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Objectives
The aim of this study was to evaluate the circulating levels of CD40 ligand (CD40 L), Dickkopf-1
(DKK-1) and P-selectin, their relationships and their contributions to cardiovascular risk in subjects
with HIV infection.

Methods
The study population included 80 HIV-infected patients, 14 (17.5%) of whom had diabetes mellitus
(DM) and 32 (40.0%) of whom had arterial hypertension (AH). The HIV-infected patients were
compared with a control group with similar demographic and clinical features. CD40L, DKK-1 and
P-selectin levels were measured using an enzyme-linked immunosorbent assay.

Results
The HIV-infected patients showed higher levels of all the cardiovascular disease (CVD) markers.
Both serum CD40L and DKK-1 were significantly higher in HIV-infected patients than in the HIV-
negative controls (P < 0.001), while soluble P-selectin showed no significant between-group
difference (P = 0.133), reflecting the role of HIV infection in CVD. In the HIV-infected group,
patients with DM showed lower levels of CD40L and DKK-1 in comparison with the nondiabetic
patients and patients with AH (P < 0.05, with Bonferroni correction). In contrast, patients with AH
showed higher levels of CD40L and DKK-1 in comparison to patients without DM or AH (P < 0.05,
with Bonferroni correction). Patients with AH showed higher levels of CD40L and DKK-1 than
patients with DM (P < 0.05, with Bonferroni correction).

Conclusions
In this study, we found that HIV-infected patients displayed significantly higher circulating levels
of both CD40L and DKK-1, which were linearly and directly correlated, when compared to HIV-
negative patients. The presence of diabetes was associated with lower levels of both CD40L and
DKK-1, whereas the presence of hypertension was associated with higher levels of CD40L.
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Introduction

The introduction of combination antiretroviral therapy

(cART) has greatly increased the life expectancy of HIV-

infected individuals, but it has concurrently increased
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noninfectious morbidity and mortality, in particular for

cardiovascular (CV) ischaemic events [1].

Drivers of cardiovascular disease (CVD) in HIV infec-

tion may include a combination of factors, such as a

higher prevalence of traditional [e.g. smoking, arterial

hypertension (AH), diabetes mellitus (DM) and hyperlipi-

daemia] and nontraditional (e.g. stress) risk factors, and

the effects of cART and of HIV itself [2,3]. The prevalence

of metabolic syndrome, which ultimately increases the

risk of CVD, ranges globally from 17.0 to 45.4% among

HIV-infected patients [4].

Hypertension and DM are the main CV risk factors in

the general population and also in HIV-infected patients

[5–7]. Hypertension is common among HIV-infected peo-

ple, with a prevalence ranging from 4 to 54% and,

among HIV-infected persons with metabolic syndrome,

being as high as 96% in some studies [8–10]. Hyperten-

sion is a key feature of metabolic syndrome in HIV-in-

fected patients, and an important risk factor for CVD in

this population [11]. The Multicenter AIDS Cohort Study

and Veterans Aging Cohort Study Virtual Cohort reported

a 14% prevalence of DM [12,13].

Persistent systemic inflammation and immune activation

play a central role in the pathogenesis of CVD in HIV-in-

fected patients, despite adequate suppression of viral repli-

cation. Oxidative stress, platelet activation [14], endothelial

activation/damage [15,16], increased thrombotic activity

and metabolic disorders [17] are important features of the

pathophysiology of atherothrombosis in this setting. The

extent to which these abnormalities are driven by HIV

infection per se or by concurrent CV risk factors, particu-

larly DM and hypertension, has never been explored.

