
ABSTRACT
Background: Hypertension is a well known risk factor

for cardiovascular and cerebrovascular events such as
heart attack, renal failure and stroke. In addition, it is
associated with earlier changes in target organ systems,
such as LVH, proteinuria and carotid atherosclerosis,
which are grouped under the term of “target organ damage”
(TOD). There are many processes involved in the patho-
genesis of TOD and some of these are endothelial dys-
function, platelet activation and increased thrombogenesis.

Aim of the Work: This study aimed to study the Level
of expression of P-selectin (CD62p) and Annexin V as
platelets activation markers in hypertensive patients as
compared to control group, and comparison between the
levels of these markers in hypertensive patients with and
without vascular complications aiming at early detection
of vascular complication in hypertensive patients.

Patients and Methods: Our study included 50 patients
divided into two groups:

Group I: 20 patients suffering from hypertension
without vascular complication. Group II: 30 patients
suffering from hypertension with vascular complication
which had renal, cardiac, cerebral and retinal affection.
Also, 20 apparently healthy adults were chosen as control
group. Patients were subjected to: Detailed history taking
and clinical examination with emphasis on duration of
disease and presence of complications. In the present study
we investigated the levels of P-selectin (CD62p) and
Annexin V expression on platelets by flow cytometry
technique in patients with hypertension and control groups
and compared the test characteristics of these markers.
We also investigated the relation between P-selectin
(CD62p) and Annexin V expression and various parameters;

Results: A highly statistically significant increase in
CD62p mean florescent intensity was detected in all
hypertensive patients (without and with complication)
compared with control group (p<0.001 and p<0.0001). A
significant increase in CD62p mean florescent intensity
in hypertensive patients with vascular complications
compared to patients without vascular complications
(p<0.05). A highly statistically significant increase in
Annexin V mean florescent intensity was encountered in
all hypertensive patients (without and with complication)
compared with control group (p<0.01 and p<0.001), and
in hypertensive patients with compared with patients

without vascular complications (p<0.05). The results also
showed significant correlation between (CD62p) mean
florescent intensity and Annexin V mean florescent intensity
in hypertensive patients with vascular complications groups
only. CD62 and Annexin V did not correlate with creatinine,
triglycerides, total cholesterol, serum LDL cholesterol or
HDL cholesterol in any of the studied groups.

Conclusion: The results of the present study support
that activation of platelets in all hypertension patients is
accompanied by high expression of P-selectin (CD62p)
and Annexin V which is significantly associated with
vascular complications. Hence, vascular complication
may be predicted by an increase in the expression of these
markers. The use of anti-platelet treatment in low-risk
hypertensive patients and its effect on these markers needs
to be investigated in long-term clinical outcome studies.

Key Words: Hypertension – CD62p – Annexine (V) –
Vascular complication.

INTRODUCTION

Hypertension is a chronic medical condition,
in which the blood pressure is chronically ele-
vated. It is referred to as systemic arterial hy-
pertension [1]. Hypertension is a well known
risk factor for cardiovascular and cerebrovas-
cular events such as heart attack, renal failure
and stroke. In addition, it is associated with
earlier changes in target organ systems, such
as LVH, proteinuria and carotid atherosclerosis,
which are grouped under the term of “target
organ damage” (TOD). There are many process-
es involved in the pathogenesis of TOD and
some of these are endothelial dysfunction, plate-
let activation and increased thrombogenesis [2].

There is evidence that platelets and the en-
dothelium, which both get activated in hyper-
tension, have a crucial role in the increased
thrombotic tendency seen in hypertension [3].
Abnormalities in platelet function may account
for the pathogenesis and complications of throm-
botic events associated with hypertension. Sev-
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eral studies have reported that hypertensive
patients show endothelial dysfunction and plate-
let hyperactivity and there is a positive linear
relation between blood pressure and predispo-
sition to platelet aggregation [4].

