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ABSTRACT

Background: In sickle cell anaemia, there is an ever-present risk for haemostatic abnormalities which may result in
reduced levels of naturally occurring coagulation inhibitors. Protein S is a vitamin K dependent, y-carboxy glutamic
acid-containing glycoprotein that potentiates the action of protein C when activated resulting in anticoagulation. This
study measured serum Protein S activity in SCA patients during vaso-occlusive crisis and in steady-state, and this was
compared with the activity in HbAA controls with a view to establishing if protein S plays a role in VOC in SCA
patients.

Methods: This was an analytical prospective study comprised of 30 HbSS patients and 30 HbAA controls. Using
ELISA method, Protein S levels were measured in the HbSS study group during crisis and in the HbAA control
group; When the HbSS patients were in steady state, Protein S levels were also measured.

Results: Protein S levels were highest in the HbAA control group (5.27+0.47 ng/ml) followed by the HbSS patients in
steady state (5.08+0.56 ng/ml) and lowest in the HbSS patients in crisis (4.96+0.97 ng/ml). However, this difference
was not statistically significant.

Conclusions: Protein S levels are reduced in HbSS patients when compared with HbAA controls, and the levels are
lower during a VOC compared with steady state.
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INTRODUCTION being seen in up to 20% of the population. One of the

tell-tale signs of SCD is pain during a vaso-occlusive
The burden of sickle cell disease (SCD) is high in crisis (VOC) and many researches are ongoing on the
Nigeria, with a prevalence of between 2-3% of the pathogenesis of pain and the complications of VOC. In
population being homozygous HbSS and with the trait sickle cell anaemia, there is an ever-present risk for
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haemostatic abnormalities which may result in reduced
levels of naturally occurring coagulation inhibitors.
Protein S is a Vitamin-K dependent, y-carboxy glutamic
acid-containing glycoprotein that potentiates the action of
protein C when activated resulting in anticoagulation. It
is a naturally occurring coagulation -inhibitor produced
by the liver and exists as both free forms (40% of total) or
bounded to C4b-binding protein (60% of total).! In
theory, it has been postulated that in sickle cell disease,
levels of naturally occurring coagulation inhibitors such
as protein C and protein S are markedly reduced when
compared to the healthy population.2® This decrease,
though not clearly understood, is said to be related to the
cycle of overuse and/or reduced production (consequent
of hepatic dysfunction) that occurs in sickle cell disease.*
Activated protein C with cofactor protein S inactivates
activated factors V and VIII, which blocks thrombin
generation.> The deficiency is implicated in the
pathogenesis of clinical complications of sickle cell
anaemia including chronic leg ulcers, pulmonary infarcts
and sickle cell-associated cerebral complications and
contributing to increased morbidity and mortality within
this population.® This study measured serum protein S
activity in SCA patients during a crisis and in steady-
state, and this was compared with the activity in HbAA
controls with a view to establishing if protein S plays a
role in VOC in SCA patients.

METHODS
Study population

This comprised of SCA patients (study group) attending
the adult sickle cell clinic of The Lagos state university
teaching hospital (LASUTH) and HbAA volunteer
participants attending general outpatients and blood
donor clinics (control group). Steady-state is defined as
the period free of crisis extending from at least three
weeks since the last clinical event and three months or
more since the last blood transfusion, to at least one week
before the start of a new clinical event.®

Study design and duration

This was an analytical prospective study in which
enzyme-linked immunosorbent assay (ELISA) was used
to assay Protein S levels in SCA patients during a crisis,
and the same set of patients were invited three months
after during steady-state and Protein S levels was assayed
again. HbAA individuals were used as controls. This
study was done over a period of six months between June
2019 and January 2021.

Sample size determination

Sample size was determined using the statistical formula
that applies to comparative studies.”

N =(Za/2 + ZB)2 * (p1(1 —pl) +p2(1
—p2))/(p1 —p2)2

Where n= Sample size, Z ,» =critical value of Normal
distribution at . for a confidence level of 95%, a =0.05
and the critical value is 1.96, Zg = critical value of the
normal distribution at g for a power of 80%,  is 0.2 and
the critical value is 0.84, pl and p2 are the expected
sample means of the two groups. Because the means are
not known, values close to 50% are used as p1=70%,
p2=40%, where pl is the SCA in crisis and p2 is SCA in
a steady state. Sample size for each group was thus
calculated to be 40. However, due to financial constraints
as this study was fully self-funded by the authors, 30
participants were used for each arm of the study making a
total of 90 participants.

