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Abstract

We previously reported that galectin-9 (Gal-9), a soluble lectin with immunomodulatory 

properties, is elevated in plasma during HIV infection and induces HIV transcription. The link 
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between Gal-9 and compromised neuronal function is becoming increasingly evident, however, the 

association with neuroHIV remains unknown. We measured Gal-9 levels by ELISA in 

cerebrospinal fluid (CSF) and plasma of 70 HIV-infected (HIV+) adults stratified by age (older 

>40yr and younger <40yr) either ART suppressed or with detectable CSF HIV RNA, including a 

subgroup with cognitive assessments, and 18 HIV uninfected (HIV−) controls. Gal-9 tissue 

expression was compared in necropsy brain specimens from HIV− and HIV+ donors using gene 

datasets and immunohistochemistry. Among older HIV+ adults, CSF Gal-9 was elevated in the 

ART suppressed and CSF viremic groups compared to controls, whereas in the younger group 

Gal-9 levels were elevated only in the CSF viremic group (p<0.05). CSF Gal-9 positively 

correlated with age in all groups (p<0.05). CSF Gal-9 tracked with CSF HIV RNA irrespective of 

age (β=0.33;p<0.05). Higher CSF Gal-9 in the older viremic HIV+ group correlated with worse 

neuropsychological test performance scores independently of age and CSF HIV RNA (p<0.05). 

Furthermore, CSF Gal-9 directly correlated with myeloid activation (CSF soluble CD163 and 

neopterin) in both HIV+ older groups (p<0.05). Among HIV+ necropsy specimens, Gal-9 

expression was increased in select brain regions compared to controls (p<0.05). Gal-9 may serve 

as a novel neuroimmuno-modulatory protein that is involved in driving cognitive deficits in those 

aging with HIV and may be valuable in tracking cognitive abnormalities.

Keywords

Galectin-9; HIV; Biomarkers; Neuroinflammation; Cognitive disorders

Introduction

Despite viral suppression through antiretroviral therapy (ART) more than 30% of HIV-

infected individuals are estimated to have some degree of cognitive deficit that will 

significantly impact activities involved in their day-to-day functioning [1-3]. Moreover, HIV-

associated cognitive impairments (CI) are twice as prevalent in older HIV-infected persons 

and particularly those greater than 40 years of age have a decennial 18% increase in odds of 

developing cognitive deficiencies compared to the uninfected population [4, 5]. This is of 

importance in the current era of HIV infection as more than half of the HIV population in 

the United States is over 50 years of age [6] and susceptible to a higher prevalence of age-

related comorbidities [7, 8]. Furthermore, targeted therapies beyond ART to prevent or delay 

cognitive impairment are unavailable and will require better insight into the mechanisms 

driving HIV-associated CI [9-11].

The underlying neuropathogenesis of HIV-associated CI in the era of widespread ART use is 

complex, likely multifactorial, mainly involving viral factors and dysregulated immunity. 

Low-level viral replication in the CNS, as a result of insufficient penetrance of ART and/or 

concurrent HIV driven-peripheral immune activation may trigger a neuroinflammatory state 

leading to a cascade of neurotoxic events driving neuronal injury and detrimental cognitive 

outcomes [12, 13]. Additional factors such as neurotoxicity from ART, microbial 

translocation, substance abuse, mental health conditions (anxiety disorders, major 

depression, bipolar disorder), and other age-associated comorbidities contribute to the 

development of CI in HIV-infected individuals [14-16].
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Cerebrospinal fluid (CSF) functions as a “sink” for brain extracellular solutes and can flow 

through the brain parenchyma [17]; therefore, alterations of solutes in the CSF could 

potentially reflect underlying CNS pathologies. CSF markers of monocyte/macrophage 

activation (neopterin, CD163) and CNS injury (neurofilament light [NFL] protein, t-tau and 

S100β) have been linked, to some degree, with CNS abnormalities and poor cognitive 

performance in HIV-infected populations [18-23]. Continued studies identifying novel 

biomarkers with greater sensitivity and higher specificity to monitor and reveal potential 

mechanisms involved in CI in those aging with HIV will ultimately lead to therapeutic 

options to prevent or ameliorate cognitive dysfunction in this population.