Platelets play a key role in arterial thrombo-
sis and acute vascular events. Activated platelets
translocate and secrete P-selectin from their
alpha granules. Once exposed on activated
platelets, P-selectin on platelets interacts with
leukocytes and then induces inflammatory sig-
nals to potentiate vascular injury [5]. P-selectin
is an adhesion molecule located in the platelet
alpha granules and Weibel-Palade body of en-
dothelial cells. P-selectin mediates the rolling
of blood cells on the surface of the endothelium
and initiates the attachment of leukocytes cir-
culating in the blood to platelets, endothelial
cells, and other leukocytes at sites of tissue
injury and inflammation [6]. In addition, P-
selectin induces the expression of tissue factor
on monocytes, thus initiating the blood coagu-
lation cascade.  It also mediates fibrin deposition
in the growing thrombus, and induces superox-
ide anion production by neutrophils and mono-
cytes. It also regulates production of platelet
activating factor and phagocytosis by monocytes
[7]. Soluble P-selectin (sP-selectin) is a biomar-
ker for platelet/endothelial activation and is
considered a risk factor for vascular disease [8].

One of the most important signals accompa-
nying platelet activation is the increase in intra-
cellular calcium; annexins are highly conserved
calcium-binding proteins, of which Annexin V
is the major annexin in human platelets. The
annexins are a family of proteins first described
in 1990. All of the annexin proteins share the
property of binding calcium and phospholipids.
Annexin V has proven very useful as a marker
for apoptosis and platelet activation [9].

Circulating Annexin V can be released from
the cells of the vascular wall (endothelial cells,
smooth muscle cells) or from secretor cells of
the spleen and liver. Once it is in the plasma,
it binds to blood cells (platelets and erythrocytes)
or to endothelial cells [10].

Abnormalities in platelet function, endothe-
lial function, and thrombotic markers have all
been described in hypertension. Abnormal plate-
let aggregation, along with increased plasma
markers of platelet activation, is also present
in nonhypertension [11].

The aim of this work was to study the Level
of expression of P-selectin (CD62p) and An-
nexin V as platelets activation markers in hy-
pertensive patients as compared to control group,
and comparison between the levels of these
markers in hypertensive patients with and with-
out vascular complications aiming to evaluate
its potential value for early detection of vascular
complications in hypertensive patients.

PATIENTS AND METHODS

Subjects:
This study was conducted on 50 patients

with hypertension chosen from those attending
Internal Medicine Department and Internal
Medicine Clinic in AI-Zahraa University Hos-
pital. They were 27 females (54%) and 23 males
(46%) with an age ranging from 49 to 74 years
old (Mean=60.24±7.25, Median=59). patient
consider as hypertensive when either the systolic
or the diastolic blood pressure value is >140/90
mmHg upon repeated sphygmomanometer mea-
surements in the physician’s office [12]. Twenty
apparently healthy volunteers with matched age
and sex were enrolled in the study as control
group. They were 11 females (55%) and 9 males
(45%). Cases with chronic inflammatory dis-
ease, infection, malignancy, Diabetes Mellitus,
Smoking, and cardiac diseases due to causes
other than hypertension were excluded.

The studied cases were divided into two groups:
Group I: Twenty patients suffering from

hypertension without vascular complication.
They were 13 females (65%) and 7 males (35%)
with an age ranging from 49 to 60 years old
(Mean=54±6, Median52).

These patients had no evidence of cardiac,
retinal, cerebral, or renal affection.

Group II: Thirty patients suffering from
hypertension with vascular complication who
had renal, cardiac, cerebral and/or retinal affec-
tion. They were 14 females (46.7%) and 16
males (53.3%) with age ranged from 55-74
years old (Mean=67±7, Median62).

All patients and control were subjected to
thorough history taking and complete clinical
examination with emphasis on duration of dis-
ease, and presence of complications.

Sample collection:
Fasting sample: About 10ml of venous blood

were withdrawn under sterile conditions in a
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plastic syringe. The blood samples were divided
into three parts:
1- Two ml added to (EDTA) tube for complete

blood count (CBC) done using fully auto-
mated cell counter (Sysmix, Germany).

2- Five ml was left to clot and the serum was
separated. Serum creatinine and lipid profile
(triglyceride, HDL-Cholesterol, total choles-
terol) were done using chemical auto analyz-
er (cobas 411) Germany and kits supplied
by Roche Diagnostic Kits according to man-
ufacture instructions.

3- The third part of blood sample (2.7ml) were
added to 300µl 3.2% trisodium citrate and
centrifuged immediately at low speed (100g)
for 10 minutes using a cooling centrifuge
for separation of platelet rich plasma (PRP)
for isolation of fresh platelets for immu-
nophenotyping.