The role of CD40 ligand (CD40L) in the initiation and

progression of atherosclerosis and atherothrombosis has

become the focus of much attention [18]. CD40L is a 39-

kDa transmembrane glycoprotein structurally related to

tumour necrosis factor-a (TNF-a). Originally thought to

be restricted to stimulated CD4 T cells, mast cells and

basophils, its expression is prominent on platelets, which

carry preformed CD40L which is rapidly translocated onto

the cell surface following activation [19]. Through its

receptor, which is constitutively expressed on monocyte/

macrophages, endothelial cells, smooth muscle cells and

platelets, CD40L orchestrates cell–cell interactions during

inflammation in several clinical settings [20], such as

type 1 and 2 diabetes [21], hypertension [22] and infec-

tious diseases [23] including HIV infection [24,25].

Dickkopf-1 (DKK-1), an inhibitory molecule of the

Wingless-related integration site (Wnt) signalling path-

way, is another soluble marker associated with inflamma-

tion and atherogenesis. High levels of DKK-1 have been

found in patients with unstable angina and in patients

with stents at the site of plaque rupture [26]. In patients

with type 2 DM, DKK-1 circulating levels are increased,

are correlated with soluble CD40L and are reduced by an

improvement in glycaemic control and low-dose aspirin

treatment, suggesting that the release of DKK-1 occurs, at

least in part, during platelet activation. The Wnt sig-

nalling pathway has recently also been implicated in the

pathogenesis of certain infectious disorders [27] including

HIV infection [28], where circulating DKK-1 is associated

with neurocognitive impairment [29].

Platelets bind HIV-1 via the fibronectin receptor

expressed on their surface, and via C-X-C chemokine

receptor type 4 (CXCR4), the receptor for stromal cell-

derived factor 1, one of the chemokine coreceptors essen-

tial for HIV entry into cells. In this way, platelets are acti-

vated and release a-granule content, including P-selectin.

HIV thereby enhances the response to low doses of platelet

agonists, thus providing a mechanistic explanation for the

increased platelet activation in HIV infection [30].

In the general HIV-negative population, increased circu-

lating levels of C-reactive protein (CRP), a marker of

inflammation, P-selectin, a marker of in vivo platelet acti-

vation, and von Willebrand factor, a marker of endothelial

dysfunction, have been demonstrated in patients with

essential hypertension, and may help to identify those at

very high CV risk [22]. In the setting of type 2 diabetes, a

paradigm of low-grade inflammation and accelerated

atherosclerosis, an interplay between platelet-derived

inflammation and endothelial dysfunction, has been

revealed, as reflected by increased circulating levels of

both CD40L and DKK-1 versus healthy controls. Both

markers are significantly reduced after improvements in

metabolic control, suggesting a cause and effect relation-

ship between the metabolic derangement and inflamma-

tion, endothelial dysfunction and platelet activation, which

together lead to atherothrombosis. Whether this interplay

may also apply to HIV infection, as an additional model of

increased CV risk, has still not been determined. Although

elevated levels of proinflammatory molecules such as sol-

uble CD40 ligand (sCD40L) and DKK-1 have been reported

in subjects with diabetes and hypertension, and decreased

levels of plasma DKK-1 have been reported during

improvement of metabolic control, no study has assessed

the interaction between the CD40/CD40L and Wnt/DKK-1

systems in HIV-infected patients. Not even the contribution

of HIV infection per se versus concurrent risk factors to cir-

culating levels of the above-mentioned CV risk markers

has been investigated. Thus, we aimed to assess: (i) circu-

lating levels of CD40L, DKK-1 and P-selectin in a cohort of

HIV-infected patients with undetectable viraemia as com-

pared to HIV-negative subjects; (ii) the relationships

between soluble markers in this setting; (iii) the
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contribution of traditional CV risk factors to their circulat-

ing concentrations, determined by comparing HIV-infected

patients with and without comorbidities; and (iv) the rela-

tionships of subsets of lymphocytes with these soluble

markers.

Materials and methods

Design of the study

This was a cross-sectional, nonpharmacological compar-

ison study for the evaluation of soluble factors reflecting

the extent of inflammation in HIV-infected patients trea-

ted at the Infectious Diseases Clinic, University ‘G.

