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Background. In well treated human immunodeficiency virus infection (HIV), there is a residual immune activation and im-
mune exhaustion that may contribute to increased risk of comorbidities. T-cell immunoglobulin mucin domain-3 (Tim-3) is an
inhibitory molecule involved in HIV-associated T-cell dysfunction. The Tim-3 can be cleaved to soluble Tim-3 (sTim-3) that may
serve as a soluble marker of immune exhaustion.

Methods. 'We measured sTim-3 with enzyme-linked immunosorbent assay DuoSets in a cross-sectional cohort of 1010
people with HIV (PWH) on antiretroviral therapy (ART), and 76 controls from the Copenhagen Co-Morbidity in HIV Infection
(COCOMO) study, and in a longitudinal cohort of 60 PWH before and during ART.

Results.  In the cross-sectional cohort, levels of sTim-3 were elevated in PWH on ART compared with controls, especially in hep-
atitis C virus (HCV)-coinfected individuals, and were associated with HCV viremia and inflammation. In the longitudinal cohort,
pretreatment sTim-3 correlated with HIV viral load and decreased after ART initiation. Pretreatment sTim-3 correlated inversely
with CD4 counts, but it did not predict immunological response in multivariable analyses.

Conclusions. Levels of sTim-3 decreased after ART initiation. In a cross-sectional cohort, levels of sSTIM-3 were higher in PWH
than in controls and were independently associated with HCV coinfection and high-sensitivity C-reactive protein, representing a

potential link between immune exhaustion, inflammation, and risk of comorbidities.

Keywords.

hepatitis C; HIV; immune exhaustion; soluble; Tim-3.

Despite the success of antiretroviral therapy (ART), people with
human immunodeficiency virus (PWH) have excess morbidity
[1, 2]. Even when viral replication is undetectable in plasma
due to ART, the body is unable to completely clear the virus,
and the latent reservoir with low-grade viral replication could
contribute to a state of persistent immune activation [3]. This
nonresolving low-grade immune activation may induce T-cell
exhaustion and immunosenescence, which could contribute to
the increased burden of comorbidities such as non-acquired
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immune deficiency syndrome (AIDS)-defining cancer and
metabolic and cardiovascular diseases (CVD) in PWH [4-6].

T cells contribute to clearance of viral infections, but they
may turn into exhausted T cells when they are unable to clear
viral reservoirs, like in chronic human immunodeficiency virus
(HIV) infection, with harmful effects on the host due to per-
sistent low-grade antigen exposure [7]. In this process, several
inhibitory molecules and receptors (checkpoint inhibitors) are
upregulated, such as T-cell immunoglobulin and mucin do-
main-3 (Tim-3) and programmed cell death protein-1 (PD-1),
probably to prevent persistent (too long) and overshooting (too
high) T-cell activation, which could harm the host [4, 7].

Human Tim-3 is a transmembrane protein that is expressed
on T cells and monocytes [8]. The Tim-3 is shown to play a
modulating role in HIV-associated T-cell dysfunction [9], and
the expression of Tim-3 seems to be a reliable marker of T-cell
exhaustion in disorders characterized by persistent T-cell acti-
vation including chronic viral infection [10]. The Tim-3 can be
cleaved from the cell surface by certain matrix metalloproteinases
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(ie, A disintegrin and metalloprotease [ADAM]-10 and ADAM-
17) to a soluble form [11]. Although the function of soluble
Tim-3 (sTim-3) is not clarified, it seems to reflect the degree of
membrane expression of this checkpoint inhibitor. Therefore,
sTim-3 could be an attractive soluble marker of persistent T-cell
activation and exhaustion in various disorders including HIV
[12].

To this end, data on sTim-3 in HIV infection are scarce and
restricted to relatively small cohorts (n < 100) [13], with only 1
reporting regulation of sTim-3 during ART [12]. We aimed to
investigate sTim-3 in relation to clinical, immunological, and
virologic characteristics in 2 well defined cohorts: (1) a large
cross-sectional cohort of 1010 PWH and (2) a longitudinal
study of 60 PWH initiating ART.

