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Abstract
Deficits in endothelial cell repair mechanisms are thought to contribute to the etiology of
endothelial dysfunction and, subsequently, cardiovascular disease (CVD). CD31+ T cells or so-
called “angiogenic T cells” are a newly defined T cell subset that exhibit favorable vascular
qualities and show a strong negative relation with atherosclerotic disease severity. Despite
growing evidence that CD31+ T cells are important for vascular homeostasis, it is currently
unknown if CD31+ T cell number and function are related to endothelial function and CVD risk in
healthy adults. To address this question, we studied 24 healthy adult men (ages: 21–70).
Endothelial function was assessed by the forearm blood flow (FBF) response to intra-arterial
infusion of acetylcholine (ACh) and CVD risk was estimated by Framingham Risk Score (FRS).
CD31+ T cell number was determined by fluorescence-activated cell sorting. Magnetic-activated
cell sorting was used to isolate CD31+ T cells for Boyden chamber migration. No relation was
observed between CD31+ T cell number and FBF response to ACh or FRS. However, CD31+ T
cell migration to stromal cell-derived factor (SDF)-1α and vascular endothelial growth factor
(VEGF) was positively correlated with FBF response to ACh (r=0.43 for SDF-1α; r=0.38 for
VEGF; both P<0.05) and inversely related to FRS (r=−0.53 for SDF-1α; r=−0.48 for VEGF; both
P<0.05). These findings demonstrate that CD31+ T cell function, but not number, is associated
with in vivo endothelial function and CVD risk in healthy adult men.
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Introduction
Beyond their well-established role in regulating the adaptive immune response, T cells have
been shown to participate in vascular maintenance and repair [1, 2]. Recently, a novel T cell
population characterized by the expression of CD31 antigen has been shown to promote
endothelial repair and revascularization [3, 4]. Data from our laboratory [5] and others [3]
suggest that these so-called “angiogenic T cells” exhibit a distinct vasculogenic phenotype
characterized by enhanced migratory capacity and angiogenic cytokine release compared
with CD31− T cells. It was recently reported that circulating CD31+ T cell number is
inversely correlated with age and cardiovascular disease (CVD) risk factors in patients
undergoing coronary angiography, suggesting that these cells may be used as a novel
surrogate biomarker for vascular disease risk [3]. This notion is supported by the
observation that circulating CD31+ T cell number is inversely correlated with atherosclerotic
lesion size in patients with atherosclerotic abdominal aortic aneurysm [6]. However, a link
between CD31+ T cell function and CVD risk has not yet been explored, nor has the relation
between CD31+ T cell number and CVD risk in healthy adults. Furthermore, it is currently
unknown if CD31+ T cell number and function are associated with endothelium-dependent
vasodilation, a hallmark characteristic of endothelial dysfunction that is etiologically linked
to the initiation and development of atherosclerotic vascular disease [7]. Accordingly, we
tested the hypothesis that CD31+ T cell number and function are associated with
endothelium-dependent vasodilation and Framingham Risk Score in healthy adult men.

Methods
Twenty-four healthy adult men were studied. All subjects were non-smokers, non-medicated
and free of overt cardiometabolic disease as assessed by medical history, physical
examination and fasting blood chemistries. Subjects were excluded from the study if they
presented a history or evidence of: hepatic, renal, or hematological disease; peripheral
vascular disease; stroke; diabetes (fasting plasma glucose > 7.0 mmol/L) [8];
dyslipoproteinemia (total cholesterol ≥ 6.2 mmol/L, triglycerides ≥ 3.5 mmol/L) [9]; and
hypertension (arterial blood pressure ≥ 140/90 mmHg) [10]. Men over the age of 40 years
were further evaluated for clinical evidence of coronary artery disease with resting and
maximal-exercise electrocardiograms and blood pressure measurements. CD31+ T cells
were isolated from peripheral blood samples. Before participation, all of the subjects
provided written informed consent according to the guidelines of the University of Colorado
at Boulder.

CD31+ T cell number was determined by fluorescence-activated cell sorting analysis in 13
of the 24 adults as previously described [11]. Briefly, non-viable cells were excluded with
propidium iodide and the remaining cells were analyzed for events double-positive for CD3
and CD31. Following isolation of CD31+ T cells via magnetic-activated cell sorting
(MACS), migratory capacity was measured using a modified Boyden chamber technique
with stromal cell-derived factor-1α (SDF-1α, Sigma Aldrich; 20 ng/mL) or vascular
endothelial growth factor (VEGF, R&D Systems; 2 ng/mL) as a chemoattractant.

Forearm blood flow (FBF) was measured using venous occlusion plethysmography at
baseline and in response to incremental doses of acetylcholine (ACh; 4.0–16.0 μg/100 mL
tissue/min) as previously described [12]. Total FBF in response to ACh was calculated as
the area under the curve above baseline using a trapezoidal model.

Framingham Risk Score was calculated as previously described [13]. Age, low-density
lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, blood pressure,
diabetes, and smoking status were used as risk variables.
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Relations between variables of interest were assessed by linear regression analysis. All
values are expressed as mean ± SEM. Statistical significance was set at P < 0.05.

