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Background: Thrombospondin-1 (TSP-1) is a matricellular functional protein of the extra-

cellular matrix. As it is not constitutively present extracellularly, its secretion is enhanced in

several situations, namely injury, chronic pathology, tissue remodeling, angiogenesis, and

aging. Over the last decade, TSP-1 has been reported to be involved in complex and

opposing biological effects on vasculature in the context of NO signaling. Several studies

have reported high patient TSP-1 plasma levels, indicating that the protein can potentially

serve as a prognostic marker for pulmonary arterial hypertension.

Materials and methods: Here, we aimed to quantify TSP-1 serum levels in hypertensive

patients with endothelial dysfunction before and after one year of treatment with Perindopril

(an antihypertensive drug with vasoprotective properties).

Results: After one year of treatment, TSP-1 levels increased in hypertensive patients

compared to baseline (T0: 8061.9 ± 3684.80 vs T1: 15380±5887 ng/mL, p<0.001) and

compared to non-hypertensive controls (9221.03 ± 6510.21 ng/mL). In contrast, pentraxin-

3 plasma levels were decreased after one year of Perindopril treatment in both hypertensive

(T0: 0.91 ± 0.51 vs T1: 0.50 ± 0.24 ng/mL, p<0.001) and control group (1.36 ±1.5 ng/mL)

patients, although flow-mediated vasodilation and intima-media thickness assessment para-

meters were not significantly changed. Systolic and diastolic blood pressure values as well as

levels of fibrinogen, high-sensitivity C-reactive protein, triglycerides, and alanine amino-

transferase were found to be significantly lower after one year of treatment with Perindopril.

High levels of TSP-1 strongly correlated with platelet count (positive), lymphocytes (posi-

tive), red cell distribution width-CV (positive), systolic blood pressure (negative), and mean

corpuscular hemoglobin (negative) after one year of treatment. Blood urea nitrogen was

found to be a protective factor for TSP-1, while glucose and heart rate were found to be risk

factors prior to and after treatment.
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Introduction
Thrombospondin-1 (TSP-1), the first natural inhibitor of angiogenesis to be identi-

fied in 1971, is a large, homotrimeric 450 kDa glycoprotein stored in α-granules of

platelets and is released upon platelet activation.1,2 Several other cellular sources of

TSP-1 have since been identified, including endothelial cells (EC),3 vascular

smooth muscle cells (VSMCs),4 epithelial cells,5 keratinocytes,6 fibroblasts,7 innate

immune cells (such as CD4+CD25− T-cells),8 dendritic cells,9 and macrophages.10

TSP-1 can also be detected in embryonic heart, lung, and intestinal tissue from the

10th day onward.11 In addition, this protein plays significant roles in cellular
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adhesion, migration, and proliferation, as well as angio-

genesis, apoptosis, and cytoskeletal organization.12 It has

been reported to interact with several key proteins

involved in the maintenance of vascular structure and

primary hemostasis by promoting platelet aggregation.1 It

has been classified as a counter-adhesive protein due to its

capacity to inhibit cell–substrate adhesion.

Multiple domain sequences interact with several cell

receptors and trigger opposing effects in various tissues.

