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P-selectin level in haemoglobin-S variants steady-
state subjects in Port Harcourt Nigeria

Abstract

Introduction: P-selectin is a cell adhesion molecule that play key roles in vaso-occlusive
crisis, atherosclerosis, inflammation and is highly implicated in sickle cell diseases. This
cross-sectional study determines the level of P-selectin in haemoglobin-S variants steady
state subjects in Port Harourt Nigeria.

Materials and Methods: Eighty (80) subjects comprising of haemoglobin-S variants in
steady-state and apparently healthy haemoglobin A (HbAA) male and female aged within
5-60years were recruited for the study. Five millilitres (Smls) of venous blood were
aseptically collected by venepuncture from each participant into plain tube and analysed
using Elabsceince ELISA kits. Data obtained were analysed using SPSS version 24, and
results considered to be significant at p<0.05.

Results: P-selectin levels were all within detectable normal reference ranges with
highest value observed in HbSS subjects (10.9842.72ng/ml) followed by HbSC subjects
(9.5843.51ng/ml), HbAA subjects (9.42+3.17ng/ml) and lowest value in HbAS subjects
(8.0143.19ng/ml) respectively (p=0.037). Comparison of P-selectin level based on gender
showed no statistically significant difference across the various groups (p>0.05).

Conclusion: The study revealed a higher P-selectin level in HbSS and HbSC subjects
although all within normal detectable reference ranges. It further demonstrated that gender
has no effect on the expression of P-selectin in haemoglobin-S variant steady state subjects
and normal haemoglobin A (HbAA). Measurement of P-selectin level in sickle cell diesease
is recommended as an indirect way of investigating and monitoring red cell haemolysis,
platelet aggregation and degree of inflammation in haemoglobin-S variants subjects.
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disease.

Introduction

P-selectin (CD62P) is a single chain glycoprotein adhesion
molecule with molecular weight of 140kDa rapidly and chronically
expressed on the surface of endothelial cells lining and blood vessels
(specifically activated platelets) with a concentration of 100ng/ml"!
in plasma of normal individuals.* These molecule have been found
to specifically function in mediating the initial capture, rolling and
recruitment of white blood cells on activated vascular endothelium
and the interaction between activated platelets and leukocytes
triggered by molecules such as histamine, thrombin.>* P-selectin is
also known to play important role in atherosclerosis and are found
to circulate in plasma in a soluble form (sP-selectin) inducing
procoagulant microparticle formation and causing vascular occlusive
tendencies. Although on the molecular level, this vaso-occlusive
teendencies can be initiated due hypoxia-induced polymerization
of haemoglobin SS (HbSS) capable of causing membrane damage
resulting in decrease red blood cell survival in peripheral circulation
through intravascular haemolysis and accelerated phagocytosis in the
spleen.** Further membrane damages following this haemolysis and
accelerated haemolysis in the spleen results in calcium influx with
efflux of potassium and water from sickle red blood cells leading to cell
dehydration and sickling and the vaso-occlusive process is recurred.*’
Researches have shown that vascular occlusion remains as a major
cause of the morbidity associated with subjects having haemoglobin-S
variants haempglobin particularly those with the sickle cell (HbSS)
variants or sickle cell disease.®*!° The tendency of sickle red blood
cells to adhere to the vascular endothelium is believed to be a major

contributor and possibly primary cause of the vaso-occlusive process
in this set of patients.”!’ Other researches by Bennewitz et al." and
Vats et al.'® further demonstrated that chronic P-selectin deficiency
attenuates liver ischemia but fails to prevent hepatobiliary injury. Most
recently, P-selectin antibody therapy has been approved by the US
Food and Drug Administration for the prevention of vaso-occlusive
pain episode (VOE) in patients with sickle cell disease'®'> and has
thus become a potential new target for pharmacological therapy to
combat the complications of sickle cell disease. Haemaglobin-S
variants constitute the mutant or abnormal form of haemoglobin-S in
a population caused by genetic variations that changes the sequences
and number of nucleotides within the globin gene/chain. They include
the following: haemoglobin AS (HbAS), haemoglobin SC (HbSC),
and haemoglobin SS (HbSS) and are responsible for the occurrence
of blood disorders such as sickle cell disease, sickle cell anaemia and
haemolytic anaemias.'>"'

