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Abstract

Weanalyzed the DNAsequence of the cDNA encoding the
NH2 terminal region of ft spectrin from members of a kindred
with autosomal dominant hereditary spherocytosis associated
with defective protein 4.1 binding. Wefound a point mutation at
codon 202 within the 272 amino acid NH2-terminal region of 13
spectrin. TGGwas changed to CGG, resulting in the replace-
ment of tryptophan by arginine. The base change eliminates a
normally occurring PvuII restriction site and creates a new
MspI site. This finding enabled rapid detection or exclusion of
the mutation at the DNAlevel among the family members,
including one member for whom this analysis was performed
prenatally. The mutation was found only in the affected family
members and occurred as a de novo mutation in the proband. It
has not been found in 20 other kindreds. The recombinant pep-
tide derived from the normal cDNAretains the capacity to sedi-
ment with protein 4.1 and F-actin. The mutant peptide sponta-
neously degrades. This variant represents both the first point
mutation and the first,8 spectrin mutation demonstrated in au-
tosomal dominant hereditary spherocytosis. Furthermore, the
mutation is located within a conserved sequence among spec-
trinlike proteins and may define an amino acid critical for pro-
tein 4.1 binding activity. (J. Clin. Invest. 1993. 92:612-616.)
Key words: congenital hemolytic anemia * cytoskeleton * poly-
merase chain reaction * erythrocyte membrane * acanthocytes

Introduction

Hereditary spherocytosis (HS)' is a clinically and genetically
heterogeneous disorder of the red blood cell characterized by
increased osmotic fragility and spheroidal shape. There is a
classical, autosomal dominant type and a more severe, reces-
sively inherited form (for review, see reference 1). The bio-
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chemical defects in these disorders are related to abnormalities
in the red blood cell membrane proteins. Deficiency of the
erythrocyte membrane skeleton protein, spectrin, has been
demonstrated in patients with recessive HS(2) and a majority
of patients with autosomal dominant HS(3), and the degree of
deficiency appears to correlate with clinical severity (4).

There is asymmetry in the relative synthetic rates of a and 1
spectrin, in that the synthesis of a spectrin is threefold in excess
of 1 spectrin synthesis in murine, rat, and human erythroblasts
(5-7). Spectrin assembly on the membrane appears to be rate
limited by the ,B chain. Therefore one could predict that defects
in 3 spectrin would be manifest in the heterozygous state and
result in dominantly inherited conditions. In contrast, defects
in a spectrin may not be manifest until the homozygous state is
reached, since the a chains are synthesized in excess to the 1.

Three kindreds with autosomal dominant HSin which the
spectrin is defective in its ability to bind protein 4.1 (8, 9) have
been previously described. In one of the kindreds, previous
studies demonstrated that approximately 40% of the spectrin
was unable to bind protein 4.1 (9) and that there was abnormal
chymotryptic digestion of the isolated f spectrin in individuals
from this kindred (10). There was also spectrin deficiency to
80% of the normal quantity (10), a level which is comparable
with that of the autosomal dominant type of HS. The one un-
usual feature noted in this kindred was prominent acanthocy-
tosis, even before splenectomy, among the affected individuals
(9, 10).

By electron microscopy, other investigators ( 11 ) had local-
ized the protein 4.1 binding site to the end of the spectrin dimer
opposite the self-association site, although the specific chain
could not be identified. In addition, our prior investigation
using photoaffinity, radiolabel-transfer cross-linking demon-
strated that the binding site for protein 4.1 was within the gen-
eral region of the NH2-terminal domain of ,B spectrin (12).
Because both the abnormal chymotryptic digestion data indi-
cated an abnormality of 1 spectrin and the cross-linking studies
suggested that the NH2-terminal region of j spectrin contained
the binding site for protein 4.1, we analyzed this region of 13
spectrin in an effort to define the molecular defect in this fam-
ily with HS. Wenow report the identification, in the affected
members of this kindred, of a point mutation in the gene en-
coding the NH2-terminal region of 1 spectrin. By defining a
potentially critical amino acid residue for the protein 4.1 bind-
ing function, this mutation improves considerably our localiza-
tion of the presumed binding site on spectrin for protein 4.1.
This molecular defect has been designated 13 spectrin Kissim-
mee based on the location of the residence of the affected
kindred.