METHODS

Study Design and Populations

Cross-Sectional Cohort

A total of 1099 PWH and 78 controls from the general pop-
ulation were included from the Copenhagen Co-Morbidity
in HIV Infection (COCOMO) study, which is a prospec-
tive study evaluating the burden of comorbidities in PWH in
Copenhagen, Denmark. Inclusion criteria for the COCOMO
study were a positive HIV test and age >18 years. Data collec-
tion was performed between March 2015 and November 2016.
The procedures for recruitment and data collection have been
described elsewhere [14]. Of 1099 participants and 78 con-
trols from the general population included in the COCOMO
study, 1010 participants received ART and had available plasma
samples and 76 controls where plasma samples were available
were included in the present study. Sixty-six immunological
nonresponders ([INRs] CD4 <350 X 10%L) and 133 immuno-
logical responders ([IRs] CD4 >500 X 10°/L) matched on sex,
age, time with HIV, CD4, and nadir CD4 cell counts were iden-
tified from the COCOMO study for subanalyses.

Longitudinal Study

Sixty PWH were included in a prospective study, and plasma
samples were obtained before initiation of ART, and at 6 and
12 months thereafter. All individuals were included from the
Department of Infectious Diseases, Rigshospitalet, Copenhagen
University Hospital, and Department of Infectious Diseases,
Hvidovre Hospital as described previously [15].

Biochemistry

Nonfasting venous blood for plasma samples (ethylenedia-
minetetraacetic acid-anticoagulated) were immediately stored on
ice until centrifugation at 4°C, before storing at —80°C. Soluble
Tim-3 was analyzed by enzyme immunoassay using DuoSets
(catalog no. DY2365) from R&D Systems (Stillwater, MN) in a
384 format using a combination of a SELMA (Jena, Germany)
pipetting robot and a BioTek (Winooski, VT) dispenser/washer.

In brief, high binding 384-well microtiter plates (UltraCruz;
Santa Cruz Biotechnology, Heidelberg, Germany) were coated
with 20 uL 2 pg/mL primary antibody (part no. 843115) in
phosphate-buffered saline (PBS). Plates were washed 3 times
(wash buffer 0.05% tween in PBS, wash similar for all washing
steps) and blocked with 80 pL 1% bovine serum albumin (BSA)
in PBS for >1 hour. Plates were washed again, and samples (di-
luted 50 times in 0.5% BSA in wash buffer) and standards were
added in parallel and incubated overnight at 4°C. The following
morning, plates were washed and 20 pL secondary antibody
(20 pg/mL, part no. 843116) was added and incubated at room
temperature for 2 hours. Plates were washed again, and 20 pL
streptavidin-horseradish peroxidase (part no. 890803) was added
and incubated for 20 minutes at room temperature. A final wash
was performed, and 20 uL stable TMB solution was added (cat-
alog no. SB02; Life Technologies) and incubated for 10 minutes
before 50 uL 1IN H_ SO, was added, and absorption was read
at 450 nm with wavelength correction set to 540 nm using a
Synergy H1 plate reader (BioTek). Intra- and interassay coeffi-
cients of variation were <10%. Sensitivity, defined as 3xSD of a
low sample, was 36 pg/mL. Average parallelity of 3 samples se-
rially diluted 5 times was 113%, average recovery of 2 samples
spiked with low and high sTim-3 was 111%, whereas average
level of 4 samples exposed to 2-10 freeze-thaw cycles was 104%.
Plasma high-sensitivity C-reactive protein (hsCRP) was ana-
lyzed at Biochemical Department, Herlev University Hospital,
Copenhagen as previously described [14].

Statistical Analysis
Differences in continuous variables with normal distribution
were compared using Students ¢ test, whereas skewed variables
were compared using Mann-Whitney U test. Due to differences
in age and sex between groups, sTim-3 levels were compared
using multivariable regression, using group as a fixed factor and
age and sex as covariate. These data are expressed as estimated
marginal means and 95% confidence intervals. In the paired sit-
uation, levels were first compared with the Friedman test and, if
significant, Wilcoxon paired test was used to compare changes in
sTim-3 levels between different time points. Categorical variables
were compared with X test. Correlations were investigated using
Spearman rank-order test, and multivariable analyses were per-
formed by linear regression, predicting sTim-3 levels after adjust-
ment for relevant covariates (current CD8 count, nadir CD4 count,
age, hsCRP, estimated glomerular filtration rate (eGFR), smoking,
previous AIDS-defining diagnosis, and hepatitis C coinfection).
SPSS software and GraphPad Prism were used for the sta-
tistical analysis. A 2-sided P < .05 was considered statistically
significant.

