Correlating Disease Genes and Phenotypes
An NCBI Mini-Course

This mini-course focuses on the correlation of a disease gene to the
phenotype. It demonstrates how NCBI resources such as the
literature, expression and structure information can provide potential
functional information for disease genes.

Mutations in the HFE gene are associated with the hemochromatosis
disease. A laboratory working on the hemochromatosis disease
wants to elucidate the biochemical and structural basis for the
function of the mutant protein.

Outline:

In this exercise, we have the following goals:

1. Determine what is known about the HFE gene and protein (using
Entrez Gene).

2. Determine identified SNPs and their locations in the HFE gene
(using dbSNP).

3. Learn more about hemochromatosis and its genetic testing (using
OMIM and Gene Tests)

4. Elucidate the biochemical and structural basis for the function of
the wild type and mutant proteins, if possible.

During the first hour, an overview will be given using one disease
gene, followed by an hour of hands-on session to practice using
another disease gene. The following handout contains the
screenshots of the overview.

URL: http://www.ncbi.nlm.nih.gov/Class/minicourses/pheno.html

Course Developed by Medha Bhagwat (bhagwat@ncbi.nim.nih.gov)
Instructor: Majda Valjavec-Gratian (gratianm@ncbi.nlm.nih.gov )




Problem 1

Mutations in the HFE gene are associated with the hemochromatosis disease. A
laboratory working on the hemochromatosis disease wants to elucidate the
biochemical and structural basis for the function of the mutant protein.

Outline:

In this exercise, we have the following goals:

1. Determining what is known about the HFE gene and protein (using Entrez
Gene).

2. Determining identified SNPs and their locations in the HFE gene (using
dbSNP).

3. Learning more about the hemochromatosis disease and its genetic testing
(using OMIM and Gene Tests)

4. Elucidating the biochemical and structural basis for the function of the wild
type and the mutant protein, if possible (using CDD).

Step 1. Determining what is known about the HFE gene and
protein (using Entrez Gene):

Search for 'HFE" in Entrez Gene. One entry is for the human HFE gene. Retrieve
the entry by clicking on the HFE link.

What is the location and orientation of the HFE gene on the human genome? List
the genes adjacent to it. How many alternatively spliced products have been
annotated for the HFE gene when the RefSeq mRNA entries were reviewed?
What the differences in the spliced products? List some of the HFE gene aliases.
What are the phenotypes associated with the mutations in the HFE gene? What
is the name and function of the protein encoded by the HFE gene? What is the
conserved domain in the protein? To which cellular component(s) is the protein
localized? Obtain the locations of exons and introns for each transcript by
choosing "Gene Table" from the Display pull down menu.

Step 2. Determining identified SNPs and their locations in the
HFE gene:

From the Links menu on the top right hand side of the page, click on the "SNP:
GeneView" to access a list of the known SNPs (reported in dbSNP). By default,
the SNPs in the coding region of a gene are reported. Additional SNPs such as in
the upstream region or the introns can be viewed by clicking on the "in gene
region” button. Currently, how many non-synonymous SNPs are placed on the
longest hemochromatosis transcript variant, NM_000410? How many of these
have links to OMIM? We will concentrate on the cys282tyr mutant in the following
analysis.



Step 3. Learning more about the hemochromatosis disease and
its genetic testing:

Click on the OMIM link next to the one of the SNPs in the SNP report. What are
the clinical features of hemochromatosis? List the 5 types of iron-overload
disorders labeled hemochromatosis. Which of these is associated with mutations
in the HFE gene? How many allelic variants of the HFE gene have been
reported? What is the phenotype associated with the Cys282Tyr mutant?

Click on the Gene Tests link at top of the page. Identify some of the laboratories
performing the clinical testing for hemochromatosis. Now refer to the Reviews
section. Mutation analysis is available for which of the HFE alleles? List one
explanation for the hemochromatosis phenotype caused by the Cys282Tyr
mutant.