Methods
Polymorphism linkage analysis. A ,B spectrin RFLP was detected by
hybridizing Southern blots of HindIII digested genomic DNAwith a 3'

3 spectrin cDNAprobe (028) (13).
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PCR primers. The sequences of the forward and reverse PCR
primers used for amplification of the 5' end of the ( spectrin cDNAare
NO1, 5'-AGGGCAGGGATCCTTCCATG-3'and N(32 (AS), 5 '-GCT-
CTAGCTTCTCCTGCCGA-3',respectively. NflI is located 5' to the
initiator methionine and contains a BamH1 site (underlined) in the
native sequence. Nfl2 (AS) is located within spectrin repeat 2 (Fig. 1).
These primers flank a 1.3-kb segment of the cDNA. The sequences of
the forward and reverse PCRprimers used for amplification of a seg-
ment of a portion of the 5' end of the beta spectrin gene are N(35,
5'-CAGATTCAGGACATTGTGGT-3'and Nfl7 (AS), 5'-GTCGAG-
GAGCGGGATGATGC-3',respectively. These primers flank a 1. 1-kb
segment of the gene that contains three exons and two introns.

Reverse transcription (RT) and amplification of cDNA. RNAwas
isolated from reticulocytes by ammonium chloride lysis of peripheral
blood, and (3 spectrin cDNAwas obtained by RTas described ( 14, 15),
utilizing the antisense primer N(2 (AS). For the PCRamplification of
the RT product, 40 cycles of amplification were performed using an
automated DNAThermal Cycler (Perkin Elmer Corp., Norwalk, CT)
with the following conditions: melting, 1.5 min at 940C; annealing, 2
min at 550C; polymerizing, 3 min at 720C.

Nucleotide sequencing. Primers NfB1 and N(32(AS) were utilized
for PCR. The BamHI and Sacd sites used for subcloning were located
within the native sequence. The PCR product was subcloned into
pGEM7 vector (Promega Biotec, Madison, WI) and 13 separate sub-
clones were sequenced by the dideoxynucleotide method ( 16).

Amplification of genomic DNAand restriction digests. Genomic
DNAwas obtained by standard procedures from peripheral blood leu-
kocytes from the various members of this kindred, an unrelated con-
trol, and at least one affected member of 15 unrelated kindreds with
autosomal dominant HSand 5 unrelated kindreds with nondominant
HS. In addition, genomic DNAwas obtained from an affected individ-
ual from each of two kindreds reported by Goodman and co-workers
(8) to have defective binding of protein 4.1 by spectrin. One sample of
genomic DNAwas isolated by standard means from cultured fetal am-
niocytes. The amniocytes were excess cells obtained after standard
chromosome analysis for prenatal exclusion of Down's syndrome in a
fetus (member III-4 of the kindred) of the 39-yr-old proband (member
II-2 of the kindred). The PCRamplification of the genomic DNAwas
performed using the N(35 and N#7(AS) primers and the DNATher-
mal Cycler with the following conditions: 30 cycles, melting, 1.5 min at
940C; annealing, 2 min at 650C; polymerizing, 3 min at 720C. The
amplified DNAwas then digested with PvuII or MspI, separated by
agarose gel electrophoresis and visualized by ultraviolet transillumina-
tion after staining with ethidium bromide.

Allele-specific oligomer hybridization. There was one nucleotide
substitution identified in only 2 of the 13 subclones. In order to exclude
this as a polymorphism linked to the mutation or the mutation itself,
allele-specific oligomer hybridization was performed as described ( 17)
and modified ( 18 ). The duplicate slot blots of the PCRamplified geno-
mic DNAsamples were each hybridized with one of the 32P-labeled
oligomers, 5'-GCAGGCTACCCTCATGTTA-3' and 5'-GCAGGC-

NWtwminalregion nps Figure 1. Protein and
p-spectrin H2N 2 PCOOH cDNA structure for the

NH2-terminal region of
BamHI Sac ( spectrin. The first line

cDNA
Pi P2 >3 represents the ( spectrin

ATG codon 202 protein and the second
F1.3 kb 1line represents the

cDNA for ( spectrin.
The NH2-terminal re-

gion consists of 272 amino acids (23), after which follow the spectrin
repeats. The arrows labeled PI and P2 indicate the position of the
primers used for PCRamplification of this region of cDNA. They
correspond to NB1 and NB2 in Methods. The BamHI and SacI sites
exist within the native sequence. The PCRamplified product is 1.3
kb.