Galectins, a family of proteins that exhibit binding affinity for β-galactosides, are shown to 

modulate inflammatory responses and participate in homeostasis and regeneration of injured 

tissues in the CNS [24-26]. We recently determined that plasma levels of galectin-9 (Gal-9), 

an important pleiotropic modulator of both innate and adaptive immune responses, are 

elevated early after HIV acquisition [27-33]. Gal-9 also appears to play an important role in 

inducing HIV transcription and viral production during suppressive ART [34], and thereby 

implicated in HIV pathogenesis and persistence. Other galectins, such as galectin-1 and 

galectin-3, exhibit varying roles in the CNS, ranging from neuroprotective effects to 

promoting inflammatory processes [35-39], while Gal-9 has shown to be predominantly 

associated with CNS disease progression. Gal-9 expression is elevated in astrocytes residing 

in multiple sclerotic lesions and increases progressively in brain tissues in relation to glioma 

severity [40, 41]. Furthermore, an elevation of CSF Gal-9 levels was observed in individuals 

with secondary progressive multiple sclerosis, thus illustrating a link between Gal-9 and 

compromised neurological function [42].

The primary goal of this study is to establish a relationship between Gal-9 levels in the CSF 

and several virologic and immunologic measures, and clinical characteristics associated with 

HIV-associated CI. We hypothesized that higher CSF Gal-9 in HIV infection would 

associate with higher biomarker levels of HIV CNS involvement as well as with impaired 

cognitive performance. Secondarily, we explored the expression profile of Gal-9 in the brain 

in the context of HIV infection and neuroinflammation.

Materials and Methods

Study participants and specimens

This study utilized archived CSF and matched plasma samples from cohort studies that 

prospectively observed HIV-infected participants: the Hawai'i Aging with HIV Cohort 

(HAHC), University of California, San Francisco (UCSF) and University of Gothenburg 

(UGOT) cohorts. Study details of enrollment and clinical characterization were previously 

published [20, 43]. For inclusion in this study, we required that HIV-infected individuals be 

ART suppressed (virally suppressed in both plasma and CSF) or have detectable CSF VL 

(despite ART-exposure status and with or without plasma viremia). Individuals with a 

detectable CSF VL were from the HAHC (n=38), while virally suppressed participants were 

from the UCSF (n=16) and UGOT (n=16) cohorts. HIV-uninfected (HIV−) age-matched 

controls were volunteers from the UCSF cohort and confirmed by serological testing at 

study visit. Medication and demographic data, as well as measurements of HIV laboratory 

Premeaux et al. Page 3

J Neurovirol. Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



parameters (VL, CD4 T cell count, and nadir CD4) were available. All CSF and plasma 

samples were obtained and stored at time of visit at − 80°C until use. The institutional 

review board on each site approved respective studies.

HAHC evaluations also included a neurological examination and neuropsychological (NP) 

testing. HAHC participants were categorized with research-based cognitive diagnoses into 

normal, minor cognitive motor disorder (MCMD), and HIV-associated dementia (HAD) 

using the American Academy of Neurology (AAN) 1991 criteria [44]. Participants who 

were asymptomatic yet performed in an impaired range were also separated out in a group 

labeled “NP abnormal” in a manner that later became known as Asymptomatic 

Neurocognitive Impairment (ANI) in the revised 2007 nosology [45]. Neuropsychological 

composite z-scores (NPZ) were calculated from raw NP test scores that were normalized to 

z-scores using published norms adjusted for age, sex, and education, as described previously 

[46]. Major exclusions for the HAHC study included major psychiatric disorder, 

opportunistic brain infection, learning disability, and major neurologic disease [43].

Slides of formalin-fixed and parrafin-embedded brain tissue (frontal lobe cortex and white 

matter) were obtained through the National NeuroAIDS Tissue Consortium (NNTC). 

Necropsy specimens were from HIV-infected with or without encephalitis or HIV uninfected 

donors. Inclusion criteria: aged 30-60 years old with a post-mortem interval ≤ 24 hours; HIV

+ without encephalitis were on cART with a VL ≤ 2000 copies consistent over 1 year before 

death and presented normal or minimal non-diagnostic brain abnormalities.

