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A naturally occurring mutation near the amino terminualdb defines
a new region involved in ligand binding tdIb33
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Joel S. Bennett, and Mortimer Poncz

Decreased expression of functional ~ «llbp3
complexes on the platelet surface pro-
duces Glanzmann thrombasthenia. We
have identified mutations of  «llbP145 in 3
ethnically distinct families affected by
Glanzmann thrombasthenia. Affected
Mennonite and Dutch patients were homo-
zygous and doubly heterozygous, respec-
tively, for a P 145A substitution, whereas a
Chinese patient was doubly heterozy-
gous for a P 151 substitution. The muta-
tions affect expression levels of surface
allbB3 receptors on their platelets, which
was confirmed by co-transfectionof ~— allbP145A
and B3 cDNA constructs in COS-1 cells.

Each mutation also impaired the ability of
allbB3 on affected platelets to interact with
ligands. Moreover, when  «llbP1454 and 33
were stably coexpressed in Chinese ham-
ster ovary cells, «allbB3 was readily de-
tected on the cell surface, but the cells
were unable to adhere to immobilized
fibrinogen or to bind soluble fluorescein
isothiocyanate—fibrinogen after  allbp3 ac-
tivation by the activating monoclonal
antibody PT25-2. Nonetheless, incubat-
ing affected platelets with the peptide
LSARLAF, which binds to  ellb, induced
PF4 secretion, indicating that the mutant
allbB3 retained the ability to mediate

outside-in signaling. These studies indi-
cate that mutations involving allbP145
impair surface expression of «allbp3 and
that the «llbP1#5A mutation abrogates
ligand binding to the activated integrin. A
comparative analysis of other  allb muta-
tions with a similar phenotype suggests
that these mutations may cluster into a
single region on the surface of the  allb
and may define a domain influencing
ligand binding. (Blood. 2000;95:180-
188)
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Introduction

The platelet-specific integrimellbB3 (GPIIb/llla, CD41/CD61) members of Mennonite and Dutch families were homozygous and
binds fibrinogen and other ligands following platelet activafién. compound heterozygous, respectively, fot%@mutation, whereas
Because ligand binding tellbB3 is required for platelet aggrega-a Chinese patient was compound heterozygous fé#% Bubstitu-

tion, inherited decreases in the amount of functierl#d3 on the  tion. Whenallb containing the P*%A substitution was co-expressed
platelet surface cause a bleeding disorder, Glanzmann thrombasterologously wittg3 in COS and Chinese hamster ovary (CHO)
nia34 To date, 59 molecular defects have been identified in 4&is decreased numbersa@ibp3 heterodimers were present on
kindreds~%, 19 of these mutations are compound heterozygous aig, ce|l surface compared with cells expressing wild-tyfop3.

29 are homozygous. The identified mutations cover the range Gt eover, the mutant heterodimers that were expressed were

known molecular defects, including gene rearrangements or dellﬁfable to interact with fibrinogen. Thus, these studies indicate that

tions, messenger RNA splicing abnormalities, frameshits, n(.)ﬂie presence of proline at position 145diHb is required both for

have quantitative and/or qualitative effects ondlisp3. WS efficient expression efllb3 and for its ability to interact with

Studying the functional consequences of a variety of naturallllp?ands' When viewed in the context of tRepropeller model of

. . : . . the amino terminus of integrin-subunit$® and the other point

occurring and chemically induce@3 mutations has made it . . ) -
possible to designate 2 regions@ that are probably involved in mutations ,'no‘”b knovyn .to pertu.rb "Qa”d blpdlpg tallbp3, our
ligand binding. A naturally occurringxllb 183 mutation has results define a domain influencing ligand binding on the surface of
recently been found to impair botkllbB3 expression and its allb.
ligand-binding activity, suggesting that4 is in proximity to a
ligand-binding site inallb.® Consistent with this possibility, 2 .
series of chemically induced mutations dib involving amino Materials and methods
acids from G8through G and at 3?4 prevented the interaction
of allbB3 with fibrinogentt-12

