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BACKGROUND: Even with successful antiretroviral therapy (ART), HIV infection is still accompanied by 

ongoing chronic immune activation and inflammation that may impact ART-mediated immune 

reconstitution. The mechanisms of this immune activation are not completely defined. Damage-

associated molecular patterns (DAMPs) are endogenous innate immune activators that have not been 

well studied in HIV-infected persons. 

 

METHODS: We conducted a quasi-experimental pre-post observational study of two DAMPs (HMGB1 

and S100A9) and a marker of microbial translocation (LPS) in samples collected from research 

participants before and at least 2 years after initiation of continuously suppressive ART. Differences in 

mean biomarker levels were assessed using paired t-tests. Correlation between biomarker levels were 

assessed using Pearson correlation coefficients for normal data and Spearman’s rho for non-normal data. 

Multivariate linear regression was used to assess association between biomarker values and clinical 

outcomes after suppressive ART. 

 

RESULTS: Mean HMGB1 levels increased between pre- and post-ART samples (1.95 ng/mL vs. 3.02 

ng/mL, p=0.01) and the proportion of individuals with detectable S100A9 increased significantly (p=0.01). 

We detected no change in mean LPS levels with effective ART (p=0.85). Neither LPS, HMGB1, nor 

S100A9 was associated with baseline CD4 or viral load or degree of CD4 reconstitution with effective 

ART-mediated viral suppression. 

 

CONCLUSIONS: DAMPs do not appear to be significantly associated with CD4 count, viral load, or 

degree of CD4 reconstitution after virologic suppression. Increased HMGB1 levels after suppressive ART 

may be a non-specific marker of inflammation and hence subject to confounding by other conditions. 
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Chapter 1 

Introduction and Background 

 

HIV Pathogenesis and Immune Activation 

Persistent T cell activation, as measured by increased levels of CD38+ and HLA-DR+ T cells is a 

hallmark of untreated HIV infection. It has been associated with rate of T cell decline, time to AIDS, and 

death independent of viral load (1, 2). The later suggests that viral replication alone is not responsible for 

HIV pathogenesis. The role of chronic inflammation in HIV pathogenesis has been an area of intense 

interest over the past decade (3, 4). This is highlighted by studies showing improvement, but generally 

not normalization, of markers of innate immune and T cell activation and systemic inflammation in 

individuals with ART-mediated viral suppression compared to HIV-uninfected controls in case control 

studies (5-8). More recently, innate immune activation has been shown to be involved in HIV 

pathogenesis and related, at least partially to gut epithelial barrier dysfunction and microbial translocation 

(9-11). This persistent immune activation and systemic inflammation, despite ART-mediated viral 

suppression, is associated with impaired immune reconstitution and death (12-15).  

 

Damage-Associated Molecular Patterns 

Damage-associated molecular patterns (DAMP) or alarmins are a diverse class of endogenous 

innate immune activation molecules released by dead or dying cells. DAMPs are capable of activating the 

same immune pattern recognition receptors (PRRs), such as toll-like receptors (TLRs) and the receptor 

for glycosylated end-products (RAGE), as more traditional exogenous pathogen-associated molecular 

patterns (PAMP) (e.g. lipopolysaccharide (LPS)) (16). In either case, the signals are recognized by cells 

of the innate immune system and result in the activation of downstream pro-inflammatory signaling 

pathways. DAMPs may work alone or as effectors with PAMPs to mediate both sterile and infectious 

inflammatory responses. DAMPs have been shown to be involved in the pathogenesis of a range of 

inflammatory clinical conditions including sepsis (17-19), auto-immune conditions (20, 21), malignancies 

(22-24) and cardiovascular disease (25-27).  
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Although several small studies have reported elevations in the levels of specific DAMPs in HIV 

infection and decreases in these elevations after successful ART (28, 29), the contribution of DAMPs to 

HIV pathogenesis has not been thoroughly elucidated. No studies to date have examined the association 

of effective ART-associated viral suppression on the prototypical DAMPs HMGB1 and S100A9, their 

correlation to LPS levels as measured by LAL, and their association with ART-mediated CD4 

reconstitution. 