Step 4. Elucidating the biochemical and structural basis for the
function of the wild type and mutant proteins, if possible:

Go back to the Entrez Gene report. Click on the protein accession number
NP_000401 associated with the longest splice variant NM_000410. Select the
Blink link. Click on the 3D structures button. The output contains a list of similar
proteins with known 3D structures. The first entry, 1A6Z chain C, provides the
structure of the part of human hemochromatosis protein. Click on the blue dot
next to the accession number to get the sequence alignment of the query protein
with 1A6Z chain C. Click on the "View 3D Structure” button. This downloads its
3D structure and its sequence alignment with the query protein. Zoom in the area
of the disulphide bridge (colored in tan) by pressing "z" on the keyboard. Select
the cysteine residues forming the disulphide bridge by double clicking on them.
Mouse over the corresponding cysteine residues on the query line in the
alignment and view the amino acid number at the bottom left of the window. One
of them is the cysteine at position 282. It is the same cysteine which is mutated
to tyrosine causing the hemochromatosis phenotype.

You can now easily explain why the C282Y mutant has an
altered function.

Summary:

This mini-course describes how to obtain information about the HFE gene,
known SNPs in it, and elucidate the biochemical and structural basis for the
function of the wild type and Cys282Tyr mutant protein.

Summary: 1. The HFE gene is located on chromosome 6 and has at least 11
alternatively spliced products.

2. Currently, there are 8 non-synonymous SNPs annotated on the protein
NP_000401.

3. The Cys282Tyr mutant is associated with the hemochromatosis disease and
the site of mutation is used in hemochromatosis genetic testing.



4. The HFE protein functions to regulate iron absorption by regulating the
interaction of the transferrin receptor with transferrin whereas the Cys282Tyr
mutant fails to regulate this interaction leading to iron overload. The conserved
cystenie 282 in the immunoglobulin constant region domain of the HFE protein is
involved in formation of a disulphide bridge. Its mutation to tyrosine will alter the
folding of the protein.
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The hemochromatosis protein functions to regulate iron
absorption by regulating the interaction of the transferrin
receptor with transferrin.
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4 D001 HEMOCHROMATOSIS [HFE, CYS282TYR ] dh SNP

PORPHYF1A VARIEGATA, INCLUDED
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In patients with heranchrormatosis, Feder et al (1996) idertified an 845G-A transition in the HFE gene (which they referred to as HLA-H or ‘DN A 247, resulting ina
cys2Ed-to-tyr (C282Y) substitution. This missense rutation ocours in a highly conserved residug irerolved in the intramolecular disulfide bridgivg of MHC class I proteins,
and could therefore disrupt the structure and function of this protein. Using an allele-specific oligonucleotide-ligation assay on their group of 178 patients, they detected the
CZ82Y rantation in 85% of all HFE chromnsores. In contrast, only 10 of the 310 control chromosoraes (3 2%) carried the mutation, a carmer frecmency of 100155 = 6 4%
Crne hundred forty-eight of 178 HH patients were homozygous for this mntation, 9 were heteroziygous, and 21 carried only the normal allele. These nurdbers were extremely
discrepant from Hardy-Weinberg equilioriuen. The findings corroborated heterogeneity among the hermochromatosis patients, with 83% of cases related to C282Y

homozygosity. G

Tazwinska et al. {1996} provided comvincing evidence that the C282Y mutation in homozygous form in the HFE gene is the cause of hemochromatosis. In studies in
Anstralia, patients properly characterized at the genotypic and phenotypic level all showed homozyrgnsity for the C2E2Y arinn acid substitution. Inespectrre of haplotype,
all HH heterozygotes were cvs/tyr heterozygntes, and all homozygous nomual controls were cyefeys homozygotes. The presence of a single rantation in all patients
Ontrasted with the data of Feder et al. (1998}, who reported a Jower frequency of the mutation. Jazwinska et al. {1906} suggested that different clinical critexia for the
disgnosis of HH raay acconnt for the difference, or that HH may not be as homogensons as previoushy helisved. They noted that a key question is whyr there is a vaviation in
serrerity of iron loading in HH that is haplotype-related when the rntation is identical in all haplotypes tested. Jazwineks et al. (1996) hypothesized that the HFE locus is
the primary HH locus, but that there are likely to be other ép-linked modifying genes that would explain both the HLA-linked haplotype variation in expression of the
disorder and the Jarge region of linkage disecpuilibriurn present in all populations and spanning at least 4.5 Ivib distal of DAS263 @