In this paper, we report studies of 3 unrelated families witfennonite family. We studied 2 affected sibs (LW and GW). LW is a
Glanzmann thrombasthenia due to mutationslth"145 Affected 22-year-old woman who was first noted to have recurrent epistaxis and
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purpura at the age of 2. Until the age of 7, she required platelet transfusions DNA fragments that migrated abnormally in the single-stranded confor-
for epistaxis, but she has not required transfusion in the subsequentm&tion polymorphism analysis gel were directly sequenced with the use of
years. Currently, she notes scattered petechiae and purpura, but epistatiseisfmol DNA Cycle Sequencing Kit (Promega, Madison, WI) as de-
infrequent. Her platelet count is normal, but her platelets fail to aggregategoribed!426 DNA fragments were also subcloned with the use of a
response to thrombin, adenosine diphosphate (ADP), epinephrine, cafnmercial TA cloning kit (Invitrogen, San Diego, CA) and sequenced with
collagen, although they agglutinate normally in the presence of ristocetife use of Sp6 and T7 primers and a commercial Sequenase sequencing kit
GW s a 24-year-old man who was noted to have excessive bruising at age}4B, Cleveland, OH).
and was also found to have platelet function studies consistent with a For JF and Chinese-14, platelet expressioav@3 was quantified with
diagnosis of Glanzmann thrombasthenia. He has never required plat@ie! use of radiolabeled monoclonal antibodiesnd the results of this
transfusions for bleeding. A detailed family tree documents no consanguissay suggested that the mutation in these patients involved the gene for
ity in the family for at least 5 generations. The studies described belayyih. The 30 exons of thellb gené3 were amplified with the use of PCR
focus on GW, although LW had an identieglb mutation. and directly sequenced. One of the 2 PCR primers in each of the 25 pairs of
Dutch family. A male patient from the Netherlands (JF) presented grimers used for the amplifications was biotinylated. The resulting strand of
birth with epistaxis and subsequently suffered from excessive bruisingNA with the 5-biotin group in the PCR-amplified fragment was purified
gastric hemorrhage, and hematuria. From ages 2 to 16, the patient Wasattachment to streptavidin-coated magnetic beads and alkali-denatur-
hospitalized on multiple occasions for persistent epistaxis requiring platelgion according to the manufacturer’s instructions (Dynal, Lake Success,

and red blood cell transfusions. He also required multiple red cell angy). The attached DNA was directly sequenced with the use of nested
platelet transfusions following dental extractions and after the removal gfimers and a commercial Sequenase sequencing kit (USB).

kidney stones. Laboratory studies revealed that his platelets failed to
aggregate in response to ADP, epinephrine, collagen, or thrombin. Although )
his platelets initially aggregated in response to ristocetin, this was followéteterologous expression of ~ allbp3

by partial disaggregation. The patients bleeding time wa$5 minutes, To determine the effect of mutation aflbP45on allb3 expressionqllb

and minimal clot retraction was observed. Platelet fibrinogen levels were . . . . . . :
cOntaining a mutation at this position was expressed in COS-1 cells as
markedly decreased-©Q% of normal).

. ) ) Si
Chinese family. The patient (Chinese-14) is a male from the Hunalﬁ)rewously describeéf Briefly, the codon for P*5in wild-type allb cDNA

province of the People’s Republic of China who was noted to ha\ygas mutated with the use of an overlap PCR technf§®CR amplification

- N was performed with the use of VENT polymerase (Promega) to decrease the
epistaxis, gingival hemorrhage, and purpura at 3 years of age. A Iaborat?rr guency of PCR-induced mutations. The resulting mutated PCR products
evaluation revealed no platelet aggregation in response to ADP, epinepit i o e into wild-typellb cDNA in PUC19 (Gibco/BRL, Gaithers-
rine, or collagen. The initial slope of ristocetin-induced platelet aggregati%rbrg MD). Following sequencing to ensure the fidelity of the 'PCR reaction
was normal, but the extent of aggregation, as judged by the maximal cha?ﬁngA vx;as shuttled into the expression vector pMT2ABA ’

in light transmittance, was minimally decreased. Bleeding manifestations, ! . ;
primarily epistaxis, have been severe, requiring multiple blood transfu- The pMT2ADAo¢I|b-e_xp_reSS|on vectorwa§ introduced in CQS-l c_ells,
sions. Platelet fibrinogen levels were markedly deficient either alone or with a similar vector f@3, with the use of Lipofectin

Reagent (Gibco/BRL}*26 Forty-eight hours after transfection, the cells
were metabolically labeled witi#°S-methionine (NEN Life Sciences
Flow cytometry Products, Boston, MA) at 200 uCi/mL or surface-labeled wW#h (NEN
Expression ofallbB3 on the platelet surface was measured by ﬂov{rlfe Sciences Products) and extracted with a 0.02 mol/L Tris-HCI buffer,

