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Abstract

Human immunodeficiency virus (HIV) infection during pregnancy is still a major problem worldwide, 
especially in developing countries. Although administration of anti-retroviral drugs has succeeded in 
reducing mother-to-child transmission, poor obstetric outcomes such as intrauterine growth restriction 
(IUGR) and preterm labor still significantly affect this population. IUGR and preterm labor are associ-
ated with many short-term and long-term adverse outcomes such as low APGAR score, longer neonatal 
intensive care unit (NICU) stay, and increased neonatal morbidity and mortality. These conditions are 
thought to be related to pathologic apoptosis in the placenta, induced either by the presence of viral 
antigens or by the effect of combined antiretroviral therapy (ART). Some viral antigens are thought to 
be involved in apoptosis by mediating bystander apoptosis and increasing reactive oxygen species (ROS) 
production. These viral antigens such as the glycoprotein Env and gp120 and gp41 subunits may trigger 
caspase-dependent and caspase-independent apoptotic pathways. In some studies, combined ART has 
been reported to exert mitochondrial DNA toxicity, causing DNA dysfunction. The toxicity of antiret-
roviral therapy was first described in 1988 through observations of damaged muscle fibers which are 
characteristic of myopathy, in patients who consume zidovudine. Thus, it is suggested that both viral 
antigens and combined ART may activate apoptosis cascades, ultimately disturbing placental functions. 
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Introduction

Human immunodeficiency virus (HIV) infection during 
pregnancy is still a  major problem worldwide, especially in 
developing countries. Since its introduction in 1994, com-
bined anti-retroviral therapy (cART) has been successful 
in decreasing viral load and reducing vertical transmission 

dramatically from 14-48% to 0.4%. Despite this significant 
reduction of  vertical transmission, the  incidence of intra-
uterine growth restriction (IUGR) and preterm birth in this 
population remains high. IUGR is closely related to placen-
tal pathology, such as inflammation, oxidative stress, throm-
bus formation, and apoptosis. These pathologic processes are  
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In patients with severe IUGR and preeclampsia, extra-villous 
trophoblasts (EVT) exhibit lower stromal invasion result-
ing from immunity-induced apoptosis by maternal mac-
rophages. The  lack of  EVT invasion will be followed by 
a  fibrous deposit on the  wall of  the  spiral artery, accumu-
lation of  foam cells and muscularization of  distal segment 
of the spiral artery, all of which cause decidual vasculopathy. 
Prolonged hypoxia in the intervillous space may also cause 
oxidative stress and placental apoptosis in this setting [11].

In these patients, the  abnormal villous differentiation 
is distinct with placental changes secondary to abnormal 
uteroplacental perfusion. Figures obtained from electron 
microscope examination on villous tissue and blood vessel 
show arrested angiogenesis that inhibits villous branching. 
This pathology is described as distal villous hypoplasia, and 
is usually associated with severe cytotrophoblast reduction 
and syncytial knotting. The  resultant effect of  this unsta-
ble perfusion is ischemia-reperfusion injury that results in 
cytotrophoblast cell cycle arrest, syncytial fusion problem, 
and endoplasmic reticulum stress. The combination of these 
conditions will accelerate apoptosis in the  placenta  [11]. 
Studies on animals and humans indicate that placental re-
striction and insufficiency may be caused by a series of pla-
cental changes such as placental growth and substrate trans-
port disturbance, increased apoptosis and autophagy, and 
also increased glucocorticoid activity [12]. 

Apoptosis of  trophoblastic villous is significantly in-
creased in pregnancies complicated by preeclampsia and 
IUGR. They show abnormal capillary vessels and atrophic 
villi, disturbing oxygen supply to the placenta and trigger-
ing apoptosis [13]. The apoptotic index is also increased in 
the placenta [14]. When normal trophoblasts are cultured in 
a hypoxic environment, they tend to show increased regula-
tory activity of p53 and BCL-2-like protein (BAX) expression, 
and also anti-apoptotic BCL-2 expression, which promote 
apoptosis. P53 expression and the active form of caspase-3 
are dysregulated within villous trophoblasts [12].

