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KEYWORDS Abstract

Acute chest syndrome; Fetal hemoglobin (HbF) is a physiologic protein tetramer that is crucial for a developing fetus to
:Z:’:e; ditary hemoglobinopa- survive in utero. Maternal hemoglobin has a relatively lower affinity for oxygen, and thus allows
e for an efficient transfer of oxygen from maternal to fetal blood. In addition to fulfilling a crit-

Late presentation; ical physiologic role, HbF is also known to alleviate symptoms of sickle-cell disease (SCD). The

Sickle cell concentration of HbF depends on several factors. HbF is elevated in inherited conditions, such
as hereditary persistence of HbF, hereditary spherocytosis, and thalassemia. The level of HbF is
also increased in acquired states, such as pregnancy, aplastic anemia, thyrotoxicosis, hep-
atoma, myeloproliferative disorders, or hypoplastic myelodysplastic syndrome. It has been
identified that some genetic loci have significant influence on HbF levels. The Xmnl polymor-
phism, the HMIP locus, and the BCL11A gene are responsible for 45% of variations in HbF levels.
Although SCD has been well described in the subpopulations of Africa, it is less common in the
subpopulations of India. We describe a case of SCD, in which a patient with high HbF level pre-
sented at a very late age (27 years old). We presume the patient’s inherently elevated HbF
levels were able to compensate for the hypoxic episodes associated with SCD. The onset of
symptoms was delayed as a result of elevated HbF levels.
© 2017 King Faisal Specialist Hospital & Research Centre. Published by Elsevier Ltd. This is an
open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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Introduction

Sickle-cell disease (SCD) is one of the best characterized
red-blood-cell disorders with 100,000 cases per year in the
United States [1]. Clinically, SCD is manifested by vaso-
occlusive events. An acute pain that may be due to tempo-
rary ischemia is usually the first symptom of SCD. In more
severe cases, multi-organ failure occurs, which can be
reversed by aggressive medical therapy and blood transfu-
sions. Other complications that may be related to impaired
circulation and blood flow include bone infarcts, ankle
ulcers, strokes, and retinopathy. Auto-splenectomy may
lead to infections with encapsulated bacteria, such as Hae-
mophilus influenzae and Streptococcus pneumoniae. Addi-
tionally, acute chest syndrome (ACS) is the second most
common cause of hospitalization of patients with SCD and
is responsible for nearly 25% of all deaths associated with
SCD [2]. One particular study followed 3751 SCD patients
aged 0—66 years over a 5-years period. In that study, 25%
of patients developed ACS. In addition, bacteremia was
found in 3.5% of the patients [3,4]. Children, however, usu-
ally do not experience any symptoms throughout the first 6
months of life. After the levels of fetal hemoglobin (HbF)
peak around 12 months, they start to gradually decline,
and thus predispose children to symptomatic SCD. The mean
age of SCD diagnosis is 27.33 months [5]. HbF decreases
sickling in SCD patients. The presence of two gamma chains
in HbF (av,) gives it a higher affinity for oxygen than adult
hemoglobin (HbA) or hemoglobin S(HbS), which decreases
the polymerization of deoxygenated HbS. By 12 months,
the HbF concentration decreases, and in a normal adult,
only about 1% of hemoglobin (Hb) is HbF (oyy2), 97% is
HbA (a22), and 2% is HbA; (a28;) [4]. Given the higher affin-
ity of HbF for oxygen, there have been several attempts to
stimulate the production of HbF in adults with SCD with the
goal of higher oxygen saturation and decreasing hypoxic epi-
sodes. The most effective drugs that stimulate hematopoi-
esis are hydroxyurea, 5-azacytidine, and erythropoietin.
Hydroxyurea stimulates the production of HbF by releasing
nitric oxide. Nitric oxide stimulates a gene-transcribing
pathway that ultimately stimulates the production of HbF
de novo. An antineoplastic drug, 5-azacytidine, works by
inhibiting DNA methylation, thus inhibiting the switch from
HbF to HbA synthesis [6].