Ethical Aspects
All patients gave written informed consent before storage of blood
samples. The study was approved by the Scientific Ethics Committee
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of the Capital Region of Denmark (protocol H-15017350 and H-2-
2011-089), the Danish Data Protection Agency (jr.nr 30-1454), and
the Regional Committees for Medical and Health Research Ethics
in Norway (2018/2565-1). All processing of personal data followed
national guidelines and regulations.

RESULTS

Clinical Characteristics
The characteristics of the 2 cohorts are shown in Tables 1 and
2. The cross-sectional study consisted of 1010 PWH on stable
ART with available sSTIM-3 measurements and 76 controls from
the general population. The median age was 50 years for PWH
(85% male) and 60 years for controls (69% male). Median nadir
CD4 count was 235 cells/pL, current median CD4 count was
690 cells/pL, and 18% had a previous AIDS-defining diagnosis.
In addition, 11% were anti-hepatitis C virus (HCV) positive, 6%
were coinfected with active HCV infection (detectable plasma
HCV ribonucleic acid [RNA]), whereas 4% were hepatitis B
surface antigen positive (Table 1).

In the longitudinal study with 60 PWH, the median age was
40 years (92% male), and the median CD4 count and viral load

before ART initiation were 380 cells/uL and 80 919 RNA copies/
mL, respectively (Table 2).

Levels of Soluble T-Cell Inmunoglobulin Mucin Domain-3 During Stable
Antiretroviral Therapy: The Cross-Sectional Study

Figure 1A shows the distribution of sTim-3 in PWH and con-
trols. The PWH cohort was younger and with a higher per-
centage of males, but in multivariable regression analysis
adjusting for age and sex significantly higher sTim-3 levels was
found in PWH compared with controls (P < .001) (Figure 1B).
The difference remained significant after excluding the 55 indi-
viduals with HCV coinfection (P < .001).

In PWH, sTim-3 correlated positively with age, hsCRP, time since
HIV diagnosis, time on ART, previous AIDS diagnosis, past and
present smoking, and HCV serostatus and negatively with nadir
CD4 T-cell counts and eGFR (Table 1). In contrast, age did not cor-
relate with sTim-3 in the control group (rho = —0.05, P = .97).

Coinfection With Hepatitis C Is Associated With Elevated Soluble T-Cell
Immunoglobulin Mucin Domain-3 Levels: Cross-Sectional Study

Because sTim-3 correlated with HCV serostatus, we analyzed a
subset of 55 PWH who were coinfected with HCV (detectable

Table 1. Baseline Characteristics of Cross-Sectional Cohort

Correlation With Regression With

Cross-Sectional Cohort sTim-3 sTim-3 as Dependent

PWH (n = 1010) rho P B P
Age, years, median (IQR) 50 (43-58) 0.26 0.000 0.15 0.004
Sex, male, % 85 -0.06 0.068
Mode of transmission, % (n)
MSM 71.0(712)
Heterosexual 22.0 (216)
PWID 1.4 (14)
Other 5.6 (58)
Current viral load <50, % (n) 95.2 (952)
Nadir CD4, cells/pL, median (IQR) 235 (120-350) -0.08 0.016 0.01 0.882
CD4, cells/ul, median (IQR) 690 (520-890) -0.00 0.977
CDS8, cells/uL, median (IQR) 840 (632-1188) 0.07 0.029 0.01 0.867
Viral load, copies/mL, median (IQR) 19 (19-20) -0.01 0.653
hsCRP, mg/L, median (IQR) 1.2 (0.6-2.5) 0.24 0.000 0.18 0.000
eGFR, mL/min/1.73m?2, mean (SD) 89 (15.4) -0.25 0.000 -0.16 0.001
Anti-HCV positive % (n) 10.5 (103) 0.10 0.002
HCV RNA positive % (n) 6 (55) 0.1 0.001 0.14 0.000
HBsAg positive % (n) 3.7 (37) 0.04 0.197
Anti-HBc positive % (n) 5.7 (50) 0.02 0.483
Anti-HBs positive % (n) 70.2 (702) 0.01 0.657
CD4/CD8 median (IQR) 0.81 (0.57-1.13) -0.06 0.065
CDC AIDS (past) 18 (184) 0.08 0.008 0.02 0.654
sTim-3 ng/mL, median (IQR) 70 (5.8-8.8)
Time since diagnosis, years, median (IQR) 13.7 (6.9-21.3) 0.15 0.000
Time on ART, years, median (IQR) 10.5 (5.2-17.0) 0.14 0.000
Smoking, packyears in current and previous smokers, median (IQR) 18.8 (70-32.0) 0.19 0.000 0.07 0.103

