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Abstract

Objective—A higher proportion of circulating memory CD4* T cells is associated with prevalent
diabetes mellitus in persons with HIV (PWH) and HIV-negative persons. We assessed whether
circulating T cell subsets could also identify individuals who will subsequently develop diabetes.
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Design—This is a longitudinal follow-up study of PWH and similar HIV-negative individuals
from the Veterans Aging Cohort Study who provided peripheral mononuclear blood cells between
2005 and 2007.

Methods—We quantified T cell subsets using flow cytometry and functional assays to identify
CD4" and CD8™ naive, activated, senescent, memory (central, effector, and effector RA*), and
Tnl, Ty2, and Ty17-phenotype cells. The occurrence of an incident diabetes diagnosis (i.e., after
baseline blood draw) was adjudicated by a two-physician chart review. Cox proportional hazards
models adjusted for traditional risk factors, cytomegalovirus serostatus, and plasma inflammatory
biomarkers assessed the relationship between T cell subsets and incident diabetes.

Results—1837 participants (1259 PWH) without diabetes at baseline were included; 69% were
black, 95% were male, and median follow-up was 8.6 years. Higher baseline frequencies of CD4*
T effector memory RA* (Temra) cells defined as CD45RA* CD27~ (p=0.04) and senescent T
cells defined as CD4* CD28~ (p=0.04) were associated with incident diabetes in PWH only.

Conclusions—Higher frequencies of CD4* Tgpra and CD4* CD28™ T cells were associated
with incident diabetes in PWH only after adjustment for other factors. Additional studies are
necessary to assess whether these cells act in blood via inflammatory mediators or reflect T cell
populations in metabolically active tissues.
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Introduction

Type 2 diabetes mellitus is increasingly common among persons with HIV (PWH) on
long-term combination antiretroviral therapy (ART) [1, 2], and contributes to an increased
risk of chronic kidney disease, cardiovascular disease, and overall mortality [3-5]. The
development of diabetes in PWH has been previously linked to higher concentrations

of circulating inflammatory markers including interleukin (IL)-6 and high-sensitivity C-
reactive protein (CRP) [6, 7], which become elevated after HIV infection and do not
completely normalize with viral suppression [8]. While the relationship of innate immune
activation and diabetes risk has been demonstrated in PWH and HIV-negative persons, there
are fewer data on the relationship between adaptive immunity and diabetes.

In the general population, a reduced proportion of naive and regulatory (Tyeg) CD4" T cells
[9-11], an increased proportion of circulating memory CD4" T cells [9, 12], and a shift
towards pro-inflammatory type 1 (Ty1) and type 17 (Ty17) helper cells [11], have been
associated with prevalent diabetes. An important question is whether T cell profiles change
in advance of diabetes onset, which could provide insight into pathogenesis and serve as
prognostic or risk stratification markers. The limited available studies provide inconclusive
findings. A recent study prospectively followed 932 individuals from the Multi-Ethnic Study
of Atherosclerosis (MESA) cohort who were at risk for diabetes over a median 9.1 years
and did not find any association between baseline circulating T cell subset frequencies

and incident diabetes after adjusting for age, sex, race/ethnicity, educational status, and
body mass index (BMI) [13]. In contrast, a prospective study of participants at high risk
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for cardiovascular disease followed 149 individuals for a median of 2.3 years and found
that increased frequency of circulating CD8*CD57* T cells, a marker of senescence, was
associated with a greater rise in hemoglobin Alc and fasting serum blood glucose during
follow up [14].

HIV infection induces detrimental changes to the immune system with depletion of naive
CD4* T cells, persistent activation of CD4" and CD8™ T cells, and higher frequencies

of T effector memory RA* (Temra), CD28™ senescent, and exhausted T cell phenotypes
[15-17]. These immunologic changes have been linked to increased cardiovascular, liver,
and renal diseases [18-20]. In a small, cross-sectional study, higher proportions of CD4* T
effector memory (Tgpm) and Tepmra cells co-expressing CX3CR1, GPR56, and CD57 were
associated with prevalent diabetes in PWH [21]. We previously assessed the relationship
between circulating T cell subsets and prevalent diabetes in the Veterans Aging Cohort
Study Biomarker Cohort (VACS-BC) and found that increased frequency of memory CD4*
T cells was associated with prevalent diabetes among both PWH and HIV-negative persons
[22]. The objective of this study is to determine the relationships between circulating T cell
subsets and the subsequent development of diabetes in Veterans with and without HIV.

