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Abstract

Although highly active antiretroviral therapy has lead to improved prognosis and alleviation of 

some HIV-related disease complications, it has not provided complete protection against HIV-

associated dementia. As the population of persons living with HIV grows older and aged persons 

represent a significant number of new infections, it is important to understand how HIV may affect 

the aged brain. In the current study, both adult and aged mice were treated with HIV gp120 and 

trained in a reference memory version of the water maze. Analysis of probe data revealed that 

aged animals treated with gp120 demonstrated profound decrements in water maze performance 

compared to gp120 treated young animals and saline treated aged or young animals. Additionally, 

we examined the neuroinflammatory responses in the aged and adult brain 4 h after treatment with 

gp120. Pro-inflammatory cytokines associated with neuroinflammation are known to be 

antagonistic to learning and memory processes and aged and adult animals treated with gp120 

demonstrated similar increases in IL-1 β and IL-6 in the hippocampus and cortex. Additionally, 

gp120 treatment was associated with an increase in MHCII gene expression, a marker of 

microglial activation, in the hippocampus. Although, the aged brain demonstrated a similar 

inflammatory profile at the time point measured, aged animals were more sensitive to cognitive 

dysfunction related to gp120 treatment. This finding supports the theory that aging may be a 

significant risk factor in the development of HIV-associated dementia.
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INTRODUCTION

Following the development of highly active antiretroviral therapy (HAART), persons living 

with human immunodeficiency virus type 1 (HIV) have had a greatly improved prognosis 

and life expectancy. However, while HAART has provided a treatment that has greatly 

benefitted patients, it has failed to completely afford protection against development of HIV-

associated dementia (HAD)(Stauch et al., 2017). HAD is the most severe condition of the 

spectrum of cognitive impairment comprised in HIV-associated neurocognitive disorders 

(HAND) and is characterized by cognitive and motor dysfunctions that may result in 

profound changes in concentration, memory impairments, and discoordination (Harezlak et 

al., 2011; Kaul et al., 2005; Price and Brew, 1988).

While a number of factors such as nutrition, overall health, or history of drug abuse may 

influence the development of HAD, aging has emerged as a prominent predictive risk factor. 

The incidence of HAD has increased during recent years (Dore et al., 1999) and this increase 

may be representative of the shifting age demographics of HIV-infected persons, which are 

associated with improved life expectancy. Surprisingly, a quarter of the persons infected with 

HIV are now over age 50. Additionally, this age group accounts for 15% of new HIV 

infections (Simone and Appelbaum, 2008) and they may be at an increased risk for 

development of HAD compared to younger adults infected with HIV (Wallace et al., 2017).

A growing body of evidence suggests that the aged brain may be “primed” to react in a 

manner that could hasten the progression of HAD and/or magnify its symptomology (for 

review see Sparkman and Johnson, 2008). Therefore, these changes in reactivity with the 

aged brain may be a critical factor propagating the development of HAD. Early in infection, 

the HIV virus is able to enter the brain. As current HAART drugs do not readily cross the 

blood brain barrier, the brain may act as a protected reservoir in which the virus persists and 

replicates (Ellis et al., 2002). Although the virus has not been shown to effectively infect 

neurons, it can readily invade microglia and astrocytes (Flynn et al., 2003; Vallat et al., 

1998). In turn, infected glia can actively shed neurotoxic viral components including the 

envelope glycoprotein 120 (gp120). Gp120 is capable of binding to chemokine receptors on 

glial cells and neurons, increasing reactive oxygen species and interleukin-1 beta (IL-1 β) 

eliciting neuronal cell death (Viviani et al., 2001). Furthermore, gp120 may further 

exacerbate related neuroexcitotoxicity by acting on NMDA receptors leading to an influx of 

calcium ions into affected cells, leading to neuronal hyperexcitability (Sztukowski et al., 