Among the TSP-1 cellular receptors, the most studied to

date have been CD36and CD47 (known also as integrin

associated protein [IAP]).1

CD36 is the principal receptor of TSP-1 expressed in

platelets, monocytes, ECs, VSMCs, adipocytes, and

macrophages. The anti-angiogenic and anti-inflammatory

properties of TSP-1 are attributed to the interaction

between TSP-1 and CD36.1

CD47 is another receptor for TSP-1and is expressed by

ECs, platelets, erythrocytes, VSMCs, epithelial cells,

T-cells, and polymorphonuclear cells. It binds to the

C-terminal domain of TSP-1 inducing several, often

opposing effects on cell survival. By binding to TSP-1,

CD47 regulates effects exerted by nitric oxide (NO), inhi-

bits the release of interleukin-2 (IL-2), induces leucocyte

apoptosis, prevents phagocytic clearance, and inhibits stem

cell self-renewal.1,13

In ECs, TSP-1 binds to CD36 or CD47 to inhibit

guanylyl cyclase (GC) solubility, the subsequent activation

of nitric oxide, and the onset of inflammatory reactions

(due to the blocking of leucocyte adhesion and activation

as well as decreasing angiogenesis).13

TSP-1 is also involved in the process of platelet aggre-

gation and adhesion to ECs.1 It has the capacity to activate

TGF-β1 and exerts pleiotropic effects on the cardiovascu-

lar system – either protective, via its anti-atherogenic and

plaque-stabilizing properties, or pro-inflammatory.1

Conflicting evidence regarding the effects of TSP-1 on

VSMCs has been reported. Indeed, TSP-1 has been found

to either stimulate proliferation in vitro and in vivo14,15 or

induce anti-proliferative effects by binding to CD47.16

Moreover, both exogenous and endogenous TSP-1 inhibits

NO-dependent signaling in VSMCs via a cGMP signaling

CD36-dependent pathway.4 With respect to TSP-1 effects

on the ECs, recent findings suggest that TSP-1 is involved

in the inhibition of cell–cell and cell–matrix interaction, as

well as in enhancing or inhibiting cell permeability, due to

the capacity of ECs to respond to, but also to produce,

TSP-1.1 Vila et al assessed the relationship between

endothelial dysfunction, angiogenesis, and circulating

inflammatory biomarkers in patients with chronic heart

failure, concluding that low levels of TSP-1 are a conse-

quence of the endothelial repair process.17

The complex biological effects of TSP-1 on vascula-

ture are thus likely interrelated to the specific pathologic

condition investigated. TSP-1 has recently been recently

proposed to be a potential prognostic marker for pulmon-

ary arterial hypertension (PAH) by several studies that

reported high plasma levels of TSP-1 in PAH patients

compared to controls.18–20 Here, we aimed to quantify

TSP-1 levels in hypertensive patients with endothelial

dysfunction before and after one year of treatment with

Perindopril, an antihypertensive drug with vasoprotective

properties.

Materials And Methods
A prospective, comparative study was carried out between

January 2015 and June 2016 in the Cardiology Clinic of

Timisoara City Hospital, Romania.

Patient Selection
A total of 142 patients were enrolled in this study. A total

of 76 patients with normal blood pressure values (control

group) and 66 hypertensive patients treated monotherapeu-

tically with different antihypertensive drugs other than the

ACEi or ARBs. All patients studied were matched by age

and sex.

Patients included in the control group were assessed for

essential arterial hypertension; 24-hr monitoring devices

did not suggest this diagnosis.

The inclusion criteria for the hypertensive patient

group were as follows: age >18 years and an established

diagnosis of primary arterial hypertension. Patients who

presented other confirmed pathologies such as athero-

sclerotic disease, coronary artery disease, heart failure,

diabetes, renal and hepatic pathologies, asthma, or acute

and chronic inflammatory diseases were excluded from the

study. In addition, patients treated with ACEi or ARB

medications were excluded from this study (due to their

similar mechanisms in reversing endothelial dysfunction)

for the purposes of ensuring greater finding accuracy and

precision.

All recruited patients completed informed consent

forms and underwent thorough medical screening includ-

ing collection a family medical history and laboratory/

paraclinical investigations.
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After medical evaluation, prior antihypertensive treatment

was changed to Perindopril (administered in either 5 mg or

10 mg doses based on individual patient blood pressure levels)

due to either original antihypertensive treatment insufficiently

controlling blood pressure, patient complaints of side effects,

or the manifestation of other risk factors under previous treat-

ment regimens.

All hypertensive patients were evaluated at baseline To
(when treated with other antihypertensive drugs) and T1

(after one year of treatment with Perindopril).

Laboratory Analysis
Venous blood samples were collected (catheter size: 22 gauge)

in the morning (8:30 am), in a temperature-controlled room

(22°C–24°C) of the hospital, at least 8 hrs after their last

consumption of food, sweet fluids, coffee, or tobacco use

during a period when no physical effort was made. The

standard biochemical tests (eg, complete blood count, total

cholesterol, creatinine, and hepatic transaminase levels) were

completed in the hospital according to standard procedures.

Plasma levels of pentraxin-3 (PTX3), high-sensitivity C reac-

tive protein (hs-CRP), and serum TSP-1 levels were assessed

by the Bioclinica SA Laboratory in Timisoara. Plasma con-

centrations of PTX3 and serumTSP-1 levels were assessed via

ELISA; kits were provided by R&DSystems. Plasma levels of

hs-CRP were assessed via application of the highly sensitive

immunoturbidimetric method; kits were provided by Abbot

Diagnostic Company. As all protocols followed are standar-

dized, we have taken the liberty of omitting them here.

Storage containers of venous blood samples were

manipulated in the laboratory within 30 mins of collection.

The normal range of TSP-1 serum levels provided by the

laboratory was 8794–28335 ng/mL.

Arterial Pressure
Blood pressure was measured in the morning after 30 mins

of rest, while in a supine position, at the right brachial

artery, and in the same temperature-controlled room. The

final value of arterial pressure was obtained from the

arithmetic mean of 3 consecutive measurements at 5-min

intervals.

The presence or absence of endothelial dysfunction was

assessed using not only a flow-mediated dilation measurement

dependent of endothelial status (FMD) - a functional assess-

ment, but also by assessing intimal-medial thickness (IMT) - a

structural assessment.

Flow-Mediated Dilation Assessment
FMD assessment was performed after patient fasting for a

minimum of 8 hrs. During that time period, patients were

not permitted to consume any type of foods, coffee, tea, or

vitamins. In addition, no physical effort, tobacco use, or

vasoactive drug use was permitted. After 10 mins of rest in

a supine position while in a soundproof room, brachial

arterial diameter was measured using high-resolution ultra-

sonography (General Electric VIVID S5) equipped with a

9 MHz linear transducer. Longitudinal scans of the bra-

chial artery were performed approximately 5 cm proximal

to the antecubital fossa. Vessel diameters were recorded at

baseline and after 5 mins of reactive hyperemia induced by

the deflation of the blood pressure cuff, previously inflated

to 50 mmHg above the patient’s systolic blood pressure.