Study participants

The Veterans Aging Cohort Study (VACS) is a longitudinal, prospective, multicenter
observational study enrolling PWH and HIV-negative individuals of similar age, race/
ethnicity, and geographic location from the Veterans Affairs healthcare system to study

the role of comorbid diseases and behavior on HIV outcomes [23]. A subset of VACS
participants had peripheral blood mononuclear cells (PBMCs) cryopreserved between 2005
and 2007 that comprised the VACS-BC and were included in this study [22, 24]. Information
regarding demographic and clinical data was extracted from the Veterans Affairs electronic
health record, the VA corporate data warehouse, the VA vital status file, and from self-
reported surveys administered at annual VACS visits.

Incident diabetes definition

We employed a validated EMR algorithm (Document, Supplemental Digital Content 1,
detailed methods) incorporating pharmacy data, laboratory values, and 1ICD-9 codes to
identify potential diabetes cases present at participant specimen archiving in 2005-2007 or
occurring after baseline blood draws through September 30, 2015 [25]. All potential cases
were adjudicated by two physicians with expertise in endocrinology and metabolism (if
there was a discrepancy, a third physician served as the final arbitrator of case classification).
Given that all incident diabetes cases occurred in adulthood and after discharge from

active military service, these were presumed to be type 2 in nature, though insulin
measurements were frequently not available. Diabetes diagnoses were classified as prevalent
(adjudicated onset date preceded baseline blood collection) or incident (occurred after blood
collection). We excluded participants who had prevalent diabetes for this analysis. We have
previously reported the sensitivity, specificity, and other agreement characteristics of this
EMR algorithm with physician adjudication for this cohort [25].
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Immunophenotyping

Cryopreserved PBMCs from the baseline blood draws were processed and stained as
previously published [22, 26]. Briefly, PBMCs were thawed at 37°C for 15 minutes

and suspended in fully supplemented RPMI at 10-fold dilution. The samples underwent
repeat centrifugation and resuspension before filtering through a 70 um filter. Antibodies
and isotype-matched control antibodies used for surface staining and intracellular staining
are listed in supplemental materials (Table, Supplemental Digital Content 2, surface and
intracellular markers). For CD4* functional assays, samples were first stimulated with
phorbol myristate acetate in the presence of brefeldin A for three hours, then resuspended
in PBS, pH 7.4, and stained for viability before staining with PE-conjugated anti-1L-4,
PEVio-conjugated anti-IFN-y and APCVio-conjugated anti-IL-17, or isotype controls.

Cells were analyzed on an 8-color MQ10 (Miltenyi Biotec) flow cytometer. Bead
calibration was used to standardize runs and single-color compensation and isotype
controls were used to set compensation and negative gates, respectively. Flow cytometry
data were analyzed using the MACSQuantify software (Miltenyi Biotec). We evaluated
CD4" and CD8™ central memory (Tcp; CD45ROTCCR7YCD27™), effector memory (Tem;
CD45RO*CCR7-CD27"), effector memory re-expressing CD45RA (Temra; CD45RA*
CD57*CD28™ or CD45RA*CD277), and senescent T cells (CD57*CD28~; CD287). We
used two definitions for Tepra cells to reflect differing definitions in the literature. We
characterized type 1 (Tu1; IFN-y producing), type 2 (Ty2; IL-4 producing), and type

17 (Ty17; IL-17 producing) helper CD4™ T cells and regulatory CD4* T cells (Tyeg;
CD4*CD25*FoxP3™). The missingness for functional assays and surface marker phenotypes
was 11% and 8% respectively due to poor cell viability.

Interleukin-6, D-dimer, soluble CD14, and Cytomegalovirus Assays

Serum IL-6, d-dimer, and soluble CD14 concentration were measured as described in the
Supplementary Materials. The cytomegalovirus (CMV) IgG concentration was determined
using an ELISA from Diamedix (Miami Lakes, FL) and CMV seropositivity was defined as
CMV IgG concentration > 8 EU/ml.