 

High Mobility Group Box 1 

HMGB-1 is nuclear binding protein important in transcriptional regulation and is present in most 

human cell types. It is unique in that it can be released into systemic circulation by at least three distinct 

mechanisms: 1) it can be liberated during cellular necrosis or pyroptosis, which may be an important 

driver of HIV pathogenesis (30); 2) although HMGB-1 is not released in programmed apoptotic cell death 

due to its irreversible binding to chromatin, engulfing macrophages may secrete HMGB-1 in the setting of 

massive apoptosis (31); 3) it can be actively secreted, primarily by myeloid and NK cells, upon activation 

by inflammatory stimuli. Macrophages, neutrophils, and plasmacytoid dendritic cells (pDCs) that become 

activated by HMGB1 release various pro-inflammatory cytokines, including IL-1α, IL-6, IL-8 and IL-12 

(32).  
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HMGB1 may be a common factor in multiple inflammatory pathways in HIV infection. One study 

showed that HMGB1 levels were elevated in untreated HIV-infected individuals compared to matched 

uninfected controls (33). Several subsequent in vitro studies have shown increased HIV-1 replication in T-

cell, dendritic, and monocytic cells lines in the presence of HMGB1 (34-36), although one study showed 

HMGB1 to be an inhibitor of viral replication in a monocytic cell line (37). More recently, HMGB1 has been 

associated with higher viral loads and to be reduced with ART in a study of 32 HIV-infected patients in 

Sweden (38). 

The same group subsequently presented data using an ex vivo cell model suggesting that LPS 

and HMGB1 may act synergistically to induce viral replication in vitro (38). HMGB1 and LPS may also 

work synergistically to increase monocyte activation through enhanced binding of soluble CD14, an LPS 

receptor (39). Lastly, activated macrophages may secrete HMGB1 in a feedback mechanism to enhance 

cellular activation. These combined data suggest that HIV-associated cell death, via pyroptosis or other 

mechanisms (30), leads to the release of HMGB1, which, either alone or in concert with translocated 

LPS, may drive a chronic inflammatory state in HIV infection. The degree to which this inflammatory state 

is normalized with effective ART remains a subject of active investigation. 

 

S100A9 

The S100 proteins (also known as calprotectin and myeloid-related proteins) are a diverse group 

of calcium regulatory proteins involved in a variety of intracellular and extracellular processes (40). 

Among the best characterized of the S100 family of proteins is S100A9, which is involved in the 

regulation of innate immune activation and inflammation through a variety of extracellular receptors, 

including TLR4 and the receptor for advanced glycation end-products (RAGE). The S100 proteins may 

induce inflammatory cytokine production in macrophages, including TNF-α, IL-1β, IL-6, and IL-8 (41, 42). 

Two studies in the pre-ART and early-ART eras showed that S100A9 was elevated in untreated HIV 

infection (43, 44). Elevated levels have been shown to induce viral transcription in in vitro female genital 

tract (45, 46) and CD4 cell (47) models. The role of S100A9 in HIV pathogenesis and the impact of ART 

on S100A9 levels is unknown. 
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Lipopolysacharide in HIV Pathogenesis 

Numerous studies in pathogenic primate simian immunodeficiency virus (SIV) and in HIV 

infection have shown evidence of impaired gut mucosal integrity, massive depletion of gut-associated 

lymphoid tissue (GALT) T cells, and microbial translocation of gut products, primarily LPS, across the 

impaired gut into systemic circulation (3, 48-51). LPS is a potent exogenous activator of the innate 

immune system (3, 52), particularly monocytes, via pattern recognition receptors (PRRs), particularly toll-

like receptor 4 (TLR4).  

LPS may drive T cell activation in chronically HIV-infected individuals (3, 53), although one study 

did not detect a correlation between LPS levels and T cell activation during short-term ART interruption 

(54). LPS levels have been shown to be associated with HIV disease progression (55, 56), markers of 

innate immune activation (11), and mortality (11). One longitudinal study conducted in Uganda observed 

no association between LPS levels and disease progression(57). Surrogate markers of monocyte 

activation, including soluble CD14 (sCD14) have been associated with mortality in treated HIV infection 

(58, 59). Although sCD14 binds LPS and facilitates TLR4 activation, it does not reflect only LPS-induced 

activation, but may also reflect monocyte activation through additional pathways (60).  