Results
Selected subject characteristics are presented in Table 1. Overall, CD31+ T cell migratory
capacity, but not number, was related to endothelial vasodilator function and Framingham
Risk Score. A significant relation was observed between total FBF response to ACh and
CD31+ T cell migration to both SDF-1α (r = 0.43; P < 0.05; Figure 1A) and VEGF (r = 0.38;
P < 0.05; Figure 1B). Framingham risk score was inversely related to CD31+ migration to
SDF-1α (r = −0.53; P < 0.05; Figure 1C) and VEGF (r = −0.48; P < 0.05; Figure 1D). There
was no relation between CD31+ T cell number (range: 23.0 – 46.7% of CD3+ cells) and total
FBF response to ACh (r = 0.30; P = 0.32) or Framingham Risk Score (r = 0.09, P = 0.77).

Discussion
The novel finding of the present study is that CD31+ T cell migratory capacity, but not
number, is positively related to endothelium-dependent vasodilation and inversely related to
Framingham Risk Score in healthy adult men. To our knowledge, this is the first study to
demonstrate an association between CD31+ T cell migratory function and endothelial
function and CVD risk.

Dysfunctional vascular repair processes are thought to contribute etiologically to the
development of endothelial dysfunction and the subsequent progression of CVD [14].
Although T cells have long been known to participate in neovascularization [1, 2], CD31+ T
cells have recently emerged as a functionally discrete “angiogenic T cell” subpopulation
with distinct vasculogenic qualities [3, 5]. Hur and colleagues [3] demonstrated that CD31+

T cells possess superior tubule formation and transendothelial migration compared with
other T cell subsets, as well as a greater ability to enhance endothelial cell proliferation and
function in vitro. These angiogenic characteristics have also been observed in CD31+ T cells
from healthy adult humans; specifically, CD31+ T cells exhibit greater migratory and
angiogenic cytokine release capacity than CD31− T cells [5]. Of note, clinical data
indicating an inverse relation between circulating CD31+ T cell number and cardiovascular
risk factors and disease severity has fueled interest in these cells as a potential therapeutic
target for CVD and speculation that angiogenic T cells may represent a novel biomarker of
CVD risk [3, 6]. The present finding that CD31+ T cell migratory capacity is related to both
endothelial vasodilator function and Framingham Risk Score in healthy men across the adult
age range supports and extends this idea by providing initial evidence of a link between
angiogenic T cell migratory function, endothelial vasomotor function, and CVD risk.
Because the ability of angiogenic cells to migrate to sites of damage is critical in mediating
vascular repair and neovascularization [14], diminished CD31+ T cell migration may impair
vascular repair processes, thereby facilitating the development of endothelial dysfunction
and subsequent CVD.

In contrast to function, there was no significant relation between CD31+ T cell number and
endothelium-dependent vasodilation or Framingham Risk Score. This finding is inconsistent
with previous data from Hur et al. [3] who reported a significant inverse relation between
CD31+ T cell number and Framingham Risk Score in patients undergoing coronary
angiography. However, the contrasting findings between these studies may be explained by
differences in the overall health of the populations studied. The subjects in the present study
were highly screened, healthy, non-smoking adult men without clinically overt
cardiometabolic disease, while the group of patients studied by Hur and colleagues included
cigarette smokers and a large proportion (~50%) of patients with hypertension and/or type 2
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diabetes [3]. Thus, in the absence of disease and/or cardiometabolic risk factors, CD31+ T
cell number is not related to endothelial vasodilator function or cardiovascular risk. It is
possible that the number of circulating CD31+ T cells may have a more significant role in
influencing endothelial function and CVD risk under pathologic conditions.

In conclusion, CD31+ T cell migratory ability, but not number, is positively related to
endothelium-dependent vasodilation and inversely related to Framingham Risk Score in
healthy adult men. Although these findings support the notion that CD31+ T cell function
may be a novel biomarker for endothelial function and cardiovascular risk in healthy men,
larger gender-balanced studies are needed to confirm this postulate.
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Figure 1.
Relation between CD31+ T cell migration (to both SDF-1α or VEGF) and endothelium-
dependent vasodilation (A & B) and Framingham Risk Score (C & D).
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Table 1

Selected Subject Characteristics

Variable N = 24

Age (yr) 46 ± 3

Body mass (kg) 81.0 ± 2.7

BMI (kg/m2) 25.2 ± 0.7

Body fat (%) 22.7 ± 1.7

Waist circumference (cm) 90.3 ± 2.4

Waist-to-hip ratio 0.90 ± 0.02

Systolic BP (mmHg) 122 ± 2

Diastolic BP (mmHg) 76 ± 2

Total Cholesterol (mmol/L) 4.5 ± 0.2

HDL-Cholesterol (mmol/L) 1.2 ± 0.1

LDL-Cholesterol (mmol/L) 2.9 ± 0.2

Triglycerides (mmol/L) 1.0 ± 0.1

Glucose (mmol/L) 4.8 ± 0.1

Insulin (pmol/L) 42.3 ± 6.0

HOMA-IR 1.6 ± 0.2

CD31+ T Cell Migration to SDF-1α (Relative Fluorescent Units) 447.9 ± 73.8

CD31+ T Cell Migration to VEGF (Relative Fluorescent Units) 421.8 ± 70.5

Total FBF to Acetylcholine (mL/100 mL tissue) 74.1 ± 7.8

Framingham Risk Score 2.1 ± 0.9

Variable measured in 13 of the 24 subjects

CD31+ T Cell Number (% of CD3+ cells) 36.1 ± 1.9

BMI = body mass index; BP = blood pressure; HDL = high-density lipoprotein; LDL = low-density lipoprotein, HOMA-IR = homeostasis model
assessment of insulin resistance, SDF = stromal cell-derived factor, VEGF = vascular endothelial growth factor

Data presented as mean ± SEM
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