Statistical Analyses

Covariate data were obtained closest to the date of blood sample collection except for

BMI, which was time-updated. HIV-1 RNA was obtained closest to the blood collection
date (up to 180 days after). We compared demographic and clinic characteristics between
PWH and HIV-negative individuals stratified by incident diabetes. We used chi-square and
Wilcoxon rank sum tests to compare categorical and continuous variables, respectively. To
evaluate the association of T cell subset with risk of incident diabetes, we used a Cox
proportional hazards model with the T cell subset as the main exposure and incident diabetes
as the outcome. We estimated the hazard ratio (HR) and 95% confidence intervals (Cl) for
1-standard deviation increment in each immune cell. The proportional hazards assumption
was tested by the Schoenfeld residuals and included the interaction term of the covariates

by time as evaluated by the “cox.zph” function in R. We modeled PWH and HIV-negative
individuals separately because the heterogeneity of viral load, which may affect the outcome
of interest, could not be accounted for in a combined model.
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We first performed unadjusted analysis of baseline T cell subsets and incident diabetes. We
then created three sequential Cox proportional hazards models. Model 1 adjusted for age,
race, CMV serostatus, and serum HIV-1 RNA quantification (PWH only). Model 2 further
adjusted for hepatitis C serostatus, high-density lipoprotein, low-density lipoprotein, total
cholesterol, history of alcohol abuse, and time-updated BMI. Model 3 further adjusted for
serum concentrations of IL-6, d-dimer, and soluble CD14. As a sensitivity analysis, we
incorporated time-updated HIV-1 RNA quantification (PWH only). To assess whether the
relationship between baseline T cell subsets and incident diabetes was non-linear, we used
restricted cubic splines to model the subsets with 4 knots. Missing data were imputed using
multiple imputation by chained equations with five complete datasets based on predictive
mean matching using the Hmisc library of R programming language. Cox survival models
were fitted in each imputed dataset and then combined to obtain pooled HRs and standard
errors. All analyses were performed using R software (version 4.0.2; www.r-project.org).

This study was reviewed and approved by the Veterans Affairs and the Vanderbilt University
Medical Center Institutional Review Boards. All participants provided written informed
consent.

Cohort Characteristics

Of 2,386 participants who provided PBMCs, 549 participants were excluded from the
analysis; this included those with no further clinical encounters after baseline blood draw
(n =7), a discrepancy between HIV status and HIV specific variables (i.e., no record

of HIV diagnosis or positive screening test but measured HIV viral load or CD4 T cell
count, or ART prescription [n = 14]), last VA utilization date listed before date of blood
draw (n = 5), and adjudicated prevalent diabetes (n = 523) leaving 1259 PWH and 578
HIV-negative participants (Figure 1). Incident diabetes occurred in 238 participants (133

in PWH and 105 in HIV-negative individuals) over a median follow-up time of 8.6 years.
Table 1 describes demographic and clinical characteristics of the cohort, stratified by HIV
status and incident diabetes during follow-up. The cohort was 69% black and 95% male.
PWH and HIV-negative individuals who developed diabetes had a higher BMI compared

to those who did not developed diabetes (p < 0.01 for both groups). The majority of PWH
had viral suppression (65%) and were on ART at the time of enroliment (84%). Circulating
inflammatory biomarker concentration and T cell subset percentage were also compared by
HIV serostatus and incident diabetes (Table, Supplemental Digital Content 3, Inflammatory
biomarkers and T cell subsets).

Higher baseline frequencies of CD4* CD28~ and CD4* Tgmra cells in PWH, but not HIV-
negative individuals, are associated with a greater risk of incident diabetes

We first performed unadjusted Cox proportional hazards modeling to assess the relationship
between baseline demographic and clinical variables and the risk of incident diabetes

in PWH and HIV-negative individuals (Figure 2). Higher BMI was associated with an
increased hazard of incident diabetes in both PWH (HR=1.46, p<0.01) and HIV-negative
individuals (HR=1.56, p<0.01). Among T cell subsets, a higher proportion of CD4* Tgpmra
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cells defined as either CD45RA*CD57+*CD28™ or CD45RA*CD27~ was associated with
increased hazard of incident diabetes in PWH (p=0.04 and p=0.03, respectively). A similar
relationship was observed for CD4*CD28™ T cells (p=0.06) in PWH. One definition

of CD4* Tgmra cells, CD45RA*CD27-, was associated with a higher risk of incident
diabetes in HIV-negative participants (p=0.05) (Table, Supplemental Digital Content 4, Cox
proportional hazards model).