Soluble Marker Quantification

Detection of biomarkers in plasma and/or CSF was conducted according to the kit 

manufacturer’s instructions and all samples were analyzed in duplicate. Soluble markers 

were determined by the following quantitative kits: Human Galectin-9 Quantikine ELISA kit 

(R&D systems, MN, USA), Soluble CD163 ELISA (Trillium Diagnostics, LLC, ME, USA), 

Neopterin competitive enzyme immunoassay (ALPCO, NH, USA), and NF-Light 

(Neurofilament light) ELISA (UmanDiagnostics, Sweden). Optical density was read with a 

microplate spectrophotometer (Bio-Rad, Redmond, WA) and standard curve interpolation 

conducted on Prism version 7.0b (Graphpad Software Inc., CA, USA).

HIV DNA Quantification

DNA was extracted from peripheral blood mononuclear cells using the QIAamp DNA Micro 

Kit (Qiagen, CA, USA) as per manufacturer’s guidelines. Cell-associated HIV DNA was 

assessed as previously described [47]. Briefly, multiplex real-time polymerase chain reaction 

was performed using HIV gag and β-globin primers and probes with appropriate positive 

and negative controls. Copy numbers of each gene were generated using standard curves and 

HIV DNA copy number per 106 cells was calculated.

Gene expression analysis

Expression levels of Gal-9 (LGALS9) in post-mortem brain tissues were compared using a 

previously published dataset in the NCBI GEO database (http://www.ncbi.nlm.nih.gov/geo/).
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Immunohistochemistry (IHC)

A Galectin-9 (LGalS9; clone 1G3) mouse IgG anti-human monoclonal antibody (mAb) 

(LSBio; Seattle, WA.) in conjunction with Vector Laboratories (Burlingame, Ca.) detection 

kit PK-6102 on the Dako Autostainer was utilized. Following deparaffinization in xylene 

and rehydration, tissue slides were subjected to antigen retrieval (10 mM citrate buffer; pH 

6.0), followed by quenching of endogenous peroxide. Slides were then incubated with 

primary antibody (LGalS9 1:100) followed by incubation with secondary antibody, and 

detection with ABC reagent (Vector Laboratories, Burlingame, CA) and DAB substrate (3,3-

diaminobenzidine; Sigma-Aldrich, St. Louis, MO). Counterstaining utilized hematoxylin. 

Stained slides were examined at 40x magnification by a pathologist for Gal-9 intensity and 

quantification of Gal-9 positive cells and were calculated at an average of 3 high-power 

fields.

Statistical analyses

Demographic and HIV-related characteristics were described using the median, first quartile 

(Q1), and third quartile (Q3) for continuous variables and frequency, and percent for 

categorical variables. Differences among continuous variables were evaluated by Mann-

Whitney test, while categorical variable differences were evaluated via Chi-square tests. 

Correlations were analyzed by Spearman’s rank test or multiple linear regressions. All 

statistical tests were performed with Prism version 7.0b or SPSS version 24.0 (IBM SPSS 

Statistics, NY, USA). Statistical significance is indicated as an asterisk (*p<0.05, **p<0.01, 

***p<0.001, ****p<0.0001) and P-values ≤0.10 and >0.05 are noted as statistical trends. 

Effect size was determined by Cohen’s d for Mann-Whitney tests (d = Z ∗ 1
N1 + 1

N2 ).

Results

Demographic and Clinical Characteristics

We examined matched CSF and plasma samples from 70 HIV-infected participants either 

ART suppressed (n=32; virally suppressed on ART in both plasma and CSF) or CSF viral 

load (VL) detectable (n=38; despite ART-exposure status and with or without plasma 

viremia), as well as HIV uninfected controls (n=18) for comparison (Table 1). Given that 

age is an important factor linked to HIV-associated CI [14], and in particular CIs have 

increased prevalence in those 40 years or older [4], participants were stratified by age into 

younger (<40 years old) and older (40-70 years old) subgroups, which also followed the 

normal distribution of the entire sample. Clinical, laboratory, and demographic participant 

information for each participant group are summarized in Table 1. Current CD4 counts were 

significantly different in the HIV+ CSF VL detectable young and old groups compared to 

those that were virally suppressed or the uninfected controls. No differences were noted 

between HIV+ groups in terms of CD4 nadir or estimated duration of infection (EDI).