Although P-selectin as an adhesion molecule has been shown
to prevent vaso-occlusive event, causes atherosclerosis in patients
with sickle cell disease,'” there remains paucity of information on
the level of P-selectin in subjects with haemoglobin-S variants such
as Haemoglobin (AS, SC and SS); thus the understanding of the
pathophysiology of vaso-oclusion, management vis a vis clinical
diagnosis in haemoglobin-S variant subject remains a complex
mechanism. This research is aimed at accessing the level of P-selectin
in subject with haemoglobin-S variants in steady-state in Port
Harcourt Nigeria.
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Materials and methods
Study design and population

This cross-sectional study was conducted amongst eighty (80)
subjects with haemoglobin-S variants (HbSS, HbSC and HbAS) in
steady-state and apparently healthy haemoglobin A (HbAA) male and
female within the ages of 5-60years of age attending tertiary hospitals
within Port Harcourt Rivers State Nigeria. The medical history as well
as the biodata, socio-demographic and lifestyle of all subject in the
study was obtained with the use of a well-structured questionnaire

Ethical clearance/lnformed consent

Formal approval was obtained from the Rivers State Ministry of
Health Port Harcourt and verbal and/or written consent obtained from
each participant.

Blood sample collection and processing

Five millilitres (5mls) of venous blood was aseptically collected
through venepuncture from each participant into a plain tube. The
blood sample was transported to the laboratory at room temperature
and stored at 4°C prior to analysis using human P-selectin Elabscience
ELISA Kits.

Determination of P-selectin level using Elabscience
ELISA kit as described by Elabscicnce Biotech Co.,
Ltd, China

Samples were assayed using Elabscience ELISA kits that utilizes
the Sandwich-ELISA as method. The ELISA-micro plates provided
with the kit are pre-coated with antibody specific to Human P-selectin
and when the standard samples are added to the micro-ELISA plate
wells in combination with the specific antibody, and a biotinylated

Table | Social demographic data of studied population
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detection antibody specific for Human P-selectin and Avidin-
Horseradish Peroxidase (HRP) conjugate are added to each microplate
well successively and incubated; then followed by the washing away
of free components, and the addition of thr substrate solution that
causes the Avidin-HRP conjugate to appear blue in colour. The series
of enzyme-substrate reaction taking place is stopped by the addition
of stop solution with end product resulting in a yellow colouration.
The optical density (OD) is then measured spectrophotometrically at
a wavelength 450nm. The optical density (OD) value obtained from
the reading is directly proportional to the concentration of Human
P-selectin in the sample.

Statistical analysis

Statistical package for social science (SPSS) version 24 was
used for data analysis. Descriptive statistical tools such as mean and
standard deviation (SD) was used. Analysis of variance (ANOVA)
was used to compare means of more than two groups for inferential
evaluation, with Turkey’s multiple comparison test to check for
mean difference between multiple groups. Student t-test was used for
comparison of means.

Results

Social demographic data of studied population

A total of eighty (80) subjects consisting of 37 (46.25%) females
and 43 (53.75%) males of which 20 (25%) haemoglobin AA (HbAA)
(nine (9) males and eleven (11) females); 20 (25%) Haemoglobin
AS (HbAS) (five (5) males and fifteen (15) females); 20 (25)
Haemoglobin SS (HbSS) (ten (10) male and females each), and 20
(25%) haemoglobin SC (HbSC) (thirteen (13) males and seven (7)
females) all age between 5-60years of age as shown in Table 1.\

Study Parameters

Groups HbAA HbAS HbSS HbSC Number(n) Frequency (%)
Age (years)

15-19 - | 9 16 26 325
20-34 I5 17 I 4 47 58.75
35-49 4 | - 5 6.25
50-64 | | - - 2 25
Total 20 20 20 20 80 100
Gender