Figure 3 shows the results for PWH and HIV-negative individuals for the fully adjusted
model. A higher baseline frequency of CD4* Tgpmra cells defined as CD45RA*CD27-
was significantly associated with an increased hazard of incident diabetes in PWH
(HR=1.17, p=0.04), and approached significance for CD4* Tgpmgra cells defined as
CD45RA*CD57*CD28~ (HR=1.15, p=0.07). A higher frequency of senescent CD4* T
cells defined as CD28~ (HR=1.18, p=0.04), but not CD57*CD28", was also significantly
associated with hazard of incident diabetes in the PWH (Table, Supplemental Digital
Content 5, fully adjusted cox proportional hazards model in PWH). In contrast, no T cell
subsets were significantly associated with incident diabetes in HIV-negative individuals
(Table, Supplemental Digital Content 6, fully adjusted cox proportional hazards model in
HIV-negative individuals). To test whether there is an interaction between HIV status and the
CD4* T cell subsets, we used the full model combining PWH and HIV-negative individuals
and included an interaction term. There was no significant interaction between any CD4* T
cell subset and HIV status.

As a sensitivity analysis, we adjusted for time-updated plasma HIV-1 RNA level, which
did not significantly change the hazard ratios (Table, Supplemental Digital Content 7, Cox
proportional hazard sensitivity analysis). Using a restricted cubic spline regression model,
we found the relationship between CD4* and CD8* Tgpmgra cells and incident diabetes was
not significantly different from the linear model (Figure, Supplemental Digital Content 8,
Restricted cubic spline regression).

Cytomegalovirus serostatus does not influence the relationship of T cell subsets with
incident diabetes

In our cohort, CMV seropositivity was associated with the inflation of CD4* and CD8"*
TemRra and senescent T cells (Table, Supplemental Digital Content 9, Demographic
characteristics and T cell subsets by CMV serostatus). We therefore stratified PWH by CMV
serostatus and repeated the analysis. Among CMV-positive PWH, the hazard for incident
diabetes with baseline CD4" Tgpra cells and CD28™ senescent T cells was similar (Figure
4) (Table, Supplemental Digital Content 10, Cox proportional hazards model for CMV-
positive PWH). We next evaluated CMV-negative PWH, which included only 14 incident
diabetes events. Given the small number of events, we only adjusted for time-updated BMI
and age since these variables had the strongest hazard for incident diabetes (Figure 2).
Higher proportion of CD4* Tgmra cells defined by CD45RAYCD27~ was associated with
a higher risk of incident diabetes (HR=1.61, p=0.001) (Table, Supplemental Digital Content
11, Cox proportional hazards model for CMV-negative PWH).
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Discussion

The burden of diabetes is high in PWH and the complex immunologic changes induced by
HIV infection may contribute to the development of metabolic diseases. We have previously
shown that a greater proportion of memory CD4* T cells was associated with prevalent
diabetes in PWH [22]. Here, we show that higher baseline frequencies of CD4* Tgpra and
CD4*CD28" T cells are associated with an increased hazard of incident diabetes in PWH,
but not in HIV-negative individuals, after adjusting for multiple covariates.

CD28 is a co-stimulatory receptor that is important for activation, proliferation, and
maintenance of CD4* T cells [27]. CD4*CD28~ T cells are a heterogeneous population

of cells that demonstrate reduced proliferative capacity in the setting of antigen stimulation,
have higher TCR clonality than CD28" T cells [28], have cytotoxic properties, and secrete
both TNF-a and IFN-y [29]. Furthermore, these cells are resistant to the anti-inflammatory
stimuli of T regulatory cells [30] and have been associated with autoimmune disorders,
cardiovascular disease, and diabetes in HIV-negative persons [31, 32]. While expansion of
CD4*CD28™ T cells has been associated with inflammatory disorders and chronic infections
including CMV [33], the underlying cause of their expansion is unclear. CD4" Tgpra cells
are closely related to CD28™ T cells as they frequently lack CD28 expression. Functionally,
they are cytotoxic with high expression of perforin and granzyme B [34-36], and a subset
of Temra expressing GPR56 and CX3CR1 are highly clonal and frequently have anti-viral
activity [34]. CMV is a dominant antigenic target of CD4" Tgpmpra cells, and they have been
associated with atherosclerosis and cardiovascular disease in both PWH and HIV-negative
individuals [37, 38]. The link with diabetes has been less clear, but a small study found
CD4* T cells co-expressing CD57, GPR56, and CX3CR1, a predominantly CD4* Temra
population, were higher in the blood and adipose tissue of PWH with greater glucose
intolerance [21].