Sampling technique

Steady-state SCA patients attending the out-patient clinic
and patients admitted for painful crises in the clinic day-
care three months earlier as well as consenting blood
donors of LASUTH were recruited consecutively into the
study. Only consenting blood donors who had HbAA
phenotype and who met other inclusion criteria were
eventually used as the control population. Haemoglobin
phenotypes of all controls were done using the alkaline
haemoglobin electrophoresis method while all the SCA
patients had haemoglobin quantification done before the
Protein S ELISA was done.

Inclusion criteria

Adults who are HbSS phenotype using haemoglobin
quantification at LASUTH haematology clinic and HbAA
blood donors served as controls were included in the
study.

Exclusion criteria

Exclusion criteria for HbSS in steady state; adult HbSS
phenotype patients not in steady state, non-consenting
HbSS patients, other Hb phenotypes (e.g. HbSC, SD, Etc)
and adult SCA patients with elevated levels of HbF and
HbA.. Exclusion criteria for HbSS in bone pain crisis;
adult SCA Phenotype Patients not in painful crisis, non-
consenting SCA patients, other Hb phenotypes (e.g.
HbSC, SD, etc), adult SCA patients with elevated levels
of HbF and HbA, Exclusion criteria for blood donors;
non-consenting participants, other Hb phenotypes (e.g.,
AS, AC etc), non-fasting participants, HbAA controls on
lipid-lowering medications and HbAA controls who are
hypertensive or diabetics.

Sample collection

A total of 5 mls of blood was collected from each subject
from the antecubital vein under aseptic techniques. The
blood was dispensed into plain sterile tubes and allowed
to clot and retract. This was centrifuged at 3500 rpm for
five minutes and the serum samples transferred into 2mls
cryovial and stored at -80°C till analysis. The samples
were run using enzyme-linked immunosorbent assay
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(ELISA) kits for measurement of protein S activity with a
kit manufactured by Melsin Medical Co., Limited, Jiin
Province China.

Participant’s informed consent

The participants were informed about the study, as well
as their rights and benefits. Written informed consent
was obtained using a voluntarily signed consent form.
No participant was coerced in any way to participate in
this study, which was at no cost to them.

Confidentiality

The names and initials of all participants were not used to
guarantee confidentiality. Participants were assigned
unique identification numbers. Paper records were stored
in a cabinet in a secured room. Electronic data were
password protected.

Questionnaire administration and history taking

With the wuse of an interviewer-administered
guestionnaire, each participant was interviewed to obtain
relevant demographic and clinical data. Some of the
questions asked in the questionnaire include the age of
diagnosis of sickle cell anaemia, history of blood
transfusion, frequency of crisis per year, time of last
acute painful crisis, history of last hospital admission,
drug history and most frequent type of crisis to determine
steady-state status of the HbSS participants and history of
other concomitant illnesses.

Statistical analysis

Data were analysed by IBM SPSS (Statistical Package for
Social Sciences, Inc.) statistics for windows version 20.0
Armonk, New York, USA. The continuous variables are
presented as meanststandard deviation (SD). The
Pearson chi-squared tested for association between
discrete variables. Independent t-test and analysis of
variance (ANOVA) were used between the two groups p
value was considered to be statistically significant when
<0.05.

RESULTS

This study comprised of 30 HbSS patients and 30 HbAA
controls. The overall mean age for the total group was
29.12+8.07 years whilst the mean ages were 27.23+8.02
years and 31.00+7.81 years for HbSS patients and HbAA
controls respectively.