D’Annunzio’, SS Annunziata Hospital of Chieti, Chieti,

Italy. The HIV-infected patients underwent routine clini-

cal control at our Day Hospital (DH) and routine technical

and laboratory tests were carried out.

Study population

From March 2017 to October 2017 at the DH of the

Infectious Diseases Clinic in Chieti, 80 HIV-infected

patients were consecutively enrolled in the study using

inclusion and exclusion criteria, of whom 14 (17.5%)

were diabetic and 32 (40.0%) were hypertensive. No HIV-

infected patients had both diabetes and hypertension. Key

demographic data (age, gender and nationality), clinical

data [body mass index (BMI), year of HIV infection, pres-

ence of coinfection with hepatitis B or C virus (HBV/

HCV) and Centers for Disease Control and Prevention

(CDC) category], viroimmunological data [CD4 count and

HIV RNA, measured using polymerase chain reaction

(PCR)], and therapeutic and laboratory data (hepatic and

renal function, glucose concentration and lipid profile)

were assessed in all subjects. Microalbuminuria was mea-

sured on single-day urine samples using particle-en-

hanced immunonephelometric assays (BN II System;

Siemens Healthcare Diagnostics, Inc., NY, USA) [31]. The

groups were homogeneous for gender and CDC classifica-

tion.

The HIV-negative group consisted of 80 patients, fre-

quency-matched with our study population by gender

and age and clinical features, who were enrolled at the

Department of Clinical Medicine of the SS Annunziata

Hospital of Chieti. Of these 80 control subjects, 58 were

male (72.5%) and 22 female (27.5%). Their mean [� stan-

dard deviation (SD)] age was 52.2 � 11.3 years and their

mean (� SD) BMI was 25.9 � 3.1 kg/m2. Thirty of these

control subjects (37.5%) had a diagnosis of AH, 16

(20.0%) had type 2 DM and 34 (42.5%) had neither AH

nor type 2 DM.

The study protocol was approved by the Ethics Com-

mittee at the University ‘G. d’Annunzio’ Chieti-Pescara

(Ethics Committee Project No. 14; 21/07/2016) and the

study was performed in accordance with the ethical stan-

dards laid down in the 1964 Declaration of Helsinki.

Patient selection

For HIV-infected subjects, the inclusion criteria were:

provision of written informed consent; age > 18 years;

and HIV infection without HCV infection. Enrolled

patients were treated with cART, in accordance with

applicable guidelines; in fact, all patients were treated

with two nucleoside reverse transcriptase inhibitors

(NRTIs) plus either a protease inhibitor (PI) or an inte-

grase inhibitor (INI). They had not had any therapeutic

changes for > 12 months. All the HIV-infected subjects

had had undetectable viral loads for > 12 months. The

mean (� SD) CD4 count was 746 � 585 cells/lL (mean

CD4 percentage 29%), the mean (� SD) CD8 count was

957 � 466 cells/lL (mean CD8 percentage 42%) and the

mean CD4:CD8 ratio was 0.8. In the HIV-negative control

group, the inclusion criteria were as follows: provision of

written informed consent; age > 18 years; and HIV test

negative.

Routine laboratory tests, including an HIV test and

tests for HBV markers and HCV antibodies, were per-

formed at the Division of Clinical Pathology in the same

hospital for all patients.

The exclusion criteria for enrolment in the study were

age < 18 years; being a pregnant or breast-feeding

woman; clinically significant hepatic, renal, cardiac or

pulmonary insufficiency; a history of malignant neo-

plasms (diagnosed and treated within the last 5 years);

autoimmune disorders and type 1 DM; a recent history

(< 6 months) of thrombotic events; regular use of oestro-

progestin, iron, antioxidants, nonsteroidal anti-inflamma-

tory drugs or antiplatelet agents; organ transplants

(except those of the cornea or hair); abuse of alcohol

(≥ 80 g/day) and/or drugs in the past 6 months; and cur-

rent or recent acute infection (< 6 months).