FMD values were calculated as follows:

%FMD¼ reactive hyperemia diameter

�standard diameter

� �
=standard diameter

� �

� 100

(1)

We considered FMD to be:21–23

● “normal” – if the brachial artery was dilated 20%

more than the initial standard diameter
● “impaired” and thus with endothelial dysfunction – if

the brachial artery did not dilate 20% more than the

initial standard diameter

Three measurements were performed for each patient

and the arithmetic mean was noted.

Intima-Media Thickness Assessment
Tunica intima and media thickness was assessed for IMT

evaluation. This technique is used to assess the presence of

atherosclerotic disease and track its progression, regres-

sion, and constancy of the atherosclerotic process.

Baseline IMT was assessed bilaterally at the common

carotid artery 2 cm inferior to the internal and external

carotid artery bifurcation. A high-resolution ultrasonogra-

phy system (General Electric VIVID S5) equipped with a

9 MHz linear transducer was used in B mode. Patients were

examined in a supine position and the IMT value was given

online by software built into the medical system. Normal

(less than or equal to 0.9 mm) and high (greater than

1.2 mm) values were considered to confirm atherosclerosis

and associate with a high risk of cardiovascular diseases.
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Echocardiography
Echocardiography was performed using the GE VIVID S5

medical system to assess effects of hypertension on car-

diac structure and function. Patients with ejection fractions

(EF) of <40% were excluded from the study. Parameters

evaluated included the diameter of the left atrium (DLA),

dimensions of the posterior interventricular septum (IVS),

the left ventricular end-diastolic diameter (EDLV), and the

ejection fraction (EF).

All measurements were performed by the same certi-

fied cardiologist.

Statistical Data Analyses
Data are presented as mean ± standard deviation (SD).

Differences between related groups were analyzed using

the Wilcoxon Signed Ranks test while differences between

independent groups were analyzed using the Mann–

Whitney test. Correlations between TSP-1 and other vari-

ables were studied using multivariable regression analysis;

correlation strength was obtained by applying Spearman

correlation coefficient. Risk analysis for TSP-1 values

greater than 8000 was performed by calculating the odds

ratio of nominal variables. Statistical tests were performed

using SPSS v.17; p<0.05 was considered statistically

significant.

Compliance With The Ethical Standards
The present study was approved by the Ethical Committee of

the Victor Babes University of Medicine and Pharmacy,

Timisoara, Romania, no. 7/2016. All procedures performed

in this study with human participants were in accordance

with the ethical standards of the institutional research com-

mittee and with the 1964 Helsinki Declaration and its later

amendments or comparable ethical standards.

Results
A total of 76 non-hypertensive patients (41 men and 36

women) were enrolled in the control group; mean age was

55.7 ± 14.40. A total of 66 hypertensive patients (36 men

and 30 women) were enrolled in the study group; mean

age was 56.34 ± 10.50.

Demographic and laboratory characteristics of patients

enrolled in this study are presented in Table 1. Perindopril

significantly decreased systolic blood pressure after one year

of treatment (p < 0.001). Beneficial effects were also

recorded with respect to the severity of low-grade inflamma-

tion assessed by fibrinogen (p=0.022), hs-CRP (p=0.006),

and alanine aminotransferase (ALAT) (p < 0.001) levels.

Interestingly, a significant increase in creatinine levels and

a non-significant elevation of BUN were also observed after

one year of treatment.

Table 1 Blood Pressure And Standard Laboratory Investigation Values At T0 (baseline) And T1 (after One Year Of Treatment With

Perindopril)

Parameters Control (n=76) T0 (n=66) T1 (n=66) T0 vs T1 p

(Wilcoxon

Signed Rank)

Control vs T0 p

(Mann–

Whitney)

Control vs T1 p

(Mann–

Whitney)

SBP(mmHg) 123.20 ± 17.48 143.17 ± 16.10 131.82 ± 14.40 <0.001 <0.001 0.002

DBP (mmHg) 76.67 ± 9.37 87.89 ± 7.85 84.09 ± 13.66 0.013 <0.001 <0.001

HTN duration (months) – 57.80 ± 51.74 68.81 ± 56.12 0.548 – –

Heart rate (beats/min) 70.61 ± 7.64 74.53 ± 10.75 70.27 ± 8.59 0.012 0.015 0.802

ALAT(U/L) 38.11± 13.88 38.34 ± 7.84 33.81 ± 6.11 <0.001 0.896 0.017

ASAT(U/L) 24.46 ± 8.56 21.98 ± 5.70 22.36 ± 0.71 0.685 0.042 0.096

Cholesterol(mg/dL) 193.11± 52.02 198.71 ± 47.70 189.18 ± 53.90 0.109 0.507 0.660

Triglycerides(mg/dL) 130.39 ± 67.73 105.89 ± 23.27 98.09 ± 41.65 0.043 0.004 0.001