Flow Cytometric Measurement of CD62p
and Annexin V:

Platelet rich plasma was subsequently cen-
trifuged at high speed (1000Xg) for 10 minutes
with Phosphate buffered saline (PBS) to obtain
washed platelets. Platelet pellet was washed
twice and then re-suspended in an equal volume
of 1% paraformaldehyde. Fifty µl of platelet

suspension were stained with a combination of
10µl of Fluorescein isothiocyanate (FITC) con-
jugated anti CD62p (P-selectin); Kit supplied
by BD Biosciences Pharmingen™ and 5µl Phy-
coerythrin (PE) conjugated anti Annexin V
produced by BD Biosciences Pharmingen™.
Iso type negative control (PE and FITC) was
obtained from BD Biosciences Pharmingen™.
The mixture was incubated in dark room for 30
minutes; they were resuspended in 200µl phos-
phate buffer saline (PBS) and centrifuged at
1300g for 5 minutes for analysis to be done.
Data acquisition and analysis were performed
on cell quest program of the FACSCAN, BEK-
TON DICKENSON flow cytometry. Gating on
platelets, 10000 events were acquired and sta-
tistical analysis was done by cell quest software.
Results were expressed as mean florescence
intensity (Figs. 1,2).

Statistical analysis:
Data was analyzed by Microsoft office 2003

(excel) and (SPSS) computer program (version
16). Parametric data was expressed as Mean±
SD. Spearman correlations coefficient was used
to test the relationship between various vari-
ables. Significant difference was considered
when p-value <0.05, p-value<0.01 is considered
highly significant [13].

Fig. (1): CD62 and Annexin V expression on platelets from a case of hypertension with vascular complications.

NAME: CASE 9 Positive (Hypertension with vascular complication).
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RESULTS

The results of serum creatinine and lipid
profile are presented in Table (1). The values
of the different parameters in hypertensive cases
without vascular complications were comparable
to control group (p>0.05). HDL cholesterol
values were comparable in all groups (p>0.05).
Serum creatinine, triglycerides, total cholesterol
and LDL cholesterol was significantly higher
in hypertensive patients with vascular compli-
cations compared to control group p<0.0001
and compared to hypertensive cases without
vascular complication p<0.001.

CD62 and Annexin V expression on the
platelets of the different groups are presented
in Table (2). The mean florescent intensity of
both markers was found to be significantly
higher in hypertensive cases as compared to
control as well as in hypertensive patients with
vascular complications as compared to those
without vascular complication.

A significant increase in CD62p mean flo-
rescent intensity was detected in all hypertensive

patients (without and with complication) com-
pared with control group (p<0.001 and p<
0.0001). A significant increase in CD62p mean
florescent intensity in hypertensive patients
with vascular complications compared to pa-
tients without vascular complications (p<0.05).
A highly statistically significant increase in
Annexin V mean florescent intensity was en-
countered in all hypertensive patients (without
and with complication) compared with control
group (p<0.01 and p<0.001), and in hypertensive
patients with vascular complication compared
with patients without vascular complications
(p<0.05).

Figures (3,4) represents Study of Correlation
coefficient “r” between CD62p and Annexin V
mean florescent intensity, Patients without vas-
cular complication showed no correlation “r”
0.185, p>0.05*, Correlation was encountered
in hypertensive patients with vascular compli-
cation “r” 0.385, p<0.05*. No correlation was
encountered between CD62 or Annexin V and
the other parameters in the studied groups.

Fig. (2): CD62 and Annexin V expression on platelets from a case of hypertension without vascular complications.

NAME: CASE 13 Positive (Hypertension without vascular complication).

104

103

102

101

100

A
nn

ex
in

 P
E

13_CD62p_Annexin V23_3_11.017

100 104103102101

CD62p FITC

File: 13_CD62p_Annexin V 23_3_11.017
Gated Events: 10000
Gate: No Gate
Total Events: 10000

% Total% GatedEvents

1566
808
5788
1838

X MeanQuad

UL
UR
LL
LR

15.66
8.08
57.88
18.38

15.66
8.08
57.88
18.38

7.40
44.17
5.57
37.06

C
ou

nt
s

CASE8_CD62p, ANN_1_2011.183

100 104103102101

P-selectin FITC

50

40

30

20

10

0

C
ou

nt
s

100 104103102101

Annexin V PE

50

40

30

20

10

0

CASE8_CD62p, ANN_1_2011.183



Maha Aqle, et al. 13

*Mean florescent intensity±SD.
p1: Hypertensive patients without vascular complications vs. control group.
p2: Hypertensive patients with vascular complications vs. control group.
p3: Hypertensive patients with vs. Hypertensive patients without vascular complications.