Erythropoietin, a natural substance, is a potent stimula-
tor of HbF production. However, it is not as effective as
Hydroxyurea [7].

Case report

A young Indian man in his late twenties presented to the
emergency department with a chief complaint of pain in
the right upper quadrant. The pain had been present for 3
days, and was described as aching and intermittent. The pain
did not change with changes in position and did not radiate
to any other abdominal quadrant. Further review of systems
was significant for a lack of dyspnea, cough, fever, or
changes in breathing. The family history was unremarkable.

Pertinent positive physical-exam findings included pain in
the right upper quadrant and the epigastric area, as well as

slight icterus. Pertinent negative physical-exam findings
included a lack of surgical scars and negative Murphy’s sign.
The laboratory values were as follows: Hb, 8.5 g/dL; mean
corpuscular volume, 92.4 fL; mean corpuscular hemoglobin,
30.7 pg; red-cell distribution width, 25.1%; platelet count,
584,000/mm3; white-blood-cell count, 20,100/mm?3; aspar-
tate aminotransferase, 43 U/L; total bilirubin, 3.2 mg/dL;
and indirect bilirubin, 2.8 mg/dL. The ultrasound/
computed-tomography imaging of the abdomen revealed a
small spleen and no signs of cholecystitis. The red-blood-
cell morphology was representative of target cells and sickle
cells. The reticulocyte count and haptoglobin levels were 14%
and <20 mg/dL, respectively. An Hb electrophoresis assay
showed HbA, 3.7%, HbF 8.4%, and HbS 87.9%. The patient
developed an episode of ACS on the 3rd day and had a subse-
quent oxygen saturation of 88%. In addition, a chest X-ray
revealed bilateral lower lobe infiltrates. The pain was trea-
ted with an exchange transfusion, and showed a marked
improvement. Upon follow-up, the patient had a total of five
admissions in 6 months for SCD. Of the five admissions, two
required exchange transfusions. The patient was maintained
on folic acid, yet denied treatment with hydroxyurea.

Discussion

Prevalence and biochemical properties of different
human Hb

HbF is a major Hb during gestation, which is replaced almost
completely by HbA by 12 months. HbF is a tetramer consist-
ing of two a chains and two vy chains; y-globin can be ¢ and
¥, which are identical and differ in one amino acid at posi-
tion 136: glycine (v® chains) or alanine (y* chains). In
infants, y© is more prevalent, while y* is higher in adults.
HbF has a higher affinity for oxygen than does HbA due to
decreased binding of 2,3-diphosphoglycerate. The Psg, or
partial pressure at which Hb is 50% saturated with oxygen,
is 19 mmHg for HbF, compared to 27 mmHg for HbA. The
high affinity for oxygen shifts the oxygen dissociation curve
to the left, leading to Bohr effect 20% higher than that of
HbA. HbF levels vary more than 20-fold in a healthy adult
population [8,9]. Family studies showed that the HbF levels
are inherited, but they do not obey Mendelian pattern of
inheritance. It is believed that the HbF levels are multifac-
torial: 89% of variability is attributed to genetic factors, and
11% to age, sex, and environmental factors [10]. Certain -
globin haplotypes in SCD seem to have processes that regu-
late the production of HbF. For example, the Arab—Indian
and Senegal haplotypes are associated with higher levels
of HbF (over 20% in some cases). In one study of Senegalese
patients, the mean HbF was 8.2%, and approximately half of
the patients had a benign form of sickle-cell anemia [11].

Clinical significance of varying levels of Hb
throughout life

In some inherited conditions, the HbF levels are elevated
in adulthood. Most of the inherited conditions with
increased HbF levels are associated with B-globin synthesis
abnormalities. The inherited conditions include hereditary
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persistence of HbF (HPFH), hereditary spherocytosis, and
thalassemia. SCD is usually milder in patients with concur-
rent B-thalassemia because of the elevated HbF.