Glucose(mg/dL) 106.36 ± 41.34 101.71 ± 9.15 102.91 ± 11.98 0.843 0.343 0.489

Creatinine(mg/dL) 0.84 ± 0.24 0.89 ± 0.16 1.04 ± 0.38 0.006 0.918 <0.001

Potassium(mmol/L) 4.36 ± 0.40 4.28 ± 0.45 4.35 ± 0.44 0.079 0.285 0.952

ESR (mm/hr) 8.72 ± 5.48 11.89 ± 4.78 12.18 ± 7.41 0.844 <0.001 0.002

Fibrinogen(mg/dL) 307.57 ± 58.86 328.03 ± 62.03 302.35 ± 59.61 0.022 0.046 0.601

hs-CRP (mg/dL) 0.24 ± 0.35 0.17 ± 0.12 0.12 ± 0.11 0.006 0.004 0.129

BUN (mg/dL) 19.39 ± 6.90 16.53 ± 6.30 18.00 ± 7.92 0.362 0.011 0.269

Note: Data are represented as mean ± SD. Bold font indicates statistical significance.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; ALAT, alanine aminotransferase (GTP); ASAT, aspartate aminotransferase (GOT); ESR,

erythrocyte sedimentation rate; Hs-CRP, high-sensitivity C-reactive protein; BUN, blood urea nitrogen.
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Table 2 summarizes the main biochemical and ultrasound

parameters used in the assessment of endothelial dysfunction

(ED). Importantly, although ED was present at baseline as

assessed by FMD levels (9.91 ± 8.33 vs 19.11±8.95), after

one year of Perindopril treatment, the values of investigated

parameters remained unchanged, suggesting that no progres-

sion of vascular impairment occurred over the course of one

year. Nevertheless, statistically significant decreases in PTX3

plasma levels and increases in TSP-1 serum levels, respec-

tively, were recorded after one year of treatment.

After one year of Perindopril treatment, a mild decrease

of interventricular septal diameter that did not reach statis-

tical significance was observed. Interestingly, a significant

increase in the diameter of the posterior left ventricular wall

was noted, with all parameters within normal ranges.

Table 4 presents complete blood cell counts at baseline

and after one year of treatment. Although there were some

statistically significant alterations after one year of

Perindopril treatment such as an increase in the number

of leucocytes, decrease in hematocrit and hemoglobin (due

to a decrease in lymphocytes and increase in neutrophils),

all parameters remained within the normal range and such

changes were not considered to be pathological.

Tables 5 and 6 present the analyses performed in order

to determine correlations between plasma TSP-1 levels

and other parameters both at baseline and after one year

of treatment. When patients were treated with other anti-

hypertensive drugs prior to baseline measurements, TSP-1

was found to correlate positively with levels of ALAT and

red blood cells (r>0.3) and negatively with mean corpus-

cular volume. After one year of Perindopril treatment,

TSP-1 correlated positively with several parameters, most

strongly positively with platelet count, lymphocytes, and

red cell distribution width, and negatively with systolic

blood pressure and mean corpuscular hemoglobin.

Table 7 presents the results of logistic regression analyses

performed in order to determine correlations between TSP-1

and all studied parameters at baseline. Age > 56.5 years old

was not a risk factor for TSP-1 elevation. There is no sig-

nificant association between age and TSP-1 (χ2, p=0.607,
OR=0.79.95% interval of confidence OR (0.41, 1.54)).

Table 8 presents the results of logistic regression ana-

lyses performed in order to determine correlations between

TSP-1 and all studied parameters after one year of

Perindopril treatment.

Blood urea nitrogen and mean corpuscular hemoglobin

were found to be protective factors (both at baseline and

after one year of treatment), in contrast with glucose and

heart rate, which were found to be risk factors.

As illustrated in Figure 1 and Table 2, upon initiation

of Perindopril (T0), hypertensive patients had lower TSP-1

serum levels compared with those noted after one year of

treatment (T1).

As shown in Figure 2, higher TSP-1 serum levels were

noted in men both prior to and after one year of treatment

(T0 and T1).

After one year of Perindopril treatment, patients treated

with a 10 mg/day dosage of the drug exhibited the highest

TSP-1 serum levels (Figure 3), although the values were very

closely related.

Discussion
As the effects of TSP-1 on endothelial dysfunction have been

mostly studied in animal models and less studied in humans

Table 2 PTX3, TSP-1, FMD, And IMT Values In Control And Study Groups At T0 (baseline) And T1 (after One Year Of Treatment)

Biochemical Markers Control

(n=76)

T0 (n=66) T1 (n=66) T0 vs T1 p

(Wilcoxon Signed

Rank)

Control vs T0 p

(Mann–Whitney)

Control vs T1 p

(Mann–Whitney)

Pentraxin-3 (ng/mL) 1.36± 1.5 0.91 ± 0.51 0.50 ± 0.24 <0.001 <0.001 0.017

Thrombospondin-1

(ng/mL)

9221.03±

6510.21

8061.9 ±

3684.8

15380 ±

5887

<0.001 0.171 <0.001

Functional and

structural

parameters

Control

(n=76)

T0 (n=66) T1 (n=66) T0 vs T1 p

(Wilcoxon Signed

Rank)

Control vs T0 p

(Mann–Whitney)

Control vs T1 p

(Mann–Whitney)

FMD (%) 19.11±8.95 9.91 ± 8.33 10.38 ± 7.21 0.822 <0.001 <0.001

CC IMT right (mm) 0.84 ± 0.24 0.85 ± 0.11 0.87 ± 0.24 0.198 0.864 0.383

CC IMT left (mm) 0.85 ± 0.21 0.91 ± 0.18 0.87 ± 0.26 0.164 0.065 0.558

Note: Data are represented as mean ± SD. Bold font indicates statistical significance.