Male 9 5 10 13 37 46.25
Female I I5 10 7 43 53.75
Total 20 20 20 20 80 100

Key: HbAA, haemoglobin genotype AA; HbAS, haemoglobin genotype AS; HbSS, haemoglobin genotype SS; HbSC, Haemoglobin genotype SC; n, number of

subjects.
Comparative results of P-selectin levels in study
population

Mean+SD values of P-selectin were all within detectable normal
reference ranges with significantly higher values observed in HbSS

Table 2 Comparative results of P-selectin levels in study population

subjects (10.98+2.72ng/ml) followed by HbSC subjects (9.58+3.51ng/
ml), HbAA subjects (9.42+3.17ng/ml) and lowest value in HbAS
subjects (8.0143.19ng/ml) respectively (p=0.037) as shown in Table
2.

Parameters HbAA (n=20) HbAS (n=20)

HbSS (n=20)

HbSC (n=20) P-value  F-value Remarks

P-selectin (ng/ml) 9.42+3.17 a 8.01£3.19b

10.98+2.72 c

9.58+3.51 a 0.037 2.962 S

Key: Values in the same row with different superscripts (a, b, c) differ significantly when compared at p<0.05. S, Significant; NS, Not Significant; HbAA,
haemoglobin genotype AA; HbAS, haemoglobin genotype AS; HbSS, haemoglobin genotype SS; HbSC, Haemoglobin genotype SC
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Comparative results of P-selectin levels in studied
population base on gender

A comparison of P-selectin levels based on gender in study
population in haemoglobin A (HbAA) variants shows P-selectin
level as 9.97+2.68ng/ml in males and 8.98+3.59ng/ml in females
(p=0.494). Haemoglobin AS (HbAS) variants shows P-selectin
level as 7.41+3.41ng/ml in males and 8.21+3.21ng/ml in females
(p=0.641). Haemoglobin S (HbSS) variants shows P-selectin level as
10.07+1.26ng/ml in males and 11.89+3.49ng/ml in females (p=0.140)
while Haemoglobin SC (HbSC) variants shows P-selectin level as
9.95+3.75ng/ml in males and 8.9143.16ng/ml in females (p=0.541)
as shown in Table 3.

Table 3 Comparative results of P-selectin levels in studied population base
on gender

Haemoglobin variants P selectin (ng/ml) P value Remark
HbAA

Male (n=11) 9.97+2.68 0.494 NS
Female (n=9) 8.98+3.59

HbAS

Male (n=5) 7.41£341 0.641 NS
Female (n=15 821+3.21

HbSS

Male (n=10) 10.07x1.26 0.14 NS
Female (n=10) 11.89+3.49

HbSC

Male (n=13) 9.95+£3.75 0.541 NS
Female (n=7) 891£3.16

Key: S=Significant when compared at p<0.05, NS= Not Significant when
compared at p<0.05. HbAA, haemoglobin genotype AA; HbAS, haemoglobin
genotype AS; HbSS, haemoglobin genotype SS; HbSC, haemoglobin genotype
SC

Discussion

Results of P-selectin in this study were all within detectable normal
reference ranges with highest value observed in HbSS subjects,
followed by HbSC subjects, HbAA subjects and the lowest value in
HbAS subjects respectively (p=0.037). This implies that subjects with
haemoglobin SS (HbSS) variant in steady state have high expression
of P-selectin when compared to subjects with haemoglobin SC
(HbSC), haemoglobin AA (HbAA) and haemoglobin AS (HbAS)
respectively. Also, A comparsion of the mean values of haemoglobin
AA (HbAA) and haemoglobin SC (HbSC) shows no statistically
significant difference (p>0.05) implying that both HbAA and HbSC
subjects have similar pattern for the expression of P-selectin. The
higher values of P-selectin in the HbSS group in this study will
not be unconnected with the fact that subjects with HbSS variants
of haemoglobin are easily prone to red cell destruction due to the
shortened life-span as a result of their deformed sickled shaped. The
constant destruction (haemolysis) and rupturing of these red blood
cell and release of fragments such as free haemoglobin, heme and
reactive oxygen species which can together with leukocytes and
platelets activate the vascular endothelium causing the obstruction of
blood vessels and triggering inflammation and vaso-occlusive crisis
that is capable of activating the release of P-selectin and thus the high
P-selectin values in haemoglobin SS (HbSS) subjects in this study.
Similarly, the higher values in P-selectin recorded in the HbSS group
in this study could be attributed to fact that all subjects were in steady
state and not on any Nonsteroidal anti-inflammatory agents that
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have the potential to dampen inflammatory response and/or selectin
expression/upregulation.