2018). Therefore the actions of gp120 may be a contributing factor to the progression and 

development of HAD. For example, mice that constitutively produce gp120 show neuronal 

injury and a reduction in long term potentiation (LTP) in the CA1 region of the 

hippocampus, disrupting neurophysiological function in a brain region central to learning 

and memory (Krucker et al., 1998). Additional studies have demonstrated that gp120 

treatment in young adult animals disrupted hippocampal LTP (Sanchez-Alavez et al., 2000) 

and adversely affected hippocampal-dependent cognitive tests (Glowa et al., 1992; Pugh et 

al., 2000; Sanchez-Alavez et al., 2000).
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In response to trauma, stress, or infection, pro-inflammatory cytokines genes are upregulated 

in the brain and have a potent impact on behavior and cognition (Gibertini et al., 1995; Pugh 

et al., 2001; Yirmiya et al., 2002; Shaw et al., 2001; Sparkman et al., 2006; Sparkman et al., 

2005). The hippocampus may be particularly vulnerable as it contains a relatively high 

number of cytokine receptors (Konsman et al., 2002). Furthermore, as the brain of aged 

animals may be sensitized to the induction of cytokines, stimuli that upregulate pro-

inflammatory gene expression in the hippocampus are associated with increased cognitive 

and behavioral alterations in aged animals compared to adults (Abraham and Johnson, 2009; 

Chen et al., 2008; Godbout et al., 2005). Importantly, Abraham and colleagues reported that 

intracerebroventricular (icv) infusion of gp120 increased brain inflammatory cytokines in an 

age-related manner and led to greater behavioral alterations in aged animals compared to 

adult animals treated with gp120(Abraham et al., 2008). Thus, gp120-induced pro-

inflammatory cytokines may contribute or mediate some aspects of cognitive impairment 

associated with HIV infection and may interact with aging to exacerbate or hasten the 

progression of HAD.

In order to test the hypothesis that aging may be a key factor in the development of HAD 

associated cognitive dysfunction, aged and adult mice were injected icv with gp120 or saline 

and then trained in a modified water maze task. The important findings indicate that while 

gp120 produced a similar neuroinflammatory profile in both the aged and adult mouse brain 

at the time point measured, aged animals appear to be more sensitive to cognitive deficits 

associated with gp120 administration.

Materials and methods

Animals

Adult (3–6 months) and aged (22–24 months) male BALB/c mice from either our in-house 

colony or purchased from Taconic and aged were used. Mice were housed in polypropylene 

cages and maintained at 23°C under a reverse phase 12-h light: 12-h dark cycle (lights off 

7:00 am/ lights on 7:00 pm) with ad libitum access to water and rodent chow. All animals 

were handled everyday throughout the course of the experiment and habituated to light 

restrain techniques for icv injections. All behavior and injections were executed during the 

“dark” (from 8:00 am and 12:00 pm) phase under red light. At the end of the study, mice 

were examined postmortem for gross signs of disease (e.g., splenomeglia and tumors). Data 

from mice determined to be unhealthy were excluded from analysis. A total of 33 mice were 

tested: aged gp120-treated n=8; aged saline-treated animals n=8; young gp120-treated 

animals n=9; young saline-treated animals n=8). All procedures were in accordance with the 

National Institutes of Health Guidelines for the Care and Use of Laboratory Animals and 

were approved by the University of Texas at Dallas or University of Illinois Institutional 

Animal Care and Use Committee.

Intracerebroventricular cannulation

The intracerebroventricular cannulation was performed as previously described (Godbout et 

ai., 2005a). In brief, mice were deeply anesthetized using ketamine and xylazine (1 mg and 

0.1 mg/10 g by body weight, intraperitoneal, respectively) and the surgical cutaneous site 
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was shaved and sterilized. Mice were positioned in a stereotaxic instrument so that the plane 

formed by the frontal and parietal bones was parallel to the table top. An incision, 1 cm in 

length, was made on the cranium to reveal the bregma and a 26-gauge stainless-steel guide 

cannula was placed in the lateral cerebral ventricle using the following stereotaxic 

coordinates: Lateral 1.6 mm, anteroposterior 1mm to the bregma, and vertical −2mm from 

the dura mater. Two anchoring cranial screws were inserted adjacent to the cannula and the 

cannula was secured with cranioplastic cement. A dummy cannula was inserted in the guide 

cannula to prevent occlusion and infection.