A total of 42 (70%) males (13 HbSS and 29 HbAA) and
18 (30%) females (17 HbSS and 1 HbAA) were recruited
into the study. In both groups, most of the participants
had tertiary education 21 (70%) and 18 (60%) for the test
and control groups respectively. The others had only
primary or secondary education. Among the study group
participants, majority (26; 86.7%) were single whilst 4

(13.3%) of them were married. In the control group, 17
(56.7%) of them were single, 12 (40.0%) were married
and 1 (3.3%) of them was divorced/separated. The
haematological parameters of the study group participants
are shown in (Table 2). The concentrations of Protein C
amongst the SCA patients in crisis/steady-state and
HbAA controls (Table 3). This is also shown in (Figure
1-3). The paired t-test between the Protein C
concentration in SCA patients during crisis and in steady
state is depicted in (Table 4). The Independent t-test
between HbSS in crisis and HbAA control is shown in
(Table 5). The Independent t-test between mean Protein
C concentration of SCA in crisis and mean concentration
of HbF in SCA is shown in (Table 6).
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Figure 1: Protein S concentration of HbSS patients in
crisis.
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Figure 2: Protein S concentration of HbSS patients in
steady state.
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Table 1: Sociodemographic characteristics of study participants.

\ Variable Study group Control group P value |
Mean age (years) 26.6x7.95 31.0+7.80
Males N (%) 14 (46.7) 29 (96.7)
Females N (%) 16 (53.3) 1(3.3) 0.88
Primary education N (%) 1(3.3) 1(3.3) '
Secondary education N (%) 8 (26.7) 11 (36.7)
Tertiary education N (%) 21 (70) 18 (60)

Table 2: Haematological parameters of the sickle cell anaemia patients.

Parameters Minimum Maximum Mean
Full blood count
Haematocrit (%) 12.70 38.80 23.00+4.77
MCV (f1) 62.90 100.80 82.68+8.38
MCH (pg) 19.50 241.00 34.65+39.11
MCHC (g/dI) 29.30 36.30 33.02+1.96
White blood cells (10%/1) 5.3 49.80 15.76+8.74
Neutrophils (%) 23 88 64.84+14.49
Lymphocytes (%) 5.0 75.3 28.62+14.99
Mixed (%) 1.7 11.1 6.48+2.45
Platelets (10%/1) 108.00 987.0 333.50+190.74
Haemoglobin quantification (%)
HbA 2.10 6.90 3.34+0.79
HbA2 0.90 4.70 3.26+0.88
HbF 1.00 11.90 4.00+2.83
HbS 80.60 91.70 88.16+3.18
Others 0.20 9.60 1.54+1.79

MCV: Mean Cell Volume, MCH: Mean Cell Haemoglobin; MCHC: Mean Cell Haemoglobin Concentration; Hb: Haemoglobin

Table 3: Concentrations of Protein S in SCA patients and HbAA controls.

| Parameters Concentration (ng/ml) |
SCA crisis 4.96+0.97
SCA steady state 5.08+0.56
HbAA controls 5.27+0.47
Table 4: Paired t-test between protein s concentration in crisis and steady-state.
| Parameters |
SCA in crises SCA in steady state P value at 95%CI
4.96+0.97 5.08+0.56 0.07
Table 5: Independent t test between HbSS in crisis and HbAA control.
| Parameters |
SCA in crises Control P value at 95%CI
4.96+0.97 5.27+0.47 0.13
Table 6: Independent t-test between protein C levels in crisis and HbF in SCA.
| Parameters |
SCA in crises HbF in SCA P value at 95%CI
' 4.960.97 4.00+2.83 0.08 \
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Figure 3: Protein S concentration in HbAA control
subjects.