Abbreviations: FMD, flow-mediated vasodilatation; CC IMT, common carotid intima-media thickness.
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needing further research (as the present data are contradictory

and incomplete), its role on pulmonary arterial hypertension

has been more clearly documented over the last 10 years, not

only on animal studies but also in human studies.18–20

This study is a continuation of our prior work assessing

patients under long-term treatment with Perindopril versus

other regimens of antihypertensive treatment.24 Patients

treated with this drug were found to have higher TSP-1

levels compared to patients administered other antihyper-

tensive regimens among hypertensive individuals with

endothelial dysfunction.

Perindopril is one of the most frequently prescribed and

well-documented ACEi medications. Its use is indicated not

only due to its anti-hypertensive properties but also because it

exerts cardioprotective effects. Perindopril effectively con-

trols blood pressure via the inhibition of ACE. Perindopril

also inhibits the degradation of bradykinin (ie, kinase II) and

thus reverses endothelial dysfunction. Via stimulation of B2

receptors, accumulated bradykinin stimulates endogenous

kinins to synthesis NO, prostacyclins, and endothelium-

derived hyperpolarized factor (EDHF).24

TSP-1 has been described as a NO-limiter due to its

interaction with CD47, even at very low plasma concen-

trations. This phenomenon was explained by the fact that it

limits the activity of endothelial NO synthase as well as

NO signaling via direct sGC targeting and inhibits targets

of cGMP.25 Moreover, TSP-1 signaling via CD47 stimu-

lates production of reactive oxygen species in hypoxic

endothelial cells, vascular smooth muscle cells, and renal

tubule epithelial cells. All these effects are likely a con-

sequence of the inhibitory action of TSP-1 on NO and

likely depend on both TSP-1 plasma concentrations and

the specific pathology involved. As many authors have

suggested, further research is required.26–28

Figure 1 Thrombospondin-1 serum levels at baseline (T0) and after one year of

Perindopril treatment (T1).

Figure 2 Variation of thrombospondin-1 serum levels at baseline (T0) and after one year

of Perindopril treatment (T1) as a function of patient sex (F – female; M – male).

Figure 3 Thrombospondin-1 serum levels at 5 mg or 10 mg/day dosages of

Perindopril after one year of treatment.
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In our present study, Perindopril managed to control

(decrease) blood pressure values after one year of treatment,

as shown in Table 1, and this was among the reasons why

the previous antihypertensive treatment was discontinued.

Moreover, heart rate markedly decreased after one year of

treatment along with other biochemical parameters such as

transaminase, cholesterol, and triglyceride levels (findings

were statistically significant); these effects were likely con-

sequences of non-pharmacological treatment implemented

together with Perindopril therapy. Potassium levels

increased after one year of treatment, as expected, due to

the inhibition of aldosterone secretion. Although a modest

increase in creatinine was noted, we did not consider this

finding abnormal as values remained within normal para-

meters. Increased creatinine levels were likely due to

changes in renal function that occur after inhibition of the

rennin–angiotensin-aldosterone system.

After one year of treatment with Perindopril, systemic

(reflected by hs-CRP and fibrinogen plasma levels) and

local (ie, endothelial) inflammation (reflected by pen-

traxin-3 plasma levels) significantly decreased.

The TSP-1 serum levels had increased (statistically

significant) after one year of treatment with Perindopril

(drug with anti-platelet properties29) the patients’ serum

levels of TSP-1 being under the normal values that were

given by the laboratory: 8794–28335 ng/mL. As already

documented, TSP-1 levels measured from serum reflect

the TSP-1 release by platelets, compared with TSP-1

plasma levels which reflect the circulating concentrations

(secreted biologically active pool).30

Pentraxin-3 (PTX-3) is a multimeric inflammatory pro-

tein belonging to the same family as C-reactive protein

(CRP) and serum amyloid P component (SAP). It is a

marker of vascular damage as its local synthesis is stimu-

lated by TNF, IL-1β (interleukin-1β), and bacterial pro-

ducts. It is synthesized in endothelial cells, macrophages,

myeloid cells, and dendritic cells. This is in contrast to

CRP and SAP, which are synthesized in the liver, after the

stimulation of IL-6.31,32

Our recent study found that hypertensive patients under-

going long-term treatment with Perindopril had decreased

plasma levels of soluble endoglin (a glycoprotein involved in

cardiovascular homeostasis and amarker of endothelial lesion)

compared with patients treated with other classes of drugs,

such as β-blockers, calcium channel blockers, and diuretics.33

Here, we found a negative, weak yet statistically significant

correlation among TSP-1 and soluble endoglin levels

(r=−0.22, R2=4.84%, p=0.008) at baseline compared with a

non-significant correlation with PTX-3 levels (r=−0.057,
R2=0.32%, p=0.502). After one year of Perindopril therapy,

we noted a negative, moderate, and statistically significant

correlation between TSP-1 and soluble endoglin levels

(r=−0.425, R2=18.06%, p<0.001) and a negative, very weak

yet statistically significant correlation among TSP-1 and PTX-

3 levels (r=−0.153, R2=2.34%, p=0.048)

With respect to endothelial dysfunction present in all

studied patients, pathology neither advanced nor regressed

after one year of Perindopril therapy, a finding we consider

positive as it appeared to stabilize hypertension. In addition,

IMT levels remained very similar after one year of treatment.