Delta—beta-thalassemia is a condition caused by dele-
tions in 8- and PB-globin genes (yCy*[8p]°-thalassemia), or
sometimes the v* gene (y°[y*5p]°-thalassemia). These
patients have elevated levels of HbF (usually 4—25%) and
hypochromic microcytic erythrocytes [12].

HPFH is a benign asymptomatic condition, in which the
HbF synthesis continues into adulthood. Erythrocytes usu-
ally have a normal morphology in HPFH. There are two types
of HPFH: pan-cellular and heterocellular. Pan-cellular HPFH
is caused by deletions of the B-globin gene or single point
mutations in the y-globin gene-promoter regions. It is inher-
ited in Mendelian pattern. The HbF levels are usually 10—
40%, but can reach up to 100% in the deletion type. The
HbF level is uniform in all erythrocytes. Heterocellular HPFH
has a milder increase in HbF levels (about 5%), and the con-
centration of HbF within red blood cells varies. This type
does not obey Mendelian inheritance [13].

Some loci, chromosome point mutations, and post-
transcriptional modifications have significant influence on
HbF levels.

The Xmnl polymorphism on chromosome 11 (11p15), the
HMIP locus on chromosome 6 (6g23), and single-nucleotide
polymorphisms for the BCL11A gene on chromosome 2
(2916) are responsible for 45% of variations in HbF levels.
Xmnl polymorphism (rs7482144) is a single-nucleotide poly-
morphism (C — T) at position —158 upstream of the y°-
globin gene. It is present in 32—35% of the population. It
has a frequency of 14% among Caucasians with no underlying
hemoglobinopathies. Xmnl polymorphism upregulates 7
expression and leads to elevated HbF levels especially in si-
tuation of erythropoietic stress. It misbalances the y®:y*
ratio resembling the ratio at birth (70:30), while usually y*
is predominant in adults. Thus, Xmnl polymorphism leads
to elevated levels of HbF, which is beneficial to patients
with SCD and thalassemia, and leads to milder symptoms
[14—17].

Genetic influences in Hg levels and formation

Quantitative trait locus (QTL) on chromosome 8, 8q region is
suggested to influence HbF levels by encoding transcrip-
tional factors, which bind to the Xmnl site [18]. HMIP,
another QTL that regulates HbF levels, is found on chromo-
some 6 and is known to participate in the erythroid-
maturation pathway [19]. (locus 22 vs locus 48) Another
QTL regulating HbF levels is HMIP at 6g23. It is located on
chromosome 6 between the HBSTL gene (codes elongation
factors and regulates multiple cellular processes) and the
MYB gene (encodes transcription factors, and participates
in ontogenesis and erythropoiesis) [19]. This QTL codes fac-
tors that participate in the erythroid-maturation pathway.
Wahlberg et al. demonstrated a correlation between 6q23
QTL and levels of HbF in Indian B-thalassemia patients. It
is yet to be determined whether this correlation is sec-
ondary to a direct or indirect effect [9]. Craig et al. studied
an Indian female population with B-thalassemia, and found

that those with homozygous 6q23 QTL have a higher HbF
concentration (24% compared to 10%). The same correlation
was noticed among the healthy population in this study (3—
1%). One more QTL associated with elevated HbF is BCL11A,
located in the 2q16 region of chromosome 2. Fifteen per-
cent of HbF variations are attributed to BCL11A QTL.
BCL11A is more frequent in patients with PB-thalassemia
intermedia than in B-thalassemia major. Also, there is an
association of the BCL11A QTL and HbF among Afro-
American and Brazilian SCD patients. The BCL11A gene pro-
duct is a zinc-finger transcription factor, which is thought to
participate in turning off the y-globin gene and activating
the B-globin gene [20]. BCL11A QTL silences the expression
of the y-globin gene in K562 cells by binding to the gene-
promoter central part. Another group led by Xu et al.
reported that the BCL11A transcription factor silences the
v-globin genes by interaction with the p-globin gene-
cluster chromatin and forming a chromosomal loop in the
presence of the SOX6 transcription factor in the y-globin
gene-promoter regions. All these studies point toward the
BCL11A transcription factor playing an essential role in
silencing the y-globin gene in adults [20,21].