cytometry with the use of a panel of anti-platelet monoclonal antibodies aR#l 7-8: containing 1% Triton X-100 (Sigma, St. Louis, MB)ullb andB3
a FACScan flow cytometer (Becton Dickinson, Franklin Lakes, NJ) a¥ere then |mmunopreC|p|t§ted from th_e cell extrach_wnh the use of either
previously describedf Monoclonal antibodies used were A2A9, amonocloB1B5 0r SSAG. The radiolabeled, immunoprecipitated proteins were
nal antibody that interacts with an epitope expressed on the extracellUiffctrophoresed on 0.1% SDS~-7.5% polyacrylamide slab gels, dried, and
domain of the intaclIbB3 heterodime® 16 B1B5, a monoclonal antibody analyzed by autoradiography as previously descried.
that recognizes an epitope locateddib’®; SSAG, a monoclonal antibody 10 determine the effect of mutation afib residue 145 onulibp3
that recognizes an epitope locatedgsté; PAC-1, a monoclonal antibody function,allbB3 was stably expressed in CHO cells. cDNAs for wild-type
that recognizes an epitope expressed exclusively by the activated conforfi andallbPt4>Awere shuttled into pcDNA 3.1Nea(Invitrogen), and a
tion of allbB3!”; and AP-1, a monoclonal antibody specific for platele€DNA for B3 was shuttled into pcDNA 3.1Zed(Invitrogen). CHO cells,
GPIb® Monoclonal antibody binding was detected with the use ofultured in Ham's F12 media (Hyclone Laboratories Inc, Logan, UT)
fluorescein-conjugated anti-murine IgG (Boehringer-Mannheim, IndianapdPplemented with 10% fetal bovine serum (FBS) (Hyclone) were co-
lis, IN). Measurements of PAC-1 binding were performed after stimulatingjansfected with the vectors farllb and B3 with the use of FUGENE
platelets with 0.2 uM phorbol myristate acetate for 5 minutes at 25°C. transfection according to the manufacturer’s instructions (Boehringer-
Immunoblotting. Platelets of JF and Chinese-14 X5108 platelets/ Mannheim). Transfected cells were transferred 2 days later to selection
mL) were dissolved in an equal volume of sodium dodecyl sulfate (SD8)edia containing G418 (500 ug/mL) (Gibco/BRL) and Zeocin (300 pg/mL)
and electrophoresed in 0.1% SDS, 7.5% polyacrylamide gels. The resolyitrogen). After 3 weeks of growth in selection mediax110° cells were
platelet proteins were then transferred to polyvinylidene difluoride merfxamined follbB3 expression by flow cytometric analysis with the use of
branes and immunoblotté8Control and patient samples were electrophothe B3-specific monoclonal antibody SSA6.
resed under reducing conditions felib analysis and under nonreducing ~ The ability of allbp3 expressed by CHO cells to interact with
conditions for B3 analysis. The membranes were incubated with thibrinogen was tested by measuring cell adhesion to immobilized fibrino-
anti-allb heavy-chain—specific murine monoclonal antibody PNA22or ~ gerf® and the binding of soluble fluorescein isothiocyanate (FITC)-
with the anti3—specific murine monoclonal antibody 7#2. fibrinogen toallbB3.3! To measure cell adhesion, 1:510° CHO cells
were labeled metabolically overnight witPS-methionine (Dupont, Wilm-
ington, DE) at 200 uCi/mL. The labeled cells were then suspended in 100
pL of 50 mM Tris-HCI buffer, pH 7.4, containing 150 mM NaCl, 0.5 mM
Genomic DNA was isolated from blood as previously descrie&gtreen- CaCb, 0.1% glucose, and 1% FBS, and incubated with 10 ug/mL of the
ing for mutations was performed with the use of single-stranded conformaibg3-activating monoclonal antibody PT252The cells were added to
tion polymorphism analysis of polymerase chain reaction (PCR)—amplifieeells of microtiter plates precoated with human fibrinogen (Sigma) at a
DNA of eachallb and B3 exon and of the 500 base pairs (bp) of DNAconcentration of 5 pg/mL. Following a 30-minute incubation at 37°C
immediately upstream of each transcriptional start?%fteas previously without agitation, the plates were vigorously washed 4 times with the
described® suspension buffer; the adherent cells were dissolved with the use of 2%

Identification of the thrombasthenic mutation
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SDS; and the SDS solution was analyzed %8 in a liquid scintillation (A)
counter.

To measure the binding of soluble fibrinogemnti®b33 on CHO cells, ° 100
purified human fibrinogen (Sigma) was labeled with FITC with the use of a £

Calbiochem FITC-labeling Kit (Calbiochem, San Diego, CA). Fibrinogen g 80+
labeled with FITC in this manner remained monomeric as assessed by g‘_E" 60 |
filtration chromatography, supported platelet aggregation as well as unle §

beled fibrinogen, and was 95% clottable with thromBirCHO cells 40 _

(1.5 X 10°) were then suspended in 100 pL of suspension buffer (10 mM
sodium phosphate buffer, pH 7.4, containing 137 mM NacCl, 1 mM gacCl
and 1% bovine serum albumin). The cells were then incubated with 20('®

ug/mL FITC-fibrinogen in the presence or absence of 10 pg/mL of PT25-232 0 —
monoclonal antibody for 30 minutes at 37°C. After being washed once witt SSA6 B1B5 A2A9 PAC-1
suspension buffer, the cells were resuspended in a fixation solutiol

consisting of 10 mM sodium phosphate buffer, pH 7.4, containing 137 mM

NaCl and 0.37% formalin. After being rewashed once with the suspensiol

buffer, the cells were analyzed by flow cytometry as described previgusly. (B)

20

lative to n

Platelet factor 4 secretion stimulated by the peptide LSARLAF C JF 14 C JF 14

LSARLAF (LSA), the control peptide FRALASL (FRA), and the thrombin

receptor activating peptide SFLLRN (TRAP) were synthesized and charac i

terized as previously describ&#4To measure peptide-stimulated platelet . — "'.
factor (PF) 4 secretion, platelets were stirred for 3 minutes in the presenc —— -
of various concentrations of peptide. Following sedimentation of the 925 — ’ _ a
platelets in a microfuge, secreted PF4 was measured in the supernatantw = 92.5 . e ‘
the use of an anti-PF4 antibody enzyme-linked immunosorbent assa
(Asserachrome kit) as previously descril§éd. 69— ﬁ 69—

I |

allb B3
Results
Figure 1. allbB3 expression in platelets from patients GW, JF, and Chinese-14.