The criteria for diagnosis of essential hypertension and

type 2 DM followed the criteria given in guidelines

[32,33]. At the time of the study, all patients had good

glycaemic control (Glycated Haemoglobin around 7%)

while on oral antihyperglycaemic agents (approximately

50% were on metformin and 20% on sulfonylureas) or

insulin (approximately 10% of patients). Essential hyper-

tension and type 2 DM were defined according to diag-

nostic criteria [33,34]. At the time of the study, all

patients with diabetes were being treated with dietary

interventions, with or without an antihyperglycaemic
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agent, and had grade 1 hypertension with lifestyle inter-

ventions, as the guidelines suggest.

Sample collection and CD40L, DKK-1 and P-selectin
level assays

Venipuncture was performed, in each clinic, in the morn-

ing between 08:00 and 10:00 h. Serum samples were

obtained after centrifugation at 1792 g for 5 min, divided

into four aliquots of 0.5 mL each and immediately frozen

(–20°C), and then stored at the same temperature until

use. All the assays were performed blind with no prior

knowledge of the patients’ clinical status.

Determination of serum levels of CD40L, DKK-1 and P-se-

lectin was performed using commercial enzyme-linked

immunosorbent assay (ELISA) kits (Quantikine TM; R&D Sys-

tems, Minneapolis, MN). The specificity and sensitivity were

defined according to the manufacturer’s instructions. The

minimum detectable dose (MDD) was 10.1 pg/mL for CD40L,

0.948 pg/mL for DKK-1 and 0.5 ng/mL for P-selectin.

Paired samples were measured simultaneously on the

same plate, and if samples had coefficients of variation >
10% the measurements were repeated.

Statistical analysis

Continuous parameters were summarized as mean and stan-

dard deviation (SD). Categorical variables were summarized

as absolute value and percentage. To test the normality of

the data, a Shapiro–Wilk test was performed.

The enrolled HIV-infected patients were stratified in

three subgroups: group A contained patients with only

diabetes, group B contained patients with only hyperten-

sion, and group C contained patients without diabetes or

hypertension.

A v2 test was applied to evaluate differences in qualita-

tive variables between groups (HIV-infected and HIV-nega-

tive) and subgroups (groups A, B and C). Student’s t-test for

unpaired data or one-way analysis of variance (ANOVA)

was applied to evaluate differences in quantitative vari-

ables.

Two different two-way ANOVA models were applied in

order to assess, separately, the effects of diabetes and

hypertension and the effect of HIV on CVD marker levels.

Partial correlation analysis, controlling for diabetes and

hypertension, was applied to examine the relationship

between CVD marker levels.

In all the statistical tests, the threshold of statistical

significance was assumed to be P = 0.05. Data were anal-

ysed using SPSS ADVANCED STATISTICAL TM 13 (IBM SPSS

Advanced Statistics, Chicago, IL, USA).

Results

We enrolled a total of 80 patients [80.0% male and 20.0%

female; mean (� SD) age 49.5 � 9.5 years] in the study.

The body mass index (BMI) was calculated, and the mean (�
SD) BMI was 26.5 � 5.0 kg/m2. All HIV-infected patients

were being treated with cART according to current guide-

lines. Viral load was persistently undetectable and the med-

ian nadir CD4 cell count was 184 [interquartile range (IQR)

49–384] cells/lL; 23 (28.7%) patients were classified as CDC

class C. Clinical characteristics of the HIV-infected patients

are summarized in Table 1. Tests of liver and kidney func-

tions and metabolic parameters did not show any substan-

tial variation from normal ranges, as all patients had a

stable clinical status (data not show).

