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Short Communication:
Plasma Lymphocyte Activation Gene 3 and Subclinical
Coronary Artery Disease in the Multicenter AIDS
Cohort Study
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Lawrence Kingsley? Eun-Young Kim,” Frank J. Palella,” Mallory D. Witt? Matthew J. Budoff?
Annabelle Rodriguez,® and Todd T. Brown'

Abstract

Chronic inflammation, including among people with HIV (PWH), elevates immune cell expression of lym-
phocyte activation gene 3 (LAG3); however, low plasma LAG3 predicts cardiovascular disease (CVD) events in
the general population. The associations among LAG3 plasma levels, subclinical atherosclerosis, inflammation,
and HIV infection have not been well described. We measured plasma LAG3 in 704 men with and without HIV
from the multicenter AIDS cohort study, who underwent coronary computed tomography angiography. HIV
serostatus was not independently associated with LAG3 after adjustment for sociodemographic and CVD risk
factors. Current smoking status and African American race were associated with lower LAG3, and age and
sTNFaRI concentration were associated with greater LAG3. LAG3 was not associated with coronary artery
stenosis. Thus, no difference was found in plasma LAG3 concentration by HIV serostatus, and no association

between LAG3 and subclinical coronary atherosclerosis in men with and without HIV was observed.
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PEOPLE wiTH HIV (PWH) are up to two times more likely
to have an acute myocardial infarction compared to
people without HIV."? Both traditional and nontraditional
cardiovascular disease (CVD) risk factors, including in-
flammation, contribute to this risk.’ Scavenger receptor class
B type 1 (SR-B1) protein is a transporter in reverse choles-
terol transport, the principal function of high-density lipo-
protein (HDL). In men in the multi-ethnic study of
atherosclerosis (MESA), a general population cohort, a risk
allele of SCARBI, the gene encoding SR-B1, was associated
with CVD events.* This association was mediated by

SCARBI’s interaction with lymphocyte activation gene 3
(Lag3), which encodes the T cell inhibiting protein LAG3.
Low plasma LAG3 levels also predicted coronary heart dis-
ease events but not common carotid intimal medial thickness
or coronary artery calcium (CAC) in the MESA.”

Greater expression of immune checkpoint molecules, in-
cluding LAGS3, is seen in systemic inflammatory states, in-
cluding HIV infection, and is associated with potential
adverse consequences for organs.® Cell surface LAG3 regu-
lation through cleavage produces plasma LAG3.? The rela-
tionship between plasma LAG3 and CVD in PWH is not well
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described. HIV infection and chronic inflammation result in
greater cell surface LAG3 expression,’ but less is known
about their effects upon plasma LAG3. In the multicenter
AIDS cohort study (MACS), we previously found that mul-
tiple markers of systemic inflammation were associated with
coronary artery stenosis in PWH.®? We hypothesized that
lower plasma LAG3 in PWH would be associated with a
greater prevalent subclinical coronary atherosclerosis as
measured by computed tomography (CT) angiography,
which was not used in previous studies examining the asso-
ciation between LAG3 and subclinical atherosclerosis.>® In
addition, CAC does not detect noncalcified plaque, which is
less stable and more prevalent in PWH.'°

This study aimed to investigate the cross-sectional associ-
ations among the following: (1) plasma LAG3, HIV serostatus,
and inflammation and between (2) plasma LAG3, subclinical
coronary artery stenosis, and inflammation in the MACS.

The MACS is a prospective cohort of men who have sex
with men, including men with HIV (MWH) and men without
HIV (MWoH), recruited from four centers. Participation in
the MACS includes a semiannual standardized interview,
physical examination, and laboratory tests. All MACS par-
ticipants signed informed consent, and the study was ap-
proved by Institutional Review Boards at each site.

This study sample was drawn from the MACS Cardio-
vascular Ancillary Study, and inclusion criteria were as fol-
lows: ages 40-70 years, weight <300 pounds, estimated
glomerular filtration rate 260 mL/min/1.73 m2, and no his-
tory of intravenous contrast allergy, cardiac surgery or per-
cutaneous coronary intervention.'” Subclinical coronary
atherosclerosis was measured by coronary CT angiography
(CTA) from 2010 to 2013, as previously described.'' Images
were interpreted by readers masked to participant history."!

