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Abstract

Due to the advent of antiretroviral therapy HIV is no longer a terminal disease and the HIV
infected patients are becoming increasingly older. While this is a major success, with increasing
age comes an increased risk for disease. The age-related comorbidities that HIV infected patients
experience suggest that they suffer from accelerated aging. One possible contributor to this
accelerated aging is cellular senescence, an age-associated response that can occur prematurely in
response to stress, and that is emerging as a contributor to disease and aging. HIV patients
experience several stressors such as the virus itself, antiretroviral drugs and to a lesser extent,
substance abuse that can induce cellular senescence. This review summarizes the current
knowledge of senescence induction in response to these stressors and their relation to the
comorbidities in HIV patients. Cellular senescence may be a possible therapeutic target for these
comorbidities.
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1. Introduction

HIV-1 infection is a world-wide pandemic that affects more than 36 million people. In the
United States alone it is estimated that more than 1 million people are infected with HIV
(Nguyen and Holodniy, 2008). The HIV infected population is becoming increasingly older,
mainly due to the introduction of highly active antiretroviral therapy (HAART) (Bhatia et
al., 2012). The Center for Disease Control CDC has estimated that by 2015, more than 50%
of the HIV infected population in the United States will be 50 years of age or greater (Effros
et al., 2008). While this heralds transforming of HIV from a terminal to a manageable
disease, the increased age remains a problem because aging is a risk factor for a variety of
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diseases (Niccoli and Partridge, 2012). In fact, HIV-infected patients suffer from many
similar ailments experienced in the elderly, equivalently affecting their quality of life. This
has led to the theory that patients experience a premature aging phenotype (Guaraldi et al.,
2011). Aging is considered a loss of physiological integrity, leading to systemic decline and
impaired homeostasis (Lopez-Otin et al., 2013). On a mechanistic level this is thought to
occur via the effects of chronic inflammation, oxidative stress and mitochondrial
dysfunction (Jenny, 2012). The ultimate result is a decline in various organ systems such as
cardiovascular, renal, skeletal and nervous (Jenny et al., 2012). It is therefore relevant that
HIV infected patients suffer from comorbidities associated with these systems such as
atherosclerosis, diabetes, renal failure, osteoporosis and neurological deficits (Guaraldi et
al., 2011; Letendre, 2011). Growing evidence reveals a physiological role for cellular
senescence; an age-related phenomenon, in age-associated pathology (Campisi, 2013;
Campisi et al., 2011) and the presence of senescent cells may have implications for the
premature aging phenotype that accompanies HIV-infected patients. While premature aging
in general has been discussed in relation to HIV-infected patients and their comorbidities,
there has been no overview of cellular senescence as a possible contributor to premature
aging in HIV patients. This review aims to evaluate the role of cellular senescence in the
aging of HIV-infected patients. We describe the premature senescence inducing capabilities
of three factors experienced by HIV patients: the virus itself, antiretroviral drugs, and
substance abuse. We propose that one or more of these factors may contribute to cellular
senescence and consequently to premature aging in HIV infected patients.

2. Senescence

Cellular senescence is an age-related phenotype originally discovered to occur in vitro after
extensive cell passaging (Hayflick and Moorhead, 1961). Subsequent studies have
demonstrated that it is associated with the telomere attrition that occurs with successive
rounds of DNA replication (Bodnar et al., 1998). More recently senescence has been found
to occur prematurely in response to a variety of insults. Oncogene-induced senescence (OIS)
can occur via the activation of tumorigenic signals such as oncogenic RAS and Myc (Lee et
al., 2011; Serrano et al., 1997). Stress-induced premature senescence (SIPS) can occur in
response to cytotoxic stimuli such as proteasome inhibition and oxidative stress (Bitto et al.,
2010; Chen et al., 1995; Wan et al., 2014a). Regardless of the inducer, there are several
phenotypes generally shared among senescent cells including cell cycle arrest, increased
senescence-associated beta galactosidase (SA-p Gal) activity, expression of the cell cycle
inhibitors p16 and p21, DNA damage, heterochromatin formation, and the secretion of pro-
inflammatory cytokines and proteases known as the senescence-associated secretory
phenotype (SASP) (Rodier and Campisi, 2011).

