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Abstract

Mutation in the Beta Globin Gene (HBB) leads to the formation of Hemoglobin S (HbS) and Hemoglobin C (HbC). Co-inheritance of HbS and HbC

causes hemoglobin SC disease, a form of hemolytic anemia with a myriad of clinical manifestations. Valine replaces glutamic acid in the 6th position
(Glu 6Val) to form HbS and Lysine replaces glutamic acid (Glu6Lys) in HbC. The interaction of HbC with HbS increases the propensity of red blood
cells to sickle leading to microvascular occlusion and down-stream end organ complications.

Both HbS and HbC are present in approximately equal levels in HbSC red blood cells. It is interesting to note that Sickle cell trait and Hemoglobin
C trait do not produce severe disease. However, the combination of HbS and HbC can produce a moderately severe disease than the sum of the effects
of HbS and HbC disease. This is because the presence of HbC enhances the cellular dehydration of the red blood cell resulting in a more profound
phenotype than their respective traits. Most of the evidence-based guidelines in Sickle Cell Disease (SCD) come from the Cooperative Study of Sickle
Cell Disease (CSSD), which was undertaken more than 30 years ago, and there is paucity of data to this date regarding optimal management of
hemoglobin SC disease [1,2].
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Introduction

Hemoglobin SC disease (HbSC) is the second most common
hemoglobin disorder after hemoglobin SS disease (HbSS), with a
world-wide prevalence of 55,000 new babies born with the disease
every year [3]. It affects about 2% of the population in western
Africa, with approximately 25% in Northern Ghana. Approximately,
30% of the patients suffering from sickle cell disorder have HbSC
genotype and the 1 in 6,173 babies born in USA are affected
by the disease [4]. Despite the relatively high prevalence, our
understanding of HbSC disease and management of this condition
comes from extrapolation of data from Homozygous Sickle Cell
Disease (SCD) [1]. It is important to understand that HbSC is a
distinct entity from HbSS with marked clinical variability in disease
presentation. Typically, clinical manifestations are mostly less
severe than SCD and life expectancy is higher than for SCD [4].

History of Hemoglobin SC disease

In 1950, Itano and Neel [5], using a method of paper
electrophoresis described Hemoglobin C5. Prior to this paper,
Pauling had showed the use of this technique in identifying
abnormal hemoglobin [6-9]. In 1951, Kaplan et al. [10] had
described the clinical manifestations of the disease in 3 patients
with HbSC10. In 1961, cases of HbSC disease were studied and
their clinical presentation and findings were reported [11]. Since
then, our understanding of the disease has improved but several

paradoxes remain.

Genetics of Hemoglobin SC Disease (a2f32 6Val, a2f32
6Lys)

HbC is caused by a mutation in the seventh codon of the HBB
gene [HBB: c. 19G >A 9p. Glu 6Lys)]. The Bs allele described in
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Sickle cell disease is associated with different $s haplotypes and are
named after the region of origin. These include 4 major haplotypes
originating from Africa (Senegal, Benin, Bantu and Cameroon) and
one Arabian- Indian Haplotype [12,13]. Of these Bs haplotypes,
Bantu is the most severe and Senegalese is the least severe one. In
addition to the anthropological significance of the origins of the fs,
the different haplotypes have been found to modify the severity of
the sickle cell disease. The Pc haplotypes have been described by
Boehm et al as [, [l and IIT and has not been found to modify disease
severity [12,13].

Hemoglobin C Origin, Selection and Malaria Resistance

Polymorphic frequency of HbC gene mutation has been noted
(at a frequency of greater than 1%) in western Africa. Protection
from Malaria is conferred in HbC individuals with 29% reduction
in malaria in the HbC heterozygotes and 93% reduction in
homozygotes [14]. This reduction is hypothesized to be due to
the interference in the red cell membrane breakdown in the late
schizont phase and release of merozoites into the peripheral
circulation [15].