Comparison of soluble CVD markers between HIV-
infected and HIV-negative patients

Both serum CD40L and DKK-1 were significantly higher

in HIV-infected versus HIV-negative patients (mean �
SD: 3839.3 � 188.4 versus 843.8 � 163.0 pg/mL and

3348.0 � 209.6 versus 346.4 � 29.2 pg/mL, respectively)

(P < 0.001), while soluble P-selectin showed no signifi-

cant difference between groups (mean � SD: 122.1 � 3.8

versus 108.2 � 8.4 ng/mL, respectively; P = 0.133),

reflecting the role of HIV infection in CVD (Fig. 1).

Comparison of soluble CVD markers among subgroups
of HIV-infected patients

When we compared group A with group C, lower levels

of CD40L as well as of DKK-1 were found in group A

(P < 0.05 with Bonferroni correction). However, when we

compared group B with group C, higher levels of CD40L

as well as of DKK-1 were found in group B (P < 0.05

with Bonferroni correction). By contrast, P-selectin was

lower in group C compared to both groups A and B

(Table 2). Patients of group B showed higher levels of

CD40L and DKK-1 than patients of group A (P < 0.05

with Bonferroni correction). In patients with hypertension

(group B), counts of CD3 T lymphocytes, CD45 B lympho-

cytes and platelets were statistically significantly lower

compared to group C [mean � SD: 1516.7 � 484.7 ver-

sus 1887.4 � 760.9 (P < 0.05), 2130.6 � 598.8 versus

2552.1 � 936.3 (P < 0.05) and 209.3 � 48.6 versus

247.3 � 63.4 9 103/lL (P < 0.05), respectively]. HIV-in-

fected patients with diabetes (group A) showed a lower

mean (� SD) platelet count compared to group C (174.3

� 84.4 9 103/lL versus 247.3 � 63.4 9 103/lL;
P < 0.05), while levels of CD3 T lymphocytes and CD45 B
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lymphocytes were not significantly different in compar-

ison with group C. Monocytes, neutrophils and natural

killer (NK) cells did not show statistically significant dif-

ferences among groups (Table 3).

Relationships among soluble protein concentrations

In our HIV-infected patients, the correlation analysis,

adjusted for the presence of diabetes and hypertension,

showed a linear positive correlation between circulating

levels of CD40L and DKK-1 (R = 0.404; P < 0.001). No

significant correlation was found between either CD40L

or DKK-1 and P-selectin (Fig. 2).

A significant positive correlation of CD40L and P-selectin

with the total T lymphocyte number (R = 0.225; P = 0.047

and R = 0.223; P = 0.048, respectively) was found. In addi-

tion, a positive correlation was found also between CD40L

and DKK-1 and platelet count (R = 0.379; P < 0.001 and

R = 0.514; P < 0.001, respectively).

No significant correlation was found between CD45 B

lymphocytes and the examined CVD markers (R = 0.047;

Table 1 Demographic and clinical characteristics of the 80 HIV-infected patients and 80 HIV-negative patients enrolled in the study

Variable

HIV-infected patients HIV-negative patients

Overall
Group A
(only diabetes)

Group B
(only hypertension)

Group C (without
diabetes and
hypertension) P-value* P-value†

Number of subjects 80 14 32 34 80
Gender [n (%)] 0.625 0.353
Male 64 (80.0) 12 (85.7) 26 (81.3) 26 (76.5) 58 (72.5)
Female 16 (20.0) 2 (14.3) 6 (18.8) 8 (23.5) 22 (27.5)

Age (years) (mean � SD) 49.5 � 9.5 52.2 � 7.7 50.2 � 9.7 47.1 � 8.4 0.146 52.2 � 11.3 0.104
Nationality [n (%)] 0.711 0.134
Italian 63 (78.8) 12 (85.7) 24 (75.0) 27 (79.4) 71 (88.7)
Foreign 17 (21.2) 2 (14.3) 8 (25.0) 7 (20.6) 9 (11.3)