Mice were injected subcutaneous with buprenorphine (1 mg/10 g BW) following surgery 

and 12 h afterwards. Mice were provided a minimum of 7 days to recover before any gp120 

treatment was administered. For a portion of the animals, accurate placement of the cannulas 

was confirmed after euthanasia by icv injection of trypan blue dye and gross physical 

examination of dye diffusion throughout the ventricles. Using trypan blue in a subset of 

animals, we were able to determine that i.c.v. delivery into the cerebrospinal fluid allowed 

the drug to be dispersed throughout the lateral ventricle and associated brain regions (e.g. 

hippocampus, thalamus, cerebral cortex). For animals that brain tissues were collected from, 

cannula placement was verified by inserting an injection cannula into the guide cannula and 

verifying gravity flow of sterile saline 48 h prior to the start of the experiment.

Animal experimentation

HIV-1 SF162 (M-tropic) gp120 (Cat. No. 7363; NIH Aids Research & Reference Reagent 

Program) was dissolved in sterile saline immediately prior to an experiment. Under light 

restraint, mice were infused icv with 2μl of vehicle or gp120 (100 ng) over a 30s period 

using a 28-gauge injection cannula, Hamilton syringe and syringe pump (World Precision 

Instruments). Four hours after the third daily icv infusion of gp120, the first session of water 

maze training was conducted. This time point corresponded with the onset of sickness 

behavior in a previous study (Abraham et al., 2008). Acquisition training and injections 

continued for another 4 days. Animals received a final injection 4 hours prior to the probe 

trials. Immediately following the second probe trial, mice were killed by C02 asphyxiation 

and tissues were collected.

Water maze

A reference memory version of the Morris water maze was utilized to evaluate 

hippocampus-dependent learning and memory (Morris, 1984). A circular tank 100 cm in 

diameter and 30 cm deep filled with water (24 °C) to a depth of 25 cm was used. A 

transparent round platform 10 cm in diameter was constructed from clear plastic and 

positioned approximately 0.5 cm below the surface of the water in the center of one 

quadrant. Numerous visual stimuli were located outside of the tank and served as spatial 

cues for animals to judge their relative position in the maze. A video camera mounted to the 

ceiling directly above the center of the maze was used in conjunction with the EthoVision 

tracking system (Noldus Information Technology, Wageningen, Netherlands). Prior to the 

start of the first trial of each session mice were placed on the platform for 30 s. To begin 

each trial, a mouse was pseudorandomly placed in the water in one of three preset locations 

2 cm from the edge of the tank facing the wall. Mice were allowed to swim freely for a 
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maximum of 60 s or until the platform was located. After the mouse reached the platform it 

was required to remain there for 30 s. If the platform was not located during the 60 s, mice 

were guided to the platform and allowed to remain there for 30 s. Performance parameters 

that were determined included swim speed, latency to the platform, and distance swam. 

After completion of three consecutive trials, mice were returned to their home cage and kept 

under a heat lamp for 10 min. Mice were trained utilizing this paradigm for 5 consecutive 

days. Twenty four hours after the completion of the final trial on day 5, animals were again 

placed in the maze with the platform absent for 30s. After 30 s had elapsed, the platform was 

reinserted into the maze at its original position and the mouse was allowed to climb on top 

of it and remain for 60 s. Mice then received a second 30 s probe and animals were killed 

immediately after the trial had elapsed for tissue collection.

Tissue collection

Immediately after the final probe trial (4 h post icv injection), a subset of mice from each 

treatment group was killed by C02 inhalation and decapitation. The brain was quickly 

dissected and placed in RNA later and stored at −80 °C until measuring of proinflammatory 

cytokines (IL-1 β, IL-6 and TNFα), a marker of microglial activation (MHCII), 

neurotrophin (BDNF), and protein kinase (CAMKII, MAPK) mRNA by quantitative reverse 

transcriptase- polymerase chain reaction (qRT-PCR).

Cytokine mRNA measurement by quantitative real-time PCR

RNA isolation—Because of tissue size and RNA amount, total hypothalamic RNA was 

isolated using the Arcturus PicoPure™ RNA isolation kit as described by the manufacturer. 