Discordant results from published studies are likely explained by a combination of differing patient 

populations; the balance of treated, as opposed to untreated HIV-infection in a given cohort; and 

difficulties in performing many of these assays. In particular, the LAL assay used to measure plasma LPS 

concentration has poor reproducibility, can be affected by plasma inhibitors, and is known to generate 

false positive results due to some non-LPS antigens, including β D glucan (61). Although the hypothesis 

that microbial translocation drives innate immune activation and pathogenesis in HIV infection is 

widespread, it is important to note that a mechanistic role has not been demonstrated for either LPS or 

sCD14 in HIV-1 disease progression or the pathogenesis of specific morbid events 
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Table 1. Biomarkers and functions 

BIOMARKER FUNCTION 
DAMPs/Alarmins 

HMGB1 
Normal function: nuclear protein involved in transcriptional regulation                        
Inflammatory function: secreted by immune cells, released passively 
during necrosis and pyroptosis and indirectly in apoptosis 

S100 
Normal function: family of proteins that regulate phosphorylation and 
calcium homeostasis, constitutively expressed in neutrophils                                                                                      
Inflammatory function: induced in monocytes and smooth muscle cells 

Innate Immune Activation 
Limulus Amebocyte 
Lysate Indirect measure of lipopolysaccharide released from bacteria 

 

 

Significance  

Even with successful HIV viral suppression with ART, life expectancy in treated HIV infection 

likely remains shorter than in the general population (62). There is an urgent need for therapies that may 

minimize ongoing inflammation in treated HIV infection. However, the underlying mechanisms of this 

inflammation remain a subject of debate. DAMPs are potent activators of the innate immune system, are 

likely released during pyroptosis, and have been shown to be involved in immune activation and 

inflammation in rheumatologic conditions and malignancies, though whether their role is causal or 

secondary is not clear. However, data on DAMPs in HIV infection, particularly HIV infection treated with 

modern ART regimens, are limited. Whether DAMPs are mechanistically involved in HIV-associated 

inflammation and as such may impact ART-mediated CD4 reconstitution or are merely bystanders 

remains unknown. Here, in this preliminary study, we examined levels of LPS and of two important 

DAMPs (HMGB1 and S100A9) in HIV-infected individuals before and after successful suppressive ART. 

 

Specific Aims 

Combination ART has dramatically decreased morbidity and mortality in HIV-infected individuals (63-65). 

However, even with ART-mediated viral suppression the average lifespan of HIV-infected persons may 

remain shorter than in HIV-uninfected persons (66, 67), and age and inflammation-associated conditions 

such as cardiovascular disease (68-70), malignancies (71-73), renal (74-77), and liver disease (78-80) 

likely occur more frequently and at a younger age in HIV-infected individuals. Much of this increased risk 
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is attributed to chronic inflammation and immune system activation even in treated HIV infection (4, 81). 

The mechanism(s) of persistent immune activation in treated HIV have not been fully elucidated. DAMPs 

are a heterogeneous class of endogenous immune activators that have not been extensively studied in 

HIV infected individuals. These molecules, if present due to ongoing cell death or microbial translocation, 

could be a cause of persistent immune activation and inflammation in HIV-infected individuals with 

virologic suppression and as such could hinder ART-mediated immune reconstitution. 

 Our study’s specific aims were as follows: 

SPECIFIC AIM 1: To determine whether ART-mediated HIV viral suppression decreases levels of 

DAMPs (HMGB1, S100A9) and LPS. 

Hypothesis addressed by this aim: 

a) Levels of LPS, HMGB1, and S100A9 will decrease with effective ART-mediated viral 

suppression. 

SPECIFIC AIM 2: To assess the correlation between DAMPs and LPS levels. 