Current smoker
[n (%)]

27 (33.8) 5 (35.7) 9 (28.1) 13 (38.2) 0.676 20 (25.0) 0.298

Drug abuser [n (%)] 14 (17.5) 3 (21.4) 5 (15.6) 6 (17.6) 0.892 – –
BMI (kg/m2) (mean � SD) 26.5 � 5.0 25.2 � 3.9 27.7 � 5.1 26.0 � 5.1 0.235 25.9 � 3.1 0.363
AIDS [n (%)] 23 (28.7) 7 (50.0) 6 (18.8) 10 (29.4) 0.098 – –
Anti-HCV-positive
[n (%)]

19 (23.8) 4 (30.8) 6 (18.8) 9 (27.3) 0.610 – –

HBsAg-positive
[n (%)]

20 (25.0) 6 (42.8) 8 (25.0) 6 (17.6) 0.186 – –

Anti-HDV-positive
[n (%)]

1 (1.3) – 1 (1.3) – – – –

Diabetes [n (%)] 14 (17.5) 14 (17.5) – – – 16 (20.0) 0.931
Hypertension [n (%)] 32 (40.0) – 32 (40.0) – – 30 (37.5) 0.871
Microalbuminuria
[n (%)]

36 (45.0) 8 (61.5) 18 (56.3) 10 (29.4) 0.055 35 (43.7) 0.999

*P-value for comparison among the three HIV-infected subgroups. The significance of differences in qualitative variables was evaluated using the v2

test, while the significance of differences in quantitative variables was assessed using one-way analysis of variance.
†P-value for comparison between the HIV-infected and HIV-negative groups. The significance of differences in qualitative variables was evaluated
using the v2 test, while the significance of differences in quantitative variables was assessed using the Student t-test for unpaired data.BMI, body
mass index; HBsAg, hepatitis B virus surface antigen; HCV, hepatitis C virus; HDV, hepatitis D virus; SD, standard deviation.

Fig. 1 Bar histogram showing mean (and standard error of the mean) cardiovascular disease marker levels in HIV-infected and HIV-negative patients.
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P = 0.683, R = 0.099; P = 0.387, and R = 0.072;

P = 0.527 for CD40L, P-selectin and DKK-1, respectively).

Discussion

In this study, we found that HIV-infected patients dis-

played significantly higher circulating levels of both

CD40L and DKK-1, which were linearly and directly cor-

related, as compared to HIV-negative patients. The pres-

ence of diabetes was associated with lower levels of

CD40L and DKK-1, whereas the presence of hypertension

was associated with higher levels of CD40L.

To our knowledge, this is the first study evaluating the

relationship between two soluble inflammatory proteins

(in this case CD40L and DKK-1) strongly implicated in

the pathophysiology of atherothrombosis in HIV-infected

patients. [34], suggesting that these two soluble molecules

may interact.

There is a single previous study on DKK-1 in HIV

infection, in which this marker was found to be corre-

lated to bone metabolism [28], while many studies have

been performed on CD40L in HIV infection. CD40L

expression contributes to the immunological control of

viral replication by inducing HIV-suppressive chemokines

and supporting the production of anti-HIV antibodies and

cytotoxic T cells. However, by activating antigen-present-

ing cells, such as dendritic cells and macrophages, CD40L

can also lead to increased CD4 T-cell activation, which

Table 2 Effects of diabetes and hypertension on cardiovascular disease (CVD) marker levels in HIV-infected patients

CVD marker

HIV-infected patients

Group A
(only diabetes)

Group B
(only hypertension)

Group C
(without diabetes
and hypertension) ANOVAP-value

Number of subjects 14 32 34
CD40L (pg/mL) (mean � SD) 2450.1 � 1012.2* 4590.3 � 1758.0*,† 3573.9 � 1534.1 00.002
DKK-1 (pg/mL) (mean � SD) 22760.4 � 1068.7* 3503.8 � 1768.6 3372.6 � 1053.7 00.050
P-selectin (ng/mL) (mean � SD) 122.6 � 38.1 126.0 � 28.6 112.8 � 25.7 0.867

*P < 0.05 versus group C; †P < 0.05 versus group A.ANOVA, analysis of variance; CD40L, CD40 ligand; DKK-1, Dickkopf-1; SD, standard deviation. The
bold values are stastistically significant.