Kruppel-like factor 1 (KLF1) is a transcription factor that
plays an important role in erythropoiesis. The KLF1-coding
gene is located on chromosome 19p13.3 (ZBTB7A locus)
[22]. KLF1 activates the B-globin gene expression. It also
interacts with BCL11A, leading to indirect silencing of the
v-globin gene. Mutations in the KLF1 gene can change the
DNA-binding domain of KLF1, which alters its regulatory
action and leads to increases in HbF levels [23]. Various
researchers reported 49—70% increase in HbF levels with a
knockdown of ZBTB7A in CD34+ cells [22,24].

Role of drug therapy in SCD

Several medications, such as hydroxyurea, azacitidine, and
Procrit, increase the levels of HbF. The Food and Drug
Administration approved hydroxyurea for SCD treatment in
1998. Although the exact mechanism is not fully under-
stood, it is postulated that hydroxyurea works by inhibiting
the enzyme, ribonucleotide reductase, thus preventing the
conversion of ribonucleotides to deoxyribonucleotides, a
crucial step in the production of DNA. Hydroxyurea is used
in the treatment of SCD, and decreases the number of hos-
pitalizations, length of stay, and in-hospital analgesic use.
Theoretically, it decreases the incidence of ACS and may
lead to decreased mortality [25,26].

There are few new SCD treatment approaches under
investigation at present. Gene therapy is a very promising
field. Hacein-Bey-Abina et al. have used the transplantation
of autologous hematopoietic stem cells with transduced
lentiviral beta AT87Q-globin vector to treat patients with
sickle cell and B-thalassemia. As a result, patients with sev-
ere SCD had 51.5% of antisickling Hb (HbA, HbF, and HbA2)
9 months after stem-cell transplantation. This study pre-
sents gene therapy as curative potential for SCD and tha-
lassemia [27]. However, gene therapy poses certain risks.
Incidence of leukemia in patients who underwent gene ther-
apy for severe combined immune deficiency in London and
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Paris trials raised many safety concerns for vector-
transduction therapies [28].

Conclusion

Our medical team characterized the presentation of a 27-
year-old patient with ACS and a severe vaso-occlusive crisis.
The usual age of presentation of such patients is usually
early in life, as the predominant form of Hb shifts from
HbF to HbA. HbF has a naturally protective role against
SCD. Although the exact genetic polymorphisms of our
patient were not known, we suspect that elevated levels
of HbF were responsible for delaying the symptomatic pre-
sentation of our patient. The levels of HbF could have been
elevated secondary to HPFH. It is, however, unclear what
factors had triggered his disease and are causing him to
have multiple vaso-occlusive crises at the age of 27 years.

Conflicts of interest

The authors declare that there are no conflicts of interest.

Acknowledgments

The authors acknowledge Acua Asante, Ritica Oberoi, Dyan
Rajan, and Muhammad Ullah, as they participated in an ear-
lier work related to the case. Their work was presented at
the New York Chapter of the American College of Physicians
in Rochester, NY, USA, in 2011. The current article is based
on the same case, but with a different explanation of the
patient’s condition and literature review related to persis-
tent fetal-hemoglobin syndromes.

References

[1] Hay SI, Okiro EA, Gething PW, Patil AP, Tatem AJ, Guerra CA,
et al. Estimating the global clinical burden of Plasmodium
falciparum malaria in 2007. PLoS Med 2010;7:6. https://doi.
org/10.1371/journal.pmed.1000290.

[2] Platt OS, Brambilla DJ, Rosse WF, Milner PF, Castro O,
Steinberg MH, et al. Mortality in sickle cell disease: life
expectancy and risk factors for early death. N Engl J Med
1994;12:1639—44.