Quantitation of «llbB3 in affected platelets (A) Flow cytometric analysis of platelets from patient GW (solid bars) and a patient

with a known deficiency of surface «llbp3 receptors (FLD)* (shaded bars). Data are
Expression ofallb3 on the surface of GW's platelets WasexpLessed trela'cive to aconclurrentlytstutfdielcljbn%rrﬂallsi;)ntrol (100%t), V\;Plﬁsebplgaj.teletsf
analyzed by flow cytometry, and radiolabeled monoclonal antibodly 2240 G e B Etees e SO body
binding® was used for patients JF and Chinese-14. As shown s, e allbB3-specific monoclonal antibody A2A9, and the GPIb-specific monoclo-
Figure 1A, staining GW's platelets with monoclonal antibodiesal antibody AP1 were performed with the use of unstimulated platelets. PAC1
specific forallb, 83: andaIIbB3 revealed that they respec:[ive|ybinding was measured after stimulating platelets with the phorbol myri.state acetate.

. (B) Immunoblots of separated proteins from the platelets of patients JF and
bound~10%,~20%, and~30% as much monoclonal anthOdy 8%chinese-14 and a normal control (labeled C) were performed with the use of the
control platelets, substantially more than was seen with platel@ts-alib heavy-chain-specific monoclonal antibody PMI-1 and the anti-B3-specific
from FLD, a patient with Type 1 thrombasthenia due to a mutatidPP”OF'O“a' antibody 7H2. Identical amounts of platelet protein from each subject
in allb that prevents surfacellbB3 expressiod® Binding of the ere mmunoblotted.

GPlb-specific monoclonal antibody AP1 to the platelets of both

GW and FLD was within the normal range (data not shown).

Despite the presence oflbB3 on their surface, however, GW’s but the amounts were substantially decreased compared with

platelets were unable to bind the activation-dependent monoclogantrol platelets. The immunoblots aflb were performed under

antibody PAC-1 following platelet stimulation by phorbol my-reducing conditions. Thus, it is notable that most of the immunode-

ristate acetate. Identical data were obtained wikinp3 expres- tectablexllb in JF's and Chinese-14's platelets corresponded to the

sion on the surface of LW’s platelets was analyzed (data netlb heavy chain. This indicates that a substantial proportion of the

shown). Thus, these results indicate that there are both quantitave-«llb in the megakaryocytes of both patients was able to reach

and qualititativexllb 3 abnormalities in GW’s and LW's platelets. the Golgi complex where prailb is cleaved into heavy and light
Radiolabeled monoclonal antibody—binding data for patient Jfains.

revealed that binding of thellbB3-specific monoclonal antibody o ) )

10E5 and thexllbp3+avp3—specific monoclonal antibody 7E3 'dentification C_’f mutations reSD_OF\SIbk—:' for Glanzmann )

were 5% and<1%, respectively, of the control values. Thisthrombasthenla in the Mennonite, Dutch, and Chinese families

suggests that thellb3 expressed on surface of JF’s platelets wako identify the molecular basis for the thrombasthenia in the

not recognized by the conformation-dependent monoclonal arttennonite family, genomic DNA from GW was screened with the

body 7E3. On the other hand, the platelets of Chinese-14 did nite of single-stranded conformation polymorphism analysis and

bind detectable levels of either antibody. To estimate the totaligonucleotide primers designed to amplify DNA from each exon

amounts ofallb and B3 in JF's and Chinese-14's platelets,of theallb andB3 genes and from the 500 bp of DNA immediately

immunoblots were performed with the use of tHé heavy-chain— upstream of each gene’s transcriptional startZi#¢As shown in

specific monoclonal antibody PM36and the33-specific mono- Figure 2A, single-stranded conformation polymorphism analysis of

clonal antibody 7H27 As shown in Figure 1Ballb and B3 were exon 4 of GW'sallb gene revealed a new, faster migrating band.

readily detectable in detergent extracts of platelets of both patierlisrect sequence analysis of the PCR products from the patient and
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Figure 2. Identification of mutations in allb respon- (A)
sible for the thrombasthenia phenotype of patients
GW, JF, and Chinese-14. (A) Single-stranded conforma-

tion polymorphism analysis of allb exon 4 in 2 normal WTWT 1TGW 3 4 5 6 7 8 9
controls (WT), 8 unrelated thrombasthenic patients (lanes

1 and 3-9), and patient GW. An aberrantly migrating band o &

in the sample from GW is indicated by the arrow. (B) - -
Direct genomic sequence analysis of the region of inter- - S

est of the allb gene from a normal individual, GW, JF, and
Chinese-14. Differences from the normal sequence are
indicated by the arrows. GW is homozygous for a muta-
tion in the codon for P45, whereas both a normal and a
mutant base are present in the JF and Chinese-14
sequences, indicating that they are heterozygous for this

mutation. A C G T A C G T
—— =l = &
g 'm

i+t ha
-~ 2 ‘a -

m-.-—- = . s ‘::