Hypothesis addressed by this aim: 

a) DAMP (HMGB1 and S100A9) levels pre- and post-ART will be not be correlated with LPS 

levels. 

SPECIFIC AIM 3: To determine if DAMPs and LPS levels are correlated with pre-ART HIV viral load, 

immunosuppression (pre-ART), or immune reconstitution (post-ART). 

Hypotheses addressed by this aim: 

a) LPS and DAMP levels will be associated with HIV viral load in untreated (pre-ART) HIV 

infection. 

b) Elevated levels of all markers will be associated with HIV-associated immunosuppression (pre-

ART) as reflected in pre-ART CD4 counts. 

c) Elevated levels of all markers and change from pre to post-ART values will be associated with 

degree of immune reconstitution post-ART as reflected in the difference between individuals’ pre 

and post-ART CD4 counts. 

  



 

 7 

 

Chapter 2 

Methods 

Study Design 

The study was designed as a quasi-experimental pre-post observational study of biomarker levels 

in samples collected from research participants before and after initiation of suppressive ART. 

 

Study Setting 

The study was conducted using de-identified data and specimens obtained from HIV-infected 

individuals enrolled in the University of Washington (UW) HIV Cohort and who consented to specimen 

collection as part of the University of Washington Center for AIDS Research (CFAR) Specimen 

Repository. Specimens were collected in the UW Harborview Medical Center Madison Clinic by trained 

study nurses using established protocols. The UW Human Subjects Division issued a non-human 

subjects determination for this project (#48199). 

 

Study Subjects 

All patients enrolled in the UW HIV cohort were eligible to participate in this study. Cohort 

inclusion criteria include: ≥18 years of age, attendance at ≥2 primary care visits at an affiliated clinic, and 

provision of informed consent both for inclusion of clinical data and for biologic specimen donation for 

research. Fifty-one HIV-infected individuals with both of the following plasma specimens available were 

selected for this sub-study: 1) a specimen prior to starting the initial HAART regimen; 2) a specimen at 

least 2 years after documented viral suppression. In order to minimize the likelihood that productive HIV 

replication might be responsible for variation in our biomarker values, cohort participants were excluded 

from this study if they had any documented HIV viral load >400 copies/mL in between the two specimen 

times or if they developed an AIDS-defining illness or any malignancy (excluding non-melanoma skin 

cancer). We examined the mean viral loads per year for each participant to ensure that we were not 

selecting for individuals with poor engagement in care (Appendix 1). 
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Data Collection 

Cryopreserved plasma specimens were obtained from the associated specimen repository. Data 

from HIV-infected individuals were extracted from the UW HIV Information System (UWHIS). The UWHIS 

captures a broad range of clinical information through prospective data collection in routine clinical care. It 

has established standards for terminology, format, data verification, and quality assurance (82). Data 

validation and integrity checks occur in multiple stages at the collection site and at the repository. Data 

are maintained on 9 domains: 1) diagnoses, 2) laboratory data, 3) medications, 4) demographics, 5) 

health care utilization, 6) vital status, 7) patient reported outcomes (PROs), 8) genotypic resistance, and 

9) biologic specimens. 

 

Specimen Collection and Storage 

Specimens for the UW CFAR specimen repository are collected, processed, and transported 

according to current Department of Allergy and Infectious Diseases AIDS Clinical Trial Group (ACTG) 

protocols. All specimens are processed and maintained by the UW CFAR Virology Laboratory led by Dr. 

Robert Coombs and accessioned into the standard Laboratory Data Management System (LDMS). 

In brief, whole blood specimens are collected in 10 mL purple-top (EDTA) tubes. All specimens 

are transported to the CFAR Virology Laboratory on ice using leak-proof, crush resistant, biohazard-

labeled containers and are processed as soon as possible (within 30 hours of collection). Upon receipt, 

sample labels, paperwork, and specimen condition are verified. Specimens are logged in LDMS and 

processed according to the ACTG Specimen Processing Guide. Specimens are centrifuged at 400xg for 

10 minutes to separate cells and plasma, then the plasma is transferred to a sterile centrifuge tube before 

being centrifuged again at 800xg for 10 minutes to remove any contaminating debris, cells, and platelets. 