Tonanolle et al. {1996} cormented on the sigrificance of the C282% mutation on the basis of'a group of 65 unrelated affected indfviduals who had been under study in France
for ranre than 10 srears and identified by stringent criteria. Hormozsrgnsity for the C282Y rautation was found in 59 of 65 patients (90.8%); 3 of the patients were corapound
heterozygotes for the C282Y rautation and the HE3D rautation (235200.00027, 1 was homozygous for the HAZD wmtation; and 2 were heterozygous for HA3D. These
results corresponded to an allelic frecuency of 93.1% for the C282Y and 5 4% for the HE3D mutations, respectively. Of note, the C282% mutation was never ohserved in the
farnily-hased controls, while it was present in 5 8% of the general Breton population. In contrast, the HE3D allelic frequency was nearly the sare in both condrol groups
(15%. and 16.5%, in the family-based and general population controls, respectively). The C232T mutation was never obeerved, even in heterozygous form, in the farmily-
based controls in whor all signs of ron overload had been excluded, whereas the general population displayed 5.8%, of heterozygotes. This comesponds to a theoretical
frequeney of about 1 per 1,000 for the disease, which is slightly lowrer than generally estimated. While the experience of Jouanolle et ol (1996} appeared to ndicate a close
relationship of C282Y to hemochromatosis, the iraplication of the HE3D variant was not clear. @

Bentler et al {1996} reported rantation analysis of 147 patients with hereditary heranchromatosis and 193 controls; 121 (82 3%) HH patients were horaozyrgous for the

C28IY rantation, , while 10 (8.2%%) were heterozygous. A11 of the C2E2Y homozygous patients were also hommozygous for the wildtype mcleotide 1870 (ses HA3D,
2SN NONT_amd 211 HIZIV hatavnrramtac hod ot laset 1 et nf 121 Thine tha 1 nnclantidee 245 and 127 v in comnlata Fnlam dicarmilirinem: anclantida 127 wae o
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Summary

Disease characteristics. HFE-associated hereditary hemochromatosis (HFE-HHC) is characterized by inappropriately high
absorption of iron by the gastrointestinal mucesa, resulting in excessive storage of iron particularly in the liver, skin, pancreas,
heart, joints, and testes. Abdominal pain, weakness, lethargy, and weight loss are early symptoms. Without therapy, males may
develop symptoms between age 40 and 60 years and fernales after menopause. Hepatic fibrosis or cirrhosis may occur in untreated
individuals after age 40 years. Other findings in untreated individuals may include progressive increase in skin pigmentation, diabete:
mellitus, congestive heart failure and/or arrhythmias, arthritis, and hypogonadisim.

This description applies to individuals with clinical expression of HFE-HHC. A large, but yet as undefined, fraction of homozygotes
for HFE-HHC do not develop dlinical symptoms (i.e., penetrance is low).

?iaanosis/testina. The diaanosis of HFE-HHC in individuals with clinical svmptoms consistent with HFE-HHC and/or b\ochemifa\ _,Ll
4 13
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OMIM Entries for HFE-Associated Hereditary Hemochromatosis

235200 HEMOCHROMATOSIS; HFE

Genomic Databases for HFE-Associated Hereditary Hemochromatosis

Gene Symbol Entrez Gene HGMD GeneCards GDB GenAtlas

HFE 235200 HFE HFE 119309 HFE

For a description of the genamic databases listed, click here.

Normal allelic variants: The HFE gene is about 13 kb in size and contains seven exons [Feder et al 1396 , Albig 1998]; HFE gives
rise to at least eleven alternative transcripts encoding four to seven exons.