Normal JF Chinese 14

sequence CtoG CtoT

CtoG heterozygous heterozygous

homozygous

a normal control revealed that the patient's DNA was homozygog#pitates ofxllb3 from cells expressing thelbP4*mutations and
for a C—G nucleotide substitution in the codon for amino acid 145he P/S swap mutation contained kb heavy chain. These data
resulting in the replacement of proline in the wild-type sequensiggest that the presence of proline at position 145 is required for
with alanine (Figure 2B). LW was also homozygous for thigfficient export ofallb3 complexes from the endoplasmic reticu-
mutation, and their parents were heterozygous (data not shown)lum to the Golgi complex, wherellb cleavage into heavy and light

In the Dutch and Chinese patients, radiolabeled antibody

binding studie¥% using the av-specific monoclonal antibody (A)

LM142 and theavB3-specific monoclonal antibody LM609 re-

vealed normal to increased amountso®B3, suggesting that the WT Ala Asp Phe Gly Lys P/S
mutational defect was in the gene encodirlth, rather thang3

(data not shown). Direct PCR amplification and sequence analys Pf°a"b—>__. o= .." .
of the allb exons in patient JF revealed that he was heterozygou

for a G—G nucleotide substitution that results in ¥ substitu-

tion (Figure 2B). The other mutation has not been identified. The (B)

patient _Chinese-_14_ was found to be he_t(_arozygous for-aTC WT Ala Asp Phe Gly Lys P/S Pit
nucleotide substitution at the second position of the same codotr \

resulting in a Pr&*Leu substitution (Figure 2B); the other muta- PfOITI"':—’I* - " - e

. . e . . . . al —p ——

tion was identified as a deletion of the G nucleotide in the AG splice 83 - e oo w— . -

acceptor site of exon 16 and is designated 1VS15(-1)Gdel (deletio
of the first nucleotide, G, at the’ &nd of intervening sequence,
intron, 15).
)

Effect of mutation of «llbP'#> on allbB3 expression and function
WT Ala Asp Phe Gly P/S PIlt

To examine the effect of the mutation efllbP14> on allbB3
expression, cDNA constructs expressing®®R, PG, P4, allbH—»
PLK, and P45 were generated. In addition, another construct was p3— ‘
generated in which the codons for serine at amino acid residue 14
and proline at residue 145 were inverted (P/S swap mutation) tu
retain the structural consequences of a proline residue in this regfiiyre 3 Transientexpressionof _ allb™%* mutations in COS-1 cells. _ (A) Wild-type
f ollb. Wild-t b d th . b tant th allb (WT) and the indicated allbP145 mutants were expressed in COS-1. An equal
of alib. 1ha- ype a . an € variousx mutants We_re en number of cells for each transfection were then labeled with 35S-methionine, and allb
coexpressed witlg3 in COS-1 cells, andllbB3 expression was was immunoprecipitated with the use of the «llb-specific monoclonal antibody B1B5.
examined in cells metabolically labeled witBS-methionine or P/S refers to a proline and serine swap at amino acid residues 144 and 145. (B)
: : ; ; COS-1 cells co-transfected with either wild-type allb or the indicated allbP14> mutants
surface-labeled witf?3. As shown in Figure 3A, except for lysine, i ol ) o
L . X X _ and B3. After the cells were labeled with 3°S-methionine, allbB3 was immunoprecipi-
none of the substitutions at position 145 impaiseid synthesis. In  tated with the p3-specific monoclonal antibody SSA6. The identity of B3 was
4 separate experiments, we were never able to detect a synthesigmed by immunoprecipitation of control platelets (Plt) surface-labeled with 121,
product with the P*K mutation. Moreover, as shownin Figure 3B,(Q Immunopr90|p|tat|on of allbB3 Wllth tlhe use of SSA6 from cells, cotransfectled
fth . for Ivsi ff d th bl with either wild-type allb or the indicated «llbP'45 mutants and B3, which
none of the mutations, except or lysine, a ected the assem va—: e surface-labeled with 125|. The data shown are representative of 3 separate

«llbB3 heterodimers. On the other hand, none of the immunopr&periments.
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chains occurd? Consistent with this interpretation, littiellb3 the presence of 1 mM RGDS or 1 mM EDTA, indicating that the
was detectable on the surface of these cells (Figure 3C). binding was specific fowllbB3, a conclusion consistent with the

To determine whether thellbP14>33 that was present on theinability of untransfected cells to bind fibrinogen. Thus, these
cell surface was able to interact with fibrinogen, we stablgxperiments indicate that not only does mutationcdfioP145A
expressedrlIbP45433 and wild-typeallbB3 in CHO cells. The attenuate the ability ofxllb3 to interact with immobilized
cells were then sorted by flow cytometry with the use of the g8ti- fibrinogen, but it abolishes the ability efllb3 to bind soluble
monoclonal antibody SSA6 to obtain populations of cells expresfibrinogen.
ing comparable levels of each integrin on their surface. Because ) )

SSAG6 can bind taxvB3, as well asallbp3, we confirmed that Effectof mutation of - allbPi* on elibp3-mediated

comparable levels of mutant and wild-typébp3 were expressed °utside-in signaling

on the surface of the sorted cells by also staining the cells with thgyand binding toallb B3 initiates intraplatelet signaling (outside-
allb-specific monoclonal antibody B1B5and the g3-specific in signaling), which can be mimicked by exposing platelets to the
monoclonal antibody PT25-Z. Figure 4A demonstrates thatpeptide LSARLAF (LSA)33440To determine whether thelbP145A
comparable amounts of each of 3 monoclonal antibodies boundnatation also perturbs the ability efilb3 to mediate outside-in
cells expressing mutant and wild-typdb 3. signaling, we exposed GW's platelets, normal platelets, and FLD’s

