particular, can be triggered by TNF-
family ligands, such as FasL, leading to caspase-3 activa-
tion and apoptosis [16, 17, 35]. Moreover, pyroptosis is 
another mechanism of cell death that has been implicated 
in CD4 + T-cell depletion during HIV infection. Pyropto-
sis, driven by inflammasome activation, could contribute 
to the loss of CD4 + T-cells in INR [2, 10, 15].

Another mechanism associated with immune activa-
tion and closely linked to apoptosis is T-cell exhaustion 
[36]. There is a positive correlation between increased 
levels of apoptosis and the expression of PD-1, a key 
marker of T-cell exhaustion during HIV infection. This 
suggests that exhausted CD4 + T-cells in the INR group 
are particularly prone to apoptosis [37]. These findings 
indicate the intrinsic connection between immune acti-
vation and apoptosis, which significantly contributes to 
immunological nonresponse in PLHIV undergoing ART 
[33].

Although our study did not identify a direct association 
between FAS expression and incomplete immune recon-
stitution, the FAS receptor plays an important role in the 
extrinsic apoptosis pathway [19]. Post-transcriptional 
modifications or other genetic variations in the FAS 
receptor could potentially contribute to immunological 
nonresponse [38].

The present study has some limitations. The small 
sample size, particularly in the INR group (n = 8), may 
impact on the statistical power and limit the generaliz-
ability of our findings. Additionally, gene expression 
analysis was performed using whole PBMCs rather than 
isolated CD4 + T-cells, which may obscure cell-specific 
gene expression patters. Future studies involving larger 
cohorts and cell-type-specific analyses are warranted to 
validate these results.

Conclusion
Our data suggest that the increased expression of genes 
related to the extrinsic apoptosis pathway, such as 
FASLG and CASP3, plays a crucial role in the immu-
nological nonresponse of men living with HIV under-
going ART. This demonstrates that the molecular and 

genetic mechanisms involved in CD4 + T-cell depletion 
may impact the immune reconstitution of ART-treated 
PLHIV. Given the multifactorial nature of immunologi-
cal nonresponse, further studies should include addi-
tional genes involved in alternative extrinsic and intrinsic 
apoptosis pathways, as well as other cell death mecha-
nisms. Moreover, clinical factors should be evaluated 
across diverse populations, as our study highlighted that 
individual clinical variable can significantly influence 
immune outcome to ART.
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