Pathologic allelic variants: At least 28 distinct mutations have been reparted, most being missense or nonsense mutations.
missense mutations account for the vast majority of disease-causing alleles in the population:

e Cys282Tyr (p.C282Y; nucleotide 545G >4), This missense mutation removes a highly conserved cysteine residue that
normally forms an intermolecular disulfide bond with beta-2-microglabulin, and thereby prevents the protein from being
expressed on the cell surfacs.,

e Hisg3Asp (p.HE3D; nucleotide 187C>G). This missense mutation may alter a pH-dependent intramolecular salt bridge,

aRgcieioe s

Normal gene product: The largest predicted primary translation product is 348 amino acids, which gives rise to a mature proteir
of about 321 amino acids after cleavage of the signal sequence. The HFE protein is similar to HLA Class I molecules at the primary
[Feder et al 1926] and tertiary structure [Lebron et al 1998] levels, The mature protein is expressed on the cell surface as a
heterodimer with beta-2-microglobuling and this interaction is necessary for normal presentation on the cell surface. The normal HFE -
protein binds to transferrin receptor 1 on the cell surface and may reduce cellular iron uptake; however, the exact means by which
the HFE protein regulates iron uptake is as yet unclear [Fleming et al 2004]

Abnormal gene product: The p.C282Y mutation destroys a key cysteine residue that is required for disulfide bonding with beta-2.
microglobulin. As a result, the HFE protein does not mature properly and becomes trapped in the endoplasmic reticulum and Gelgi
apparatus, leading to decreased cell-surface expression. The mechanistic basis for the phenotypic effect of ather HFE mutations is
not clear at present.

Resources
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Transferrin

_ hemochromatosis
Transferrin
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Bacon et al. Gastroenterology, 116:193-207, Figure 4

The hemochromatosis protein functions to regulate iron
absorption by regulating the interaction of the transferrin
receptor with transferrin.
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Problem 2:
http://www.ncbi.nlm.nih.gov/Class/minicourses/pheno2.html

Mutations in the HBB gene are associated with sickle cell anemia. A laboratory
working on sickle cell anemia wants to elucidate the biochemical and structural
basis for the function of the mutant HBB protein.

Step 1. Determining what is known about the HBB gene and
protein (using Entrez Gene):

Search for 'HBB" in Entrez Gene. One entry is for the human HBB gene. Retrieve
the entry by clicking on the HBB link.

What is the location and orientation of the HBB gene on the human genome? List
the genes adjacent to it. How many alternatively spliced products have been
annotated for the HBB gene when the RefSeq mRNA entries were reviewed? List
some of the HBB gene aliases. What are the phenotypes associated with the
mutations in the HBB gene? Where are the mouse and rat HBB genes located?

What is the name and function of the protein encoded by the HBB gene? What is
the conserved domain in the protein? To which cellular component(s) is the
protein localized? Beta hemoglobin is a subunit of which protein? Name other
subunit(s) in that protein.

Obtain the locations of exons and introns for each transcript by choosing "Gene
Table" from the Display pull down menu. Go back to the description page.

Step 2. Determining other identified SNPs and their locations in
the HBB gene:

From the Links menu on the top right hand side of the page, click on the "SNP:
GeneView" to access a list of the known SNPs (reported in dbSNP). By default,
the SNPs in the coding region of a gene are reported. Additional SNPs such as in
the upstream region or the introns can be viewed by clicking on the "in gene
region” button. Currently, how many coding SNPs are placed on the beta
hemoglobin transcript NM_000518? How many of these have links to OMIM? We
will concentrate on the Glu7Val mutant in the following analysis.

Step 3. Learning more about sickle cell anemia disease and its
genetic testing:

Go back to the Entrez Gene report. Click on the OMIM link and then HBB link.
What are the phenotypes caused by mutations in HBB, the absence of HBB and
reduced amounts of HBB? What is the clinical synopsis of sickle cell anemia?
What is its prominent feature? What is its mode of inheritance? How many allelic
variants of the HBB gene have been reported? As mentioned in the OMIM report,
the allelic variants are listed for the mature beta hemoglobin protein which lacks
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an initiator methionine. Hence, the allelic variants in the OMIM report are off by
one amino acid compared to the precursor protein in NP_000509. Click on the
Allelic Variant “View list” to get information about the mutant proteins from
patients. Is the Glu6Val variant mentioned in the list? (It is the variant number
0243). Which phenotype does it cause? What is the name of the mutant
hemoglobin (hemoglobin S).