TACTCTCATGTTA-3' (normal and proposed mutant, respectively,
with the nucleotide difference underlined).

Bacterial expression of recombinant proteins. One of the normal
and one of the mutant subclones were selected for expression in E. coli
as fusions with glutathione-S-transferase (GST) (19). PCRwas per-
formed using the pGEM7 plasmids containing the cDNAinserts and
new primers, N(I1A and N(2A(AS), 5'-GCGGATCCAGCCTGC-
TGACATGACATCATC-3' and 5'-GCGAATTCGAGCTCATTT-
CTCAGGGCCA-3', with linkers containing BamHI and EcoRI restric-
tion sites (underlined), respectively. The PCRproduct was subcloned
into pGEX3X ( 19). Because of difficulty in obtaining a stable recombi-
nant peptide in appreciable quantity, even after cleavage with activated
Factor Xa (20), a nonsense codon linker designated NheI*, d(CTA-
GCTAGCTAG)(New England Biolabs, Inc., Beverly, MA) was in-
serted at a native NheI site just after the start of the first spectrin repeat,
thereby shortening the peptide. E. coli strain DH5a (Bethesda Re-
search Laboratories, Gaithersburg, MD) were transformed with the
recombinant pGEXplasmid, and expression of the recombinant pro-
tein was induced with isopropyl-(3-i-thiogalactopyranoside (IPTG) as
described ( 19). The bacteria were lysed with sonication and 1%Triton
X-100. The lysis buffer (20 mMNa phosphate, 150 mMNaCl, pH 7.4)
contained the protease inhibitors PMSF(1 mM), leupeptin (10 Mig/
ml), pepstatin (5 Ag/ ml), benzamidine (200 Mg/ ml), and aprotinin (5
,g/ ml). The recombinant protein was recovered from the supernatant
after centrifugation by affinity chromatography with glutathione aga-
rose beads (Sigma Chemical Co., St. Louis, MO). The beads bearing
the GST-protein conjugate were washed multiple times with the above
lysis buffer to remove contaminating proteins. The free recombinant
protein was eluted from the agarose beads with 5 mMglutathione in 50
mMTris, pH 8.

Protein functional binding assays. The purified 64-kD recombinant
GST-spectrin peptide was incubated with protein 4.1 and actin to assay
for binding capability. The mixtures contained 1-10 Mgpeptide, 15 Mg
F-actin, and 10 Mgprotein 4.1, in a total volume of 80-90 AL 5 mMNa
phosphate, 10 mMTris, 130 mMKCl, 20 mMNaCl, 2 mMMgC12,
and 0.2 mMATP. Control samples included binary mixtures of pep-
tide and actin, peptide and protein 4.1, protein 4.1 and actin, as well as
individual samples of peptide, protein 4.1, or actin alone. The samples
were maintained at room temperature for 90 min, then centrifuged in
an airfuge (Beckman Instruments, Inc., Palo Alto, CA) at 18 psi for 15
min. The supernatants and pellets were analyzed by SDS-PAGE(21 ).
The amount of peptide in the pellets was quantified by elution of the
band with 25% pyridine. The A605 of the eluted dye samples was com-
pared with a standard curve constructed from the A605 values for eluted
bands from gels run on known microgram quantities of the same pro-
tein.

Case report. The clinical course and hematological features of the
affected members of this kindred have been previously reported (9). In
brief, the proband and two of her children are affected with moderate
hemolytic anemia and increased osmotic fragility of erythrocytes. The
affected individuals all required splenectomy in childhood, the two
daughters of the proband were severely jaundiced at birth, and one
underwent exchange transfusion. The father (I-2) of the proband (11-2)
had previously been reported as an affected individual as a result of a
one-point assay of spectrin-protein 4.1 binding at a single concentra-
tion (9). In fact, however, he has less than 10% spherocytes on periph-
eral smear, a normal hemoglobin, and normal incubated osmotic fragil-
ity test, and is thus unaffected by spherocytosis. Nonpaternity was ex-
cluded by RFLPanalysis (I. G. Laboratories, Inc., Framingham, MA).
The probability of paternity was 0.99887 relative to a random man in
the North American Caucasian population. The other members of the
kindred are clinically unaffected.