Likewise, TSP-1 has been reported to decrease inflam-

mation by binding to the CD47 receptor, a mechanism

supported by our study as well, considering that local

endothelial inflammation decreased (reflected by plasma

PTX-3 levels, which decreased after one year of

Perindopril therapy).34 The anti-inflammatory actions of

TSP-1 were recently confirmed by Meng et al, reporting

low serum TSP-1 levels in patients with systemic lupus

erythematosus when compared with controls.35

As we previously suggested and based on the literature

data,4,14–16 high plasma TSP-1 levels also exhibit an anti-

proliferative effect on VSMCs and thus reduce their density

via binding of its C-terminal domain to CD47. More pre-

cisely, low plasma TSP-1 levels might induce a proliferative

effect at the vascular level, while high plasma TSP-1 levels

induce an anti-proliferative effect, although the effects may

differ depending on the particular pathology concerned.1

Bauer et al suggested that TSP-1 plays an important role

in maintaining vascular systemic tone; after one year of

treatment with Perindopril and based on high levels of

TSP-1 along with normalization of blood pressure values, it

is likely that vascular systemic tone significantly improved.36

Echocardiographic alterations of IVS and PWLV

(Table 3) after one year of treatment suggest an active

process of cardiac remodeling that involves a decrease in

fibrosis. Indeed, an anti-fibrotic effect exerted by TSP-1

was previously reported by other studies.36

In summary, our study noted elevated serum TSP-1 levels

in hypertensive patients with endothelial dysfunction after

one year of treatment with Perindopril, which was likely

responsible for a variety of local pleiotropic (ie, anti-inflam-

matory, anti-proliferative, and anti-fibrotic) effects, as well as

the maintenance of systemic vascular tone.

Multivariate regression analysis revealed blood urea

nitrogen to be a protective factor (at both T0 and T1) for

TSP-1, although its plasma levels were not significantly
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altered after one year, in contrast with TSP-1 (likely due to a

short period of observation). On the other hand, glucose and

heart rate were found to be risk factors for TSP-1 (at both T0

and T1); a number of other studies previously reported an

association between TSP-1 and glucose.37,38

Interestingly, the left ventricular end-diastolic dia-

meter and the left atrial diameter were also determined

to be risk factors for TSP-1 at baseline (T0), likely due

to a certain degree of endothelial dysfunction already

present.

Table 4 Complete Blood Count Data

Parameters Control (n=76) T0 (n=66) T1 (n=66) T0 vs T1 p

(Wilcoxon

Signed Rank)

Control vs T0 p

(Mann–Whitney)

Control vs T1 p

(Mann–Whitney)