There are several mechanisms proposed for how senescence leads to disease /7 vivo. Since
skeletal muscle and fat tissue progenitor cells are highly prone to senescence in BubR1
progeroid mice (Baker et al., 2013), it has been proposed that senescence acts in a cell
autonomous manner to deplete the pool of cycling cells available to an organism. This is
thought to occur by depleting stem and progenitor cells as well as by disrupting the stem cell
niche. The tissue homeostasis and regenerative capacity of an organism can subsequently
become impaired. In a study that involved a construct to clear senescent cells in aged mice,
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adipose progenitor cells were dramatically decreased in white adipose tissue of senescence
cleared mice compared to uncleared control mice (Baker et al., 2016). Thus, there is /n vivo
evidence of senescence affecting stem cells.

Senescence may also contribute to disease in a cell non-autonomous manner through the
SASP. The myriad of proteases and pro-inflammatory cytokines secreted by senescent cells
are thought to have detrimental effects on the local microenvironment. These effects include
perturbation of tissue structure by the cleavage of membrane-bound receptors and
extracellular matrix proteins (Coppe et al., 2008), stimulation of tissue fibrosis (Laberge et
al., 2012), agitation of the stem cell niche (Pricola et al., 2009) and paracrine senescence by
induction of senescence in healthy neighboring cells (Acosta et al., 2013). These
inflammatory processes are important because inflammation has been implicated in many
age-related diseases including cardiovascular, Alzheimer’s and Parkinson’s diseases (Jabbari
Azad et al., 2014; Libby, 2006; Yan et al., 2014). Accordingly, a mouse model of low-grade
chronic inflammation has even been shown to result in increased senescent cells and
accelerated aging (Jurk et al., 2014).

Senescence may therefore be playing a role in the various co-morbidities experienced by
HIV infected patients. Indeed, a literature-based gene analysis found a very strong
association between HIV and senescence genes (Zhao et al., 2016). However, little is known
about what specifically induces senescence in HIV-infected patients. These patients are
exposed to a variety of stressors including HIV gene products, HAART drugs and to a lesser
extent, addictive compounds via substance abuse that likely all contribute to the induction of
senescence and consequentially premature aging (Figure 1). The next sections will discuss
what is known for each of these stimuli as inducers of the senescence program.

3. HIV and senescence

3.1 HIV life cycle

HIV infection is a multi-step process that involves the cooperation of many viral proteins
(Simon et al., 2006). Infection primarily occurs in CD4* cells expressing the co-receptors
CXCR4 or CCRS. The virus utilizes these receptors with the envelope proteins gp120 and
gp41(Wilen et al., 2012). gp120 binds to CD4 and undergoes a conformational change that
allows gp41 to penetrate the cell membrane. The viral and cell membranes are then able to
fuse, allowing the contents of the viral capsid to be deposited into the cell. Once inside the
cell, HIV reverse transcriptase converts the viral single stranded RNA into double stranded
DNA in an error bound process that may account for the drug resistance and immune
avoidance capabilities of the virus (Sarafianos et al., 2009). Once transcribed, the viral
genome is incorporated into the host genome using the viral integrase protein (Craigie and
Bushman, 2012). HIV can then use host machinery for transcription of the virus but several
viral regulatory proteins are still important and produced early during the lifecycle. One of
these early proteins, nef, is not directly involved with HIV gene expression but has multiple
functions including downregulation of CD4, perturbation of T-cell activation and increasing
viral infectivity(Brady et al., 1993; Collins et al., 1998; Kestler et al., 1991). Other early
proteins include tat, a transcriptional transactivator which increases expression of all HIV
genes (Das et al., 2011)and rev, which helps to export incompletely spliced transcripts into
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the cytoplasm, allowing translation of structural proteins (Pollard and Malim, 1998). Viral
proteases cleave these proteins into their mature forms. The structural proteins include
gp160 which is cleaved into the envelope proteins gp120 and gp41 mentioned above (Wilen
etal., 2012), and gag which is cleaved into the viral capsid and matrix (Freed, 1998). Once
in their mature forms, the viral proteins are assembled into a mature HIV virion which can
then go on to infect another cell. With such a variety of proteins, HIV infection can be very
stressful on a cell; several studies have thus looked to see if this could induce senescence.