Another study by Crocker et al. concluded that apoptosis 
was significantly increased in both preeclampsia and IUGR. 
This trophoblastic apoptosis may reflect poor placental con-
dition. A  similar result was also reported by Smith et al. 
They explain that increased apoptosis in these patients was 
a protective phenomenon to allow better nutrient transport 
across the  placental barrier, resulting in smaller placentas 
and neonates. Apoptotic index values of 0.17%, 0.24% and 
0.39% were reported in normal pregnancies, IUGR, and pre-
eclampsia, respectively. The initiation phase of the apoptotic 
cascade occurs in cytotrophoblasts, whereas the  execution 
phase occurs in syncytiotrophoblasts. Apoptotic nuclei pro-
duced are then accumulated as a syncytial knot [13]. 

Review of apoptosis
Apoptosis was first introduced by the German scientist 

Carl Vogt in 1842. Unlike necrosis, apoptosis is a genetically 
coded and an evolutionary mechanism of cell death. Apop-
tosis is marked by various morphological and biochemi-

usually related to various risk factors, such as maternal diabe-
tes, hypertension, preeclampsia, and also HIV and its therapy. 
Some studies showed high incidence of IUGR and preterm 
birth in HIV-positive women who consume cART, although 
their relations with other factors have not been confirmed 
yet. The  lack of  data and knowledge regarding the  safety 
of long-term cART provision has now raised concerns about 
the potential side effects for mother and neonate [1].

The incidence of IUGR in HIV-positive pregnant wom-
en varies. Geetha et al. reported low birth weight in 52.3% 
of cases and IUGR in 20% of cases [2]. Lopez et al. reported 
23.4% for cases of  IUGR diagnosed antenatally. Two thirds 
of those cases were associated with abnormal umbilical artery 
Doppler study, which indicates placental insufficiency  [3]. 
The Women and Infants Transmission Study (WITS) report-
ed 21% for cases of preterm births and 19% for cases of low 
birth weight, while Lambert et al. reported 17% and 13% for 
cases of low birth weight and IUGR in HIV-positive women 
respectively. Neonates with IUGR were associated with iat-
rogenic preterm birth and needed a longer NICU stay [3-5]. 
Mittal et al. reported that in a group of patients who received 
longer cART, the  incidence of  IUGR was 27%, which was  
associated with apoptosis-related placental insufficiency [6]. 

IUGR is associated with adverse short-term or long-
term outcomes in neonates. Short-term complications in-
clude preterm birth, low APGAR score, longer NICU stay, 
and increased neonatal morbidity and mortality. Long-term 
complications include increased incidence of metabolic and 
cardiovascular diseases in children  [7]. In this paper, we 
aim to review current knowledge and evidence regarding 
the role of HIV infection and cART provision in the increas-
ing incidence of adverse obstetrics outcomes in HIV-positive 
pregnant women.  

Placental pathology in intrauterine 
growth restriction

The placenta is a vital organ that maintains optimal fetal 
growth during pregnancy. It serves as respiratory and excre-
tory organ, and also facilitates glucose, amino acid and fat-
ty acid transfer. It produces hormones vital for fetal growth, 
such as progesterone, growth hormone, and human placen-
tal lactogen. Thus, whenever an adverse obstetrical outcome  
occurs, placental function should be the first to be investi-
gated, either prenatally by ultrasound or postnatally through 
histopathology examination. Many adverse obstetrical out-
comes such as miscarriage, IUGR, preterm birth, and pre-
eclampsia are closely related to pathologic processes in the 
placenta [8, 9].

Placentas from neonates with IUGR are usually smaller, 
hypoxic, have disturbed trophoblastic invasion, increased 
vascular resistance, reduced artery number, luminal diam-
eter and branching, decreased villous quality, and increased 
trophoblast apoptosis [10]. Various mechanisms have been 
proposed to explain placental dysfunction, including abnor-
mal early growth, maternal inflammation, ischemia, hem-
orrhage and thrombosis of varying degrees in the placenta. 
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cal aspects: cellular shrinkage, DNA fragmentation, nuclear 
and cytoplasmic condensation, cytosolic calcium increase, 
caspase activation, apoptotic body formation, and phagocyto-
sis by macrophages. Apoptosis is induced by a multiple-signal 
pathway and is regulated by complex intrinsic and extrin-
sic ligands. Apoptosis may occur through intrinsic (mito-
chondrial) or extrinsic (death receptor-mediated) pathways. 
The  intrinsic pathway is activated by various endogenous 
and exogenous stimuli, including DNA damage, ischemia, 
and oxidative stress, whereas the  extrinsic pathway is ini-
tiated by death receptor activation, binding of extracellular 
death signals such as TNF-α, Fas ligand (Fas-L), TNF-re-
lated apoptosis-inducing ligand (TRAIL) and Apo-3 ligand 
(Apo-3L) with their receptors [15, 16]. 