As shown in Figure 4B, cells expressing wild-typdlb3 platelets to LSA, as well as to the scrambled control peptide
readily adhered to immobilized fibrinogen, and adherence WBRALASL (FRA) and to TRAP, and measured platelet PF4
~2-fold greater following exposure of the cells to thélbB3- secretion. As shown in Table 1, TRAP-stimulated PF4 secretion
activating monoclonal antibody PT25-2. The presence of 1 miom GW's and FLD’s platelets were-60% that of normal
RGDS returned PT25-2-stimulated adhesion to nearly baseliigtelets. In comparison with TRAP, LSA stimulated 44%, 21%,
levels, whereas the presence of 1 mM ethylenediaminetetraaceiiel 4% as much PF4 from control, GW, and FLD platelets,
acid (EDTA) reduced the level of adhesion to that of nontransfectegspectively, whereas the amount of PF4 released from platelets
cells. By contrast, there was2.5-fold less spontaneous adhesiorxposed to FRA was no different from the amount released from
of cells expressingxlIbP14*33 to immobilized fibrinogen, and platelets incubated in the absence of peptide. When the secretion
there was little increase in adhesion following exposure of the celiaita were normalized for PF4 secretion in response to TRAP, the
to PT25-2. As in cells expressing wild-typélb3, adhesion was |SA-induced increments in secretion from control and GW
restored to baseline levels by 1 mM RGDS and nearly to the levslhtelets were nearly equal, suggesting that outside-in signaling
of untransfected cells by 1 mM EDTA. mediated by ligand binding tellbP145433 is essentially intact.

To examine whether mutation aflbP#%also affects the ability
of «llbB3 to bind soluble fibrinogen, CHO cells expressing
allbP#33 and wild-typeallbB3 were incubated with soluble Discussion
FITC-labeled fibrinogen in the absence or presence ofthe3-
activating monoclonal antibody PT25-2. FITC-fibrinogen bindingVe have identified mutations involving!4?f «llb that have
was then assessed by flow cytometry. In the absence of PT25a&5ulted in Glanzmann thrombasthenia in 3 separate kindreds.
neither cell line bound FITC-fibrinogen (data not shown). HowAffected members of a Mennonite family were homozygous for an
ever, as shown in Figure 5, whereas there was substantial PT25e2b P14 mutation, and the affected member of a Dutch family was
stimulated fibrinogen binding to cells expressing wild-ty 3, compound heterozygous for the same mutation. In addition, a
there was none to cells expressiatbP14>33. FITC-fibrinogen Chinese patient was compound heterozygous for an independent
binding to cells expressing wild-typellb3 was undetectable in mutation of the P*> codon, which has resulted in awlbP145t

Figure 4. Adhesion of CHO cells expressing
allbP145AB3 to immobilized fibrinogen.  (A) CHO cells
were co-transfected with either wild-type allb or allbP145A
(B) and B3. Untransfected cells (Un'Tx), cells expressing
25 —| wild-type «llbB3 (wild type), and cells expressing
allP145A83 (mutant) were sorted by flow cytometry with
20 the use of the anti-B3 monoclonal antibody SSA6. Compa-
rable expression of allbB3 on the transfected cells was
15— confirmed with the use of the anti-allb monoclonal anti-
body B1B5 and the anti-B3 monoclonal antibody PT25-2.
(B) Adhesion of untransfected CHO cells (open bars) and
CHO cells expressing comparable levels of either wild-
type allbB3 (shaded bars) or «llbP45A83 (solid bars) to
L immobilized fibrinogen was measured in the absence or
presence of the allbB3-activating B3-specific monoclonal
0 antibody PT25-2. Reduction of adhesion to baseline
d&* v e . levels by 1 mM EDTA indicates that adhesion to fibrino-

K & FP B> e i
NG 4‘& gen was integrin-specific. The data show the mean + SD
(ﬁ that was done in 3 separate runs.