Click on the Gene Tests link at top of the page. Identify some of the laboratories
performing the clinical testing for sickle cell anemia. Now refer to the Reviews
section for Sickle Cell Disease, Mutation analysis is available for which of the
HBB alleles? List one explanation for the sickle cell anemia phenotype caused by
the Glu7Val mutant beta hemoglobin.

Step 4. Elucidating the biochemical and structural basis for the
function of the wild type and mutant proteins, if possible:

A. Information about the wild type protein

Go back to the OMIM report by clicking the back button on the web browser. Go
to the Gene report through the Links menu. Based on the RefSeq summary and
the PubMed articles, describe the biochemical functions of beta hemoglobin and
hemoglobin S. PubMed articles in the Entrez Gene report indicate that the 3-D
structure of hemoglobin S is available.

Let us first take a look at the structure of the wild type protein. Click on the
NP_000509 protein link and select Blink. Click on the “Show identical” button and
then on the “3D structures” button. The output contains a list of similar proteins
with 3D structures known. The entry, 1DXTD, represents the structure of
deoxyhemoglobin chain D. Click on the blue dot next to 1DXTD to get the
sequence alignment of the query protein to the D chain of 1DXTD. To view the
3D structure of dexoxyhemoglobin (all chains, 2 alpha and 2 beta), click on the
MMDB link. That takes us to the MMDB structure summary page for 1DXT.
Access the PDB entry, by clicking on 1DXT. Note that the chains A and C in the
structure represent alpha chains, and B and D represent beta chains. Go back to
the MMDB summary page. View the deoxyhemoglobin tetramer by clicking on
the "View 3D Structure button”.

Search for the structure of the mutant (deoxyhemoglobin S) in the structure
database. Two entries, 1HBS and 2HBS, are retrieved. Click on the 2HBS link.
Then click on the PubMed link from the MMDB and PDB entries (under
Reference). The abstracts indicate that the mutated valine residue of the beta
chain contacts with another hemoglobin tetramer molecule to form hemoglobin
polymers which are building blocks for the sickle cell fiber.
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B. To show the side chains of the mutant residue and view its interaction
with another hemoglobin molecule: Download the structure 2HBS by clicking
on View 3D Structure. For easier viewing, remove the helix and strand objects
using Style--Edit global style, and unclick the boxes next to the Helix objects and
Strand objects. Highlight valine 6 from the H chain (one of the beta chains). To
show the side chains of the residue, use the Structure window--Style--Annotate--
new. Give a name to this annotation such as "valine" and then click on Edit Style.
Change the protein backbone “Rendering” to "Space Fill", Color Scheme to
"charge" or "hydrophobicity”. Repeat these steps for the Protein Sidechains row
and click the Protein Sidechains on. To show the amino acid number, choose the
Labels panel, and change the Protein Backbone spacing to 1. Click on the
“Done”, “OK” then “Done” buttons. The valine interacts with a pocket between the
two helices on another tetramer. Identify the residues from other molecules within
4 angstroms of the valine, use Show/Hide--Select by distance--other molecules.
To unselect the highlighted residues, click on the white portion of the sequence
window.

You can now easily explain why the Glu7Val mutant has an
altered function.
Summary:

This mini-course describes how to obtain information about the HBB gene,
known SNPs in it, and elucidate the biochemical and structural basis for the
function of the wild type and Glu7Val mutant protein.

Summary: 1. The HBB gene is located on chromosome 11 and has no
alternatively spliced products annotated.

2. Currently, there are 301 coding SNPs annotated on the protein NP_000509.

3. The Glu7Val mutant is associated with the sickle cell anemia disease and the
site of mutation is used in sickle cell anemia genetic testing.