DNAse treatment was performed on a PicoPure column with a Qiagen RNAse-free DNAse 

set (Qiagen, Valnecia, CA). RNA from the hippocampus, cortex, striatum, and cerebellum 

was isolated using Tri Reagent protocol (Sigma, St. Louis, MO.) A Quanti Tect Reverse 

Transcription Kit (Qiagen, Valencia, CA) was used for cDNA synthesis from both RNA 

isolation methods with integrated removal of genomic DNA contamination according to the 

manufacturer’s protocol and previously described (Krzyszton et al., 2008).

Quantitative PCR—Quantitative real-time PCR was performed using the Applied 

Biosystems (Foster, CA) Assay-on Demand Gene Expression protocol as previously 

described (Krzyszton et al., 2008). In brief, cDNA was amplified by PCR where a target 

cDNA (IL-1 β, IL-6, TNF-α,; MHC class II (antigen E), CamK2a, BDNF, NR2B, MAPK) 

and a reference cDNA (glucose-3 phosphate dehydrogenase) were amplified simultaneously 

using an oligonucleotide probe with a 5’ fluorescent reporter dye (6-FAM) and a 3’ quencher 

dye (NFQ). PCR reactions were performed in triplicate under the following conditions: 50° 

C for 2 min, 95° C for 10 min, followed by 40 cycles of 95° C for 15 sec and 60° C for 1 

min. Fluorescence was determined on an ABI PRISM 7900HT-sequence detection system 

(Perkin Elmer, Forest City, CA). Data were analyzed using the comparative threshold cycle 

(Ct) method and results are expressed as fold difference compared with saline controls.

Statistical Analysis

Session means for acquisition data from the water maze (i.e., latency, distance and speed) 

were subjected to a three-way (Age × Treatment × Session) repeated measures ANOVA in 
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which post-injection test session was the within-subjects factor (i.e., repeated measure) and 

Age (adult or aged) and Treatment (saline or gp120) were between-subjects factors. All 

other data were subjected to two-way ANOVAs to determine the main effects of Age and 

Treatment, and the Age × Treatment interaction. Post hoc analysis consisted of Fisher’s 

protected least square difference to determine significant differences between groups. 

Additionally, percent time in the target quadrant for the probe trials were analyzed utilizing 

one-group T tests in order to determine if groups’ performance significantly differed from 

chance (25%).

Results

Effects of Aging and Gp120 on water maze performance

To determine if gp120 affects hippocampal-dependent learning and memory, adult and aged 

mice treated with saline or gp120 were trained for 5 days in a modified Morris water maze. 

Aged and adult animals received icv infusions of gp120 or saline 4 h prior to the start of 

each day of training and on the two days that immediately preceded the acquisition period. 

During the acquisition phase, there were no significant effects of Age or Treatment for 

distance swam to locate the platform, thus aged and adult animals showed no difference in 

their ability to efficiently locate the platform. However, there was a significant main effect of 

Age for swim speed (F(1,32)=7.142, p<0.05) and latency to reach the platform 

(F(1,32)=14.813, p<0.001) in which aged animals were slower and took longer to find the 

platform (Figure 1). Conservatively, these differences in swim speed may be most readily 

attributed to the associated changes in physical capacities that come with age rather than 

indicative of cognitive impairment. Twenty-four hours after the final session of acquisition, 

animals were subjected to two probe trials in order to test the strength of the memory for the 

platform location. Typically, percent time in the target quadrant is utilized to ascertain the 

strength of the association formed by the animal for the platform’s quadrant. During the first 

probe trial which measured long term retention of the platform position, there was a 

significant Age × Treatment interaction (F(1,32)=4.816, p<0.05) and a main effect of 

Treatment (F(1,32)=6.745, p<0.05) in which aged animals treated with gp120 demonstrated 

a significantly reduced preference for the target quadrant compared to aged or adult animals 

treated with saline or young animals treated with gp120 (there were no significant 

differences between the other groups(Figure 2). During the second probe trial, following a 

rest period on the platform, analysis revealed a trend for Treatment approaching significance 

(p=0.067) in which animals treated with gp120 showed less of a preference for the correct 

quadrant than saline treated animals. Interestingly, aged animals treated with gp120 did not 

differ from chance at either time point in their preference for the correct quadrant. All other 

groups’ preferences for the target quadrant were significantly greater than chance during 

both trials (Figure 2). These data suggests that gp120 had a greater impact upon the aged 

animals’ memory for the platform location compared to adult animals.