Soluble (CSF and plasma) Galectin-9 Levels According to HIV Status

Differences in CSF Gal-9 levels among older and younger groups were observed in HIV+ 

CSF VL detectable (p<0.0001) and ART suppressed (p=0.003) subgroups as well as the HIV 

uninfected controls (p=0.032; Fig 1a). Among older individuals, CSF Gal-9 was higher in 
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both the ART suppressed (1.50[1.27,1.62]ng/mL; p=0.014) and CSF VL detectable 

(4.44[2.27,4.92]ng/mL; p<0.0001) HIV+ groups compared to controls (1.15[1.08, 1.31]ng/

mL). Differences in CSF Gal-9 levels among younger individuals were observed between 

the CSF viremic HIV+ group and uninfected controls (p<0.0001), but not with the ART 

suppressed (p=0.537) group. Plasma Gal-9 differences were only noted in CSF VL 

detectable individuals between the younger and older age groups (p=0.012) and with 

controls (younger, p=0.004; older, p<0.0001). We observed direct correlations between CSF 

Gal-9 and age in all three groups, however, an association between plasma Gal-9 and age 

was only observed among the HIV+ CSF VL detectable group (Fig 1b). Summary of CSF 

and plasma Gal-9 differences are presented in Supplementary Table 1.

Associations Between Soluble Gal-9 with Parameters of HIV Disease Progression and Viral 
Persistence.

Among HIV+ individuals with measurable CSF VL, CSF Gal-9 levels significantly 

correlated with CSF VL and persisted when adjusting for age and plasma VL (Fig.2). 

Plasma Gal-9 correlated with plasma VL and remained significant with adjustments for age 

and CSF VL. However, correlations between CSF VL and plasma Gal-9 and between CSF 

Gal-9 and plasma VL were not observed. CD4 T-cell counts did not track with CSF Gal-9; 

however, plasma Gal-9 inversely correlated with CD4 T cell counts only in the CSF viremic 

group (Supplementary Fig.1a). Additionally, both CSF and plasma Gal-9 correlated with 

total peripheral blood mononuclear cell associated HIV DNA levels in the CSF viremic 

group (Supplementary Fig.1b).

Association Between Soluble Gal-9 and Cognitive Performance

Next, we explored associations between Gal-9 levels and neuropsychological assessments 

that were available for individuals with a detectable CSF VL. No statistical differences in 

study participant characteristics and clinical parameters of age, education, EDI, CD4 count, 

CD4 nadir, plasma or CSF VL were observed among the categorized cognitive status 

subgroups in the older participants, while only a difference with current CD4 count 

(p=0.027) was observed among the younger group (Supplementary Table 2). Older HIV+ 

participants diagnosed with mild cognitive motor disorder (MCMD, n=5) or HIV-associated 

dementia (HAD, n=4) exhibited higher Gal-9 CSF levels compared to those with normal/NP 

abnormal cognition [(NL/NP, n=6); p=0.009 and p=0.010, respectively; Fig.3a]. In contrast, 

these CSF level differences with MCMD (n=10) and HAD (n=5) compared to NL/NP (n=9) 

were not observed among the younger participants (p=0.684 and p=0.190, respectively). 

Additionally, plasma Gal-9 was also elevated in both older and younger participants with 

HAD compared to individuals with normal/NP abnormal cognition (p=0.001 and p=0.029, 

respectively; Fig.3b). Summary of CSF and plasma Gal-9 differences among the younger 

and older CI status groups is presented in Supplementary Table 3.

NPZ-global scores inversely correlated with CSF Gal-9 levels among older, but not younger, 

participants and this association persisted with adjustments in age and CSF VL (Table 2). 