Finding of this research are at deviant in terms of the values
gotten from the findings of Uche et al.'® who reported higher values
of 14.19ng/ml for P-selectin in sickle cell anaemia (HbSS) subjects
during crisis and lower values of 6.32ng/ml in normal haemoglobin
AA (HbAA) subjects in their study carried out on sickle cell anaemia
subjects in Lagos State. They concluded that serum P-selectin are
significantly higher in HbSS subjects compared with HbAA controls.
P-selectin values in this study is also higher than the values reported
by Awwalu et al.'” in subjects with sickle cell anaemia with vaso-
occlusive crisis and in steady state. They reported 5.5 ng/ml for
subjects with vaso occlusive crisis and 3.2 ng/ml in steady state
subjects and attributed their findings to be due to the the prehospital
intake of nonsteroidal analgesic drugs among the VOC subjects in the
study. Research by Gunaydin and Bilge'® and Osafo et al."” shows that
Nonsteroidal anti-inflammatory agents have the potential to dampen
inflammatory response, which is an important driver of selectin
expression and upregulation.”

Comparison of P-selectin values in HbSS subjects with HbAS
subjects shows that HbSS subjects have higher P-selectin values
than HbAS subjects implying that P-selectin is more express in
subjects with haemoglobin S (HbSS) variants than Haemoglobin
AS (HbAS). Furthermore, there was no significant difference in the
values of P-selectin between the HbAA and HbSC although higher
values were seen in HbSC group (p>0.05) implying that both HbAA
and HbSC subjects could possibly have similar pattern for the
activation, expression and regulation of P-selectin levels in the blood.
Comparison of P-selectin in the study show that male and female have
similar pathway in response to vascular injury and the recruitmentt
of leukocytes in the blood thus the level of P-selectin in both gender
follow the same pattern or pathways.

Conclusion

The study revealed a higher P-selectin level in HbSS and HbSC
subjects although all within normal detectable reference ranges. It
further demonstrated that gender has no effect on the expression of
P-selectin in haemoglobin-S variant steady state subjects and normal
haemoglobin A (HbAA). It is therefore recommended that P-selectin
therapy be avoided in subjects with HbSS and HbSS genotype in
order not to worsen their clinical state especially during crisis.

Recommendations

Measurement of P-selectin level in sickle cell disease is
recommended as an indirect way of investigating and monitoring red
cell haemolysis, platelet aggregation and degree of inflammation in
haemoglobin-S variants subjects.

Acknowledgments

None.

Conflicts of interest

The author declares that there is no conflict of interest.
Funding

None.

References

1. Ersi V, Mantzou A, Pagona F, et al. Soluble P-selectin levels in patients
with sickle cell disease reflect platelets activation rather than endothelial
dysfunction. Blood. 2019;134(1):4829-4831.

Citation: Jacob RB, Ken-Ezihuo SU, Bartimaeus ES, et al. P-selectin level in haemoglobin-S variants steady-state subjects in Port Harcourt Nigeria. Hematol

Transfus Int. 2023;11(4):110-113.DOI: 10.15406/htij.2023.11.003 16


https://doi.org/10.15406/htij.2023.11.00316
https://www.sciencedirect.com/science/article/pii/S0006497118627557
https://www.sciencedirect.com/science/article/pii/S0006497118627557
https://www.sciencedirect.com/science/article/pii/S0006497118627557

P-selectin level in haemoglobin-S variants steady-state subjects in Port Harcourt Nigeria

10.

11.

12.

Manwani D. P-selectin and sickle cell disease: A balancing act. Blood.
2021;137(19):2573-2574.

Wagner DD, Frenette PS. The vessel wall and its interactions. Blood.
2008;111(11):5271-5281.