Table (2): P-selectin (CD62p) and Annexin V mean fluorescent intensity expression on platelets of hypertensive patients
with and without vascular complications and control group.

p-value

p1<0.01

p2<0.001

P3<0.05

Annexin V

15.44±0.78*

19.34±1.01

7.47±0.95

p1<0.001

p2<0.0001

P3<0.05

p-value

Hypertensive patients without
vascular complications.

Hypertensive patients with
vascular complications.

Control group.

Study group No.

20

30

20

17.98±0.91*

24.06±0.93

6.29±1.01

CD6p

Fig. (3): Correlation coefficient “r” 0.185, p>0.05* between
CD62p and Annexin V in hypertensive patients
without vascular complications.

Correlation between CD62p and Ann. V among
patients with vascular complications.
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Fig. (4): Correlation coefficient “r” 0.385, p<0.05 between
CD62p and Annexin V in hypertensive patients
with vascular complications groups.
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DISCUSSION

In hypertension, the delicate balance between
the vasodilators and the vasoconstrictors is
upset, leading to changes that then take place
in the vascular beds, There is also increasing
evidence that platelets and the endothelium,

both get activated in hypertension, The main
complications of hypertension (that is, myocar-
dial infarction and stroke) are paradoxically
thrombotic in nature rather than hemorrhagic-
“The thrombotic paradox of hypertension”.
Certainly, increasing clinical and laboratory
evidence suggests that hypertension per se may

Table (1): Creatinine and lipid profile in hypertensive patients with and without vascular complications and control group.

p1: Hypertensive patients without vascular complications vs. control group.
p2: Hypertensive patients with vascular complications vs. control group.
p3: Hypertensive patients with vascular complications vs. hypertensive patients without vascular complications.

20
0.87±0.28*
115.37±32.55
107.63±30.04
52.66±21.12
31.42±8.38

30
4.65±4.66
172.37±95.73
199.73±44.70
143.30±54.55
28.09±5.81

Hypertensive cases:
Vascular complication

Absent Present

No.
Creatinine (mg/dl)
Triglycerides (mg/dl)
Total cholesterol (mg/dl)
LDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)

Parameter Control

20
0.79±0.27
109.1±33.45
90.70±27.11
47.40±20.53
31.30±9.76

p1

>0.05
>0.05
>0.05
>0.05
>0.05

p2

<0.0001
<0.0001
<0.0001
<0.0001
>0.05

p3

<0.001
<0.001
<0.001
<0.001
>0.05



was obviously higher than that in essential
hypertension Grade I group. Preston et al., [21]
also reported that platelet CD62 demonstrated
a strong and graded association with both sys-
tolic and diastolic BP; that association persisted
in the presence of multiple concomitant risk
factors. They reported, as well, that platelet
activation and platelet CD62 expression increase
in a BP-dependent manner and this relationship
persists at extreme levels of BP. They concluded
that Platelet activation and platelet CD62 may
participate in the accelerated target organ injury
observed in high risk patients with severe hy-
pertension.

In the current study, the mean values of
Annexin V mean fluorescent intensity expres-
sion was higher in hypertensive patients with
or without vascular complications compared
with control group. These findings are in agree-
ment with previous study [17]. Also Sinning et
al., [22] reported that Annexin V is increased in
patients with cardiovascular risk factors and
impaired coronary endothelial function and that
this elevation is associated with many cardio-
vascular risk factors, such as hypertension,
obesity, hyperlipoproteinaemia, and diabetes.

In the current study, the mean value of An-
nexin V mean florescent intensity expression
was higher in hypertensive patients with com-
pared to patients without vascular complications.
This finding is in agreement with that reported
by Huang et al., [23] who reported that hyper-
tensive patients with microalbuminuria or mac-
roalbuminuria had significantly increased An-
nexin V which may contribute to atherosclerotic
disease progression and enhanced cardiovascular
risk in hypertensive patients with nephropathy.