Pathophysiology of Hemoglobin SC Disease

HbSC Red Blood Cells (RBCs) typically contain equal amounts
of HbC and HbS and an extremely low level of HbF (1-3%). The
pathogenesis of HbSC is due to the interaction between HbC and
HbS which influences HbS polymer formation. Cellular dehydration
caused by the abnormal membrane K-CL Cotransporter (KCC)
function also plays a key role in the pathogenesis of this disease
[16,17]. Dehydration of the RBCs leads to increased HbS
concentration in the cells setting up an environment to cause
sickling. Oxygenated HbSC red blood cells show exaggerated
potassium efflux, which is dependent on the activity of the Cl- ions,
and there is some evidence suggesting that HbC molecules interact
with KCC molecules on the red cell membrane mediating the effects
[18,19]. Cellular dehydration increases the MCHC sufficiently
that even at lower HbS concentration HbS polymerization occurs.
Cellular analysis has revealed that HbSC RBCs tend to have higher
concentrations of S and increased hemoglobin compared to AS
counterparts which contributes to the pathogenesis [20]. Altered
hemorheological parameters have also been noted in HbSC disease,
which contributes to disease pathology [21]. Thisincludes increased
blood viscosity, decreased RBC deformability and increased RBC
aggregation. Decreased deformability of red blood cells was noted
in HbSC retinopathy [22,23]. Impaired red cell deformability and
blood hyperviscosity has been noted in patients with HbSC disease
with retinopathy and otological complications, respectively [23].

At moderate to high HbS concentration, long, rigid polymers of
HbS is formed leading to microvascular obstruction [16]. At high
concentration, HbC forms tetragon crystals in oxygenated state, but
these dissolve quickly in deoxygenated state [16]. It has also been
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found that HbS accelerates HbC crystallization in oxygenated state.
This phenomenon may contribute to disease pathology, but the
exact mechanism is still unknown. HbF leads to reduction in HbC
crystal formation and HbS polymerization and thus, is an important
therapeutic target in this condition.

Genetic Modifier of Hemoglobin SC Disease

Co-inheritance of alpha thalassemia gene deletions decreases
HbS polymerization and can therefore modify the severity of the
disease. In a cross-sectional observational study, Powars et al. [24]
reported that patients with 2 HBA1/2 gene deletions had lesser
prevalence of painful crisis, osteonecrosis, gall bladder disease
and retinopathy. Patients also had lesser clinical outcomes like

multiorgan failure [24].

It has been recently reported that co-inheritance of
a-thalassemia decreases the risk of acute splenic sequestration
in HbSC disease [25]. Unlike its counterpart the homozygous SS
disease, the genetic modifiers of disease severity in HbSC have not

been extensively studied.

Hematological Profile of Hemoglobin SC Disease

Chronic Hemolytic anemia is a hall mark of HbSC disease and
individuals with HbSC disease have higher hemoglobin and lower
absolute reticulocyte count compared to Sickle Cell Disease patients
[26]. More than 70% of the patients have anemia, but typically the
hemoglobin tends to be higher, Mean Corpuscular Volume (MCV) is
lower and co-inheritance of alpha thalassemia trait further reduces
the MCV. Elevated WBC count that is frequently noted in HbSS is not
usually seen in HbSC individuals. Splenomegaly and clinical signs
of hypersplenism may be seen in children and adults with HbSC.
Thrombocytopenia may occur in subjects with hypersplenism.
Target cells may be seen in peripheral smear due to the increased
cellular surface area. Distorted elongated cells may be seen due to
HbC crystal formation.

Irreversible sickle cells are rare, but blood viscosity is higher
compared to HbSS individuals [16]. Routinely, HbSC individuals
were found to have higher hemoglobin levels than HbSS subjects,
lower total leukocyte, granulocyte, monocyte, and lymphocyte
counts. Platelets decreased with age but not significantly, instead
of increasing as among HbSS patients. Mononuclear cells were
generally like racial and ethnically matched controls except for
CD8+HLA-DR+ counts resembling HbSS [27].

Homozygous SS disease is also a condition of impaired
peripheral macrovascular and microvascular responses. In studies,
microvascular dilatory reserve was decreased in HbSC disease, but
the macrovascular function was largely preserved in these subjects
[28,29]. Although HbSC individuals have increased viscosity
of blood, it appears that Nitric Oxide (NO) dependent vascular

function and elasticity of vessels are preserved. This may play a
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role in normalization of vascular resistance and reduction of vaso-

occlusive crisis in these patients [30].

