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Hematologically Important Mutations:  Band 3 and Protein 4.2
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Hereditary spherocytosis is a group of skeleton via ankyrin, protein 4.1 and protein 4.2
inherited disorders characterized by the presence (reviewed in 5,7-9).  The COOH-terminal domain
of spherical erythrocytes on the peripheral blood of band 3 is the site of anion exchange.  A subset
smear (1-4).  The principal cellular defect in HS of HS patients with dominantly-inherited HS
is loss of erythrocyte membrane surface area whose erythrocytes are deficient in band 3 has
relative to intracellular volume, accounting for been described.  These patients generally have
the spherical shape as well as decreased mild to moderate HS and have been described as
deformability of the erythrocyte.  Splenic having pincered spherocytes on peripheral blood
destruction of these abnormal erythrocytes is the smear.
primary cause of the hemolysis experienced by Protein 4.2 (also known as band 4.2 or
HS patients.  The clinical and laboratory features pallidin) is a peripheral membrane protein
of HS have been the subject of recent reviews (3- thought to aid in the linkage of the membrane
6). skeleton to the lipid bilayer via interactions with

The primary biochemical defects in HS reside band 3 and ankyrin (reviewed in 5,10,11).  The
in the proteins of the erythrocyte membrane, precise function of protein 4.2, however, has yet
particularly those proteins involved in the to be determined.  Protein 4.2-deficient patients,
interactions between the membrane skeleton and primarily from Japan, with recessively inherited
the lipid bilayer:  spectrin, ankyrin, band 3, and HS have been described.  These patients are
protein 4.2.  This review focuses on the genetic homozygotes or compound heterozygotes for
defects in band 3 and protein 4.2 associated with protein 4.2 defects.  Protein 4.2 deficiency has
HS.  A future tabulation will include HS also been observed in patients with defects in the
mutations in spectrin and ankyrin. cytoplasmic domain of band 3 (12,13), the region

Band 3, the anion exchanger, is the major of band 3 involved in band 3-protein 4.2
transmembrane protein of the erythrocyte.  The interactions.
NH -terminal cytoplasmic domain of band 3 A variety of mutations in band 3 and protein2

binds several glycolytic enzymes and mediates 4.2 have been described.  These are listed in
interactions between band 3 and the membrane Tables 1 and 2.  The nucleotide numbers shown
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in the table are based on the cDNA sequences codon (16).  This numbering is different from that
listed in the GenBank/EMBL databanks, the used in the GenBank/EMBL databank files.
accession numbers of which are:  HUMAE1 Other band 3 variants that affect erythrocyte
(band 3 cDNA) (14) and M30646 (protein 4.2 morphology, as well as the blood group antigens
cDNA)(15). In accordance with recommendations that have been assigned to band 3, have recently
for the use of systematic names in nomenclature been reviewed (9).
for mutations, the nucleotide numbers of the
cDNA coding sequences presented here begin
with +1, which refers to A in the ATG initiation

Keywords: hereditary spherocytosis, mutation, band 3, protein 4.2,
erythrocyte

Table 1.  Band 3 Mutations Associated with Hereditary Spherocytosis

Variant Systematic Name Type Amino Acid Variation Domain Reference1

Montefiore c118A missense 40 Glu�Lys Cyto 13
Foggia c162del deletion 54-55�frameshift Cyto 17
Kagoshima deletion 56�frameshift Cyto 18
Hodonin c243A nonsense 81 Trp�Stop Cyto 19
Napoli I c298T299ins insertion 99-100�frameshift Cyto 17
Fukayama I deletion 112-113�frameshift Cyto 18
Nachod IVS5 -3A splicing 117-121 GTVLL deleted Cyto 192

Fukuoka c388A missense 130 Gly�Arg Cyto 18
Osnabruck I c448T nonsense 150 Arg�Stop Cyto 20
Lyon c448T nonsense 150 Arg�Stop Cyto 21
Worcester c515G516ins insertion 170-172�frameshift Cyto 19
Fukuyama II insertion 183�frameshift Cyto 18
Campinas IVS8 +1T splicing 203�frameshift Cyto 223

Bohain c241 del deletion 241�frameshift Cyto 23
Princeton c822C823ins insertion 273-275�frameshift Cyto 19
Boston c854A missense 285 Ala�Asp Cyto 19
Tuscaloosa c980G missense 327 Pro�Arg Cyto 12
Noirterre c988T nonsense 330 Gln�Stop Cyto 24
Bruggen c1257del deletion 419�frameshift TM 20
Benesov c1365A missense 455 Gly�Glu TM 19
Bicêtre II c1366 del deletion 456�frameshift TM 23
Pribram IVS12 -1A splicing 477�frameshift TM 194

Coimbra c1462A missense 488 Val�Met TM 25
Bicêtre I c1468T missense 490 Arg�Cys TM 23
Evry c1474 del deletion 492�frameshift TM 23
Milano c1498-69nt ins duplication 498 23AA insertion TM 26
Dresden c1552T missense 518 Arg�Cys TM 20
Smichov c1848del deletion 616�frameshift TM 19
Trutnov c1884A nonsense 628 Tyr�Stop TM 19
Hobart c1939c1940del deletion 646-647�frameshift TM 19
Osnabruck II c1987-1989del deletion 663-664 �frameshift TM 20
Most c2120C missense 707 Leu�Pro TM 19
Okinawa c2140A missense 714 Gly�Arg TM 18
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Table 1.  Band 3 Mutations Associated with Hereditary Spherocytosis (Cont’d)

Variant Systematic Name Type Amino Acid Variation Domain Reference1

Prague II c2279A missense 760 Arg�Gln TM 27
Kumamoto missense 760 Arg�Gln TM 18
Hradec Kralove c2278T missense 760 Arg�Trp TM 27
Chur c2312A missense 771 Gly�Asp TM 28
Napoli II c2438A missense 783 Ile�Asn TM 17
Jablonec c2422T missense 808 Arg�Cys TM 27
Nara missense 808 Arg�His TM 18
Prague c2463-10nt ins-2464 insertion 822�frameshift TM 29
Birmingham c2501C missense 834 His�Pro TM 19
Philadelphia c2510T missense 837 Thr�Met TM 19
Prague III c2608T missense 870 Arg�Trp TM 27
Vesuvio c2689 del deletion 984�frameshift TM 30

Abbreviations: Cyto = cytoplasmic, TM = transmembrane1 

In frame deletion of 15 nucleotides2 

 Skipping of exon 8, frameshift3 

 Intron 12 inserted into coding sequence, frameshift4

Table 2.  Protein 4.2 Mutations Associated with Hereditary Spherocytosis

Variant Systematic Name Type Amino Acid Reference
Variation

Lisboa c265del deletion 89�frameshift 31

Fukuoka c357A missense 119 Trp�Stop 32

Nippon c424A missense 142 Ala�Thr 33

Komatsu c523T missense 175 Asp�Tyr 34

Notame IVS6 +1A splicing 308�frameshift 351

Tozeur c929A missense 310 Arg�Gln 36

Shiga c949T missense 317 Arg�Cys 37

Skipping of exon 61
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