Table 3 Effects of diabetes and hypertension on lymphocyte subpopulations in HIV-infected patients

Variable

HIV-infected patients

Group A
(only diabetes)

Group B
(only hypertension)

Group C (without diabetes
and hypertension) ANOVAP-value

CD3 T lymphocytes (cells/lL) (mean � SD) 1594.8 � 552.3 1516.7 � 484.7* 1887.4 � 760.9 00.049
CD45 B lymphocytes (cells/lL) (mean � SD) 2152.4 � 105.6 2130.6 � 598.8* 2552.1 � 936.3 00.047
Platelets (9103 cells/lL) (mean � SD) 174.3 � 84.4 209.3 � 48.6 247.3 � 63.4† 0.001
Monocytes (9103 cells/lL) (mean � SD) 0.51 � 0.20 0.51 � 0.13 0.57 � 0.19 0.303
Neutrophils (9103 cells/lL) (mean � SD) 3.7 � 2.0 3.3 � 1.2 3.6 � 1.6 0.625
CD16 NK cells (cells/lL) (mean � SD) 366.6 � 321.7 329.6 � 226.0 307.9 � 197.7 0.706

*P < 0.05 versus group C; †P < 0.05 versus group A.ANOVA, analysis of variance; NK, natural killer; SD, standard deviation. The bold values are stastis-
tically significant.

Fig. 2 Correlations between cytokine levels in the HIV-infected group (hypertension and diabetes adjusted model).
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promotes the replication of HIV in these lymphocytes.

Later, with the development of AIDS, CD40L-expressing

CD4 T cells become selectively depleted, perhaps as a

result of a glycoprotein 120 (gp120)-induced signal

through CD4 that down-regulates CD40L expression [24].

Thus, as our data show, neither virological suppression

nor cART appears to be able to normalize this biochemi-

cal imbalance. In this study, we confirmed that, in HIV-

infected patients, in contrast to HIV-negative subjects,

CD40L, DKK-1 and P-selectin cannot be modulated by

drug-induced metabolic improvement and blood pressure

control [35,36].

In this study, we found that the concentration of soluble

DKK-1 was higher in HIV-infected subjects than in con-

trols, and there was a trend for soluble DKK-1 concentra-

tion to be influenced by the presence of CV comorbidity,

such as microalbuminuria, diabetes and hypertension.

In the hypertensive HIV-infected population, we

observed an increase in CD40L and DKK-1, probably as a

result of the increased inflammation caused by HIV and

by the presence of endothelial damage related to hyper-

tension and renal disease, as indicated by the presence of

microalbuminuria [7,17]. Several studies showed an

increase in these biomarkers as a consequence of the acti-

vation of different inflammatory pathways in the pro-

gression of renal and CV atherosclerotic disease [10,37].

Moreover, in diabetic HIV-infected patients, although

levels of soluble markers were increased as compared to

HIV-negative controls, these values were lower compared

to the HIV-infected group without diabetes, suggesting

that, in our HIV-infected patients, drug-induced gly-

caemic control contributed to a reduction in the inflam-

matory burden, leading to CD40L and DKK-1 release.

This hypothesis is supportedby previous studies in HIV-

negative diabetic subjects, showing that improved gly-

caemic control is associated with reduced levels of both

circulating CD40L and DKK-1 [23,34].