Abbreviations: ART, antiretroviral therapy; CDC AIDS, Center for Disease Control and Prevention AIDS-defining conditions; eGFR, estimated glomerular filtration rate; HBc, hepatitis B core
antibody; Hbs, hepatitis B surface antibody; HbsAg, hepatitis B surface antigen; HCV, hepatitis C virus; hsCRR high-sensitivity C-reactive protein; IQR, interquartile range; MSM, men whom
have sex with men; PWH, people with human immunodeficiency virus; PWID, people who inject drugs; RNA, ribonucleic acid; SD, standard deviation; sTim-3, soluble T-cell immunoglobulin

mucin domain-3.
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Table 2. Characteristics of Longitudinal Cohort

Characteristics

Longitudinal Cohort (n = 60)

Baseline 6 Months After ART 12 Months After ART
Age, years, median (IQR) 40 (33-47)
Sex 92% male
Nadir CD4, cells/uL, median (IQR) 370 (239-520)

CD4, cells/uL, median (IQR)

CD8, cells/uL, median (IQR)

Viral load, copies/mL, median (IQR)
CD4/CD8 median (IQR)

sTim-3 ng/mL, median (IQR)

380 (239-537)
1000 (525-1500)
80 919 (30 059-328 245)
0.34 (0.23-0.52)
9.3 (6.0-12.4)

600 (430-750) 610 (450-770)
920 (680-1400) 970 (640-1300)
20 (19-30) 20 (19-20)

0.60 (0.32-0.92) 0.63 (0.31-0.92)
5.8 (4.4-72) 5.8 (4.4-74)

Abbreviations: ART, antiretroviral therapy; IQR, interquartile range; sTim-3, soluble T-cell immunoglobulin mucin domain-3.

HCV RNA in plasma). As shown in Figure 1C, sTim-3 levels
were significantly higher in PWH with HCV coinfection (me-
dian, 8.1 ng/mL; interquartile range [IQR], 6.3-10.2 ng/mL)
than in PWH without HCV coinfection (median, 7.0 ng/mL;
IQR, 5.7-8.7 ng/mL) (P = .001).

Predictors of Soluble T-Cell Inmunoglobulin Mucin Domain-3 in People
With Human Immunodeficiency Virus: Cross-Sectional Study

Linear regression was used to assess predictors of sTim-3 in
PWH. Nadir CD4 counts, CD8 counts, age, hsCRP, eGFR,
previous AIDS-defining diagnosis, cumulative tobacco pack-
years, and presence of HCV RNA were included as variables
in a multivariable analysis with sTim-3 as the dependent vari-
able. Hepatitis C viremia (f = 0.14, P < .001), hsCRP (B = 0.20,
P <.001), low eGFR (p = -0.17, P <.001), and age (B = 0.17,
P <.001) were associated with higher sTim-3 (Table 1). Of
the 55 coinfected with HCV, 4 were people who inject drugs
(PWID). The PWID status (n = 14) was correlated with sTIM-3
(rho =0.088, P =.006), but it did not predict sTim-3 in the
multivariable regression analysis in the total cohort.