The plasma is then aliquoted into cryovials and placed in labeled storage boxes at -70°C. 

Specimens were obtained from the UW CFAR repository and transported on dry ice to the Liles 

Laboratory where they were verified and placed back into ultra-low temperature freezers until processing. 
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Data Storage and Management 

Clinical data for the UW HIV cohort are maintained and managed by the Clinical Epidemiology 

and Health Services Research Core of the UW Center for AIDS Research, led by Dr. Mari Kitahata. 

 

Variable Definitions 

Variable definitions to be used in this study were based on validated published definitions (Table 

2). 

Table 2. Operational definitions 
Covariate Definition/Notes 
Age Modeled as continuous variable 
Sex Modeled as binary male/female 
Pre and post-ART CD4 Measures of CD4 count were modeled as both a continuous 

variable and using clinically meaningful categories (<100, 
100-199, 200-349, 350-499, >=500; <350, >=350 cells/ml) 

Pre-ART HIV viral load Measures of viral load were modeled as log transformed 
continuous variables and using clinically meaningful 
categories (<400, 400-9,999, >10,000 copies/ml) 

Hepatitis C infection Defined as the presence of any of the following: a positive 
HCV antibody, a detectable HCV RNA measurement, or an 
HCV genotype 

Hepatitis B Infection Defined as a positive HBsAg or detectable HBV DNA 

HIV transmission risk factor Men who have sex with men, injection drug use, 
heterosexual, and other. Men who have sex with men and 
are injection drug users are classified as injection drug users 
for analysis. 

First ART medication class Non-nucleoside reverse transcriptase inhibitor (NNRTI), 
protease inhibitor (PI), or integrase strand transfer inhibitor 
(InSTI) 

 

Laboratory Assays 

HMGB1 was measured by commercially available enzyme-linked immunosorbent assay (ELISA) 

available from the Shino-Test Corporation (Tokyo, Japan). S100A9 was measured by the commercially 

available ELISA assay from R & D Systems (Minneapolis, MN). The LAL assay is commercially available 

from the Lonza Corporation (Basel, Switzerland). All assays were performed according to package insert 

instructions. Assays were run in the Liles Lab by Dowon An and were overseen by Dr. Liles. 
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Data Analysis 

Specific Aim 1 

In order to determine if effective ART reduces levels of inflammation as measured by HMGB1, 

S100A9, and LPS, we compared HMGB1, S100A9, and LPS levels before and after ART-mediated viral 

suppression. Biomarker assay values were assessed for normality using the Shapiro-Wilk test and 

visually using scatterplots. Non-normal absolute results for either pre or post-ART or the difference 

between an individual’s pre and post-ART values were log transformed. We assessed for outliers using 

both visual inspection and studentized residuals. Data were explored using either continuous or 

dichotomous (detectable vs. below the limit of quantification) measures. Dichotomous measures were 

used when >50% of results were below the limit of detection of the assay. Pre- and post-ART paired 

samples were compared using a paired t-test for continuous variables and a McNemar’s test for 

dichotomous variables. Two-sided p values less than 0.05 were considered significant. 

 

Specific Aim 2 

In order to determine if HMGB1 and S100A9 levels were correlated with LPS levels, we assessed 

correlations between HMGB1,  S100A9, and LPS levels before and after ART using either Spearman’s 

rho or Pearson’s correlation coefficients  (when log transformation of biomarker values led to linearity). 

Two-sided p values less than 0.05 were considered significant. 