[3] Vichinsky EP, Styles LA, Colangelo LH, Wright EC, Castro O,
Nickerson B. Acute chest syndrome in sickle cell disease:
clinical presentation and course. Blood 1997;89:1787—92.

[4] Schechter AN. Hemoglobin research and the origins of molec-
ular medicine. Blood 2008;112:3927—38.

[5] Akodu S, Diaku-Akinwumi I, Njokanma O. Age at diagnosis of
sickle cell anaemia in Lagos Nigeria. Mediterr J Hematol Infect
Dis 2013;5:€2013001. https://doi.org/10.4084/MJHID.2013.
001, XX—XX.

[6] DeSimone J, Heller P, Hall L, Zwiers D. 5-Azacytidine stimu-
lates fetal hemoglobin synthesis in anemic baboons. Proc Natl
Acad Sci USA 1982;79:4428—31.

[7] Little JA, McGowan VR, Kato GJ, Partovi KS, Feld JJ, Maric I,
et al. Combination erythropoietin—hydroxyurea therapy in
sickle cell disease: NIH experience and literature review.
Haematologica 2006;91:1076—83.

[8] Weatherall DJ, Clegg JB. Inherited haemoglobin disorders: an
increasing global health problem. Bull World Health Organ
2001;79:704—12.

[9] Thein SL, Craig JE. Genetics of Hb F/F cell variance in adults
and heterocellular hereditary persistence of fetal hemoglobin.
Hemoglobin 1998;22:401—14.

[10] Garner C, Tatu T, Reittie JE, Littlewood T, Darley J, Cervino S,
et al. Genetic influences on F cells and other hematologic
variables: a twin heritability study. Blood 2000;95:342—6.

[11] Hill AV, Allsopp CE, Kwiatkowski D, Anstey NM, Twumasi P,
Rowe PA, et al. Common West African HLA antigens are
associated with protection from severe malaria. Nature
1991;352(6336):595—600.

[12] Collins FS, Stoeckert CJ, Serjeant GR, Forget BG, Weissman
SM. G gamma beta+ hereditary persistence of fetal hemoglo-
bin: cosmid cloning and identification of a specific mutation 5
to the G gamma gene. Proc Natl Acad Sci USA 1984;81:4894—8.

[13] Forget BG. Molecular basis of hereditary persistence of fetal
hemoglobin. Ann NY Acad Sci 1998;850:38—44.

[14] Blau CA, Constantoulakis P, al-Khatti A, Spadaccino E, Gold-
wasser E, Papayannopoulou T, et al. Fetal hemoglobin in acute
and chronic states of erythroid expansion. Blood
1993;81:227-33.

[15] Stadhouders R, Aktuna S, Thongiuea S, Aghajanirefah A,
Pourfarzad F, Van Ljcken W, et al. HBS1L—MYB intergenic
variants modulate fetal hemoglobin via long-range MYB
enhancers. J Clin Invest 2014;124:1699—710.

[16] Grosso M, Amendolara M, Rescigno G, Danise P, Todisco N, Izzo
P, et al. Delayed decline of y-globin expression in infant age
associated with the presence of ®y—158 (C—T) polymorphism.
Int J Lab Hematol 2008;30:191-5.

[17] Nemati H, Rahimi H, Bahrami G. The Xmn1 polymorphic site 5
to the Gy gene and its correlation to the Gy: Ay ratio, age at
first blood transfusion and clinical features in B-thalassemia
patients from Western Iran. Mol Biol Rep 2010;37:159—64.

[18] Garner CP, Tatu T, Best S, Creary L, Thein SL. Evidence of
genetic interaction between the beta-globin complex and
chromosome 8q in the expression of fetal hemoglobin. Am J
Hum Genet 2002;70:793—9.

[19] Wahlberg K, Jiang J, Rooks H, Jawaid K, Matsuda F, Yamaguchi
M, et al. The HBS1L—MYB intergenic interval associated with
elevated HbF levels shows characteristics of a distal regulatory
region in erythroid cells. Blood 2009;114:1254—62.