Hines PC, Callaghan MU, Zaidi AU, et al. Flow adhesion of whole blood
to P-selectin: a prognostic biomarker for vaso-occlusive crisis in sickle
cell disease. Br J Haematol. 2021;194(6):1074-1082.

Kato GJ, Piel FB, Reid CD, et al. Sickle cell disease. Nat Rev Dis Primers.
2018;4(1):1-22.

Matsui NM, Borsig L, Rosen SD, et al. P-selectin mediates the adhesion
of sickle erythrocytes to the endothelium. Blood. 2001;98(6):1955-1962.

Ellory J, Robinson H, Browning J, et al. Abnormal permeability pathways
in human red blood cells. Blood Cells Mol Dis. 2007;39(1):1-6.

Kato GJ, Steinberg MH, Gladwin MT. Intravascular hemolysis and the
pathophysiology of sickle cell disease. J Clin Invest. 207;127(3):750-760.

Sundd P, Gladwin MT, Novelli EM. Pathophysiology of Sickle Cell
Disease. Annu Rev Pathol. 2019;14:263-292.

Vats R, Kaminski TW, Ju EM, et al. P-selectin deficiency promotes liver
senescence in sickle cell disease mice. Blood. 2021;137(19):2676-2680.

Bennewitz MF, Tutuncuoglu E, Gudapati S. P-selectin-deficient mice to
study pathophysiology of sickle cell disease. Blood Adv. 2020;4(2):266—
273.

Ataga KI, Kutlar A, Kanter J. Crizanlizumab for the prevention of pain
crises in sickle cell disease. N Eng J Med. 2017;376(5):429-439.

20.

Copyright:

©2023 Jacob etal. 113

. Ademola A, Olusogo B, Oladapo A. Hemoglobin phenotypes in Nigeria:

Data from a national reference laboratory. American Journal of Clinical
Pathology. 2019;152(1):115-116.

. Erhabor O, Adias TC, Jeremiah ZA, et al. Abnormal hemoglobin variants,

ABO, and Rhesus blood group distribution among students in the Niger
Delta of Nigeria. Pathology and Laboratory Medicine International.
2010;2: 41-46.

. Christian SG, Jacob RB, Adedeji MR. Evaluation of haemo-rheological

variability of haemoglobin genotypes in descent of rumuche community,
emohua local government area, rivers state Nigeria. Nigerian Biomedical
Science Journal. 2020;17(2):6-11.

. Uche EI, Adeyemi OI, Akinbami AA, et al. Serum P-Selectin levels and

disease severity in sickle cell anaemia patients in Lagos State, Nigeria.
Nigeria Quarterly Journal of Medicine. 2022;31(1-2):55-62.

. Awwalu S, Hassan A, Mamman A, et al. Soluble P- and E-selectin levels

as determinants of vaso-occlusive crises among sickle cell anemia patients
in a tertiary hospital Northwestern Nigeria. [raqi Journal of Hematology.
2020;9(2):123-130.

. Gunaydin C, Bilge, SS. Effects of nonsteroidal anti-inflammatory drugs at

the molecular level. Eurasian J Med. 2018;50(2):116—-121.

. Osafo N, Agyare C, Obiri DD, et al. Mechanism of action of nonsteroidal

anti-inflammatory drugs. In: Al-Kaf AGA, editor. Nonsteroidal Anti-
Inflammatory Drugs. London: Intech Open. 2017.

Barthel SR, Gavino JD, Descheny L, et al. Targeting selectins and
selectin ligands in inflammation and cancer. Expert Opin Ther Targets.
2007;11:1473-491.

Citation: Jacob RB, Ken-Ezihuo SU, Bartimaeus ES, et al. P-selectin level in haemoglobin-S variants steady-state subjects in Port Harcourt Nigeria. Hematol
Transfus Int. 2023;11(4):110—113.DOI: 10.15406/htij.2023.11.003 16