 

Specific Aim 3 

We used linear regression analysis with robust confidence intervals to determine if any of the 

biomarkers predicted: 1) baseline CD4 count 2) baseline HIV viral load; and 3) change in CD4 count pre 

and post-ART adjusted for baseline CD4. Bivariable associations were determined prior to multivariable 

modeling. We planned a priori that if either of the two DAMPs was associated with any outcome, we 

would add LPS to the model to determine if the effect of DAMPs on this outcome was mediated by LPS 

levels. 
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Study Power 

The study was designed to detect a difference in mean (pre-ART(m1), post-ART(m2)) values of 

pre and post-ART values for the biomarkers studied. Based on paired two-sample means test comparing 

H0: m2 = m1 versus m2 != m1. Using mean HMGB1 levels (m1 = 3.5 ng/ml, m2 = 1.5 ng/ml) and associated 

standard deviations (SD1 = 2.9 ng/ml, SD2 = 1.1 ng/ml) in individuals pre and post-ART derived from 

published literature (83), assuming two-sided α = 0.05, β = 0.80, the requisite sample size to detect a 

significant difference in means between the two groups is: N=18 if (r=0.3), N=15 if (r=0.5). Using mean 

LPS levels (m1 = 62.5 pg/ml, m2 = 45 pg/ml) and associated standard deviations (SD1 = 35 pg/ml, SD2 = 

37 pg/ml) in individuals pre and post-ART derived from published literature (29), assuming two-sided α = 

0.05, β = 0.80, the requisite sample size to detect a significant difference in means between the two 

groups is: N=49 if (r=0.3), N=36 if (r=0.5). No published data exists on the impact of ART on S100A9 

levels. We have paired pre and post-ART samples available from 51 HIV-infected individuals. Sample 

size calculations were performed in Stata 13.1 (College Station, Texas). 
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Chapter 3 

Results 

Population 

 Our sub-study population included 51 individuals who started ART between 2003 and 2011. 

Eighty-four percent of study participants were men, 73% were men who have sex with men, and 35% 

were injection drug users. The mean age at the date of initial sample collection was 42 years old. Mean 

pre and post-ART CD4 counts were 315 and 656 cells/ml, respectively, with a mean of three years of 

suppressive ART between samples. Additional baseline characteristics are outlined in Table 3. 

Table 3. Baseline Characteristics 
Variable n (%) 
Male 43 (84) 
HIV Transmission Risk   

Men who have sex with men 25 (49) 
Injection drug use 18 (35) 
Heterosexual 8 (16) 

Age at Pre-ART sample   
<40 21 (41) 
40-49 18 (35) 
50-59 11 (22) 
>=60 1 (2) 

Hepatitis C infection 19 (37) 
Hepatitis B infection 2 (4) 
ART Regimen   

PI 22 (43) 
NNRTI 25 (49) 
InSTI 4 (8) 

  Median [IQR] 
Pre-ART CD4 315 [209, 378] 
Pre-ART HIV RNA 64200 [13900, 154000] 
Post-ART CD4 656 [392, 785] 
Delta CD4 326 [117, 508] 
Days between pre & post-ART samples 1105 [894, 1474] 

 

Impact of ART-mediated Viral Suppression on DAMP and LPS Levels 

We detected no significant difference in mean LPS and S100A9 levels before and after 

successful ART-mediated viral suppression, but did detect a significant increase in mean HMGB1 levels 
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from 1.95 before to 3.02 ng/ml after ART (p=0.01) (Table 4, Figure 2). Because 80% of S100A9 levels 

prior to ART initiation were at or below the limit of detection of the assay (0.005 pg/ml), the variable was 

redefined as a dichotomous variable (i.e., above or below the limit of detection of the assay) for 

subsequent analysis. The proportion of individuals with undetectable S100A9 pre and post-ART was 

tested using McNemar’s chi-square and values differed significantly pre and post-ART. The proportion of 

individuals with detectable S100A9 was 19.6% pre-ART and 43.1% post-ART (p=0.01 by McNemar’s 

test). 