[20] Sankaran VG, Menne TF, Xu J, Akie TE, Lettre G, Van Handel B,
et al. Human fetal hemoglobin expression is regulated by the
developmental stage-specific repressor BCL11A. Science
2008;322:1839—42.

[21] Carrocini GCDS, Zamaro PJA, Bonini-Domingos CR. What
influences Hb fetal production in adulthood? Rev Bras Hematol
Hemoter 2011;33:231—6.

[22] Masuda T, Wang X, Maeda M, Canver MC, Sher F, Funnell AP, et al.
Transcription factors LRF and BCL11A independently repress
expression of fetal hemoglobin. Science 2016;351:285—9.

[23] Borg J, Patrinos GP, Felice AE, Philipsen S. Erythroid phenotypes
associated with KLF1 mutations. Haematologica 2011;96:635—8.

[24] Dover GJ, Smith KD, Chang YC, Purvis S, Mays A, Meyers DA,
et al. Fetal hemoglobin levels in sickle cell disease and normal
individuals are partially controlled by an X-linked gene located
at Xp22.2. Blood 1992;80:816—24.

[25] Cokic VP, Smith RD, Beleslin-Cokic BB, Njoroge JM, Miller JL,
Gladwin MT, et al. Hydroxyurea induces fetal hemoglobin by
the nitric oxide-dependent activation of soluble guanylyl
cyclase. J Clin Invest 2003;111:231-9.

[26] Kohne E. Hemoglobinopathies: clinical manifestations, diag-
nosis, and treatment. Dtsch Arztebl Int 2011;108:532—40.


https://doi.org/10.1371/journal.pmed.1000290
https://doi.org/10.1371/journal.pmed.1000290
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0010
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0010
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0010
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0010
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0015
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0015
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0015
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0020
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0020
https://doi.org/10.4084/MJHID.2013.001
https://doi.org/10.4084/MJHID.2013.001
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0030
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0030
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0030
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0035
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0035
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0035
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0035
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0040
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0040
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0040
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0045
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0045
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0045
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0050
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0050
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0050
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0055
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0055
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0055
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0055
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0060
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0060
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0060
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0060
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0065
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0065
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0070
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0070
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0070
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0070
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0075
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0075
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0075
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0075
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0080
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0080
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0080
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0080
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0080
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0080
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0085
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0085
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0085
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0085
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0090
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0090
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0090
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0090
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0095
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0095
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0095
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0095
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0100
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0100
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0100
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0100
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0105
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0105
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0105
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0110
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0110
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0110
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0115
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0115
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0120
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0120
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0120
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0120
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0125
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0125
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0125
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0125
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0130
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0130

Hereditary persistence of hemoglobin F is protective against red cell sickling 219

[27] Hacein-Bey-Abina S, Garrigue A, Wang GP, Soulier J, Lim A,
Morillon E, et al. Insertional oncogenesis in 4 patients after
retrovirus-mediated gene therapy of SCID-X1. J Clin Invest
2008;118:3132—42.

[28] Cappelli B, Bernaudin F, Ruggeri A, Labopin M, Volt F, Simoes
BP, et al. Hematopoietic stem cell transplantation from HLA

identical sibling for sickle cell disease an international survey
on behalf of Eurocord-Monacord, EBMT Paediatric Disease
Working Party and CIBMTR. Blood 2015;126:1541—56.


http://refhub.elsevier.com/S1658-3876(17)30115-2/h0135
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0135
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0135
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0135
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0140
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0140
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0140
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0140
http://refhub.elsevier.com/S1658-3876(17)30115-2/h0140

	Hereditary persistence of hemoglobin F is protective against red cell sickling. A case report and brief review
	Introduction
	Case report
	Discussion
	Prevalence and biochemical properties of different human Hb
	Clinical significance of varying levels of Hb throughout life
	Genetic influences in Hg levels and formation
	Role of drug therapy in SCD

	Conclusion
	Conflicts of interest
	Acknowledgments
	References