Plasma Gal-9 did not correlate with NPZ-global scores in both the older and younger HIV+ 

groups. In addition, in the older CSF viremic HIV+ group none of the parameters of disease 

progression (CSF VL, CD4 count, CD4 nadir) were associated with NPZ-global scores 
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(Supplementary Table 4). To determine whether specific cognitive domains drove the 

observed associations between Gal-9 and global cognitive performance, relationships 

between CSF and plasma Gal-9 and cognitive domain-specific summary NP z-scores were 

assessed. In older HIV+ individuals with CSF VL measures, higher CSF Gal-9 was 

associated with deficits in executive function, motor skills/motor speed, psychomotor speed, 

and working memory and attention (Table 2). CSF Gal-9 inversely trended with subdomain 

scores in language and verbal memory. A significant correlation between plasma Gal-9 and 

executive function in the older group was observed along with trends in memory, verbal 

memory, and visual memory. No associations were observed in the younger HIV+ group 

with the exception for a correlation between higher plasma Gal-9 and poorer recall memory.

Associations between Soluble Gal-9 and Markers of Immune Activation and CNS Injury

To further evaluate the implications of elevated CSF Gal-9 in older HIV-infected individuals, 

correlations with CSF levels of neopterin, sCD163, and NFL were evaluated, as these 

markers are shown to associate with CNS pathogenesis and cognitive deficits [18, 48-51]. 

Correlations with neopterin and sCD163 were found among older HIV+ ART suppressed 

individuals and persisted with age adjustment (Table 3). In CSF VL detectable individuals, 

CSF Gal-9 correlated with CSF levels of neopterin and sCD163, as well as NFL and these 

correlations persisted with adjustments for age and CSF VL. Furthermore, while neopterin, 

sCD163, and NFL correlated with CSF Gal-9 in the HIV+ CSF VL detectable group, none 

of these markers correlated with NPZ-global (Supplementary Table 4).

Gal-9 Brain Tissue Expression in HIV Infection and Neuroinflammation

Finally, we determined whether Gal-9 levels were elevated specifically in the brain after 

HIV infection. Using datasets from the NCBI GEO database (accession number: GSE35864) 

we first compared Gal-9 (LGALS9) mRNA expression levels in post-mortem brain tissues 

(neocortex, white matter, and neostriatum) from either uninfected, HIV-infected without 

encephalitis (HIV+/no E), or HIV-infected with encephalitis (HIVE) donors. Gal-9 gene 

expression was significantly higher only in the frontal white matter brain region of HIVE 

donors compared to controls (p=0.016; Fig.4a). Given these findings, we next performed 

immunohistochemical (IHC) staining of Gal-9 expression in available autopsied frontal lobe 

cortex and white matter tissues from uninfected, HIV+/no E, and HIVE donors obtained 

from the National NeuroAIDS Tissue Consortium (NNTC); donor characteristics are 

summarized in Supplementary Table 5. Although the intensity of Gal-9 staining did not 

significantly differ among groups, an increase in the number of Gal-9 positive cells in HIV

+/no E samples as compared to uninfected controls was observed (p=0.037; Fig.4b and 4c). 

Although slight age differences were observed among the groups, it was primarily driven by 

the HIVE group averaging at a younger age (Supplementary Table 5).

Discussion

In this study we investigated CNS (CSF and brain) Gal-9 in the context of HIV, aging, 

immune activation, and cognition. Primary analysis encompassed quantifying Gal-9 in the 

CNS and examining the relationships between Gal-9 with indices of HIV CNS injury and 

cognitive dysfunction. We observed increased CSF Gal-9 levels in older HIV-infected 
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individuals. Further analysis illustrated that elevated levels of CSF Gal-9 and brain tissue 

Gal-9 in HIV may partly be driven by viral burden and immune activation, while parameters 

of cognitive decline were associated with CSF Gal-9 among older HIV+ individuals.

Persons aging with HIV face higher rates and earlier onset of age-related co-morbidities [7, 

8], exhibit accelerated aging effects [52], and have increased levels of several constituents in 

the blood and CSF, which may be reflective or influence these secondary complications 

observed in HIV infection [23]. Here, we observed CSF Gal-9 exhibiting an age-dependency 

as seen with several other proteins found in the CSF despite HIV status [51, 53, 54], 

however, the vast differences among younger and older HIV-infected individuals in contrast 

to the uninfected group may suggest that these age-related increases could be accelerated in 

this population. However, it is important to note that studies with well-matched controls do 

not show any accelerated aging of the brain itself in treated HIV infection [55].