DISCUSSION

This study aimed to determine Protein S activity in SCA
and its association (if any) with a vaso-occlusive painful
crisis. The SCA patients were recruited during a vaso-
occlusive painful crisis and three months after (when they
were in steady-state), they were re-invited for repeat
Protein S measurement; this eliminated any inter-patient
differences that may have been a study limitation. HbAA
individuals were also recruited to serve as controls.
Vaso-occlusive crises (VOC) is a painful condition that
occurs in sickle cell disease as a consequence of an
obstruction of microvasculature which results in the
clogging of these vessels by red blood cells which are
adhesive and sickled and results in ischaemic injury in
the organs resulting in pain.2 The clinical manifestations
and complications of sickle cell anaemia are varied and
extensive, affecting virtually organ or system in the body
often as a consequence of the vaso-occlusive seen in the
microvasculature.® The results are multi-systemic
manifestations often presenting in forms of conditions
like sickle cell nephropathy, sickle cell hepatopathy,
acute chest syndrome and even coagulopathy.®!! Patients
with SCA are usually in a hypercoagulable state
characterized by an imbalance in the haemostatic system
with resultant inappropriate or excessive fibrin and/or
platelet  deposition  with  thrombotic  clinical
consequences.? Many laboratory studies have consistently
reported increased thrombin generation and increased
fibrinolytic activity as well as reduced levels of Naturally
Occurring Anticoagulants (NOAC) such as Protein S and
Protein C.'2%* It has been postulated that in sickle cell
disease, levels of naturally occurring coagulation
inhibitors such as protein C and protein S are markedly
reduced when compared to the healthy population.

Various etiological factors have been suggested to
explain the hypercoagulability observed in SCD; this
varies from phosphatidylserine exposure as a result of
continuous red blood cell sickling with membrane
vesiculation and endothelial tissue factor expression to

cytokine-induced clotting activation.'>® Thrombosis in
large blood vessels causes and/or contributes to SCD-
related cerebral and pulmonary complications, and some
studies have suggested that reduced levels of protein S
and C are associated with increased stroke risk in patients
with SCD. 3172 In our study, the levels of Protein S
were lowest in SCA patients during crisis and highest in
HbAA controls and this pattern has been documented by
other researchers. In a cross-sectional review of 17
children with sickle cell anaemia in steady-state who
were matched with 16 children who were apparently
healthy to assess for their coagulation and fibrinolytic
properties. ° It was reported that the protein S levels in
children with sickle cell anaemia in steady-state were
lower than healthy controls. Similar results were seen in
various other studies.>!? In contrast, in some other
studies, Protein S levels (along with other NOAC) were
not significantly different in HbSS patients during steady-
state and in crisis. In their study, Schnog and colleagues
investigated the relationship between Protein S and C
levels with clinical SCD- related events. They found no
difference in the levels of Protein S and C in patients in
steady-state and during the crisis.* NOAC levels were
however seen to be lower in HbSS patients compared
with HbSC patients, lending credence to the fact that
patients with more severe phenotype have lower NOAC
levels. One explanation for this may be the fact that
endothelial perturbation, perhaps as a result of (and
contributing to) vaso-occlusion, occurs continuously even
in clinically asymptomatic, as depicted by elevated levels
of endothelial activation markers in the ‘‘steady-state’’.*
Even though Protein S levels were higher during steady-
state compared with during crisis, using the paired t-test,
this difference failed to reach statistical significance.
Similarly, an independent t-test between mean Protein S
levels during a crisis and among the HbAA control group
also failed to reach any statistical significance. This may
be attributed to the small sample size used in our study
which may have led to a Type 1 statistical error. Perhaps
if the study is repeated with larger sample size, a
significant difference will be obtained. There is usually a
great variability in SCA severity among patients and even
in the same patient over time. Over the years, several
disease modifiers have been identified about SCA and
one of such modifiers is fetal haemoglobin (HbF). A
study by Xu et al reported a reduction in the symptoms
associated with SCA in patients with accentuated
expression of y globin genes, resulting in high levels of
HbF.2° Several studies have confirmed that HoF levels are
inversely related to the degree of severity of clinical
symptoms in SCA patients. High HbF has been shown to
retard polymerization of sickled red cells in the
deoxygenated state. It does this by reducing HbS
concentration thus inducing a lower rate of vaso-
occlusive crises, leg ulcers, avascular necrosis of the neck
of femur, acute chest syndrome, and ultimately a reduced
disease severity.?! Using the independent t-test on the
mean Protein S levels in SCA patients during a crisis and
the mean HbF concentration, there was no statistical
significance.
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Limitations

Limitation of current study was the small sample size
used due to financial constraints as this study was self -
funded by the researchers.

CONCLUSION

The mean Protein S level is highest in SCA crisis state
followed by steady-state and HbAA controls though these
differences failed to reach statistical significance.
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