In this study, we did not find any association between CMV serostatus and risk of incident
diabetes. In subgroup analysis, CMV-negative PWH had a similar increased risk of diabetes
with a higher proportion of CD4* Tgumra cells. This finding was unexpected given the

role of CMV in Tgpmra cell inflation, and we considered whether some participants were
incorrectly classified as CMV-seronegative. However, the 1gG antibody titers in those
defined as CMV-seronegative and who subsequently developed diabetes were below our
defined IgG titer for seropositivity (highest 1gG titer was < 5.4 EU/mL). Taken together, our
results suggest that a higher proportion of proinflammatory CD4*CD28~ and CD4* Temra
cells may contribute to elevated systemic inflammation that predisposes to the development
of diabetes. Importantly, these findings were specific to PWH, as we did not find any T

cell subsets that were associated with risk of incident diabetes in HI\-negative individuals,
similar to previous studies [13].

The lack of any observed associations between T cell subsets and diabetes in HIV-negative
individuals may reflect three important factors. First, HI\V-negative individuals had a higher
incidence of diabetes compared with PWH, potentially driven by a higher prevalence of
obesity. This likely reflects the fact that PWH and HIV-negative persons engage in care

for differing reasons; while many PWH may establish care primarily to address their HIV
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diagnosis, HIV-negative individuals may seek care to address underlying cardiometabolic
conditions (e.g., obesity, hypertension, hyperlipidemia, among others) associated with an
increased risk of developing diabetes. When we analyzed only non-obese individuals, the
incidence of diabetes was more similar between HIV-negative individuals and PWH (11.4%
vs 8.7%, respectively, compared to 18.2% and 10.6% in the full cohort). Since obesity is a
major risk factor for diabetes, the smaller effect size of T cell subsets for risk of diabetes
may not be detected if obese HIV-negative individuals are included in the model. Second,
the T cell subsets associated with incident diabetes in PWH are often expanded after HIV
infection, which may predispose these individuals to metabolic disease. Finally, the sample
size for HIV-negative individuals was smaller, so we cannot rule out that we failed to detect
a difference in this group due to a type 2 error.

While T cells are important contributors to adaptive immune responses, B cells have also
been implicated in the development of type 2 diabetes. In persons with type 2 diabetes, 4—
14% have glutamic acid decarboxylase, tyrosine phosphatase 1A-2, or islet-cell antibodies,
suggesting an autoimmune-related reduction in insulin production may be present in
addition to the more common insulin resistance phenotype [39]. Furthermore, a cross-
sectional study of persons with type 2 diabetes showed that circulating islet auto-reactive
antibodies were associated with greater 1L-17 secreting CD4*CXCR5* Ty17 cells [40]. In
the MESA study, higher proportion of CD19*CD27* B cells was associated with a reduced
risk of incident diabetes [13]. These and other studies suggest a joint role for B-cell and T
cell-mediated immune responses in diabetes, potentially acting at multiple sites and affecting
both insulin production and tissue insulin sensitivity. Our group has previously described

a specific CD4* Tempra Subset that accumulates in both blood and adipose tissue in PWH
with progressive glucose intolerance [21, 41], and similar translational studies are needed to
assess the role of B cells in metabolic disease in the context of HIV. To our knowledge, only
small case series have examined auto-antibodies in PWH [42], and future studies will need
to simultaneously assess T cells, B cells and auto-antibodies in large cohorts of PWH versus
HIV-negative controls, as well as in specific tissue compartments.