Several circulating soluble mediators are being assessed to afford insight into how HIV 

infection affects the CNS and influences the development of cognitive impairment. However, 

in contrast to many markers being investigated, Gal-9 is unique due to its high functionality, 

particularly in that it has been shown to directly regulate immune responses [27, 29, 30] and 

exert effects on cells of the CNS [32]. Given the relationship between Gal-9 and myeloid 

activation in the CNS, particularly neopterin and sCD163, our findings suggest a link 

between Gal-9 and neuroinflammation. Gal-9 is shown to induce proinflammatory cytokines 

in microglia [32], and many resident cells of the CNS express ligands/receptors that Gal-9 

could interact with [56-58]; thus, assessing Gal-9-induced responses and potential ligand 

profiles in the CNS during HIV infection may provide further mechanistic insight into the 

underlying interactions and drivers of CNS dysfunction in HIV. While Gal-9 has 

multifarious roles in immunity, regulating both adaptive and inflammatory responses, it 

remains to be determined whether these elevated levels could have a cause or effect 

relationship with CI development and immune activation in the CNS.

Cognitive impairment in the current HIV era of successful ART is problematic particularly 

in those that are aging given other age-related cognitive complications, such as Alzheimer’s 

disease. Biomarkers in NeuroHIV are of value to improve the diagnosis and monitoring of 

HIV-associated CI, as well as guide treatment decisions. However, many prospective 

biomarkers currently investigated are elevated only in those with more severe neurological 

complications and/or often normalized or fall rapidly upon ART initiation [59-63]. 

Although, plasma Gal-9 similarly decreases with the use of ART [64],. While plasma is 

more clinically relevant, CSF provides a snapshot of the CNS. For example, both NFL and 

S100β are associated with HIV-associated CI and their presence at high levels reflects 

ongoing neuronal damage and astrocytosis, respectively [65]. Based on our results, Gal-9 

could potentially serve as an additional marker of CNS dysfunction in those aging with HIV.

Cognitive decline and continued CSF immune activation despite ART could indicate 

ongoing low-level viral replication in the CNS. Evidence suggests that the CNS 

compartment is an important tissue sanctuary site for HIV persistence during ART, possibly 

related to suboptimal drug penetration across the BBB and the immune privileged 

environment of the CNS [66]. Gal-9 modulates the expression of p21[67], a host determinant 
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of HIV persistence [68], and is linked to modulating HIV transcription and reactivation [34]; 

therefore, the impact of endogenous Gal-9 on HIV CNS reservoirs warrants further 

investigation. Additionally, the association of Gal-9 with PMBC HIV DNA further 

distinguishes Gal-9 as an important factor in investigating CNS complications and reservoirs 

in HIV infection, as cell-associated HIV DNA is shown to be linked with cognitive decline 

in HIV-infected patients either virally suppressed or ART naive [69, 70].

To further determine the potential of Gal-9 as a mediator and/or marker of cognitive decline 

and HIV persistence, the predominant source needs to be addressed, as cells both in the 

periphery (myeloid dendritic cells, monocytes, fibroblasts, vascular endothelial cells) and 

CNS (astrocytes, Purkinje cells) can express and secrete Gal-9 [71-78]. Although CSF Gal-9 

could originate from the CNS, diffusion between the plasma and CSF compartments can 

also occur due to BBB disruption, a condition that arises in untreated HIV infection and can 

persist after ART implementation [79]. Nonetheless the source of Gal-9, the effects of HIV 

infection, viral protein exposure, and inflammatory mediators on expression and secretion of 

Gal-9 in these potential cell sources need to be further explored as well as to understand how 

Gal-9 impacts anti-HIV immunity and HIV persistence in the CNS.

This study has several limitations. Individual groups were relatively small in size due to the 

availability of archived cohort samples fitting our inclusion criteria, which impeded our 

ability to detect minute differences among groups. Overall, the participants in our study 

were predominately white males, so it would be of value to replicate our findings in other 

populations. Cognitive status assessments were made with prior definitions under the AAN 

criteria rather than the modern Frascati criteria, but this is unlikely to have had a major 

impact on the grouping given tight overlap in diagnoses, our use of an NP abnormal 

phenotype, and similar exclusions for major comorbidities. Finally, we did not take in to 

account multiple co-morbid conditions that occur in older individuals (both HIV negative 

and infected), which could potentially affect the levels of plasma and/or CSF Gal-9.