According to caspase involvement, there are two main 
apoptosis pathways: caspase-dependent apoptosis and 
caspase-independent apoptosis. Caspase-dependent apop-
tosis is the classic pathway of programmed cell death, usual-
ly involving cysteine-dependent aspartate-specific protease 
(caspase)-8, caspase-9, caspase-12, caspase-7 and caspase-3. 
There are various receptors that participate in this apoptotic 
pathway such as TNF-α receptors, FasL receptors, toll-like 
receptors (TLR), death receptors and others. Proapoptosis 
caspase-3 is an  executioner caspase which is mainly acti-
vated during apoptosis, triggered by mediator receptors 
of  the  extrinsic pathway and the  mitochondrial intrinsic 
pathway. Meanwhile, B-cell lymphoma-2 (Bcl-2) is an  an-
ti-apoptotic protein that prevents apoptosis through caspase 
inhibition and maintenance of mitochondrial membrane in-
tegrity [14, 17, 18].

TNF-α induces a caspase-8-dependent pathway depen-
dent on TNF-α receptors and activates caspase-8 through 
a death complex and Bcl-2 protein. Activation of the Bcl-2 
protein family can cause the  mitochondrial membrane to 
change and stimulate cytochrome C release. Cytochrome C 
is a proapoptotic signal which can activate caspase cascade 
reactions, inducing apoptosis. Some ultraviolet or X-ray ra-
diation may depolarize mitochondria and affect membrane 
permeability, increasing reactive oxygen species (ROS).  
This will trigger the  release of  cytochrome C through 
caspase-9 and caspase-3 activation [15, 17]. Similarly, some 
pathogens may also induce apoptosis via the caspase-8 de-
pendent pathway due to RNA and DNA damage. The RNA 
fragment produced by Mycobacterium tuberculosis has 
the capability to trigger caspase-8-dependent apoptosis. In 
vivo, DNA damage triggers apoptosis by increasing ROS 
levels and changing the  permeability of  the  mitochondrial 
membrane [15].

In caspase-independent apoptosis, caspase is not in-
volved in the process of apoptosis. There are many intracel-
lular ligands that may trigger changes in the mitochondrial 
membrane. Apoptosis-inducing factor (AIF) has been found 
to be the main proapoptosis factor which is released by mi-
tochondria. Its translocation to the  cellular nucleus causes 
irreversible DNA damage and apoptosis occurs. ROS may 
also act as a trigger for caspase-independent apoptosis; ROS 
mediates the  activation of  poly-ADP-ribose polymerase-1 

(PARP-1). PARP-1 activation is very important to facilitate 
AIF release from mitochondria. Mitochondrial damage is 
the first phase of apoptosis, followed by an increase in ROS 
production. ROS play a role in both cascade-dependent and 
cascade-independent apoptosis. ROS also act as a bridge that 
connects the two types of apoptosis in vivo. They are mainly 
produced in mitochondria, emphasizing the  role of  mito-
chondria in the crosstalk of both apoptotic pathways [15].

Antiretroviral-induced mitochondrial 
dysfunction

Mitochondria are cellular organelles located in the cy-
toplasm of most eukaryocyte cells. Mitochondria maintain 
cellular viability through various important processes such 
as heat production, energy supply, cell respiration, calcium 
homeostasis and also anabolism and catabolism of various 
metabolite products. They provide energy through the for-
mation of  the  adenosine triphosphate (ATP) molecule, 
which is the largest energy source of a cell. In pathological 
conditions, mitochondria are also a  major source of  ROS 
production and capable of inducing apoptosis [19, 20].