10

% Cells Bound
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Figure 5. FITC-fibrinogen binding to CHO cells ex- alibp3 allbP145433
pressing «llbP145AB3, Untransfected CHO cells and CHO cells CHO cells CHO cells
CHO cells expressing comparable levels of either wild- . R
type allbp3 or mutant «llbP145433 were incubated with o803 e ;:z_ |
200 pg/mL FITC-fibrinogen in the absence or presence of ATC Fib: 4 :: "53: 07 '==‘: ::
the allbp3-activating B3-specific monoclonal antibody 8 :— ——— _J 82:- ’ :‘_ftjm, 8204
PT25-2. The amount of FITC-fibrinogen bound was then 10' g8 qet  10? 1ot b T FR  HR IR VIPREALGT s R T
determined by flow cytometry. Reduction of fibrinogen el Fluoreggenca Flucrescence
binding to baseline levels by 1 mM RGDS and 1 mM
EDTA indicates that the binding was «allbg3-specific. The i i i | )
gray bar indicates the location of the mean fluorescence u? :— ;:: 3 w80
intensity in the histograms of cells incubated with PT25-2. ATC Fib 500 E6O £
+RGDS: 301 g0l M, 3403 4: |
g | 820 N | ©z20
0 i iF3 13 (X1 [} S o i . 0 -y A vl .
" B Flnnr‘aoscan:; ’ ' 1’ 19 Fluorégzencs‘ ’ 1 1o’ EL Fhuor-lgnsn:,elu:eea "
1 : :_ 100 ioo
FATC Fib =, 807 - 803
+EDTA: Seo é‘f:_ f ‘E::_ g ‘
8z0] s o) Ed Y : | o
10° 1o’ 10° 100 10" "Ing ] T TgE o gl "‘_Dl T 10* 00 g g
Fluorescence Fluorescence Fluorescence 3
8
(o]
substitution. It is noteworthy that identical mutations were found in BecauseallbP4"33 was present at reduced levels on the %
the Mennonite and Dutch families because the Mennonites imnpitatelet surface of the affected Mennonite kindred, one might 2
grated to North America from the Netherlands, southern Germamkpect the platelets of these patients to bind comparable amounts of €
and Switzerland in the second half of the 18th century. Moreoverligand. However, there was negligible binding of t¢h 83 ligand 2]
family tree provided by the Mennonite family whose affecteshimetic monoclonal antibody PAC1 to phorbol myristate acetate— '§
members were homozygous indicated no consanguinity for at leggimulated GW and LW platelets. In addition, wheilbP145433 8
. . P . B o
5 generations, suggesting the possibility thattHb™***mutation  receptors were stably expressed in CHO cells, the cells were unable
. . . . . . g . . . . . 3
is resident at a low frequency in the Dutch/Mennonite populatiofs adhere to immobilized fibrinogen or bind soluble fibrinogen. &
Additional examples of resident mutations common to the Dutcfaken together, these observations suggest that besides influencingg

%

and Mennonite populations have been previously described {ferall allbp3 folding, P45 is either part of, or regulates the
other gene$! conformation of, its ligand-binding domain.

Mutation of P> is similar to the previously described point  The portion of allb that interacts with ligands has been
mutations and small deletions iallb that decreasedllbB3 |ocalized to the amino-terminal third of the molecéfté? but the
expression on the platelet surface by impairing the intracellulgpecific residues that define its ligand-binding domain are uncer-
transit of the complex:204243Thus, when a series afllb™*> iy previous studies have suggested that amino acids 294 through
mutants, including P*A, were transiently coexpressed in COS-114 in the vicinity of the putative second calcium-binding loop
cells with 33, there was no apparent effect @tib synthesis or on jnieract with the carboxyl terminus of the fibrinoggnchain®e
the assembly otllbp3 heterodimers. Nonetheless, litdelbB3  4jthough recent studies of mutations involving amino acids 183,
was transported to the cell surface, arth heavy chain was not 184, 189, 190, 191, 193, and 224 also suggest that these amino
detected in immunoprecipitates from metabolically labeled cell§.iqs interact withallbB3 ligandss1112 A mutation involving
Becauseallb is cleaved into heavy and light chains in theamino acid 183 (&%) is noteworthy because it occurred in a

_ i 9,44,45 i ili i ) .
Frzzjns GOlgk'] networl%,f mthbe |gab|||ty tgldgt.ect;clllb hea;llyfchlalcr; thrombasthenic patient whose platelets expressé@% of the
indicates that most of thellb3 assembled in these cells faile tonormal amount ofxllbB3 on their surfacé.Moreover, when the

pass through this compartment. Previous studies of retaiie@3 mutant was coexpressed wigs in CHO cells, the level ofllbB3

in the platelets of other patients with Glanzmann thrombasthe Qpression was-60% of normal. but the cells were unable to bind
have also found that thellb in the mutant complexes fails to PAC1 or adhere to immobilized’fibrinogen.

become resistant to the enzyme End&Hhese data imply that the Although mutation of P impaired ligand binding tallbB3
block inallb3 transport is proximal to the mid-Golgi stacks, mOSL . utant integrinIbP1454 retained the ability to generate ’the

likely at the level of the endoplasmic reticulum. Interestingly, theutside-in signals required for PF4 secretion when GW platelets

block in allb@3 transit was greatest in cells of human (platelets . ) .
and primate (COS) origin, whereas it was possible to select f?)/ere exposed to the LSA peptide. LSA was designed to bind to

CHO cells in which wild-typeallbB3 and allbPH4583 were allb residues 315 through 321 and following bindingcttib on

expressed at more comparable levels. This suggests that w%tel_ets, It mimics the e_ffects of strong platelet agonists by
ucing platelet aggregation and secrefibff. Thus, these data

quality-control function, at least with regard to abnormally folded"

P145 i i i
humanallbB3, is more rigorous for the former cells than for thes_ug_gest that althoughxllb_ 3 IS ungble t(_) |n_teract W'th
fibrinogen, presumably owing to disruption of its ligand-binding