https://doi.org/10.15406/htij.2023.11.00316
https://pubmed.ncbi.nlm.nih.gov/33983426/
https://pubmed.ncbi.nlm.nih.gov/33983426/
https://pubmed.ncbi.nlm.nih.gov/18502843/
https://pubmed.ncbi.nlm.nih.gov/18502843/
https://pubmed.ncbi.nlm.nih.gov/34472086/
https://pubmed.ncbi.nlm.nih.gov/34472086/
https://pubmed.ncbi.nlm.nih.gov/34472086/
https://pubmed.ncbi.nlm.nih.gov/29542687/
https://pubmed.ncbi.nlm.nih.gov/29542687/
https://pubmed.ncbi.nlm.nih.gov/11535535/
https://pubmed.ncbi.nlm.nih.gov/11535535/
https://pubmed.ncbi.nlm.nih.gov/17434766/
https://pubmed.ncbi.nlm.nih.gov/17434766/
https://pubmed.ncbi.nlm.nih.gov/28248201/
https://pubmed.ncbi.nlm.nih.gov/28248201/
https://pubmed.ncbi.nlm.nih.gov/30332562/
https://pubmed.ncbi.nlm.nih.gov/30332562/
https://pubmed.ncbi.nlm.nih.gov/33619560/
https://pubmed.ncbi.nlm.nih.gov/33619560/
https://pubmed.ncbi.nlm.nih.gov/31968076/
https://pubmed.ncbi.nlm.nih.gov/31968076/
https://pubmed.ncbi.nlm.nih.gov/31968076/
https://pubmed.ncbi.nlm.nih.gov/27959701/
https://pubmed.ncbi.nlm.nih.gov/27959701/
https://academic.oup.com/ajcp/article/152/Supplement_1/S115/5567826
https://academic.oup.com/ajcp/article/152/Supplement_1/S115/5567826
https://academic.oup.com/ajcp/article/152/Supplement_1/S115/5567826
https://www.dovepress.com/abnormal-hemoglobin-variants-abo-and-rhesus-blood-group-distribution-a-peer-reviewed-fulltext-article-PLMI
https://www.dovepress.com/abnormal-hemoglobin-variants-abo-and-rhesus-blood-group-distribution-a-peer-reviewed-fulltext-article-PLMI
https://www.dovepress.com/abnormal-hemoglobin-variants-abo-and-rhesus-blood-group-distribution-a-peer-reviewed-fulltext-article-PLMI
https://www.dovepress.com/abnormal-hemoglobin-variants-abo-and-rhesus-blood-group-distribution-a-peer-reviewed-fulltext-article-PLMI
https://www.ajol.info/index.php/nqjhm/article/view/226438
https://www.ajol.info/index.php/nqjhm/article/view/226438
https://www.ajol.info/index.php/nqjhm/article/view/226438
https://journals.lww.com/ijhm/fulltext/2020/09020/soluble_p__and_e_selectin_levels_as_determinants.14.aspx
https://journals.lww.com/ijhm/fulltext/2020/09020/soluble_p__and_e_selectin_levels_as_determinants.14.aspx
https://journals.lww.com/ijhm/fulltext/2020/09020/soluble_p__and_e_selectin_levels_as_determinants.14.aspx
https://journals.lww.com/ijhm/fulltext/2020/09020/soluble_p__and_e_selectin_levels_as_determinants.14.aspx
https://pubmed.ncbi.nlm.nih.gov/30002579/
https://pubmed.ncbi.nlm.nih.gov/30002579/
https://www.intechopen.com/chapters/55279
https://www.intechopen.com/chapters/55279
https://www.intechopen.com/chapters/55279
https://pubmed.ncbi.nlm.nih.gov/18028011/
https://pubmed.ncbi.nlm.nih.gov/18028011/
https://pubmed.ncbi.nlm.nih.gov/18028011/

	Abstract
	Keywords
	Introduction
	Materials and methods 
	Study design and population 
	Ethical clearance/Informed consent  
	Blood sample collection and processing 
	Determination of P-selectin level using Elabscience ELISA kit as described by Elabscicnce Biotech Co
	Statistical analysis 

	Results
	Social demographic data of studied population 
	Comparative results of P-selectin levels in study population 
	Comparative results of P-selectin levels in studied population base on gender 

	Discussion
	Conclusion
	Recommendations 
	Acknowledgments
	Conflicts of interest 
	Funding
	References
	Table 1
	Table 2
	Table 3