The toxicity of antiretroviral therapy was first described 
in 1988 through observations of  damaged muscle fibers 
which are characteristic of myopathy, in patients who con-
sume zidovudine. The myopathy was thought to be closely 
related to mitochondrial toxicity. This was supported by 
some findings in muscle biopsies of patients receiving ART 
therapy, such as mitochondrial defect, decreased oxidative 
phosphorylation (OXPHOS) activity and decreased mito-
chondrial DNA (mtDNA) level  [21, 22]. Early studies on 
non-nucleotide reverse transcriptase inhibitors (NRTI) 
drugs have shown that they exert very minimal effects 
on DNA polymerase alpha, but affect beta and gamma 
polymerase to several degrees. DNA polymerase alpha is 
the  main enzyme for DNA replication, while polymerase 
beta has an important role in DNA repair. The clinical im-
pact of DNA polymerase beta inhibition is still unknown. 
The  effect of  the  NRTIs on DNA polymerase gamma has 
been investigated and it is suspected that the resistance to 
this enzyme will trigger mitochondrial DNA depletion. If 
this mitochondrial DNA depletion drops beyond the crit-
ical limit, it will lead to energy insufficiency and cell dys-
function. Animal studies have revealed some degree of mi-
tochondrial toxicity, as evidenced by a decrease in mtDNA 
and abnormalities of the OXPHOS enzyme in the placenta 
of monkeys exposed to zidovudine [23].

Another theory proposes that the binding and inhibition 
of polymerase-γ enzymes by NRTIs is not linearly correlated 
with clinical manifestations of mitochondrial toxicity. Mito-
chondrial toxicity caused by NRTIs does not always follow 
the  chronological stages of  the  polymerase theory. Not all 
cases of decreased mtDNA levels trigger changes in the ex-
pression or activity of  the  proteins vital for mitochondrial 
respiration. However, mitochondrial transcription gene dis-
orders and impairment of the respiration chain activity have 
been observed despite the absence of mtDNA depletion or 



Artana Putra IW, Ketut Suwiyoga4

HIV & AIDS Review 2019/Volume 18/Number 1

HIV antigen and apoptosis
The role of viremia in apoptosis of CD4 cells in HIV virus 

infection is supported by the observation of increased apop-
tosis in patients with untreated viral infections. The number 
of CD4 cells infected with HIV is relatively low compared to 
the number of CD4 cells that undergo apoptosis. This raises 
a belief that the CD4 decrease during HIV infection is a re-
sult of bystander apoptosis. A study by Finkel et al. showed 
that most of the cells that experienced apoptosis during HIV 
infection were not infected, but they were located adjacent to 
the infected cells. Therefore bystander apoptosis is believed 
to be the  most important mechanism of  CD4 decrease in 
acquired immunodeficiency syndrome (AIDS). Some viral  
antigens involved in this process are Env glycoprotein and 
gp120 and gp41 subunits  [28, 29]. Gp120 subunit from 
the HIV Env is attached to CD4 and its co-receptor, which 
behaves as a potential candidate to mediate bystander apop-
tosis. Inhibition of gp120 attachment to CD4 or its co-recep-
tor could prevent HIV-induced apoptosis [28, 29].

Current evidence shows that HIV-1 Env mediates apop-
tosis of  bystander cells through increased mitochondrial 
ROS production, increased global cellular metabolism, and 
increased mitochondrial fusion. Env-mediated ROS produc-
tion can be inhibited by antagonizing CXCR4 and AMD-
3100. However, it is unclear whether the increased ROS pro-
duction is the result of the Env signal that binds CXCR4 or 
the oxidative stress that is induced by HIV-1 Env. HIV Env is 
a known upregulation signal for stress protein families such 
as heat shock protein 70 (Hsp70) [29].