Our study had several strengths. First, to our knowledge, this is the largest cohort of

PWH and HIV-negative individuals from the same health system prospectively followed
with detailed cellular phenotyping and concurrent chart adjudication of incident diabetes
cases. Second, we used two different definitions to define Tgpmpra cells given the multiple
definitions in the literature. Using two definitions of Tgpmra cells we found very similar
results, which also suggests this was not a spurious finding. Finally, we were able to adjust
for traditional risk factors, CMV serostatus, and inflammatory biomarkers in the model to
assess the independent association of T cell subsets with risk of incident diabetes. However,
this study did have several limitations. The VA healthcare system is largely male and

may not be generalizable to other populations. Second, cellular phenotypes were analyzed
on cryopreserved cells rather than fresh whole blood, which may influence the results.
However, data on healthy individuals suggests this difference is small [43]. Third, CMV-
negative PWH had higher HCV seropositivity and alcohol use compared with CMV-positive
PWH for unclear reasons. While the model adjusted for both HCV serostatus and alcohol
use, we cannot rule out an unrecognized confounder may exist that could affect our findings.
Fourth, PWH had varying duration and stage of HIV infection, which may not be captured
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by a single flow cytometry measurement of T cell subsets at initiation of the study. Fifth,
we do not have family history of diabetes or auto-antibody status available for this study,
though this is unlikely to influence our conclusions. Finally, VACS-BC was not designed

to investigate the potential biological role CD4* Tgmra and CD47CD28™ T cells have in
increasing the risk for diabetes and future studies will be needed to establish how these cells
could mediate the risk of metabolic disease.

In summary, in a large cohort of PWH and HIV-negative individuals in the VACS-BC, we
found that higher frequencies of baseline CD4* Tgmra and CD28™ T cells in PWH, but

not HIV-negative individuals, were associated with risk of incident diabetes. These T cell
subsets are highly inflammatory and have been previously linked to immune dysregulation,
cardiovascular disease, and autoimmune diseases and may be an important risk factor for the
development of metabolic disease in PWH. A better understanding of the role of adaptive
immune cells in imparting risk of diabetes may lead to new prognostic test or therapeutic
interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Total enrolled in VACS-BC (n = 2,386)

|

Excluded
* No further encounters (n =7)
* Prevalent diabetes (n = 523)

* Incorrect follow up time recorded (n = 5)

* No record of HIV status but measurable VL or CD4, or ART prescribed (n =

14)

/

N\

HIV+ Veterans (n = 1259)

HIV- Veterans (n = 578)

|

|

Median Follow up: 8.6 years

Median Follow up: 8.5 years

|

|

Incident diabetes: 133 events

Incident diabetes: 105 events

Figurel.

Overview of study design and participant inclusion. Abbreviations: ART, antiretroviral
therapy; HIV+, persons with HIV; HIV-, HIV-negative; VACS-BC, Veterans Aging Cohort

Study Biomarker Cohort; VL, viral load.
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Unadjusted Cox proportional hazards model assessing the relationship between baseline
clinical variables and incident diabetes in persons with HIV (black square) and HIV-negative
individuals (open diamond). For linear variables, the hazard ratio is reported per kg/m? for
body mass index, per year for age, and per standard deviation (SD) increment for T cell

subsets with 95% confidence interval (95% ClI).
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Cox proportional hazards model assessing the relationship of baseline T cell subsets and
incident diabetes in persons with HIV (black square) and HIV-negative individuals (open

Adjusted Hazard of Incident Diabetes (95% CI)
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diamond) adjusted for age, race, cytomegalovirus serostatus, plasma HIV-1 RNA copies/mL
(persons with HIV only), high-density lipoprotein, low-density lipoprotein, total cholesterol,

time-updated body mass index, hepatitis C virus serostatus, history of alcohol abuse, and
circulating concentrations of interleukin-6, d-dimer, and soluble CD14. Hazard ratio is
reported per standard deviation (SD) increment with 95% confidence interval (95% CI).
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Figure 4.

Cox proportional hazards model assessing the relationship of baseline T cell subsets
and incident diabetes in cytomegalovirus (CMV) seropositive (black square) with HIV
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adjusted for age, race, plasma HIV-1 RNA copies/mL, high-density lipoprotein, low-density

lipoprotein, total cholesterol, time-updated body mass index (BMI), hepatitis C virus

serostatus, history of alcohol abuse, and circulating concentrations of interleukin-6, d-dimer,

and soluble CD14. The model for CMV seronegative PWH (open diamond) was only

adjusted for age and time-updated BMI. Hazard ratio is reported per standard deviation (SD)
increment with 95% confidence interval (95% CI).
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