The strength of this study is the ability to correlate Gal-9 levels in the CNS compartment 

with clinical HIV parameters of cognitive impairment, while also highlighting the 

association of Gal-9 with aging and to speculate on a mechanistic role for Gal-9 in the 

neuropathogenesis of HIV-associated CI. Gal-9 has not been extensively studied in other 

CNS diseases, which might reveal the sensitivity and specificity of Gal-9 for HIV-associated 

CI. CSF Gal-9 could also be explored as a potential valuable marker of CNS pathology or 

other chronic infections with CNS involvement. Given that our cognitive data is based on 

samples derived from individuals with productive viral replication (CSF viremic), it would 

be of further interest to evaluate these parameters with Gal-9 levels in those with HIV 

infection that are either virally suppressed or experience asymptomatic CSF viral escape to 

see if associations with HIV-associated CI persist.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Gal-9 associations with HIV status and age.
Differences in CSF and plasma levels of Gal-9 among younger (<40) and older (40-70) HIV 

negative (HIV−), HIV+ ART suppressed, and CSF HIV VL detectable (a). Correlations 

between CSF and plasma Gal-9 levels and age among participants HIV-, HIV+ ART 

suppressed, or HIV+ CSF VL detectable (b). Differences between groups were analyzed by 

Mann-Whitney tests. Associations between variables were analyzed by Spearman 

correlations. Statistical significance is indicated as *p<0.05, **p<0.01, ***p<0.001, 

****p<0.0001.
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Figure 2. Gal-9 and viral load associations in CSF and plasma.
CSF and plasma Gal-9 associations with CSF HIV VL (a) and plasma HIV VL (b). 

Associations between variables were analyzed by Spearman correlations and multivariable 

regression analysis. aAdjusted for age, plasma VL, and plasma Gal-9; badjusted for age, CSF 

VL, and CSF Gal-9.
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Figure 3. Cognitive status and Gal-9 levels.
Gal-9 levels in the CSF and plasma were compared in younger and older HIV-infected CSF 

viremic individuals with normal cognition (NL)/neuropsychologic abnormal cognition (NP), 

minor cognitive motor disorder (MCMD), or HIV-associated dementia (HAD). Differences 

between groups were analyzed by Mann-Whitney tests. Statistical significance is indicated 

as *p<0.05, **p<0.01, ***p<0.001.
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Figure 4. CNS expression of Gal-9 in HIV infection.
(a) Comparison of gene expression levels of Gal-9 between HIV negative (n=6; HIV−), HIV-

infected without encephalitis (n=13; HIV+/no E) and HIV encephalitis (n=5; HIVE) CNS 

samples using microarray dataset available in the NCBI GEO database (accession number: 

GSE35864). (b) Graphical representation of Gal-9 positive cell counts in frontal lobe cortex 

and white matter tissues from HIV− (n=5), HIV+/no E (n=7), and HIVE (n=5) participants. 

(c) Representative immunohistochemical staining patterns and differences between groups 

were analyzed by Mann-Whitney tests. Statistical significance is indicated as *p<0.05.
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Table 1

Clinical and demographic characteristics of participants (n=88)

HIV-uninfected HIV-infected

Parameters
ART Suppressed CSF Viremic

Younger Older Younger Older Younger Older

N 6 12 18 14 23 15

Gender (n, % male) 6, 100% 12, 100% 7, 39% 14, 100% 19, 83% 13, 87%

Age (years) 27.7 (24.3, 32.3) 52.6 (49.1, 58.1) 34.1 (29.5, 38.0) 54.9 (49.7, 59.40) 35.4 (33.7, 38.3) 53.8 (51.2, 55.0)

Ethnicity (n, % 
caucasian) 4, 67% 6, 50% 7, 39% 9, 56% 10, 43% 11, 73%

Drug use (n/available) 6/6 5/9 2/18 11/14 5/23 3/15

Depression (n/available) 1/5 0/2 1/18 6/14 5/23 3/15

CD4+ T-cell Count 
(cells/μL) 778 (738, 946) 820 (631, 864) 783 (613, 915) 585 (538, 687) 315 (130, 522) 344 (213, 522)