WBC (μL) 7.41 ± 5.08 5.96 ± 1.05 6.51 ± 1.04 0.016 0.018 0.140

RBC (μL) 4.69 ± 0.57 4.82 ± 0.42 4.41 ± 0.51 <0.001 0.122 0.003

HGB (g/dL) 14.08± 1.54 14.22 ± 0.89 13.20 ± 1.19 <0.001 0.470 <0.001

HCT (%) 41.37 ± 4.09 42.15 ± 2.40 38.94 ± 3.93 <0.001 0.160 <0.001

MCV (fL) 88.51 ± 4.69 87.52 ± 3.89 88.41 ± 4.78 0.232 0.181 0.909

MCH (pg) 30.09 ± 1.49 29.66 ± 1.07 29.99 ± 1.47 0.580 0.055 0.689

MCHC (g/dL) 34.00 ± 0.94 33.78 ± 0.70 33.97 ± 1.07 0.170 0.118 0.859

PLT (μL) 244.39 ± 62.01 261.09 ± 71.35 256.36 ± 60.94 0.222 0.138 0.250

LYMPH(%) 30.69± 8.76 35.82 ± 7.08 27.79 ± 12.53 0.003 <0.001 0.119

MONO(%) 8.55± 2.39 10.02 ± 2.80 8.91 ± 2.41 0.003 0.001 0.360

NEUTRO(%) 57.82± 10.04 47.93 ± 14.65 58.03 ± 8.22 <0.001 <0.001 0.887

EO(%) 2.83 ± 2.92 2.98 ± 2.14 1.87 ± 1.32 <0.001 0.733 0.011

BASO(%) 0.40 ± 0.18 0.50 ± 0.28 0.30 ± 0.22 0.001 0.019 0.007

LYMPH (μL) 1.96 ± 0.65 2.11 ± 0.46 1.98 ± 0.65 0.279 0.115 0.865

MONO (μL) 0.56 ± 0.14 0.59 ± 0.21 0.58 ± 0.20 0.506 0.226 0.366

NEUTRO (μL) 3.84 ± 1.72 3.05 ± 0.77 3.78 ± 0.82 <0.001 <0.001 0.809

EO (μL) 0.17 ± 0.18 0.17 ± 0.11 0.12 ± 0.07 0.010 0.984 0.038

BASO (μL) 0.03± 0.01 0.03 ± 0.02 0.02 ± 0.01 0.008 0.092 0.033

RDW-CV (%) 13.46 ± 1.08 13.55 ± 0.70 13.1 ± 0.99 0.001 0.534 0.036

RDW-SD (fL) 41.32 ± 6.30 42.42 ± 2.52 41.58 ± 3.89 0.014 0.162 0.770

PDW (fL) 14.63 ± 2.98 13.43 ± 1.70 18.23 ± 12.25 <0.001 0.004 0.022

MPV (fL) 11.41± 1.12 10.99 ± 0.86 11.10 ± 1.36 0.030 0.017 0.157

P-LCR (%) 36.36 ± 8.16 33.20 ± 6.72 36.18 ± 6.68 <0.001 0.014 0.886

PCT (%) 0.27 ± 0.06 0.28 ± 0.07 0.28 ± 0.07 0.690 0.213 0.290

Notes: Data are represented as mean ± SD. Statistical significance was considered when p<0.05. Bold font indicates statistical significance.

Abbreviations: WBC, white blood cells; RBC, red blood cells; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;

MCHC, mean corpuscular hemoglobin concentration; PLT, platelet count; LYMPH, lymphocytes; MONO, monocytes; NEUTRO, neutrophils; EO, eosinophils; BASO

basophils; RDW, red cell distribution width; PDW, platelet distribution width; MPV, mean platelet volume; P-LCR, platelet larger cell ratio; PCT, procalcitonin.

Table 3 Echocardiographic Parameters At T0 (baseline) And T1 (after One Year)

Echocardiographic

Parameters

Control

(n=76)

T0 (n=66) T1 (n=66) T0 vs T1 p

(Wilcoxon

Signed Rank)

Control vs T0 p

(Mann–Whitney)

Control vs T1 p

(Mann–Whitney)

DLA (mm) 35.16 ± 7.29 33.27 ± 2.19 34.18 ± 4.39 0.181 0.035 0.329

IVS (mm) 10.89± 2.81 11.00 ± 1.71 10.72 ± 1.22 0.398 0.777 0.655

PWLV (mm) 10.05 ± 1.70 9.52 ± 1.22 10.18 ± 1.34 0.038 0.040 0.613

EDLV (mm) 50.42 ± 7.09 50.00 ± 3.69 51.18 ± 5.27 0.313 0.652 0.466

E.F. (%) 56.11± 8.45 55.63 ± 7.98 55.63 ± 6.59 0.751 0.736 0.716

Notes: Data are represented as mean ± SD. Bold font indicates statistical significance.

Abbreviations: DLA, diameter of left atrium; IVS, diameter of interventricular septum; PWLV, posterior wall of the left ventricle; EDLV, left ventricular end-diastolic

diameter; EF, ejection fraction.
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While endogenous TSP-1 is known to function as a

pressor, it remains unclear if its pressor effects are due to

direct actions or are secondary to other risk factors (angio-

tensin II stimulates TSP-1 production in some cells).28 In our

present study, systolic blood pressure values correlated nega-

tively with serum TSP-1 levels after one year of treatment

(significant decreases in systolic blood pressure and heart

rate after one year of treatment represent the most important

cardiovascular protective factors). Positive correlation with

decreases in systolic blood pressure further suggests that high

levels of TSP-1 are necessary to maintain systemic vascular

tone.39

Although aging has been suggested to induce TSP-1

expression,40 multivariate analyses revealed that age

greater than 56.5 years is not a risk factor for TSP-1

elevation. We endeavored to avoid possible circadian var-

iations in TSP-1 levels as blood pressure monitoring and

sampling were performed within 30 mins around 9 am.

In the activated endothelium, platelets form clots in

association with components of the extracellular matrix,

regulating localized angiogenesis. Two mechanisms are

currently known for characterizing differential release of

growth factors from platelets: the well-documented protei-

nase-activated system and the highly complex interactions

of tissue-specific anchors such as heparan sulfate (less well

documented).41,42 In the setting of a wound, the primary

healing step is formation of an early vascular sprout is by

VEGF activity. Basic fibroblast growth factor (bFGF) sub-

sequently induces vessel growth and lumen development,

followed by endothelial cell proliferation and structural

stabilization with the aid of heparan sulfate binding pro-

teins. The inhibition of excess angiogenesis is dependent

Table 6 Correlations Of TSP-1 Plasma Levels With All Data

After One Year Of Treatment (T1)