Levels of Soluble T-Cell Inmunoglobulin Mucin Domain-3 in Relation to
Viral Load Before and During Antiretroviral Therapy: Longitudinal Study

In the longitudinal cohort, there was a significant decrease of
38% in sTim-3 after initiating ART (median, 9.2 ng/mL; IQR,
6.0-12.4 ng/mL) with stabilized levels at 6 (median, 5.8 ng/
mL; IQR, 4.4-7.2 ng/mL) and 12 (median, 5.8 ng/mL; IQR,
4.4-7.4 ng/mL) months of follow up (Figure 2A). Furthermore,
baseline sTim-3 correlated with baseline viral load (median
load, 80 919 copies/mL; rho = 0.51; P < .001) and sTim-3 after
6 months correlated with viral load after 6 months (median
load, 20 copies/mL; rho = 0.29; P = .048).

Soluble T-Cell Immunoglobulin Mucin Domain-3 Is Associated With
Pre-Antiretroviral Therapy (ART) CD4 Counts, but Not With Immune
Reconstitution During ART: Cross-Sectional and Longitudinal Study

Next, we aimed to investigate whether sTim-3 could predict
immune reconstitution during ART. In the longitudinal co-
hort, baseline sTim-3 correlated inversely with nadir and base-
line CD4 counts and with CD4 counts 6 and 12 months after
ART initiation (Figure 2B). However, in a multivariable linear
regression with CD4 counts 12 months after ART initiation as
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Levels of soluble T-cell immunoglobulin mucin domain-3 (sTim-3) in cross-sectional cohort. (A) Distribution of sTim-3 in people with human immunodeficiency

virus (PWH) and controls (CTR). (B) Levels of sTim-3 in PWH and noninfected CTR. (C) Levels of sTim-3 in PWH with and without hepatitis C virus (HCV). Data in B .and C are
presented as estimated marginal means and 95% confidence intervals, adjusted for age and sex.
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Levels of sTim-3 in longitudinal cohort. (A) Soluble T-cell immunoglobulin mucin domain-3 (sTim-3) before initiation of antiretroviral therapy ([ART] baseline [BL])

and 6 months and 12 months after initiation of ART (median plasma levels with 95% confidential intervals [Cl]). Error bars represent 95% Cl: * represent significant differ-
ences from baseline, *P<.001. Wilcoxon paired test. (B) Correlations between sTim-3 at baseline and CD4 T-cell counts at BL, 6 months, and 12 months after initiation of

ART. Spearman correlation test.

dependent variable, only nadir CD4 count ( = 0.82, P <.001)
but not baseline sTim-3 (B =0.06, P =.526) predicted CD4
counts after 12 months.

Finally, in a subanalysis of the cross-sectional cohort
with 66 INRs (CD4 <350 x 10°/L) and 133 matched IRs
(CD4 >500 x 10°/L), we found no significant difference in
sTim-3 between INR (median, 7.6 ng/mL; IQR, 6.1-9.5 ng/mL)
and IR (median, 6.9 ng/mL; IQR, 5.6-8.8 ng/mL) (P = .074).

DISCUSSION

Dysregulation of coinhibitory molecules plays a role in T-cell
dysfunction and persistent immune activation in HIV infec-
tion. In the present study, we aimed to explore the levels of
sTim-3 in relation to HIV-specific parameters, coinfections,
and demographic parameters as well as its response to ART.
Our main findings can be summarized as follows: (1) in a large
cross-sectional study, levels of sTim-3 were elevated in PWH
on ART compared with controls; (2) in a longitudinal study,
levels of sTim-3 correlated with HIV viral load before treat-
ment and decreased after initiation of ART; (3) in the cross-sec-
tional study, coinfection with HCV and systemic inflammation
as assessed by hsCRP predicted sTim-3 in linear regression
analysis; and (4) in the longitudinal study, baseline sTim-3
correlated inversely with nadir and baseline CD4 counts, and
with CD4 counts 6 and 12 months after ART initiation, but in
multivariable analyses, sTim-3 did not predict immunological
response after ART initiation.