Hemorheological Profile of Red Blood Cells in
Hemoglobin SC Disease

Individuals with HbSC usually contain 50% Sickle Cell
hemoglobin (HbS) (a2f2 6Glu-Val) and 50% C Hemoglobin (HbC)
a2f32 6Glu-Lys and no HbA a232 6Glu. This is an important contrast
to the other heterozygous state of sickle cell trait (HbAS), where the
HbA concentration is about 60% and HbS concentration is about
40%. Another difference is that the Mean Corpuscular Hemoglobin
Concentration (MCHC) is higher in HbSC compared to HbAS or
HbSS21. The causal factors that lead to clinical heterogeneity, as
well as increased severity of symptoms in some individuals with

HbSC, are not fully known.

Some of the pathophysiology of HbSC could be attributed to
the abnormal rheological profile of the blood. Blood viscosity is
the highest in HbSC compared to HbSS and HbAA groups. The RBC
deformability, as measured by RBC elongation index, is higher in
AA group compared to SC and SS groups. RBC aggregation index
(extend of RBC aggregation) was lowest for SC compared to SS and
AA whereas the RBC disaggregation threshold was higher in the SC
and SS groups compared to AA subjects [21,31].

Additionally, in 50:50HbS/HbC mixtures, polymerization of
hemoglobin is about 15 times more rapid than in 40:60HbS/HbA
mixtures at the same total hemoglobin concentration [20]. It has
also been noted that higher concentration of hemoglobin occurs
from the early stages of production of HbSC red blood cells which
is presumed to contribute to the disease pathology. Together, these
findings indicate that increased blood viscosity and abnormal
blood rheology in HbSC individuals contribute to disease pathology.

Phenotypic Manifestations of Hemoglobin SC Disease

Compared to HbSS, HbSC produces a less severe disease
phenotype even though it has been brought to attention that
some severe symptoms are associated with HbSC in recent years.
Historically, some of the disease manifestations like splenic
sequestration, acute chest syndrome, osteonecrosis and retinitis
proliferans occur in equal or increased frequency in HbSC disease.
Incidence and severity of certain complications varies with C
haplotype, associated S haplotype and co-inheritance of alpha gene
mutation [24].

Pain Crisis in Hemoglobin SC Disease

Like HbSS, painful crisis is the commonest disease manifestation
in SC Disease. More than 50% of the people with HbSC suffer from
painful episodes or crisis [24]. In another study, painful vaso-
occlusive crisis was the most prevalent clinical symptom, followed
by acute chest syndrome and priapism [32]. Prevention strategies
include prevention of dehydration, hypoxia and treatment
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includes hydration, analgesia and oxygenation. Reduction of
cellular dehydration and blood viscosity are important targets for
prevention of pain crisis.

Control of pain with strategies including judicious use of
NSAIDS and opioids has been recommended. Renal function needs
to be monitored during the use of NSAIDS. Use of targeted therapies
including use of K-CL co-transporter inhibitor magnesium to
prevention cellular dehydration have not demonstrated efficacy in
modifying pain episodes [33,34]. Role of phlebotomy in decreasing
the pain crisis has been described in a limited case series [34,35].

Ocular Disease Manifestations in Hemoglobin SC Disease

Retinitis Proliferans (RP) or proliferative sickle cell retinopathy
is a common complication of HbSC disease, occurring in 30-70%
of the patients with the disease compared to 3% of HbSS patients
[36-38]. RP is due to excessive retinal blood growth and the peak
incidence is in the 3rd or 4th decade. The hypothesized reason
for retinopathy in SC disease that minimal oxygenation required
for angiogenesis downstream of occlusion is maintained in SC
disease, whereas, in HbSS there is ischemic infarction and lack of
oxygenation prevents neovascularization. Hyperviscosity seen in
HbSC may also play a role in the neovascularization. Proliferative
neovascularization can lead to vitreous hemorrhage and traction
retinal detachment [38]. Other manifestations include acute vision
loss due to occlusion of ocular structures. Central retinal artery
occlusion is typically rare in HbSC disease [39].