Parameters T1 TSP-1 Correlation

Creatinine ρ=−0.385, p=0.001 Negative

Potassium ρ=−0.479, p<0.001 Negative

SBP ρ=−0.717, p<0.001 Negative

DBP ρ=−0.410, p=0.001 Negative

RBC ρ=0.438, p<0.001 Positive

MCH ρ=−0.633, p<0.001 Negative

MCHC ρ=−0.379, p=0.002 Negative

PLT ρ=0.588, p<0.001 Positive

LYMPH% ρ=0.531, p<0.001 Positive

MONO% ρ=0.362, p=0.003 Positive

BASO% ρ=0.394, p=0.001 Positive

MONO ρ=0.443, p<0.001 Positive

BASO ρ=0.459, p<0.001 Positive

RDW-CV ρ=0.654, p<0.001 Positive

RDW-SD ρ=0.362, p=0.003 Positive

MPV ρ=−0.408, p=0.001 Negative

P-LCR ρ=−0.460, p<0.001 Negative

PCT ρ=0.348, p<0.004 Positive

Note: Bold font indicates statistical significance.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; RBC,

red blood cells; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular

hemoglobin concentration; PLT, platelet count; LYMPH, lymphocytes; MONO,

monocytes; BASO, basophils; RDW, red cell distribution width; MPV, mean platelet

volume; P-LCR, platelet larger cell ratio; PCT, procalcitonin.

Table 5 Correlations Of TSP-1 Plasma Levels With Baseline

Data (T0)

Parameters T0 TSP-1 Correlation

ALAT ρ =0.416, p<0.001 Positive

RBC ρ=0.345, p<0.001 Positive

MCV ρ=−0.348, p<0.001 Negative

Abbreviations: ALAT, alanine aminotransferase (GTP); RBC, red blood cells;

MCV, mean corpuscular volume.

Table 7 Results Of The Logistic Regression Performed At Baseline (T0)

TSP-1 Risk/Protective Factor Psign. OR 95% Interval Of Confidence Spearman Correlation

Lower Limit Upper Limit ρ psign.

BUN – protective factor 0.005s 0.009 0.01 0,7 −0.204 0.015s

ALAT – risk factor 0.004s 11.34 1.42 90.42 0.416 <0.001s

Glucose – risk factor 0.023s 2.30 1.11 4.77 0.361 <0.001s

HR – risk factor 0.011s 3.3 1.27 8.57 0.170 0.044s

EDLV – risk factor 0.046s 2.77 1.72 7.76 0.081 0.337ns

RDW – risk factor 0.016s 3.32 1,2 9.13 0.159 0.059ns

MPV – risk factor 0.026s 4.06 1.19 15.09 −0.094 0.267ns

DLA – risk factor 0.013s 4.71 1.25 17.71 0.238 0.004s

RBC – risk factor <0.001s 8.16 2.27 29.33 0.345 <0.001s

MCH – protective factor 0.015s 0.11 0,01 0,9 −0.234 0.005s

Abbreviations: BUN, blood urea nitrogen; ALAT, alanine aminotransferase (GTP); HR, heart rate; EDLV, end-diastolic diameter of left ventricle; RDW, Red cell distribution

width; MPV, mean platelet volume; DLA, diameter of left atrium; RBC, red blood cells; MCH, mean corpuscular hemoglobin; S, significant; NS, non-significant.
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on the activity of TSP-1 and platelet factor-4 (PF-4); both

exhibit high affinity for heparan sulfate. The inhibitors of

angiogenesis continue to be released under physiological

conditions based on cell–cell interactions.41

The integrin-associated protein CD47 inhibits phago-

cytosis of erythrocytes by macrophages in the splenic and

hepatic reticuloendothelial system by binding signal-regu-

latory protein alpha (SIRPα) on macrophages. Burger et al

reported evidence of a previously unknown mechanism for

aged erythrocyte clearance via CD47–SIRP interaction in

an animal model. High TSP-1 levels are thus likely

involved in erythrocyte clearance by binding to CD47.

This phenomenon explains the marked decrease in red

blood cells, hemoglobin (HGB), hematocrit (HCT), red

cell distribution width (RDW)–coefficient of variation

(CV), RDW-standard deviation (SD) as well as the posi-

tive correlation between TSP-1, mean corpuscular hemo-

globin, and red cell distribution width after one year of

treatment with Perindopril.43 Decreases in HCT and HGB

have been well documented by prior studies as well.44

This study had several limitations, namely a relative

small study of patient population, an absence of exact

molecular mechanism elucidation, a short period of

observation, and a lack of circulating plasma TSP-1,

endothelin-1, interleukin, and asymmetric dimethylargi-

nine level quantification.

Conclusion
Current literature contains contradictory and incomplete

data regarding the roles of TSP-1 in the cardiovascular

system. Here, we assessed the relationship between serum

levels of TSP-1, hypertension, endothelial dysfunction,

and other relevant parameters both at baseline and after

one year of Perindopril treatment.

Further research investigating the effects of ARBs on

plasma TSP-1 levels in the setting of similar pathology is

needed in order to establish a more accurate overview of

commonly used drug mechanisms involved in the modula-

tion of the renin–angiotensin–aldosterone system and

pleiotropic properties on TSP-1 levels.
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