Serum IL-6, ICAM-1, sCD163, and sCD14 were measured
by ELISA (R&D Systems, Minneapolis, MN). sTNF«RI and
STNFoRII were measured by a multiplex assay, and CCL2
was measured using a singleplex assay (Millipore, Billerica,
MA). Plasma LAG3 was measured by ELISA (Ray Biotech,
Inc., Norcross, GA) as previously described.’ In models in
which LAG3 was the outcome, LAG3 was natural log
transformed to fit a normal distribution.

Descriptive comparisons of variables between MWH
and MWoH were measured using a Student z-test for
normally distributed continuous variables, a Wilcoxon
rank-sum test for non-normally distributed continuous
variables, and a chi-squared test for categorical variables.
For separate analyses, the primary outcomes were (1)
plasma log. LAG3 and (2) presence of moderate to severe
coronary artery stenosis (=50% stenosis) in =1 coronary
artery segment.

We assessed the correlates of LAG3, and the association
between LAG3 and coronary artery stenosis using multivar-
iable linear and logistic regression models, respectively. The
covariates, which were added to the multivariable models
regardless of outcome or the participants included, included
age, race, study center, and HIV serostatus, systolic blood
pressure, antihypertensive medication use, diabetes medica-
tion use, fasting glucose, total cholesterol, HDL cholesterol
(HDL-C), lipid-lowering medication use, body mass index,
and smoking status (current, former, or never). Levels of
the inflammatory and monocyte activation markers, IL-6,
ICAM-1, sTNFoRI, sTNF«RII, sCD163, sCD14, and CCL2,
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standardized to their means, were added individually to
multivariable models. In models limited to MWH, we in-
cluded HIV-related variables: a history of an AIDS-defining
malignancy or opportunistic infection, current and nadir
CD4" T cell count, current viral load (VL), and duration of
antiretroviral therapy use on LAG3.

The MACS cardiovascular ancillary study included 765
men, among whom 704 (410 MWH and 294 MWoH) had
plasma samples from 12+ 8 months before the CTA. MWH
were younger, included more black men, and had lower total
cholesterol and HDL-C (p < .01, for all). Out of 410 MWH,
363 were on antiretroviral therapy (ART), of whom 70 had a
detectable VL. Mean [standard deviation (SD)] current CD4
T cell count in MWH was 624 (271) cells, and mean (SD)
nadir CD4 T cell count in MWH was 329 (271) cells. LAG3
was lower in MWH than in MWoH (p <.01). However, in the
multivariable model, positive HIV serostatus was not asso-
ciated with LAG3 (B=-0.11, 95% confidence interval (CI)
(—0.29 to 0.08)).

Current smoking status and African American race were
associated with lower LAG3, and older age was associated
with greater LAG3 (Table 1). In an adjusted model, sSTNFaRI
was significantly associated with LAG3 (f=0.10, 95% CI
0.02-0.20), although other inflammatory markers were not.
In a multivariable model limited to MWH, current ART use
was associated with lower LAG3 (p=.04).

No statistically significant association was noted between
LAG3 levels and moderate to severe coronary artery stenosis in
a multivariable model (odds ratio=0.94, 95% CI 0.77-1.15).

Our study is the first published evaluation of associations
between plasma LAG3 levels and subclinical atherosclerosis
in MWH. Plasma LAG3 was significantly lower in MWH
than in MWoH in an unadjusted analysis, but not in a fully
adjusted model, and no significant association between
LAG3 and moderate to severe coronary artery stenosis was
observed. Similarly, Pallikkuth et al. found no associations
between soluble LAG3 levels and cardiac function, including
markers such as cardiac output, or vascular stiffness in a
group of 84 study participants (21 healthy controls, 21 PWH
on ART, and 42 ART-naive PWH).®

Patient characteristics, including age, can affect T cell
checkpoint molecule expression. We found that older age
was associated with greater LAG3 and that current smoking
and black race, compared to non-Hispanic white race, were
associated with lower plasma LAG3. We did not find a sig-
nificant association between lipid medication use and plasma
LAG3 levels. Similarly, in the MESA, greater smoking pack
years were associated with lower plasma LAG3, but older age
was associated with lower plasma LAG3 and black race
(compared to non-Hispanic white or Hispanic ancestry) was
associated with greater LAG3 levels.® The discrepancies may
have been secondary to unmeasured differences in the co-
horts not accounted for in our models.