3.2. HIV-induced senescence and co-morbidities

In a recent study, bone marrow mesenchymal stem cells (MSCs) were treated with the HIV
proteins tat and nef. Both proteins induced premature MSC senescence which was
associated with oxidative stress and mitochondrial dysfunction (Beaupere et al., 2015).
Interestingly, tat and nef seem to induce senescence by alternate mechanisms, as tat was
associated with NF-xB while nef was associated with autophagy inhibition. Moreover, both
proteins impaired the osteoblastic potential of MSCs, suggesting that MSC senescence could
be a contributor to osteoporosis in HIV infected patients.

Other studies take an /n vivo approach by measuring senescence in cohorts of HIV infected
patients. In one such cohort, corneal endothelial cells of HIVV+ subjects had increased
features of aging and senescence such as decreased cell density and variation in cell size and
shape compared to the uninfected (Pathai et al., 2013b). Importantly levels of p16, a marker
of senescence, were increased in peripheral blood leukocytes of the patients that had
decreased endothelial cell density. In a sub-Saharan Africa cohort, p16 levels were also
higher in peripheral blood leukocytes of HIV infected patients compared to uninfected
controls (Pathai et al., 2013a). Additionally, these cells had decreased telomere length,
suggesting a correlation between senescence and accelerated aging.

This accelerated aging phenotype appears to be related to HIV disease progression. CD8+ T-
cell telomerase activity in HIV-infected patients was compared to CD38 levels, a measure of
disease progression (Chou et al., 2013). Decreases in telomerase activity and other
biomarkers such as adenosine deaminase were strongly associated with an increase in CD38.
Therefore, CD8+ T-cell senescence may be a potential biomarker of immune status in HIV
infected patients.

Other cohorts have studied the relationship between senescence and HIV-associated co-
morbidities. For instance, one study examined chronic obstructive pulmonary disease
(COPD). CD4* T-cell senescence and circulating levels of 1L-6, a component of the SASP,
were correlated with decreased pulmonary function (Fitzpatrick et al., 2014). The study also
examined telomere length, a marker of replicative senescence, in peripheral blood
mononuclear cells (PBMCs) and found that this too was associated with pulmonary
dysfunction in HIV-infected patients. Another HIV-infected cohort was examined to find the
relationship between COPD and senescence in peripheral leukocytes. In this study, leukocyte
telomere length was shorter in HIV-infected patients compared to control and shorter
telomeres were once again associated with decreased pulmonary function (Liu et al., 2015a).
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Taken together, these studies demonstrate that HIV factors can induce senescence and that
there is an association between senescence, aging and disease. However, there are very few
in vitro studies being performed to examine HIV-associated senescence. Since More HIV
gene products need to be tested as well as viral infection /n vitro. While patient cohort
studies are important, there is homogeneity to the cell types examined. More studies need to
evaluate senescence in non-immune cells of HIV-infected patients. In addition, since most
HIV-infected patients are on HAART, these drugs constitute another potential inducer of the
senescence program. The next section examines a link between HAART drugs and
senescence.