Chen et al., [24] reported increased levels of
Annexin V, endothelial MPs (EMP) and platelet-
derived MPs (PMPs), in diabetics with or with-
out hypertension. Ravassa et al., [25] reported
that myocardial Annexin V upregulation is
associated with hypertensive heart disease
(HHD) and impairment of systolic function in
hypertensive patients; this association being
independent of apoptosis. They concluded that
Plasma Annexin V can be a marker of myocar-
dial Annexin V up regulation and systolic dys-
function in patients with HHD.

Our study showed that there was no signif-
icant difference in serum triglycerides, total
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confer a prothrombotic or hypercoagulable state,
with abnormalities of coagulation, platelets,
and the endothelium [14].

Platelets are activated by a large number of
agonists that are released in the circulation
during some pathologic conditions (e.g. hyper-
tension and diabetes mellitus). Platelet activation
and aggregation is involved in the development
of hypertension in different ways. Indeed, upon
activation, platelets change shape, release a
number of autocrine factors that stimulate their
adhesion to endothelial cells and the formation
of blood clot. P-selectin and Annexin V have
been proposed as useful biomarkers in various
pathologic states in which platelets and/or en-
dothelial cells are activated [15]. Hyperactive
platelets may lead to capillary microembolisa-
tion secondary to the formation of microaggre-
gates [16].

This study was conducted to compare the
level of expression of P-selectin (CD62p) and
Annexin V as platelets activation markers in
hypertensive patients and control group, and to
compare between the level of expression of
these markers in hypertensive patients with and
without vascular complication aiming to early
detection of vascular complication in hyperten-
sive patients.

In the current study, the mean value of
CD62p expression were higher in hypertensive
Patients without vascular complications com-
pared with control group. There was highly
significant increase in CD62p mean florescent
intensity in hypertensive patients with vascular
complications compared to control group. These
findings were in agreement with several studies
[17,18]. Stumpf et al., [19] found that Patients
with mild arterial hypertension (AH) showed
significantly enhanced expression of platelet
P-selectin and concluded that platelets seem to
play a significant role in mediating inflammation
in AH, which could lead to target organ injury.

In the current study, the mean value of
CD62p expression was higher in hypertensive
patients with compared to patients without
vascular complications. This finding is in agree-
ment with that of Yang et al., [20] who reported
that the expression of CD62p in essential hy-
pertension group was higher than the control
group, and the level of the expression of CD62p
in essential hypertension Grade II & III groups



cholesterol, LDL cholesterol or HDL cholesterol
in hypertensive patients without vascular com-
plications compared to control group, but that
there was significant increase in serum level of
triglycerides, total cholesterol and LDL choles-
terol in hypertensive cases with vascular com-
plications compared to control group, These
results are in agreement with Alexandru et al.,
[26] who reported that hypertension is associated
with hypercholesterolemia (cholesterol and
triglyceride) that induces major changes in
morphology and signaling mechanisms operat-
ing in blood platelets  that enhanced platelet
activation and aggregation in cardiovascular
disease.

Our work showed that there was no signifi-
cant correlation between CD62p, Annexin V
and any of the other parameters (triglycerides
level, total cholesterol, HDL cholesterol or LDL
cholesterol) in all studied groups This is against
the results obtained by Pawelczyk et al., [27]
who observed a significantly higher CD62p
expression and percentage of CD62p-positive
resting and thrombin-activated platelets in the
hyperlipidemia as compared to the normolipi-
demia group. This contradictory result may be
due to the small number of cases in our study.

In this study there was significant correla-
tions between CD62p mean florescent intensity
and Annexin V mean florescent intensity in
hypertensive patients with vascular complication
but no correlation found in hypertensive patients
without vascular complication. The present
findings suggested that enhanced Platelet acti-
vation and platelet CD62 and Annexin V may
participate in the accelerated target organ injury
observed in high risk patients with uncontrolled
hypertension.

Most clinical events associated with hyper-
tension have a thrombotic component, and there
have been several reports on platelet activation
in hypertensive patients [28,29]. Our results for
CD62p, and Annexin V support the findings in
these reports.

Conclusion:
The results of the present study support that

activation of platelets in all hypertension patients
is accompanied by high expression of P-selectin
(CD62p) and Annexin V which may induce
hypercoagulability in hypertensive patients and
significantly associated with vascular compli-

cations and hence, vascular complication may
be predicted by an increase in the expression
of these markers. The use of anti-platelet treat-
ment in low-risk hypertensive patients and its
effect on these markers needs to be investigated
in long-term clinical outcome studies.
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