Unlike Pallikkuth et al. who found that greater soluble
LAG3 was detected in ART-naive PWH compared to levels
in both PWH on ART and control participants,® we did not
find that HIV-positive serostatus was associated with plasma
LAG3 levels in our cohort in which the majority of MWH
were on ART and had undetectable HIV RNA levels.

We did not find an association between plasma LAG3
levels and subclinical coronary atherosclerosis in MWH and
MWoH; however, the relationship between LAG3 levels and
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TABLE 1. ASSOCIATIONS OF COVARIATES WITH PLASMA LAG3

Mean LAG3  Unadjusted beta coefficient Adjusted beta coefficient
(pg/mL) (95% CI) p (95% CI) p

HIV-positive serostatus 3152 —0.38 (-0.56 to —0.20) <.01 —0.11 (0.29 to 0.07) 24
HIV-negative serostatus 3835 (reference) (reference)
Age (years) 0.02 (0.005 to 0.03 <.01
Race

Non-Hispanic White (reference)

Non-Hispanic Black -0.50 (-0.72 to -0.28) <.01

Other —0.17 (-0.46 to 0.12 .26

Body mass index (kg/m?)
Smoking status

Never

Former

Current
High density lipoprotein

cholesterol (mg/dL)
Total cholesterol (mg/dL)
Lipid-lowering medication use
Systolic blood pressure (mmHg)
Antihypertension medication use
Fasting glucose (mg/dL)
Diabetes medication use

0.008 (-0.01 to 0.03) 42

(reference)
0.07 (-0.14 to 0.27) S1
—-0.29 (-0.53 to —0.06) .02

0.004 (-0.002 to 0.01) A7

0.001 (~0.001 to 0.003) .36
0.002 (-0.19 to 0.19) .99
0.003 (-0.003 to 0.01) .35

0.05 (=0.14 to 0.25) 59

—0.0003 (~0.004 to 0.004) .87

—0.20 (-0.57 t0 0.16) .28

IL-6
ICAM-1
STNFoRI
STNFoRII
sCD163
sCD14
CCL2

0.07 (-0.02 to 0.15) 13
0.02 (-0.07 to 0.10_ 12

0.10 (0.02 to 0.20) .02
0.06 (-0.03 to 0.15) 18
0.003 (-0.08 to 0.08) 94
—0.03 (-0.11 to 0.06) .53
0.04 (-0.04 to 0.13) 32

The fully adjusted model in which LAG3 was the outcome included the following covariates: age, HIV serostatus, race, study center,
body mass index, smoking status (never, former, and current), HDL-C, total cholesterol, lipid-lowering medication use, systolic blood
pressure, antihypertension medication use, fasting glucose, and diabetes medication use.

In the boxed section of Table, the results of the fully adjusted models to which each inflammatory or monocyte activation marker was
added separately are listed. Each inflammatory or monocyte activation marker was standardized to its mean before inclusion to the model.

CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LAG3, lymphocyte activation gene 3.

subclinical atherosclerosis may be different from that be-
tween LAG3 and CVD events. Given the effect of HIV in-
fection on cell surface LAG3, plasma LAG3 represents a
biomarker that merits further investigation, possibly with
respect to clinical CVD events.

Acknowledgments

The authors gratefully acknowledge the contributions of
the study participants and dedication of the staff at the
MACS/WIHS Combined Cohort Study (MWCCS) sites.
Data in this article were collected by MACS and WIHS, now
the MWCCS, which is supported by the National Institutes
of Health (NIH). The contents of this publication are solely
the responsibility of the authors and do not represent the
official views of the NIH. MWCCS (Principal Investigators):
Baltimore CRS (Todd Brown and Joseph Margolick),
UO1-HL146201; Data Analysis and Coordination Center
(Gypsyamber D’Souza, Stephen Gange, and Elizabeth Go-
lub), UO1-HL146193; Chicago-Cook County CRS (Mardge
Cohen and Audrey French), U01-HL146245; Chicago-
Northwestern CRS (Steven Wolinsky), U01-HL146240;
Northern California CRS (Bradley Aouizerat, Jennifer Price,
and Phyllis Tien), U01-HL146242; Los Angeles CRS