Central mRNA expression

Analysis revealed that gp120 significantly increased IL-1 β mRNA levels in the cortex, 

hippocampus and hypothalamus of aged and adult mice (n=16) compared to saline treatment 

(n=14) (p<0.05). IL-6 mRNA expression was significantly greater in the cortex and 
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hippocampus of gp120 treated animals compared to saline treated controls (p<0.05). While 

not significant, TNF-α mRNA levels tended to be higher in animals treated with gp120 in all 

three brain regions examined (cortex, p=.09; hippocampus, p=.07; hypothalamus, p=.08). 

Additionally, compared to saline treated animals gp120 treatment up regulated MHC-II gene 

expression, a marker of microglial activation, in the hippocampus (p<0.05) and tended to do 

so in the cortex (p=0.07). There were no significant age effects or significant age by 

treatment interactions. Expression of mRNA for genes associated with the cellular 

underpinnings of learning and memory processes (BDNF, CAMKII or MAPK) were also 

measured in hippocampus and cortex; however, there were no observable alterations due to 

gp120 treatment or aging (data not shown).

DISCUSSION

The development of HAD in aged individuals often correlates with length of infection when 

compared to younger individuals, but it is prudent to disentangle the contributing variables 

of length of infection and age in order to better understand the progression of HAD. As the 

population of aged individuals acquiring new HIV infections is growing and is expected to 

grow in the future, it is important to consider how HIV infection may differentially affect the 

aged brain without regards to the duration of the infection. Additionally, transgenic rodent 

models for studying HAD cannot currently control for developmental or cumulative effects 

associated with length of exposure when examining the effects of aging. The current study 

examines HIV- related alterations of learning and memory in aged mice and effectively 

controls for length of exposure within younger cohorts.

In order to evaluate how aging may influence the development of HAD, the current study 

utilized both aged and adult animals that received either saline or gp120 icv injections and 

assessed performance in the water maze. Although aged animals swam slower than adult 

animals during acquisition, there were no evident effects on spatial learning and memory as 

both aged and adult animals were equally efficient in the ability to locate the platform 

regardless of treatment (Figure 1). It should be noted that during the acquisition phase, 

animals were allowed 30s on the platform immediately prior to each swim and therefore 

may have been more dependent on short term memory than during the initial probe trial. A 

probe trial was conducted 24h after the final trial of the acquisition phase in order to 

determine the strength of the animals’ long term memory for the platform location. It is 

assumed that an increased preference for the target quadrant is indicative of animals’ ability 

to effectively encode spatial information during the acquisition trials and retain it (Morris, 

1984). During the initial probe of long-term memory for the platform, aged animals that had 

been treated with gp120 during the acquisition period showed no preference for the platform 

location. Notably, aged gp120-treated animals preference did not differ significantly from 

chance. All other groups displayed a significant preference for the platform quadrant (Figure 

2a & b). Therefore, gp120 may significantly interact with aging so that learning and 

formation of longer-term memories (i.e. consolidation) are more negatively impacted in aged 

animals compared to young animals that received the same exposure. Interestingly, there 

were no differences between groups during the training phases which may point to 

differences in the underlying neurophysiololgy of the required memory systems. During the 

initial training period, all trials were preceded by a 30s exposure to the platform, allowing 
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the animals to reacquire the platform location and trial performance was dependent on short-

term (immediate) recall. However, during the initial probe trial, animals had to rely upon 

memory of the platform location from 24 hours prior. Longer-term memories require both 

the development of LTP and require protein synthesis for effective memory consolidation. 

Both of these processes have been shown to be impaired by neuroinflammatory stimuli 

including gp120. Although, all animals did show evidence of learning during the training 

period, the probe trial revealed that the strength of conditioning (i.e. amount of time spent 

searching in the platform quadrant; as indication of memory strength or learning) was 

significantly reduced in gp120-treated aged animals compared to the other groups.