CVD is the second leading non-HIV-related cause of

death in the USA (~ 15%) and the third leading non-HIV-

related cause of death in Europe (~ 8%) [38,39]. A num-

ber of factors may contribute to CVD risk in untreated

HIV infection, including inflammation, platelet activation,

endothelial dysfunction and immune activation [40].

Thus, HIV infection requires a multidisciplinary approach,

with attention to the long-term effects of antiretroviral

therapies and the consequences of HIV-related chronic

inflammation which can lead to complications such as

metabolic and CV diseases.

Another interesting finding that emerged from the

study is that soluble inflammatory proteins examined in

HIV-infected patients were associated with circulating

levels of T and B lymphocytes and with platelet count. A

previous study showed that high levels of CD40L were

present in the activated T cells of HIV-infected patients,

and this was explained by chronic inflammatory activa-

tion in these patients [25].

Platelets have been shown to circulate in an activated

state in HIV infection [41]. Along with their role in vessel

wall adhesion and aggregation, activated platelets can

interact with monocytes, resulting in platelet–monocyte

complexes (PMCs), which are found at increased levels in

myocardial infarction (MI) in the general population [42].

Increased levels of PMCs have also been demonstrated in

HIV infection, where their percentage correlates with pla-

telet activation [43]. P-selectin, which interacts with P-se-

lectin glycoprotein ligand-1 (PSGL-1) on leucocytes,

preferentially monocytes, and CD40 ligand, which pro-

motes platelet–leucocyte adhesion, play an important role

in the formation of these PMCs [44], with platelet activa-

tion rather than monocyte activation correlating with

PMC formation in vitro [43].

CD40L, which was identified as a co-stimulatory mole-

cule, is expressed on T cells and platelets. Soluble CD40L,

which is mainly produced by platelets after activation,

degranulation and cleavage, modulates platelet–platelet
interactions in an auto-amplification loop and activates

leucocytes, enhancing platelet–leucocyte and leucocyte–
endothelium interactions. In this study, a correlation has

been shown between CD40L and DKK-1 and platelet

count and between CD40L and P-selectin and T lympho-

cyte count, in HIV-infected subjects with undetectable

viraemia on stable cART, further reinforcing the interplay

between immune and platelet activation and inflamma-

tion in this setting.

In HIV infection, low CD4 cell count and traditional

CVD risk factors are predictive of primary MI; in fact, the

relative risk increases as CD4 count declines. Also, a

detectable viral load is associated with a higher risk of

MI [45]. However, biomarkers of inflammation and

immune activation such as CRP, microalbuminuria, cys-

tatin C and soluble CD14 are elevated in HIV-infected

patients even when on cART [31,46–48], reflecting resid-

ual inflammatory/immune activation. Consistent with

these findings, we did not find any correlation between

the evaluated parameters and viral load or CD4 count,

suggesting that, after viral suppression, the detrimental

factors leading to atherothrombotic events are not com-

pletely normalized, and may reflect the excess CV risk

observed in HIV-infected patients even when successfully

treated with ART [6,7,49,50].

The present study has some limitations, such as the cross-

sectional nature of the main study and the fact that it was

monocentric, the low sample size and the lack of evaluation

of other markers with in vivo effects that may provide
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further insight into the mechanisms linking DKK-1, CD40

and P-selectin with DM and hypertension development and

their complications. Finally, additional mechanistic studies

are needed to further elucidate the roles of these markers

and their signalling in populations with severe immunodefi-

ciency such as HIV-positive patients.

In conclusion, we found that HIV infection was associ-

ated with higher CD40L and DKK-1 levels, which were

related to a higher degree of inflammation in HIV-in-

fected patients than in HIV-negative controls. In addition,

we showed that two major risk factors, diabetes and

hypertension, combined to worsen inflammatory marker

levels in this population. The relevance of these soluble

molecules as markers of residual CV risk should be

assessed, and novel therapeutic strategies should be

explored to target and possibly reverse these biochemical

abnormalities and the underlying pathophysiology.
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