In a comparative study of HbSS and HbSC patients, higher
prevalence of severe Proliferative Sickle Cell Retinopathy (PSCR)
has been noted in SC patients. The rates of Stage 3, 4, and 5 PSCR
was found to be 38%, 6.4% and 8% and 15.7%, 1.3% and 1%,
for HbSC and HbSS, respectively. Severe PSCR was independently
associated with increasing age, lower ferritin, tinnitus and hearing
deficits and pulmonary disease [37,39].

Screening for ophthalmological complications needs to be
undertaken at least by 10 years of age per NHLBI guidelines and
earlier if there are vision associated clinical symptoms. Treatment
includes sickle cell disease control with transfusion, even though
high quality data is lacking currently to support this. Local
treatment with diathermy, cryotherapy [40] and transpupillary or
trans-scleral diode laser photocoagulation [37]. In some cases, red
cell exchange transfusion has been found to halt the progression of
retinitis proliferans [41].

Manifestations in Hemoglobin SC Disease

Approximately 30% of the individuals with HbSC will have
otological disorders [32]. Sensorineural deafness is a common
reported finding in HbSC, and prevalence seems to be higher
than in HbSS patients. Labyrinthine hemorrhage is a common
cause of sensorineural deafness and seems to be associated with
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proliferative retinopathy. Altered capillary hemodynamics, vaso-
occlusion and reperfusion injury involving the labyrinthine blood
vessels has been speculated to play a role in the pathology [42].

Splenic Function in Hemoglobin SC Disease

When compared to HbSS disease, hypersplenism is more
prevalent in HbSC individuals. Functional asplenia occurs only
after 4 years of age in children with HbSC [43]. The pit count is a
measure of splenic function in HbSC disease and values indicative
of functional asplenia (>20%) are higher than in other disorders
[43]. The routine administration of prophylactic penicillin to infants
and young children with HbSC disease may not be necessary due to
persistence of splenic function. Chronic splenomegaly is another
finding in HbSC disease and affects 35% of the children and 50% of
adults. It can cause abdominal pain and cytopenia [44].

Acute splenic sequestration can occur when outflow obstruction
of splenic sinusoids occurs with sickled red blood cells cause
pooling of blood and massive splenomegaly. It can lead to rapid
and painful splenomegaly and present with worsening anemia
and decreasing platelet counts [44]. Low volume (about 5ml/kg)
slow simple transfusion is the treatment for the condition and it
should be understood that a rebound increase in the RBCs occur
over hours to days due to the release of the red blood cells from the
sinusoids as the sequestration resolves following the transfusion
[45]. Role of splenectomy in splenic sequestration crisis and HbSC
is debated as it can lead to paradoxical increase in viscosity and
because problems associated with hyperviscosity [46].

Renal Complications in Hemoglobin SC Disease

Renal complications occur at a later stage when compared
to HbSS in HbSC individuals. Glomerular hyperfiltration is more
evident in HbSS compared to HbSC. Both Glomerular filtration rate
and Creatinine Clearance were noted to be lower in HbSC when
compared to HbSS. The spectrum of renal dysfunction seen in HbSC
includes hyposthenuria, microalbuminuria, renal papillary necrosis
and renal infarction [46,47]. End stage renal disease, even though
reported in 2-3% of individuals with HbSC, occurs later in life
compared to HbSS. Renal papillary necrosis occurs more commonly
in HbSC disease [40].

Genitourinary Complications in Hemoglobin SC Disease

Priapism is a well-documented complication in men with
HbSC and is sometimes a presenting symptom. Erection lasting
for more than 4 hours is a medical emergency and typically
occurs in boys reaching sexual maturity. Penile erection is caused
by the alternate contraction and vaso-relaxation of the penile
cavernous tissue through the sympathetic and parasympathetic
system, respectively. Several small molecules are also involved in
the process, principal among them is Nitric Oxide (NO) through a
cascade of events through its second messenger Cyclic Guanosine
Monophosphate (cGMP) [48]. These provide important targets for
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therapy even though the exact mechanism has not been elucidated
and multifactorial etiology is suspected [49,50]. The goal is
prevention of erectile dysfunction and impotence. Treatment
includes hydration, analgesics and use of alpha-adrenergic agonist
and phosphodiesterase 5 inhibitors [51].