During aging, the brain shifts from a balance of pro-inflammatory and antiinflammatory 

cytokines towards a pro-inflammatory state and may predispose aged animals to increased 

behavioral alterations and cognitive deficits following immune activation (Abraham et al., 

2008; Chen et al., 2008; Streit, 2004). However, at 4 h post gp120 treatment, there was not a 

significant interaction of age and gp120 treatment for mRNA expression levels of pro-

inflammatory cytokines IL-1 β, IL-6 or TNF-α in any of the brain regions examined (Figure 

3). This observation was unexpected due to a previous report from this lab which found 

increased pro-inflammatory cytokine levels 24h post icv injection of gp120 in aged animals 

compared to young (Abraham et al., 2008).

Interestingly, even though no measurable differences in cytokines were observed 4 h after 

gp120 administration, aged animals demonstrated a clear deficit in their conditioning to the 

target quadrant compared to aged or adult animals treated with saline or gp120 treated adult 

animals (Figure 2a). While gp120 led to a similar induction of cytokine mRNA in both aged 

groups that was similar at the time point measured, it is possible that the dynamics of 

cytokine upregulation and its resolution may be altered in the age animals.

For example, Abraham et. al., (2008) utilized a similar dosing regimen and observed that 24 

h post gp120 treatment adult animals had pro-inflammatory cytokine levels that were 

comparable to controls, while gp120 treated aged animals still had increased cytokine levels 

compared to controls. Together with the results of the current study, it seems gp120 may 

elicit a similar cytokine response in the brains of aged and adult animals in the shorter term; 

however, the aged brain may react in a manner wherein the upregulation of pro-

inflammatory genes is protracted. This may be relevant for the results of the current study in 

that the prolonged cytokine response may interfere with memory consolidation(and possibly 

memory acquisition, given that gp120 was given prior to training), a dynamic process by 

which shorter term memories undergo processing that transfers them to longer term 

memories. Memory consolidation takes place in the hours and days following the learning 

experience and is vulnerable to various degrees of disruption throughout the process. Pro-

inflammatory cytokines, particularly IL-1 β, have been shown to be potent disrupters of 

memory consolidation (Barrientos et al., 2002; Pugh et al., 2000; Yirmiya et al., 2002). 

Therefore, it is possible that the prolonged upregulation of inflammatory genes in the aged 

brain may interfere with processes associated with learning and memory (e.g. long-term 

potentiation and memory consolidation), whereas the contracted time course of 

inflammatory mediators in the adult brain may not lead to the same level of interference. 

Moreover, several studies have shown that when pro-inflammatory cytokines, such as, IL-1 
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β or IL-6 are blocked after other stimuli such as LPS, mTBI, and poly l:C, in aging, that the 

aged population displays more robust ameliorated behavioral effects compared to adults 

(Abraham and Johnson, 2009; Burton et. al., 2013, Sparkman et. al., 2006; Cho et.,al. 2016).

While we measured mRNA for genes associated with the fundamental processes associated 

with learning and memory, we did not observe any changes in BDNF, CAMKII or MAPK 

(data not shown). However, as learning and memory are controlled by a number of different 

genes it is possible that gp120 may disrupt a different subset of genes that modulate 

encoding or memory formation. Alternatively, it is possible that gp120 may elicit a 

neurotoxic response or influence apoptotic mechanisms that may alter neuronal morphology 

or synaptic density that may interact with aged related declines in cognitive function. T-cell 

infiltration has been recently studied in the context of HAD and might play an important role 

on the altered aged phenotype (Hong and Banks, 2015). In addition, peripheral chronic 

inflammation, DNA damage and demethylation are mechanisms facilitated in aging and lead 

to neuronal dysfunction and cell death (Coppede and Migliori, 2010). Regardless of the 

mechanism, it is evident that aged animals treated with gp120 suffered more severe 

decrements in hippocampal-dependent learning and memory compared to adult animals that 

received similar treatment.