Table 4. Pre and Post ART Results 
Biomarker Pre-ART Mean (SD) Post-ART Mean (SD) p-value 
LPS (EU/ml) 0.20 (0.06) 0.20 (0.04) 0.85 
HMGB1 (ng/ml) 1.95 (1.72) 3.02 (1.98) 0.01 
S100A9 (pg/ml) continuous 3.54 (10.08) 3.16 (8.23) 0.80 

 

 

Figure 2. Mean Pre and Post-ART LPS and HMGB1 Levels 

 

 

Correlation Between DAMPs and LPS Levels 

 We found no correlations between either pre- and post-ART levels of each individual biomarker or 

between DAMP and LPS levels (Table 5). 
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Table 5. Biomarker Correlation 

Biomarkers Spearman’s rho p-value 
Pre-ART LPS, Pre-ART HMGB1 0.15 0.28 
Pre-ART LPS, Pre-ART S100 0.11 0.45 
Post-ART LPS, Post-ART HMGB1 -0.16 0.26 
Post-ART LPS, Post-ART S100 -0.19 0.19 
Pre-ART LPS, Post-ART LPS -0.08 0.56 
Pre-ART HMGB1, Post-ART HMGB1 -0.07 0.65 
Pre-ART S100, Post-ART S100 0.14 0.32 

 

Correlation Between Pre-ART DAMP, CD4, and HIV RNA Levels 

The median pre-ART CD4 count was 315 cells/ml [IQR: 209, 378] and HIV RNA was 64,200 

[IQR: 13900, 154000]. In bivariable analysis using linear regression looking at pre-ART CD4 count as the 

dependent variable, the following variables were assessed as independent predictors: LPS, HMGB1, 

S100A9, HIV RNA, age, sex, and hepatitis B and C infections. Only log HIV RNA (p=0.11), male sex 

(p=0.17), and detectable S100A9 (p=0.17) had associations with baseline CD4 count significant at p<0.20 

in univariate analysis (Table 6). In a similar bivariable analysis examining log-transformed pre-ART HIV 

RNA levels as the dependent variable, LPS (p=0.07), CD4 (p=0.11), male sex (p=0.14), and HCV 

infection (p=0.10) had associations significant at p<0.20. In multivariable analysis exploring pre-ART HIV 

RNA levels using the aforementioned variables, no significant associations were identified. 
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Table 6. Bivariate associations with baseline CD4 Count and log transformed HIV RNA 

 Dependent 
variable Covariate β coefficient 95% CI p-value 
CD4 count       
  LPS -97.76 [-800.64, 605.12] 0.78 
  HMGB1 -9.29 [-33.38, 14.80] 0.44 
  Detectable S100A9 -69.97 [-171.78, 31.85] 0.17 
  Log HIV RNA -3.19 [-29.03, 22.65] 0.11 
  Age  0.13 [-4.34, 4.61] 0.95 
  Male 78.82 [-34.30, 187.95] 0.17 
  HCV 1.49 [-83.73, 86.70] 0.97 
  HBV 79.47 [-131.56, 290.50] 0.45 
  

 
    

Log HIV RNA       
  LPS 5.85 [-2.09, 13.78] 0.15 
  HMGB1 -0.08 [-0.36, 0.21] 0.59 
  S100A9 detectable -0.29 [-1.49, 0.91] 0.63 
  CD4 (per 100) -0.04 [-0.37, 0.29] 0.81 
  Age  -0.04 [-0.09, 0.16] 0.17 
  Male 1.68 [0.47, 2.89] 0.01 
  HCV 0.28 [-0.72, 1.28] 0.58 
  HBV -0.53 [-2.96, 1.91] 0.67 

 

 

Relationship Between Pre-ART DAMP Levels, Changes in DAMP levels and CD4 Reconstitution 

 The median post-ART CD4 count was 656 cells/ml [IQR: 392, 785]. Median ART-mediated 

increase in CD4 after ART start was 326 cells/ml [IQR: 117, 508]. A mean of 1236 days elapsed between 

pre and post-ART CD4 results (SD: 413 days; range 723-2560 days). In bivariate analysis time elapsed in 

years between ART start and post-ART sample collection and pre-ART CD4 were significantly associated 

with CD4 reconstitution (Table 7). Neither pre-ART biomarker values, nor changes between pre and post-

ART values were associated with change in CD4 count on ART. 
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Table 7. Univariate predictors of post-ART CD4 Reconstitution 