4. HAART drug induced senescence

4.1. Classes of HAART Drugs

HIV infection used to be considered a terminal disease primarily due to the fact that early on
in the epidemic only one class of antiretroviral drugs existed, the nucleoside reverse
transcriptase inhibitors (NRTIs), leading to drug resistant strains of HIV. Eventually a new
class of antiretroviral drugs called protease inhibitors (PIs) were created and the combination
of multiple classes of drugs to treat HIV became known as highly active antiretroviral
therapy (HAART), leading to the modern era of HIV infection as a chronic but manageable
disease (Sued et al., 2016). There are now five classes of antiretroviral drugs used in
HAART that target different facets of the HIV lifecycle. NRTIs and nucleotide reverse
transcriptase inhibitors (NtRTIs) competitively inhibit reverse transcriptase by acting as
nucleoside and nucleotide analogs respectively, preventing the DNA chain from being
extended (Nolan and Mallal, 2004). A second class of HAART drugs are the non-nucleoside
reverse transcriptase inhibitors (NNRTIs) which also inhibit the reverse transcriptase but
non-competitively by binding to an allosteric region of the enzyme (Sluis-Cremer and
Tachedjian, 2008). The third class is constituted by Pls that target the viral protease enzyme,
therefore preventing cleavage of viral proteins to their mature form (Nolan, 2003). A fourth
class, entry inhibitors (EIs) interfere with the binding and entry of the virus into the host cell
and the class as a whole does not have a specific target like other classes. Some targets of
Els include co-receptors on the host cell and the viral envelope protein (Briz et al., 2006).
The last class of HAART drugs are the integrase inhibitors (1Is) which target the viral
integrase, preventing incorporation of the viral DNA into the host genome (Messiaen et al.,
2013). Toxicities due to the above classes of drugs have been implicated in many of the co-
morbidities associated with HIV (Nolan, 2003; Nolan and Mallal, 2004). There are various
lines of evidence supporting that HAART drugs accelerate aging in HIV patients (Smith et
al., 2012), and studies that explore the relationship between HAART drug induced
senescence and disease are therefore starting to emerge.

4.2. HAART drug induced senescence and co-morbidities

Pls have been demonstrated to inhibit prelamin A maturation into lamin A (Caron et al.,
2003). Since impairment of the mature lamin is a mechanism for lipodystrophies, there is a
link between Pls and lipodystrophy (Mattout et al., 2006). Prelamin A accumulation also has
been linked to age-related disease due to it being the underlying factor for Hutchinson-
Gilford progeria syndrome (HGPS), a premature aging syndrome of which lipodystrophy is
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one symptom (Young et al., 2005). Human fibroblasts treated with the Pls indinavir or
nelfinavir had prelamin A accumulation, premature senescence and signs of oxidative stress
(Caron et al., 2007). Interestingly, inhibition of prelamin A farnesylation decreases both
oxidative stress and senescence in these cells, suggesting that accumulation of unprocessed
prelamin A due to Pls induces senescence via oxidative damage. Adipose tissue from
lipodystrophic HIV-infected patients who were on these Pls showed an increase in the
senescence marker p16, providing an /n vivo relationship between senescence and
lipodystrophy (Caron et al., 2007).

Another age-related HIV co-morbidity that is linked to prelamin A accumulation is
cardiovascular disease (McClintock et al., 2006). The senescence link was explored in a
study that treated vascular smooth muscle cells (VSMCs) with the Pls atazanavir, lopinavir
and ritonavir. Treated VSMCs not only had increased prelamin A accumulation, oxidative
damage and senescence induction, but also calcification (Afonso et al., 2015), a contributor
to atherosclerosis (Kalra and Shanahan, 2012). A separate study treated human coronary
artery endothelial cells (HCAECSs) with the Pls lopinavir and ritonavir. Similar to the studies
mentioned above, Pl treated HCAECs had increases in prelamin A accumulation,
senescence markers and oxidative stress which were prevented by a farnesylation inhibitor
(Lefevre et al., 2010). However, this study also demonstrated that the statin class of drugs
used to treat cardiovascular disease also inhibited PI induced premature senescence due to
their own farnesylation inhibitory activity. Moreover, PBMCs from HIV-infected patients on
ritonavir had increased levels of the senescence markers p53 and p21 which were lower in
patients that were also on a statin (Lefevre et al., 2010).