Results

Our previous studies (10) of this kindred by proteolytic diges-
tion of the individual spectrin chains had suggested a defect in
( spectrin. Wenow attempted confirmation of linkage of the
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defect to A spectrin by RFLP analysis using the HindIII poly-
morphism at the 3' end of the f3 spectrin gene ( 13). Such analy-
sis did not exclude linkage of the defect in this kindred to (3
spectrin, but because of the small number of family members,
the result was not statistically significant (data not shown).

Wehad also previously shown that the binding site for pro-
tein 4.1 was located within the NH2-terminal region of (3 spec-
trin before the beginning of the spectrin repeat structure ( 12).
Wetherefore decided to amplify this region of the :3 spectrin
cDNA. RNA isolated from peripheral blood reticulocytes of
the affected proband was examined by nucleotide sequencing
after reverse transcription, PCR, and subcloning. Sequencing
of 13 subclones revealed a single base substitution in codon 202
resulting in a change from TGGto CGGin 7 of the clones (Fig.
2). This substitution causes an amino acid replacement of
tryptophan by arginine. The mutation abolishes a PvuII restric-
tion site (CAGCTGto CAGCCG)and creates a new MspI site
(CTGG to CCGG). These changes enabled subsequent rapid
detection in affected and unaffected family members by restric-
tion analysis of PCRamplified genomic DNA. The occurrence
of the mutation in about half of the sublones analyzed is consis-
tent with the heterozygous status of the proband.

The only other nucleotide change found in more than one
subclone was a change from TGCto CGCat codon 87, identi-
fied in 2 of the 13 subclones. However, allele-specific oligomer
hybridization revealed that this change was not present in the
affected individuals' genomic DNA(data not shown). Thus,
this change was attributed to an error of the Taq polymerase
used for PCR.

Restriction enzyme digestion with PvuII (Fig. 3 ) of a 1. 1 -kb
fragment of genomic DNAproduced by PCRamplification
normally yields products of 500 and 350 bp. In the three af-
fected individuals, an uncleaved product of 850 bp is also gen-
erated (Fig. 3), indicating the presence of the mutation. The
affected individuals demonstrated both patterns because they
are heterozygous for the mutation, consistent with the domi-
nant nature of the disorder. Neither of the grandparents have
the uncleaved product, suggesting that the mutation had oc-
curred spontaneously in the proband and was transmitted to
two of her four children. This uncleaved product was also not
observed in the unaffected family members, an unrelated con-
trol without hemolytic anemia, and one member from each of
the other two known HS kindreds (8) with a defect in the
binding of protein 4.1 by spectrin (Fig. 3). In addition, no such
product was observed in family members from 15 other unre-
lated kindreds with autosomal dominant HS or 5 unrelated
kindreds with nondominant HS (data not shown).

The mutation could be confirmed by restriction enzyme
digestion of PCRamplified genomic DNAwith MspI. MspI
digestion of the same 1. 1-kb fragment (Fig. 4) normally pro-

A C G T

Ser G ,
:, _a

A C G TI/G
[ 3;,. G Ser

G1 Ser
; - \AA-

Figure 2. Nucleotide sequence of the ,B spectrin cDNA. The 5' coding
region for ( spectrin from the heterozygous proband was amplified
by PCR, subcloned, and sequenced. A point mutation was detected
in 7 of 13 subclones that change a codon for tryptophan, TGG, to
one for arginine, CGG.
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Figure 3. Restriction enzyme digestion with PvuII. Genomic DNA
was amplified from family members by PCRusing the primers Nfl5
and N,7 (AS). The Romannumerals I, II, and III indicate the gen-
erations. The Arabic numerals identify the family members in each
generation. C indicates a sample from an unrelated control; A and
B indicate samples from the two kindreds described by Goodmanand
co-workers (8) to possess the same functional defect of spectrin. The
open boxes denote the exons. The products produced by PvuII diges-
tion are 500 and 350 bp in the case of the normal individuals. The
PvuII site identified by the asterisk indicates the site that is abolished
in the affected individuals and results in the creation of a product of
850 bp. Because the affected individuals are heterozygous, all three
bands are seen in the patients, but only two in the unaffected family
members and control. III,4 represents the digest of the sample of
fetal genomic DNA.

duces products of 650 and 400 bp. Because the mutation
creates a new MspI site, an additional product of 600 bp is
observed in the three affected family members and not in unaf-
fected individuals.