Even though the  role of  tumor necrosis factor recep-
tor 1 (TNFR1) and the Fas (CD95) pathway have not been 
elucidated in Env-mediated apoptosis, there exists proof 
that HIV-infected cells show greater susceptibility towards 
Fas-induced apoptosis. Fas are upregulated in both the cellu-
lar membrane and the dissolved form in HIV-positive patient. 
Macrophages are believed to have a crucial role in cellular 
death in this pathway. TNF expression in the activated mac-
rophage surface can induce apoptosis in bystander T-cells 
through TRAIL (TNF-related apoptosis-inducing ligand) – 
DR5 (death receptor) activation. A further decrease in cell 
viability has been observed, induced by other viral proteins 
such as Nef (negative regulatory factor) and viral protein R 
(Vpr) that mimics biological effects of TNF, while gp120 and 
viral protein U (Vpu) could aggravate the pro-apoptotic ef-
fect of  TNF. It has been shown that cross relation of  CD4 
through Gp120 may activate the CD95 (cluster of differen-
tiation) pathways/CD95L (Fas ligand) and Nef expressing T 
cells, which results in the upregulation of CD95L, ultimately 
causing apoptosis [29].

Many studies have suggested that cellular and mitochon-
drial functions are affected by both HIV and highly active 
antiretroviral therapy (HAART), leading to adverse clinical 
events. However, few data are available about mitochondrial 
dynamics in the context of infectious diseases. To date, only 
in vitro models demonstrating HIV-1 viral protein R (Vpr) 
interaction with apoptosis and mitochondrial dynamics 

polypeptide synthesis decrease. In this condition, NRTIs 
disturb mitochondrial function via other mechanisms such 
as nucleoside homeostasis disturbance caused by the phar-
macokinetics of  NRTIs. NRTIs can also directly inhibit 
mito chondrial enzymes, which may increase the generation 
of ROS [22-25].

In vitro studies have shown that inhibition of  poly-
merase-γ will decrease the  amount of  mtDNA, which 
subsequently causes DNA dysfunction. MtDNA encodes 
the  subunit of  the  respiratory reaction, and if defected 
will disturb oxidative phosphorylation (OXPHOS). Evi-
dence has shown that mitochondrial function is affected 
by HIV particles, cytokines and/or cART toxicity  [23].  
Mitochondrial dysfunction can also be caused by the  in-
direct effects of  NRTIs, through competition with en-
dogenous deoxyribonucleotide triphosphates (dNTPs) 
independent of polymerase-γ inhibition. Therefore, NRTI- 
induced mitochondrial dysfunction cannot only be ex-
plained through the polymerase-γ hypothesis [26]. NRTIs 
had different intensity and capacity to cause mitochon-
drial toxicity. The  toxicity sequence from the  strongest 
to the  weakest is as follows: 2′-3′dideoxycytidine (ddC), 
didanosine (ddI), stavudine (d4T), zidovudine (AZT), lami-
vudine (3 TC), and abacavir and tenofovir (TDF) had the 
same strength [19, 23, 27].

Placental formation is genetically controlled. There is 
a significant increase in mitochondrial mass along with in-
creasing gestational age. The placenta grows at a high speed 
to accommodate the increased fetal nutritional and oxygen 
demand. Some studies have suggested a causal relationship 
between abnormal placental mitochondria and impaired 
placental function, as in fetal growth restriction and pre-
eclampsia cases. In vitro studies have reported that placenta 
exposed to zidovudine shows accelerated ROS production, 
impaired mitochondrial functions and caspase-dependent 
cell death. These events will cause ultrastructural degener-
ative changes of the placental villi in HIV-positive pregnant 
women treated with zidovudine [1, 27].

Sandra Hernandez et al. found that there was a decrease 
in mtDNA by as much as 39.20% ± 2.78% and caspase-3 de-
pendent apoptosis by as much as 0.48% ± 0.10.23 Tamuzi 
and Tshimwanga reported five observational studies and all 
those studies showed that ART increased the defect in mito-
chondria, which was statistically significant (p < 0.05) [27]. 
This mitochondrial toxicity can also be evaluated using 
the mtDNA/nDNA (nuclear DNA) ratio. Pregnant women 
with HIV infection had a lower mtDNA/nDNA ratio com-
pared with pregnant women without HIV infection. It was 
also found that the mtDNA/nDNA ratio was lower in preg-
nant women who started antiretroviral therapy before preg-
nancy compared with those who started antiretroviral thera-
py after pregnancy [1]. Many studies have supported the role 
of NRTI-induced mitochondrial toxicity in this population. 
But, because of the low number of sample in these studies, it 
is still difficult to completely describe their relationship with 
poor pregnancy outcomes [19].
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have been reported. No ex vivo studies have been performed 
to assess the  influence of HIV on mitochondrial dynamics 
or the relationship between HAART and mitochondrial fu-
sion and fission events and their potential association with 
adverse obstetric outcomes in HIV-infected pregnant wom-
en. In a cohort of HIV-infected pregnant women with cART, 
there was a  significant decrease in levels of  mitofusin-2 
(Mfn2) in maternal peripheral blood mononuclear cells in 
the first trimester of pregnancy, which continued to decline 
throughout pregnancy. Likewise, there was a significant de-
crease in the  concentration of  Mfn2 and dynamin-related 
protein 1 (Drp1) in the placenta of HIV-infected pregnan-
cies on cART. As previously described in vitro, Vpr can in-
terfere with mitochondrial dynamics in vivo, but only in tis-
sues in contact with the virus. Experimental data show that 
decreased expression of Mfn2 accelerates apoptosis and in-
hibits cellular development by blocking mitochondrial me-
tabolism and disrupting mitochondrial membrane potential 
and cellular activity, disrupting embryonic development. 
The  effects of  an  unbalanced fusion and fission process in 
this population may explain the occurrence of poor obstetric 
outcomes [20].