CD4+ T-cell nadir 
(cells-μL) N/A N/A 267 (130, 301) 154 (61, 207) 81 (38, 407) 253 (121, 388)

EDI (years) N/A N/A 7.2 (4.3, 6.0) 17.4 (11.3, 25.0) 10.2 (2.9, 13.6) 13.1 (9.4, 15.6)

CSF HIV VL Log10 
(cps/mL)

N/A N/A <1.59 <1.59 2.53 (2.20, 3.20) 3.06 (2.54, 3.42)

Plasma HIV VL Log10 
(cps/mL)

N/A N/A <1.59 <1.59 4.70 (3.87, 5.13) 4.66 (3.33, 5.20)

on ART (n, %) N/A N/A 18, 100% 14, 100% 11, 48% 6, 40%

Data are shown as median (Q1, Q3) and frequency for continuous and categorical variables, respectively. P-values are determined by Kruskal-
Wallis with Dunn’s multiple comparison correction or Mann-Whitney for continuous variables and by Chi-square test for categorical variables; 
significant differences among groups are bolded. Younger individuals aged <40; Older individuals aged 40-70. EDI=estimated duration of 
infection, VL=viral load. Drug use and depression is shown as number of individuals out of those with available information.
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Table 2.

Associations between soluble galectin-9 and cognitive performance

Older CSF Viremic (n=15) Younger CSF Viremic (n=23)

Cognitive Domain

CSF Galectin-
9*

Plasma
Galectin-9§

CSF
Galectin-9*

Plasma
Galectin-9§

rho Adjuste
d β rho Adjuste

d β rho Adjuste
d β rho Adjuste

d β

Global Summary Score −0.63
c

−0.50
d −0.14 −0.14 0.03 0.04 0.08 0.06

Executive Function 0.68
b

−0.70
b

−0.53
c

−0.52
c 0.11 0.15 0.07 0.06

Language −0.45
d −0.38 −0.04 0.06 0.19 0.23 0.19 0.10

Learning −0.36 −0.36 −0.25 −0.13 −0.08 0.25 −0.23 0.03

Memory −0.33 −0.36 −0.51
d −0.34 −0.16 0.12 −0.19 −0.01

Motor Skills −0.65
c

−0.49
d −0.28 −0.07 −0.05 −0.09 −0.01 0.01

Psychomotor Speed −0.63
c −0.43 −0.31 −0.32 −0.06 0.11 0.08 0.13

Recall Memory 0.04 −0.32 −0.34 −0.63
b −0.29 0.14 −0.51

c −0.21

Verbal Memory −0.49
d −0.39 −0.49

d −0.32 −0.05 0.17 −0.14 0.01

Visual Memory −0.32 −0.22 −0.45
d −0.33 −0.34 −0.04 −0.22 −0.13

Visuospatial −0.45 −0.17 −0.28 −0.07 0.12 0.16 0.02 0.02

WMCA
†

−0.67
b

−0.53
c −0.38 −0.02 −0.29 0.03 −0.14 −0.03

*
β adjusted for age and CSF VL;

§
β adjusted for age and plasma VL.

a
P< .001,

b
P< .01,

C
P< .05,

d
P> .05 and P< .10

†
Working memory, concentration, and attention.

J Neurovirol. Author manuscript; available in PMC 2020 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Premeaux et al. Page 22

Table 3.

CSF Gal-9 associations with CSF markers of CNS immune activation and neuronal injury

Older ART suppressed (n=14) Older CSF Viremic (n=15)

CSF Marker rho Adjusted β
(age)

rho Adjusted β
(age, CSF VL)

Neopterin 0.68
b

0.54
d

0.72
b

0.66
b

sCD163 0.55
c

0.87
b

0.58
c

0.48
c

NFL 0.41 −0.23
0.72

b
0.66

c

Adjusted β values are from multivariable regression models with the indicated covariate. Values were Log-transformed prior to multivariable 
regression analysis

a
P< .001,

b
P< .01,

c
P< .05,

d
P> .05 and P< .10
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