4. The HBB gene encodes beta hemoglobin which is a part of hemoglobin along
with alpha hemoglobin. Hemoglobin is a tetramer consisting of 2 beta and 2
alpha chains. Mutation of the 7th negatively charged amino acid, glutamic acid,
to hydrophobic valine leads to polymerization of hemoglobin forming a sickle fiber
that changes the shape of red blood cells leading to sickle cell anemia.
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Summary
Official Symbol HEB
Official Full Name

Primary source HGMC: 4827
See related

Gene type protein coding
RefSeq status Reviewed
Organism Homo sapiens

Lineage

hemoglobin, beta

HPRD:00786; MIM: 141900

Euarchontoglires; Primates; Haplorrhing; Catarrhing, Hominidae; Hormo

Also known as HBD; CD113t-C

Summary

t2

provided by HGNC

provided by HGNC

Eukaryota; Metazos, Chordata; Craniata; Vertebrata, Euteleostomni; Marmmalia; Eutheria;
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MNP_000509.1 MP_000508.1 HEAZ
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Markers

STS-L48931(e-PCR)
Links: UniSTS: 16426
Alternate names: RH39984; sts-148931

RH41842(e-PCR)
Links: UniSTS: 41617
Alternate names: STS-F17257; sts-F17257

RH69634(a-FCR)
Links: UniSTS: 50848
Alternate name: NS7G37

D11F19481E(e-PCR)
Links: UniSTS: 58277
alternate names: D11F1941E; GDB:451709; RH27396

D1181382(e-PCR)
Links: UniSTS: 148642
Alternate name: GDB:216826

GDB:177071(2-PCR}
Links: UniSTS: 164822

GDB:177422(2-PCR)
Phenotypes

Erythremias, beta-
MIM: 141300
Heinz body anemias, beta-
MIM: 141900
HPFH, deletion type
MIM: 141900
Methemoglobinemias, beta-
MIM: 141900
Sickle cell anemia
MIM: 141900
Thalassemia-beta, dominant inclusion-body
MIM: 602902
Thalassemias, beta-
MIM: 141900
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General protein information L
Mames

beta globin

beta globin chain
NCBI Reference Sequences (RefSeq) L

RefSeqs maintained independently of Annotated Genomes
These reference sequences exist independently of genome builds, Explain

Genomic

1. NG_000007.3 Reference
Range | 70545.72150
Download = GenBank FASTA

mRNA and Protein(s)

1. NM_000518.4-NP_000509.1 beta globin
Source sequence(s) L48217
C CDS CCDE7753.1
Conserved Domains (1) summary

cd01040

Location:5-142
Elast Score:277

globin; Globins are herne proteins, which bind and transport oxygen,

RefSeqs of Annotated Genomes: Build 36.2
The following sections contain reference sequences that belong to a specific genome build. Explain

Reference assembly

Genomic

1. NC_000011.8 Reference assembly

Range  S204877.5203272, complement

Download = GenBank FASTA

2. NT_D09237.17

Range 4035542, 4033937, complement

Download  GenBank FASTA
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Gene map locus 11pl15.5
TEXT

The alpha and beta loci determine the structure of the 2 types of pelypeptide chans m adult hemeglobn, Hb A Mutant beta globin that sickles causes sickle cell
anemia (603303). Absence of beta chain causes beta-zero-thalassemia. Feduced amounts of detectable beta globin causes beta-plus-thalassemia. For clincal
purposes, beta-thalassemia is divided into thalassemda major (transfusion dependent), thalassemia intermedia (of intermediate severity), and thalassemia minor
(asymptomatic) o

Patients with thalassernia major present in the first year of life with sewere anemia; they are unable to maintain a hemoglobin level about 5 gm/dl Clinical details of this
disorder have been detailed extensively in numerous monographs and are summarired by Weatherall et al (19957, Modell et al (2000) found that about 50% of
T K. patients with beta-thalassemia major die before the age of 35 years, mainly because conventional iron-chelation therapy is too burdensome for full adherence

To gain insight into the cellular and structural alterations of thalassemic bone, Iahachoklertwattana et al (2003) studied bone histomorphometry and biochemical and
hormonal profiles in children and adclescents with suboptimally treated beta-thalassemnia disease. Seventeen patients underwent thac crest bone biopsy for
histomorphometric analyses. Most patients had growth retardation and delayed bone age. Bone mineral density (BIWIY) was low especially at the lumbar spine.