Osteoporosis is another age associated co-morbidity suffered by HIV patients which seems
to partly be caused by Pls (Duvivier et al., 2009). The mechanism behind this decrease in
bone mineral density is not well known but one study proposed a dysfunction in precursors
due to senescence. Bone marrow mesenchymal stem cells treated with combinations of the
Pls atazanavir, lopinavir and ritonavir underwent premature senescence in a farnesylated
prelamin A-dependent manner (Hernandez-Vallejo et al., 2013). Most importantly, these
senescent MSCs had decreased osteoblastic and adipogenic differentiation potential which
was reversed by pravastatin. Thus, statins may be a potential therapy to use in prelamin A
senescence based HIV co-morbidities.

Senescence has been examined in other classes of HAART drugs such as NRTIs because
they have been shown to be highly toxic to mitochondria (Johnson et al., 2001) and
mitochondrial dysfunction is an inducer of cellular senescence (Moiseeva et al., 2009;
Velarde et al., 2012; Wiley et al., 2016). Senescence was induced in medulloblastoma cell
lines treated with the NRTI abacavir (Rossi et al., 2009). However, being an immortalized
cell line the senescence induction appeared to be related to the inhibition of telomerase. In a
study involving non-immortalized cells, fibroblasts and preadipocytes treated with the
NRTIs stavudine and zidovudine displayed mitochondrial dysfunction accompanied by the
induction of premature senescence (Caron et al., 2008). Interestingly, other NRTIs including
abacavir, tenofovir and lamivudine were unable to induce these phenotypes, suggesting that
NRTIs have differential effects on senescence induction. The same study showed that
adipose tissue from lipodystrophic patients on an NRTI-based therapy that includes
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stavudine or zidovudine but no Pls had increased markers of senescence and mitochondrial
dysfunction. NRTI-induced senescence may therefore be a contributor to lipodystrophy in
HIV patients.

Lung and cardiac fibroblasts treated with the NRTIs tenovovir and emtricitabine also
underwent premature senescence that was associated with mitochondrial dysfunction
(Nacarelli et al., 2016). This senescence induction was associated with increased mTORC1
signaling and rapamycin, an inhibitor of mMTORC1, attenuated NRTI-mediated senescence.
Thus some NRTIs are able to induce senescence in an mTORC1-dependent manner. Since
these results were observed in both lung and cardiac fibroblasts, NRTI-induced senescence
may be a contributor to pulmonary and cardiac disease in HIV patients.

Of the NNRTIs, nevirapine is particularly toxic (Robertson et al., 2012) which makes it a
very likely senescence inducer. HeLa cells treated with nevirapine underwent premature
senescence that was associated with activation of the DNA damage response (Stefanidis et
al., 2008). Nevirapine appears to have differential senescence induction capabilities because
while it was able induce a growth arrest in both HepG2 cells and THLEZ2, an immortalized
human liver cell line, senescence markers were only present in THLE2 cells (Fang and
Beland, 2013). The relevance of these results towards HIV co-morbidities is uncertain
because of the use of immortalized cell lines but to date no study has examined NNRTI
senescence in primary cells.

No study has examined if entry or integrase inhibitors induce cellular senescence. This is
likely due to the fact that these two classes are not usually included in the first line of
defense against HIV (Sued et al., 2016). Nevertheless, the senescence inducing ability of
these two classes should be studied since this may reveal less senescence-inducing
alternatives to the current therapies. For all of the drug classes there has been a sore lack of
studies examining senescence induction in central nervous system (CNS) cells. Senescence
in the CNS is a novel concept but emerging evidence suggests that CNS senescence may
contribute to neurological disorders (Bhat et al., 2012; Wan et al., 2014a). HAART drugs
may therefore be contributing to HIV-associated neurocognitive disorders (HAND) via
senescence of CNS cells.

Since HIV patients on HAART take a combination of drugs, it can be difficult to attribute /n
vivo effects to a specific drug or class of drugs, especially when the virus by itself may
constitute an additional variable. Studies should therefore be performed using animal models
to determine if HAART drugs can induce senescence /17 vivo. Nevertheless, the 7n vitro
evidence paired with senescence markers displayed in related tissue of HIV patients
represents strong support for HAART drug mediated senescence and disease.