Moreover, the restriction digestion with PvuII was em-
ployed to analyze genomic DNA from cultured amniocytes
obtained during the proband's fourth pregnancy. The pattern
was that of the unaffected individuals, with 500 and 350 bp
fragments (Fig. 3; III-4). This analysis represents the first re-
ported prenatal exclusion of HS.

To demonstrate the consequence of this mutation on pro-
tein function, we ligated fragments of this region of ( spectrin
cDNAinto pGEXplasmids. The 64-kD recombinant normal
and mutant peptides were produced in E. coli following induc-
tion with IPTG. However, after glutathione agarose affinity
chromatography, there was rapid degradation of the mutant
recombinant peptide to a 32-kD polypeptide (Fig. 5), which
contained GSTby immunoblotting studies (data not shown).
Presumably, because the molecular weight slightly exceeds that
of GSTalone (28 kD), a small fragment of the mutant spectrin
peptide is likely preserved, attached to the GST.

The purified normal peptide sedimented with F-actin and
protein 4.1 (Fig. 5, lane 2). There were increasing amounts of
peptide sedimented with increasing peptide concentration, al-
though saturation was not quite achieved, probably due to in-
sufficient concentration of the peptide (data not shown). The
nonspecific sedimentation of the peptide alone was minimal,
in fact, undetectable at the lower concentrations ( 1-4 ,g pep-
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Figure 4. Restriction enzyme digestion with MspI. Genor
was amplified by PCRusing the primers N(35 and N(37 (A
open boxes denote the exons. With MspI digestion, the nc
ucts are 650 and 400 bp. The asterisk indicates the MspI sil
created by the mutation and results in an extra product a
Because the affected individuals are heterozygous, both the
600 bp products are seen in the patients.

tide). The peptide-actin binding was a fraction of th
actin-protein 4.1 binding. For example, for the hig]
point, the amount of peptide sedimented with actin
12.5% of the amount sedimented with both actin ai
4.1. Because of the instability of the mutant peptide
tion could not be adequately assessed in vitro.

Discussion

Several actin-binding proteins share a homologous N
nal domain, including (3 spectrin, ( fodrin, a actini
phin, and other actin binding proteins (22-24). T
was found to contain the actin binding site, not only fi
cyte spectrin, but also for the members of the spe

1 2 3 Figure 5. Re

21 8- . ...NH2-termina
peptides. (La

101 -a 64-kD recon
72 - peptide cont

4gEV ~ GST(positic
43 -

by the solid
43-i (Lane 2) the

tained from
tation assay
protein 4.1 (,

29- 80 kD), the
combinant ;

18- (middle banactin (lower
kD). (Lane

stable mutant recombinant peptide degraded to 32 kD (pa
dicated by the open arrow). The numerals to the left indic
of the molecular weight standards in kD.

superfamily as well. The binding site for actin was preserved
within an erythroid (3 spectrin peptide consisting of amino
acids 47 to 186 (25), or an even smaller 27 amino acid peptide
highly conserved among a actinin, actin binding proteins, (3
spectrin, dystrophin, and fimbrin (26).

The binding site for erythrocyte protein 4.1 has also been
localized to this NH2-terminal region of (3 spectrin ( 12), al-
though because of the 16-A length of the cross-linker and the
nature of the proteolytic techniques, the binding site could only
be positioned somewhere within the entire 33 kD NH2-termi-
nal domain. The kindred described in this report has a func-
tional defect in roughly half of the spectrin dimers, which lack
the capacity to bind protein 4.1 (9). A single point mutation
was found in codon 202 of ( spectrin cDNA, which at the