Serumn IGF1 (147440) levels were almost always low. Bone histomorphotetry revealed increased ostecid thickness, osteoid maturation time, and mineralization lag

time, which indicate impaired bone matriz maturation and defective mneralization. In addition, iron deposits appeared aleng mneralization fronts and osteoid surfaces
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Sickle Cell Disease

Author: MA Bender, MD, PhD
About the Author / Author History

Initial Posting: Last Update:
15 September 2003 7 March 2006
Summary

Disease characteristics. Sickle cell disease (SCD) is characterized by variable degrees of hemolysis and intermittent
episodes of vascular occlusion resulting in tissue ischemia and acute and chronic organ dysfunction. Pain and/or swelling
of the hands or feet are often the earliest manifestations of sickle cell disease and usually occur ininfants and young
children. Consequences of hemolysis include chronic anemia, jaundice, predisposition to aplastic crisis, cholelithiasis, and
delayed growth and sexual maturation. Wascular occlusion and tissue ischemia can result in acute and chronic injury to
virtually every organ of the body, most significantly the spleen, brain, lungs, and kidneys.

Diagnosis/testing. The term sickle cell disease encompasses a group of symptomatic disorders associated with
mutations in the HB88 gene and defined by the presence of hemoglobin S (Hb ). Sickle cell anemia (Hb $5) accounts
for 60-70% of sickle cell disease in the United States. The other forms of sickle cell disease result from co-inheritance of

About y . Laboratory Clinic
GeneTests aEnEReviews Directory Directory

Educational
Materials

Sickle Cell Disease

summary
Diagnosis
Clinical Description
Prevalence
Differential Diagnosis
Management
Genetic Counseling
Molecular Genetics
Resources
References
Author Information
Top of Page

Printable Copy

Disable Glossary
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(Disable glossary before printing)

Data are compiled from the following standard references: Gene symbol from HUGO; chromosomal lacus, locus
name, critical region, complementation group from OMIM; protein name from Swiss-Prot,

OMIM Entries for Sickle Cell Disease
‘ 141900 HEMOGLOBIN--BETA LOCUS; HEB ‘

603903 SICKLE CELL ANEMIA

Genomic Databases for Sickle Cell Disease

e e EiEs HGMD | Genecards GDB Genatlas
Symbol Specific Gene
HBB HBB 141200 HEBB HBB 119297 HBB

For a description of the genomic databases listed, click here.

Molecular Genetic Pathogenesis

Hemoglobin S results from the substitution of valing for glutamic acid in the second nucleotide of the sixth codon of
the B-globin chain. In deoxygenated sickle hemoglobin, an interaction between the B ® valine and the complementary
regions on adjacent molecules can result in the formation of highly ordered molecular polymers that aggregate and
distort the shape of the red blood cells, making them brittle and poorly deformable. Sickle hemoglobin is alse injurious
to the red cell membrane, resulting in cellular dehydration, oxidative damage, and increased adherence to endothelial
cells [Gladwin 8 Rodgers 2000 , Hebbel 2000 , Magel 2001]. Cther factors contributing to the pathophysiclogy of sickle
cell include leukocytosis, resulting in increased production of injurious cytokines and altered blood flow, coagulation
abnormalities, and abnormal vascular regulation. The net result of these abnormalities is shortened red cell lifespan or
hemolysis and intermittent vascular occlusion and a state of chronic inflammation.

Mormal allelic variants: The HEEB gene, which spans 1.6 kb, contains three exons and both 5' and 3' untranslated
regions. The HBE gene Is regulated by an adjacent 5' promoter, which contains a TATA, CAAT, and duplicated CACCC
boxes, and an upstream regulatory element dubbed the locus control region (LCR). & number of transcription factors
regulate the function of the 55858 gene including the erythroid Kruppel-like factor (EKLF) which binds the proximal
CACCC box and whose knockout in the mouse leads to a thalassemia-like clinical picture. Many other factors are critical,
but their deletion results in milder phenotypes because of compensation by other factors. The HB8 gene is contained
within the HBE gene cluster, which also includes the genes encoding the delta globin chain, A gamma and G gamma
chains, and a pseudo HBE gene and epsilon.

Click on defined terms; definition displays here.
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