5. Substance abuse as a contributor to the induction of senescence in HIV

infection

5.1. Accelerated aging in substance abusers

HIV infected individuals have a higher probability of abusing addictive substances (Chang et
al., 2007). Consequently, drug abusers make a large fraction of HIV infected individuals.

Ageing Res Rev. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cohen and Torres

Page 8

The exact proportion is uncertain due to a reliance on self-report data but some reports
estimate as high as 35% (Murrill et al., 2001). There are a variety of complications arising
from substance abuse that range from neurological to immunological impediments (Tiwari et
al., 2013). Drug abusers are thought to undergo accelerated aging since many of these
complications are found in the elderly as well (Reece, 2007). Substance abusers even tend to
look older after a period of use (Tiwari et al., 2013). It is therefore possible that substance
abuse can be a contributor to the age related co-morbidities of HIV patients through the
induction of senescence.

5.2. Substance abuse-induced senescence and disease

In a study of heroin users, PBMCs from these individuals had markedly lower telomerase
activity compared to healthy controls (Cheng et al., 2013). MRI analysis found that for the
heroin users but not the controls, there was an association between lower telomerase activity
and grey matter loss in the right dorsolateral prefrontal cortex (DLPC), a region of the brain
associated with age-related decline. Thus, heroin appears to be accelerating aging, and while
markers of senescence were not explicitly examined in these patients, the decreased
telomerase activity suggests shortened telomeres, a feature of senescent cells (van Deursen,
2014).

Senescence was more explicitly examined in a study of methamphetamine. Mouse
embryonic fibroblasts (MEFs) treated with methamphetamine underwent premature cellular
senescence in culture (Astarita et al., 2015). This senescence induction was suppressed by a
ceramide inhibitor, suggesting that methamphetamine induced senescence is mediated by
sphingolipid signaling. In the same study, mice that were treated with methamphetamine had
ceramide dependent transcriptional upregulation of senescent markers in skeletal muscle,
confirming the /n vitro results (Astarita et al., 2015). Methamphetamine induced senescence
may therefore be a consideration for the accelerated aging phenotype of HIV patients who
abuse this drug.

One of the most commonly abused drugs is alcohol, abuse of which can contribute to liver
disease (Tiwari et al., 2013). Hepatocytes from ethanol fed mice showed increased levels of
senescence markers compared to control fed mice (Wan et al., 2014b). The study also
demonstrated that alcohol-induced inflammation from macrophages enhanced the
senescence induction of hepatocytes. Since inflammation is a component of HIV infection
(Sued et al., 2016), it is possible that alcohol-medicated hepatocyte senescence could be
even more pronounced in the HIV-infected.

The most extensive analyses of senescence induction from drug abuse are based on
cigarettes. Several studies have demonstrated that cigarette smoke extract (CSE) induces
senescence in lung fibroblasts (Ahmad et al., 2015; Kanaji et al., 2014; Nyunoya et al.,
2006). Of these, one study demonstrated that CSE-induced lung fibroblast senescence was
mediated by oxidative stress since antioxidants were able to minimize induction of
senescence (Kanaji et al., 2014). Oxidative stress appears to play a role in other cell types as
well. CSE not only induces senescence in murine skeletal muscle, but this is inhibited by
antioxidants (Liu et al., 2015b).
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Studies have also demonstrated that CSE induces senescence in epithelial cells. Alveolar
epithelial cells (AECs) treated with CSE underwent senescence in a dose dependent manner
(Tsuji et al., 2004). In the same study, mice made to inhale cigarette smoke had increased
senescence in their AECs. A separate study demonstrated a mechanism using small airway
epithelial cells (SAECs) (Ahmad et al., 2015). CSE induced senescence in SAECs due to
impaired mitophagy of damaged mitochondria. Oxidative stress once again appeared to be
involved as a mitochondria-targeted antioxidant both restored mitophagy and delayed
senescence (Ahmad et al., 2015). Interestingly, nicotine may not be the component in CSE
that induces senescence since it appears to reduce senescence of endothelial progenitor cells
(Junhui et al., 2009).