Interestingly, it was found that in HIV-positive pregnant 
women who received cART throughout pregnancy, the level 
of  viral proteins, including Vpr, were almost undetectable. 
Thus, the  imbalance of  mitochondrial dynamics and in-
creased apoptosis that is observed in these women may be 
due to cART itself rather than being induced by viral anti-
gens. Nevertheless, Vpr or other viral proteins may exert toxic 
effects even in small amounts [20].

The role of the virus in triggering apoptosis is also me-
diated by increased ROS production. ROS contains high-
ly reactive oxygen molecules such as hydrogen peroxide 
(H2O2), superoxide (O2–) anion, nitric oxide (NO) and hy-
droxyl radical (OH). Excessive ROS production causes ox-
idative stress, which is commonly found during infectious 
inflammation. Oxidative stress damages cellular structures, 
including lipids, proteins and DNA [30-32]. Mitochondria 
are the major source of ROS during oxidative phosphoryla-
tion. In the state of pathology, mitochondria not only act as 
the origin of overproduced ROS but also become the target 
of oxidative stress, leading to mitochondrial swelling, super-
oxide outflow and cytochrome leakage, modifying protein 
structures and initiating the apoptotic cascade [33, 34].

Neutrophils from HIV-1 infected patients also appear to 
be activated in vivo, showing increased cellular surface ex-
pression of programmed death ligand 1 (PD-L1), adhesion 
molecules CD11b and CD18, low CD62L expression, and 
spontaneous production of TNF-α. An exacerbated suscep-
tibility to apoptosis in the absence of stimuli has also been 
reported, and it is interesting to note that the phagocytosis 
of  apoptotic neutrophils by macrophages is an  additional 
source of inflammation [35].

In several reports, ROS worsens inflammatory status by 
increasing the  production of  pro-inflammatory cytokines 
including IL-1β, IL-6, interferon (IFN) and TNF-α, in turn 

inducing further ROS formation and exaggerated inflamma-
tory and apoptotic processes [31, 36].

Conclusions
IUGR and preterm labor are still an issue in HIV-posi-

tive pregnant women. This poor obstetric outcome is re-
lated to pathological apoptotic processes in the placenta. It 
may be triggered directly by the  viral particle or, as more 
recently proposed, as the result of cART provision. Some vi-
ral antigens such as glycoprotein Env and gp120 and gp41 
subunits may trigger bystander apoptosis. This may also 
be mediated by the  increase of  ROS production. Excessive 
ROS production causes oxidative stress, damaging cellular 
structure, lipids, membrane proteins and DNA, and in turn 
activating caspase-dependent and caspase-independent cas-
cades. The  administration of  cART, especially NRTIs, has 
been shown to exert some degree of  toxicity to mitochon-
drial DNA. Mitochondrial damage will induce apoptosis via 
the intrinsic pathway. Although the results from many stud-
ies are suggestive of  this effect, some studies have reported 
opposite results. Thus, further research is needed to confirm 
the relationship between cART provision and some adverse 
obstetric outcomes. Nevertheless, clinicians should be aware 
of this potential situation when treating HIV-positive preg-
nant women. 
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