Generally, aging is associated with diminished cognitive reserve and may reflect alterations 

associated with decreased brain volume and decreases in neuronal number (for review see 

Stern, 2009). In order to ensure that aged animals could learn the task and ensure that 

differences were detectable among the experimental groups, we moderated the difficulty of 

the task by utilizing an immediate recall paradigm (massed trials) during training. The 

results showed that all animals could successfully navigate to the platform during shorter-

term memory trials. Retention of the maze cues was evident by shorter distances across the 

days of training; however, when required to retain the specific platform location for 24 

hours, the impact of gp 120-treatment was evident by decreased preference (i.e. 

conditioning) to the correct quadrant. Assuming that aged mice in the current study had 

diminished reserves, the gp120-related insult may have had a greater impact on the aged 

brain, and processes related to long-term memory formation, regardless of the lack of 

differential expression of proinflammatory cytokines in aged and adult mice at the 4h time 

point. Furthermore, when IL-1 β was administered to both aged and adult mice, aged 

animals suffered more serious sickness behavior and took longer to recover, indicating that 

the aged brain may indeed be more susceptible to the neurobehavioral properties of 

cytokines (Abraham and Johnson, 2009) and may represent a change in the duration of 

cytokine production rather than absolute magnitude. It may be that shorter-term 

perturbations in the CNS do not readily affect immediate short-term memory processes but 

may impair long-term memory formation and retention (i.e. impair LTP and protein 

synthesis).

The deficits in cognition are similar to those previously reported by D’Hooge et al (1999). In 

that study, mice that constitutively overproduce gp120 show neuronal injury, including loss 

of dendritic spines, as well as reductions in LTP in the CA1 region of the hippocampus 

(Krucker et al., 1998). These animals also demonstrate an age-related impairment in Morris 

water maze conditioning (D’Hooge et al., 1999). While, this study provides some evidence 
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for gp120’s role in the etiology of HAD, the model does have some limitations in its 

application for HIV-related aging research. Foremost, as the animals express gp120 

throughout the lifespan, it is impossible to delineate how this may have impacted 

developmental trajectories. Secondly, the study could not control for length of exposure 

between young and old transgenic animals. In contrast, length of exposure to gp120 in the 

current study was equivalent between adult and aged animals. The results of the current 

study indicate that the resultant neurophysiological changes associated with aging may be an 

important mediating factor for the development of HAD and associated decrements in 

learning and memory, regardless of the duration of the infection.

Future studies are needed to better elucidate the impact of gp120 on the aged brain, as 

current studies are yet to elucidate neuroimmune molecular mechanisms contributing to the 

development of HAD (Hong and Banks, 2015). While it was necessary that tissues be 

collected at a more proximal time point for the current study, it may be beneficial to examine 

the interaction of gp120 and aging at various time points after administration in order to 

observe the relative changes that may take place during the course of exposure. As it appears 

that cognitive reserve may play an appreciable role in the development of HAD, it would 

prove interesting and informative to examine variables that are thought to manipulate this 

reserve, such as environmental enrichment and social isolation.
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Highlights

• HIV-Associated Dementia is becoming more prominent as individuals’ living 

with and contracting HIV increase in age.

• Aged mice are more susceptible to HIV gp120-induced cognitive 

perturbations.

• IL-1 β productions represents a link between aging and cognitive effects in 

HIV-gp120 treated animals.
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Figure 1: 
Daily averages for A) Swim Speed, B) Distance swam to locate the platform and C) Latency 

to reach the platform during the 5 days of Acquisition of both young and aged animals (n = 

8–9;*p<0.05). Bars represent group’s session means ± standard errors.
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Figure 2: 
A) Percent time spent in the correct quadrant during probe trials 24h following the last 

session of training and immediately following 60s spent on the platform. Aged animals 

treated with gp120 spent significantly less time in the target quadrant compared to the rest of 

the groups (n = 8–9; *p<0.05). The dashed line represents the level of performance predicted 

by chance. Bars represent group means ± standard errors. B) Representative path tracings for 

mice during the initial 24h probe trial. The platform had been located in the bottom right 

quadrant for all groups.
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Figure 3: 
Proinflammatory cytokine and MHCII gene expression in the A) hippocampus, B) cortex 

and C) hypothalamus in aged and adult mice (n=7–9) following gp120 treatment. Bars 

represent mean fold change ± standard error of the mean. Bars with different letters are 

significantly different (n= 7–9; p<0.05). Bars that share subscripts do not differ.
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