No study has examined if cocaine can induce premature senescence. However, cocaine has
been demonstrated to be very toxic to cells and even induce oxidative stress (Badisa and
Goodman, 2012; Yang et al., 2010). It is therefore likely that a side-effect of this toxicity is
premature senescence.

Just like with HAART drugs there is a lack of research looking into the senescence induction
capabilities of these compounds in CNS cells. Certain drugs such as cocaine and
methamphetamine are able to penetrate the blood brain barrier and can readily impact CNS
cells (Kousik et al., 2012). They can even weaken the barrier, consequently making it easier
for other stressors such as HAART drugs and HIV itself to penetrate the CNS. Studies
should therefore be performed that look at the effects of combining these substances on
senescence induction. Unlike HIV and HAART, drug abuse does not apply to every HIV-
infected patient. Drugs of abuse may therefore not play as big a role in HIV associated co-
morbidities as the other two factors. However, enough HIV infected patients are drug
abusers that the senescence induction capabilities of these compounds should be considered.

6. Conclusion

Factors common to HIV-infected patients such as HIV, HAART drugs and substance abuse
induce premature senescence both /n vitroand in vivo. Senescence may therefore be a link
to the HIV associated co-morbidities that give patients an accelerated aging phenotype.
While there has been plenty of research on immunosenescence, very little has been done
looking at senescence of other cell types in response to HIV infection. HIV gene products
need to be examined in further detail as well since senescence induction has only been
measured in response to nef and tat (Beaupere et al., 2015). While more cell types and organ
systems have been studied for HAART drug induced senescence, little has been done in the
CNS, a region that is becoming more relevant as HAND severity and prevalence increases
with age. In addition, as integrase and entry inhibitors become more commonly used, their
senescence induction capabilities need to be studied. There also needs to be animal studies
to examine HAART drug mediated senescence /n vivo since HIV-infection itself would be a
confounding factor in patients. Substance abuse is not experienced in every HIV-infected
patient but is prevalent enough to still be a factor to consider. Since researchers have to rely
on self-report data for substance abuse, and HIV patients have a high prevalence of
substance abuse, it can be difficult to try and isolate senescence induction from these
compounds in HIV patients. However, these effects may still be elucidated by comparing
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uninfected substance abuse patients to non-abusers. Regardless of the stressor, there appears
to be some common mechanisms of senescence induction. Most prominent is oxidative
stress but there is also mitochondrial dysfunction, inflammation and telomere dysfunction.
Targeting these pathways to minimize senescence induction may generate therapies to treat
accelerated aging co-morbidities.
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Highlights
. HIV infected patients experience accelerated aging
. Cellular senescence is a possible contributor to accelerated aging
. HIV, antiretroviral drugs and substance abuse induce premature senescence
. Targeting senescence may be therapeutic for accelerated aging in HIV

patients
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Fig. 1.
Senescence-associated accelerated aging in response to HIV-related factors. HIV infected

patients are exposed to a variety of stressors that can induce premature cellular senescence.
These factors include the virus itself, HAART drugs and addictive compounds from
substance abuse. Cellular senescence can contribute to disease in a cell autonomous or cell
non-autonomous manner. Autonomously a senescent cell undergoes permanent growth
arrest, depleting an organism’s pool of cycling cells and impairing its regenerative capacity.
Senescent cells can also experience a variety of internal stressors such as DNA and telomere
damage, mitochondrial dysfunction and oxidative stress due to increased ROS production. In
a non-autonomous manner, senescent cells secrete a variety of pro-inflammatory cytokines
and proteases known as the SASP regardless of whether they are immune or non-immune
cells. The SASP is able to induce senescence in neighboring cells and create a pro-
inflammatory microenvironment, disrupting the overall homeostasis of the surrounding
tissue. Induction of the senescence program in HIV-infected patients may consequently lead
to the accelerated aging phenotype observed in these patients. HAART, Highly Active
Antiretroviral Therapy; SASP, Senescence Associated Secretory Phenotype.
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