Covariate β coefficient 95% CI p-value 
Pre-ART LPS 194.88 [-1110.13, 1499.89] 0.77 
Change in LPS -33.98 [-1082.65, 1014.69] 0.95 
Pre-ART HMGB1 4.67 [-40.32, 49.66] 0.84 
Change in HMGB1 1.12 [-26.78, 29.02] 0.94 
Pre-ART S100A9 Detectable 5.90 [-186.79, 198.60] 0.95 
Change in S100A9 -0.85 [-7.93, 6.22] 0.81 
Log Pre-ART HIV RNA 6.74 [-40.41, 53.88] 0.77 
Pre-ART Age -0.53 [-8.84, 7.78] 0.90 
Male -114.78 [-322.56, 93.00] 0.27 
HCV -78.40 [-235.04, 78.23] 0.32 
HBV 36.06 [-357.95, 430.08] 0.86 
Per year of ART 82.26 [18.14, 146.37] 0.01 
Pre-ART CD4 -0.52 [-1.03, -0.005] 0.05 
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Chapter 4 

Discussion and Conclusions 

 To our knowledge, this is the first study to assess whether pre-ART DAMP levels or changes in 

DAMP levels on ART are associated with the degree of CD4 reconstitution on effective ART. In addition, 

we explored whether DAMP levels were correlated with levels of LPS, an indirect marker of microbial 

translocation, which has been proposed to be involved in HIV pathogenesis. Our results are largely 

negative, and we did not find any correlation between DAMP levels and LPS levels. Nor were any of 

these markers correlated with either pre-ART HIV RNA levels or pre-ART CD4 cell count – two markers 

clinically associated with disease progression. 

 Interestingly we did observe an increase in mean HMGB1 levels in the post-ART compared to 

pre-ART samples. This result is in contrast to the one published study that reported a decrease in 

HMGB1 levels after virologic suppression on ART (83). The results of the prior study were largely driven 

by participants who had lower CD4 and higher viral loads at ART initiation (83). The authors of the study 

point out that these individuals were largely recent immigrants raising the possibility that the decrease in 

HMGB1 levels may have been related to the treatment of co-infections rather than a direct effect of viral 

suppression. Whether this discrepancy is due to differences in the underlying patient populations studied, 

including differing CD4 counts or other unmeasured factors is unclear. One potential explanation for 

elevated HMGB1 levels post-ART is that HMGB1 exists in multiple redox states in vivo (84, 85), only one 

of which is known to be pro-inflammatory. It is possible, though speculative, that as HIV viral replication is 

controlled by ART that over time on balance the redox state of HMGB1 changes to its non-inflammatory 

form through oxidation of three key cysteine residues. Unmeasured confounding could also account for 

these findings particularly in a cohort with high HCV prevalence, suggesting at least a history of injection 

drug use. 

 

Limitations 

As with any non-randomized study, we are unable to make any statements about causality, and 

unmeasured or time-dependent confounders may account for differences seen in biomarker values. 
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These samples are taken from a specific population – mostly white men who have sex with men, who 

initiated ART with a moderate degree of immunosuppression and achieved and maintained successful 

virologic suppression with ART. As such, our findings may not be applicable to other populations, 

including individuals with severe immunosuppression and untreated HIV infection. Because we did not 

have multiple samples available before and after treatment, we are not able to comment on intra-subject 

variation and non-differential measurement error in the biomarkers studied. If we did have multiple 

samples, it is possible that more precise results could be obtained by averaging intra-subject measures 

over time. While we did not directly assess ART adherence, maintenance of persistently suppressed HIV 

viral loads is possible only with good ART adherence. By excluding individuals with detectable viral loads, 

we have focused on the subset of the population with good ART adherence. 

 

 

Conclusions 

In contrast to many published studies, we did not detect a significant decline in LPS levels with 

effective ART. We did detect a significant increase in HMGB1 levels with effective ART and in the 

proportion of individuals with a detectable S100A9 level, although the significance of this finding remains 

unclear. In summary, we did not find any significant associations between CD4 reconstitution and either 

pre or post-ART DAMP or LPS levels nor any relation between pre and post-ART levels HMGB1, S100A9 

or LPS levels. 
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Chapter 5 

Appendix 

Appendix 1. Histogram of Mean HIV RNA Assays per Year for Study Participants 
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