(Roger Detels and Matthew Mimiaga), UO1-HL146333;
Metropolitan Washington CRS (Seble Kassaye and Daniel
Merenstein), U01-HL146205; and Pittsburgh CRS (Jeremy
Martinson and Charles Rinaldo), UO1-HL146208. The
MWCCS is funded primarily by the National Heart, Lung,
and Blood Institute (NHLBI), with additional co-funding
from the Eunice Kennedy Shriver National Institute Of Child
Health & Human Development (NICHD), National Institute
On Aging (NIA), National Institute Of Dental & Craniofacial
Research (NIDCR), National Institute Of Allergy And In-
fectious Diseases (NIAID), National Institute Of Neurolo-
gical Disorders And Stroke (NINDS), National Institute Of
Mental Health (NIMH), National Institute On Drug Abuse
(NIDA), National Institute Of Nursing Research (NINR),
National Cancer Institute (NCI), National Institute on Alco-
hol Abuse and Alcoholism (NIAAA), National Institute on
Deafness and Other Communication Disorders (NIDCD),
National Institute of Diabetes and Digestive and Kidney
Diseases (NIDDK), National Institute on Minority Health
and Health Disparities (NIMHD), and in coordination and
alignment with the research priorities of the NIH, Office
of AIDS Research (OAR). MWCCS data collection is
also supported by UL1-TR000004 (UCSF CTSA), ULI1-
TR003098 (JHU ICTR), UL1-TR001881 (UCLA CTSI),



PLASMA LAG3 IN MEN WITH AND WITHOUT HIV

P30-AI-073961 (Miami CFAR), P30-AI-050410 (UNC
CFAR), P30-AI-027767 (UAB CFAR), and UL1-RR033176
(Lundquist Institute at Harbor-UCLA).

Author Disclosure Statement

No competing financial interests exist.

Funding Information

K12HL143957 (S.S.), ROIHL125053-03 (W.S.P.), and

K24AI120834-01 (T.T.B.).

References

1.

Freiberg MS, Chang CC, Kuller LH, et al.: HIV infection
and the risk of acute myocardial infarction. JAMA Intern
Med 2013;173:614-622.

. Triant VA, Lee H, Hadigan C, Grinspoon SK: Increased

acute myocardial infarction rates and cardiovascular risk
factors among patients with human immunodeficiency virus
disease. J Clin Endocrinol Metab 2007;92:2506-2512.

. Boccara F, Lang S, Meuleman C, et al.: HIV and coronary

heart disease time for a better understanding. ] Am Coll
Cardiol 2013;61:511-523.

. Manichaikul A, Naj AC, Herrington D, Post W, Rich SS,

Rodriguez A: Association of SCARBI1 variants with sub-
clinical atherosclerosis and incident cardiovascular disease:
The multi-ethnic study of atherosclerosis. Arterioscler
Thromb Vasc Biol 2012;32:1991-1999.

. Golden D, Kolmakova A, Sura S, et al.: Lymphocyte ac-

tivation gene 3 and coronary artery disease. JCI Insight
2016;1:e88628.

. Pallikkuth S, Pahwa R, Kausalya B, ef al.: Cardiac mor-

bidity in HIV infection is associated with checkpoint

10.

11.

845

inhibitor LAG-3 on CD4 T cells. PLoS One 2018;13:
e0206256.

. Graydon CG, Balasko AL, Fowke KR: Roles, function and

relevance of LAG3 in HIV infection. PLoS Pathogens
2019;15:e1007429.

. Bahrami H, Budoff M, Haberlen SA, et al.: Inflammatory

markers associated with subclinical coronary artery disease:
The multicenter AIDS cohort study. J Am Heart Assoc
2016;5:e003371.

. McKibben RA, Margolick JB, Grinspoon S, et al.: Elevated

levels of monocyte activation markers are associated with
subclinical atherosclerosis in men with and those without
HIV infection. J Infect Dis 2015;211:1219-1228.

Post WS, Budoff M, Kingsley L, et al.: Associations be-
tween HIV infection and subclinical coronary atheroscle-
rosis. Ann Intern Med 2014;160:458-467.

Nakanishi R, Post WS, Osawa K, et al.: Multicenter AIDS
cohort study quantitative coronary plaque progression
study: Rationale and design. Coron Artery Dis 2018;29:
23-29.

Address correspondence to:

Sudipa Sarkar

Division of Endocrinology, Diabetes, and Metabolism
Department of Medicine

Johns Hopkins University School of Medicine

5501 Hopkins Bayview Circle, Asthma and Allergy
Center 3B.74D

Baltimore, MD 21224

USA

E-mail: ssarkal9 @jhmi.edu