Previous studies have reported elevated levels of Tim-3 ex-
pression on T cells in untreated HIV infection, increasing
levels with progressive disease, and reduced Tim-3 levels in pa-
tients receiving ART [8, 16, 17], but data on sTIM-3 before and
after initiation of ART are scarce. A decrease of sTim-3 after
initiating ART has been shown during primary HIV infection
[12]. In our longitudinal cohort of patients with chronic HIV

infection, we found that sTim-3 levels correlated with viral load,
nadir, and current CD4 counts after 6 months of ART. In ad-
dition, we found that sTim-3 decreased after ART initiation.
Moreover, whereas similar sTim-3 levels in PWH on ART and
healthy controls have been reported in a small group of patients
(n=20) [13], we show in a large cross-sectional study that
PWH (n =1010) had higher levels of sTim-3 compared with
HIV-noninfected controls even after several years on suppres-
sive ART. Thus, even in patients on stable ART, sTim-3 is ele-
vated compared with controls, suggesting a degree of immune
exhaustion even in these patients, but the overlap between
PWH on ART and controls suggests that it is difficult to use
sTim-3 as a specific marker of exhaustion.

People with HIV coinfected with HCV are at higher risk of
comorbidities such as diabetes and liver, kidney, and CVD, pos-
sibly linked to immune activation [18, 19]. Data on Tim-3 ex-
pression on CD8 T cells in PWH that are coinfected with HCV
have previously been somewhat contradictory [20, 21]. We
show that PWH on ART that were coinfected with HCV had
even higher sTim-3 levels than PWH without HCV infection,
and notably HCV viremia was one of the strongest predictors of
high sTim-3 levels. This may give additional explanation to the
increased risk of comorbidities in coinfected patients. Our data
suggest that these coinfected individuals have an ever higher de-
gree of T-cell exhaustion and persistent immune activation and
underscore the need for treating both infections in PWH that
are coinfected with HCV. With the new direct-acting antivirals
and cure rates comparable to HCV monoinfected individuals,
the main challenge is to identify patients and to prevent reinfec-
tion in high-risk groups [22].

In HIV, immune exhaustion is linked to comorbidities
even in patients on ART and represents a potential obstacle
for a cure [4]. In the cross-sectional study, we found a strong
correlation between hsCRP and sTim-3, reflecting persistent
inflammation and immune exhaustion as 2 faces of the
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dysregulated immunity in HIV even on stable ART. High-
sensitivity CRP is linked to aging, immunoscenescense, mor-
bidity, and mortality in PWH [5, 23-25], and future studies
should examine whether the combination of these markers
(sTim-3 and hsCRP) could give even more prognostic in-
formation in PWH. Lipopolysaccharides may contribute
to Tim-3 upregulation and shedding [13], possibly linking
immune exhaustion to microbial translocation, which also
contributes to systemic immune activation in HIV [26], po-
tentially reflecting a complex interacting network that pro-
motes an accelerated aging in PWH.

Immunological nonresponders are PWH who fail to achieve
optimal CD4 T-cell reconstitution after ART, and they have
higher immune activation, increased risk of comorbidities, pro-
gression to AIDS, and higher mortality [25, 27, 28]. We aimed
to explore the potential role of sTim-3 in these patients, but we
did not find a difference in sTim-3 levels between IRs and INRs.
In addition, although pre-ART sTim-3 was associated with
CD4 counts 1 year after ART initiation, it did not predict CD4
T-cell count in multivariate analyses. However, the number of
patients in the longitudinal study was relative low, and future
studies should examine the potential for checkpoint inhibitors
in HIV therapy through enhancement of therapeutic vaccine
responses, reversing latency, and through enhancing T-cell
function to eliminate infected cells [29].

The strengths of this study are well defined cohorts, one with
1010 participants, including 55 coinfected with HCV. However,
we did not have baseline sTim-3 measurements in the cross-sec-
tional cohort, so the predictive value of baseline sTim-3 in this
cohort (for example, on INR) is unknown. We did not have
available peripheral blood mononuclear cells for further char-
acterization of immune function, which would have strength-
ened the study. Moreover, the noninfected control group was
small (n = 76).

CONCLUSIONS

In conclusion, sTim-3 decreased after initiation of ART, but
treated PWH had higher levels of sTim-3 than controls, with
the highest levels in those coinfected with HCV. The correlation
between hsCRP and sTim-3 might represent a link between
immune activation and exhaustion in well treated PHW con-
tributing to the increased occurrence of comorbidities and ac-
celerated aging in these patients.
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