Msp protein level causes a change from the aromatic amino acid,
tryptophan, to the positively charged amino acid, arginine. The
location of this mutation is within a highly conserved region
among members of the spectrin gene superfamily (Fig. 6).
Overall, there is about 50%protein sequence homology among
the spectrinlike proteins in the entire NH2-terminal region. Yet
in the particular location of this mutation, there is even greater
conservation of the sequence. For example, there is perfect

nic DNA conservation of the serine, an aromatic amino acid (trypto-
iS). The phan or phenylalanine in the case of two of the proteins), and

rmal prod- the glycine and aspartic acid residues. There are only single
te tat prod

cases of amino acid replacements of the lysine, arginine, and,te that is caeofaioairelcmnsothlyiearinad
f 600 bp. phenylalanine residues. The mutation replaces this perfectly
650 and conserved aromatic amino acid with a basic amino acid resi-

due. Invariant tryptophans have previously been demonstrated
to be highly conserved in other regions of spectrin (27). More-
over, there is a long sequence of hydrophobic amino acids to

he peptide- either side of the conserved tryptophan, with a charged pair
best input consisting of lysine, positively charged, and aspartic acid, nega-
alone was tively charged, immediately adjacent to the tryptophan. It is
nd protein intriguing that the negatively charged aspartic acid is perfectly
:, its func- conserved. The mutation adds an additional positively charged

residue adjacent to the balanced charged pair. It is possible that
this region represents the precise location of the protein 4.1
binding function, although this remains to be proven. This

1H2-termi- model would predict that the other members of the spectrin
in, dystro- gene superfamily could bind protein 4.1, and this is currently
'his region
or erythro-
ctrin gene

combinant
al spectrin
me 1) the
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Figure 6. Conserved amino acid sequence among members of the
spectrin gene superfamily. The amino acid sequence in the region of
the mutation found in this kindred is well conserved. The boxes
surround the tryptophans and the aspartic acids. The plus and minus
indicate the position of the positive-negative charged pair of amino
acids. Note that the amino acids flanking the region of the charged
pair are largely hydrophobic (23). The amino acid sequences were
obtained from Byers et al. ([22] and references therein) for all pro-
teins except human ( spectrin (23) and human beta fodrin (24).
The mutation is tryptophan to arginine.
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under investigation. Moreover, protein 4.1 is found in numer-
ous nonerythroid tissues, but its function and interactions with
other cytoskeletal or membrane proteins are as of yet un-
known.

Bacterial expression in the pGEXplasmid system of the
mutant cDNAencoding the NH2-terminal region of 1 spectrin
resulted in an unstable, proteolytically degraded polypeptide.
However, the normal recombinant peptide had preserved bind-
ing capacity for actin and protein 4.1. One cannot predict
whether the mutant protein would be unstable in vivo on the
basis of its instability in the bacterial expression system. How-
ever, it was found previously that the HS spectrin was more
sensitive to oxidation ( 10). It is also interesting that there was a
lower proportion of mutant spectrin isolated by protein 4.1
affinity chromatography (9) than would be predicted in a het-
erozygous individual (40 vs. 50%), implying that there is in-
deed instability of the protein in vivo.

The mutation identified in this kindred apparently oc-
curred as a spontaneous mutation in the proband, and was
transmitted to two of her four children. RFLP analysis sup-
ported the paternity of the proband's father. The absolute rela-
tionship between the de novo occurrence of both the mutation
and HSin the proband and transmission of both to two of the
children suggests strongly that the mutation is the cause of the
clinical disorder and the defective binding of protein 4.1 by the
mutant 13 spectrin. It is not known at present whether the
acanthocytosis is also related to this 13 spectrin defect. Because
this mutation was spontaneous, it is not unreasonable that the
examination by restriction enzyme digestion of amplified geno-
mic DNAfrom the two other HSkindreds affected with a simi-
lar disorder on a protein level did not reveal an identical muta-
tion. It is possible that they have mutations nearby that would
be missed by restriction digestion with PvuII and MspI.

The majority of patients with HSdo not have a defect in ,3
spectrin, but rather have abnormalities leading to deficiency of
spectrin and/or ankyrin or band 3. It is currently unclear what
proportion of HS cases have a defect in 13 spectrin. However,
due to the asymmetric synthetic ratio of a to 1 spectrin, with
assembly on the membrane dependent on the 13 chain, one
would predict that 1 spectrin mutations would lead to autoso-
mal dominant conditions. For example a point mutation in the
COOH-terminal region of 13 spectrin associated with hereditary
elliptocytosis (HE) was identifiable in the heterozygous state
by ektacytometry and membrane fragmentation ( 18). In addi-
tion, the COOH-terminal truncated 1 spectrin chain variants
are clinically affected with HE in the heterozygous state (For
review, [ 1 ]). Thus, we report the first point mutation in autoso-
mal dominant HS, located in 1 spectrin, and predict that other
defects of 1 spectrin will be forthcoming in the future.
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