20z aunr g0 uo 1senb Aq 4pd-081/2596G91/08 |/1/S6/4Pd-8l01IE)

latter. domain, the domain that binds LSA, presumably the fibrinogen
Table 1. PF4 releasate by platelet activation chain cross-linking site imlb, is intact and able to undergo the
Treatment conformational change responsible édth 33-mediated outside-in

Platelets TRAP LSA FRA No Peptide Slgnall.ng' . . . . . . .
Amino acid P*3is located immediately proximal to an invariant

Normal 100%* 440*009%  108+08%  11.4*0.9%  y-sybunit cysteine residueklb®49 and to a small loop formed by

ow 675=38%  211x16% 120=08%  7.3x26% g djsulfide bond between cysteine residues 146 and 169 that is

FLD 54.7 = 2.4% 3.7 £ 0.7% 3.1%0.6% 1.7 = 0.3%

present in all integrirx-subunits that do not contain an inserted
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domain (“I-domain”). (For review, see reference 48.) A homolobinds to B3. We and others have also described a number of
gous proline is also present in r@lb and ina2, a4, o5, av, and mutations in the amino-terminus efllb that produce Type |
a9, implying that a proline at this position is important for thehrombasthenia owing to the intracellular retention of misfolded
structural stability and/or function of these subunits. Prolinellbp3 heterodimer*26.4243However, when the location of these
contains a pyrrolidine ring that limits the number of its accessiblautations are projected on tigepropeller model, they are clus-
conformations. Thus, it is possible that an absence of flexibility tered on its under surface, a region proposed as being involved in
required to establish the correct conformation of this region @én binding, and away from the putative surface associated with
allb, perhaps by directing the formation of the disulfide bontigand binding?3
between &*6and C16° In summary, we have identified mutations @flb”'45in 3
Molecular modeling of the amino-terminal, ligand-bindingseparate Mennonite, Dutch, and Chinese families that reduce
region of integrina-subunits predicts that they are folded into allbp3 expression on the platelet surface. ThibP45A mutation
7-bladedB-propeller configuratiod? although there are as yet nowas also shown to substantially impair the ability «@ibp3 to
definitive data to support the mod&{*! The B-propeller model is interact with ligands. These studies not only indicate that the
shown in Figure 6, with the locations of4and otherllb point  presence of proline at position 145 is required for progHb
mutations that disrupt ligand binding édlb 33 superimposed. Itis folding; they also suggest that the integrity of the regionxtib
noteworthy that although these mutations span 80 amino aeiicompassing®®is required for fibrinogen binding tellb3.
residues in the lineaxllb sequence, they are juxtaposed in the
folded model on the upper surface of a single quadrant of the
propeller, suggesting that this regioncdfb constitutes a portion of Acknowledgments
the ligand-binding site onllbB3. Moreover, becausg3 residues
1-243 appear to be sufficient to form a heterodimer wittb and We thank Dr Y. lkeda at Keio University, Tokyo, for providing the
contain at least a portion of its ligand-binding sitét is conceiv- LIBS monoclonal antibody PT25-2. We thank Lesley Scudder and
able that the region ofllb encompassing ¥° is the region that Jihong Li for their expert technical assistance.

(A)

Figure 6. Location of the P 145in the B-propeller model
of the amino-terminus of an  allb -chain subunit. This
figure was adapted from that of Springer!® and shows
views of the allb amino-terminus looking down from the
top (A) and laterally (B). In the model, P15, indicated as
the blue circle numbered 1, is located at the transition
between the W2 loop and the W2 blade. A disulfide bond
between C46 and C169 is shown in red. Seven other
mutations that affect ligand binding to allb are shown as
purple (#2-7) and pink (#8) circles. The naturally occur-
ring mutation «llb 18P (#2) produces a phenotype similar
to allbP45A.6 The allbt183P and 5 of the other mutations
(G184A [#3], Y189A [#4], Y%A [#5], F19IA [#6], and G!%3A
[#7]) are present in the second surface loop of W3 and
the seventh mutation (D?24V [#8]) is found on the next
loop at the interface between W3 and W4.12 As best
appreciated from the lateral view shown in (B), these
mutations lie on the upper and outer side of the B-propel-
ler. The location of mutations that completely prevent
«llbB3 expression on the platelet surfacel#264445 are
indicated as green squares in the left side of the figure,
and can be seen to lie at the bottom and/or opposite side
of the propeller.

N-terminus
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REMINDER TO AUTHORS

A New Category in Blood: Brief Reports

Don’t forget the new category, Brief Reports. Short papers documenting either experimental
results or informative patient presentations will be considered for publication in this category.
Begin the Brief Report by documenting experimental results with a clear question in the
introduction and then present definitive proof in the body of the text. Keep Materials and
Methods succinct, using primarily on cited work, but sufficiently informative to allow
reproduction of the data. In the interest of conciseness, it is strongly recommended that
authors combine the Results and Discussion sections and do not repeat the introductory
comments. Brief Reports, including figures, tables, and references, should fit on two printed
pages. Therefore, when preparing your Brief Report, do not exceed 1200 words in the text,

150 words in the abstract, 2 figures/tables, and 25 references.
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