Surgical intervention like penile aspiration, irrigation with
alpha adrenergic agonists like phenylephrine and, in severe
recurrent cases, distal and proximal surgical shunting needs to be
considered after urological consultation [51]. Control of overall
severity of sickle cell disease related symptoms with Hydroxyurea
(HU) may be helpful, but the role of HU for treatment of priapism
is questioned due to lack of evidence [52]. The role of blood
transfusion in amelioration of priapism is also questioned due to
lack of evidence and the potential for neurological complication as
noted in HbSS patients including severe headache, seizures, focal
neurological deficits, and obtundation has been made called the
ASPEN syndrome (Association of Sickle Cell Disease, Priapism,

Exchange transfusion, and Neurologic Events) [53-55].

Hepatobiliary disease in Hemoglobin SC disease

Due to reduced hemolytic rates in HbSC disease, pigment stone
formation and cholelithiasis has been found to be lower compared
to HbSS disease. The reported rates have been somewhere between
5-20% in HbSC individuals compared to 50% in some cohorts with
HbSS disease [24,56]. It has been found that co-inheritance of alpha
thalassemia can reduce the severity of hemolytic complications and
gall bladder disease in HbSC disease.

Stroke in Hemoglobin SC Disease

Stroke is a common complication of Sickle Cell Disease in
children above 2 years of age. Prevelance of Stroke varies with the
Sickle Cell Genotype with an age adjusted prevalence for HbSS at
4.01%, HbS/BO0 at 2.43%, HbS/B+ at 1.29%, and HbSC at 0.84%,
respectively, at the time of study entry in the CSSD cohort. The
chances of having a CVA by 20 years, 30 years and 45 years of age
were estimated to be 11%, 15% and 24%, respectively, but was
significantly lower in the HbSC population at 2%, 4% and 10%,
respectively. According to the same report about 25% of patient
with HbSC would have sustained stroke like changes by 60 years
of age [57]. More recent studies have reported higher prevalence of
stroke, especially silent stroke, in HbSC compared to the historical
CSSD cohort [58,59]. At this time, it is not known if this higher
prevalence is due to increased utilization of MRI imaging of the
brain in this population.

Silent stroke, which is routinely not associated with overt
neurological manifestations, seems to also occur in HbSC disease.
Silent Stroke present bilaterally in 69% and in the Frontal lobe in
85% of the cases. Transcranial Doppler monitors the blood velocity
of patients with SCD allows the identification of those individuals

at risk for stroke. Patients with Transcranial Doppler Ultrasound
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(TCD) values >200cm/sec are at higher risk of developing stroke
[60]. Unlike SS disease, TCD values for HbSC patients has not
been well standardized, and the values tend to be lower in HbSC
patients. Time Average Mean of Maximum (TAMM) velocities tend
to be around 104.9cm/sec compared to 134.5+/-30.5cm/sec in
HbSS patients [61,62]. Treatment considerations in HbSC will
follow that of stroke in HbSS disease, even though there is a dearth
of standardized diagnostic or treatment options. Both transfusion
therapy and HU may be considered and is supported by small
retrospective studies [63,64].

There is also some evidence to support the practice of
therapeutic phlebotomy to reduce hyperviscosity and thereby
decrease the stroke risk in HbSC [64-66]. Even as TCD screening
and chronic blood transfusions have decreased the incidence of
stroke in HbSS disease, neither have been validated in HbSC disease.

Thrombosis in Hemoglobin SC Disease

There is an increased risk of thromboembolic events in HbSC
disease. Individuals with HbSC had an increased expression of tissue
factor, elevated thrombin- antithrombin complex and D-Dimer.
Markers of endothelial activation like thrombomodulin and
soluble vascular adhesion marker-1(VCAM-1) and inflammation
(tumor necrosis factor-o) were both significantly elevated in
HbSC individuals when compared to healthy controls [67]. Higher
Hemolytic Activity and Inflammation were associated with more
intense activation of coagulation pathway and increased the

thromboembolic complications associated with the disease.

Two of the more prevalent complications of the disease were
associated with hemostatic activation- proliferative retinopathy
and osteonecrosis [67]. Retrospective analysis has shown that
individuals with HbSC are more prone to thrombotic complications
compared to HbSS [67,68]. Everyone should be screened for
arterial and venous thrombosis during routine visits even though
SCD specific venous thromboprophylaxis does not exist at this time.
Role of HU and other disease modifying agents in the prevention of
thrombosis in HbSC disease is also not known at this time.

Pregnancy in Hemoglobin SC Disease

Again, most of the information regarding pregnancy in HbSC has
been extrapolated from HbSS disease. Marginally delayed menarche
has been noted in girls with HbSC [69]. Like with other forms of
Sickle cell disease, women with HbSC experience more pregnancy
related morbidity and mortality compared to normal controls. More
sickle cell disease related, and non-related complications can occur
during pregnancy including pain crisis, acute chest syndrome and
urinary tract infections. In a Brazilian study, simple and exchange
transfusion was conducted in pregnant HbSC women in the third
trimester, but there is no significant evidence of its actual benefit in

this group of women [70,71].
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Diagnosis and Health Care Maintenance in Hemoglobin
SC Disease

Diagnosis is routinely made by the newborn screening
program in the US and UK. Screening and confirmatory testing
is conducted using isoelectric focusing and high-performance
liquid chromatography. Due to population migration from areas
where screening is not conducted, disease identification typically
occurs when individuals present with complications of the
disease. Duration of penicillin prophylaxis in children with HbSC
is debated, due to continuation of adequate splenic function [72].
There is lack of good evidence supporting penicillin prophylaxis,
but most centers prescribe Penicillin along the lines of prophylaxis
guidelines for HbSS disease. Recommendation for vaccination also
follows similar guidelines for HbSS disease.

Role of Hydroxycarbamide in Hemoglobin SC Disease

There is a paucity of data regarding use of hydroxyurea in
HbSC disease. As a result, consensus guidelines are not available
regarding its use in HbSC1. HU has been found to increase the MCV
and HbF in SC disease without increasing the hematocrit. This
has led to the reduction in vaso-occlusive episodes in SC subjects
even though there is a lack of consensus regarding this approach
to mitigate occlusive symptoms [33,73]. At a cellular level, there
was evidence of increase in MCV after 8 weeks of therapy with HU.
The proportion of dense cells was not significantly altered on HU
therapy. There was also evidence of increased expression of red cell
laminin receptor without evidence of adhesion to laminin. It has

also been found to increase the HbF levels in the red cells.

A similar effect has not been seen with magnesium pirolate in
the same study [33]. Investigators retrospectively looked at the
effect of HU on HbSC and found that it was associated with a stable
hemoglobin concentration; increased Fetal Hemoglobin (HbF) and
Mean Corpuscular Volume (MCV); and reduced White Blood Cell
Count (WBC), Absolute Neutrophil Count (ANC), and Absolute
Reticulocyte Count (ARC). Reversible cytopenia’s occurred in 22%
of patients, primarily neutropenia and thrombocytopenia. Painful
events were reduced with HU, more in patients >15 years old [64].
A prospective single-center study of hydroxycarbamide in children
with HbSC is ongoing (NCT02336373).

Role of phlebotomy in reduction of Sickle Cell crisis in
Hemoglobin SC disease

Reduction of mean hemoglobin level through phlebotomy has
been described as a method to reduce the sickle cell related crisis in
HbSC disease. Both reduction in pain crisis and fewer hospitalized
days has been noted in patient with HbSC when they are made
iron deficient through phlebotomy with resultant reduction in
hyperviscosity [74]. It has been hypothesized that by phlebotomy,
the HbS levels were modulated and MCHC was reduced, leading
to clinical benefits [66]. In symptomatic HbSC individuals with a
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hemoglobin >10gm/dl, therapeutic phlebotomy to a hemoglobin of
9-10gm/dl maybe an important consideration for amelioration of
clinical symptoms [34].

Conclusion

HbSC has been historically noted to be a milder variant of sickle
cell disease, but emerging data shows that significant phenotypic
variability occurs in this disease. Therapy related to HbSC is
lacking and more studies are needed to understand phenotypic
variability and therapeutic options in this condition which afflicts
approximately 30% of the sickle cell disease population affected by
this disease.
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