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HEMOSTASIS, THROMBOSIS, AND VASCULAR BIOLOGY

ERGIC-53 Gene Structure and Mutation Analysis in 19 Combined
Factors V and VIII Deficiency Families

By William C. Nichols, Valeri H. Terry, Matthew A. Wheatley, Angela Yang, Ariella Zivelin, Nicola Ciavarella,
Caterina Stefanile, Tadashi Matsushita, Hidehiko Saito, Norma B. de Bosch, Arlette Ruiz-Saez,
Argimiro Torres, Arthur R. Thompson, Donald I. Feinstein, Gilbert C. White, Claude Negrier,
Christine Vinciguerra, Melih Aktan, Randal J. Kaufman, David Ginsburg, and Uri Seligsohn

Combined factors V and VIII deficiency is an autosomal
recessive bleeding disorder associated with plasma levels of
coagulation factors V and VIII approximately 5% to 30% of
normal. The disease gene was recently identified as the
endoplasmic reticulum-Golgi intermediate compartment pro-
tein ERGIC-53 by positional cloning, with the detection of
two founder mutations in 10 Jewish families. To identify
mutations in additional families, the structure of the ER-
GIC-53 gene was determined by genomic polymerase chain
reaction (PCR) and sequence analysis of bacterial artificial
chromosome clones containing the ERGIC-53 gene. Nine-
teen additional families were analyzed by direct sequence

analysis of the entire coding region and the intron/exon
junctions. Seven novel mutations were identified in 10
families, with one additional family found to harbor one of
the two previously described mutations. All of the identified
mutations would be predicted to result in complete absence
of functional ERGIC-53 protein. In 8 of 19 families, no
mutation was identified. Genotyping data indicate that at
least two of these families are not linked to the ERGIC-53
locus. Taken together, these results suggest that a signifi-
cant subset of combined factors V and VIII deficiency is due
to mutation in one or more additional genes.

© 1999 by The American Society of Hematology.

OMBINED DEFICIENCY of coagulation factors V and VIl and other potential ERGIC-53—dependent proteins remain

VIIl is an autosomal recessive bleeding disorder with to be determined.
greater than 89 cases reported since the original description by We now report the gene structure for ERGIC-53, as well as
Oeri et al in 1954:5 Affected individuals present with a mutation analysis for an additional 19 combined factors V and
moderate bleeding tendency and plasma levels of factors V an¥f!ll deficiency families. Seven new mutations were identified
VIl (both antigen and activity) in the range of 5% to 30% of in 10 of 19 _fa_1mi|ies. In all except one of these fami!ies, the
normal. Combined factors V and VIII deficiency was initially 2ffected individual(s) was homozygous for the mutation. One

mapped to the long arm of chromosomes#Recent positional affected individual from a nonconsanguinfeous family .is a
cloning efforts identified the disease gene as ERGIC-53, compound heterozygote, although the mutation has been identi-

component of the endoplasmic reticulum (ER)-GoIgiintermedi-a}'ed on only one allele. All of the mutations would predict

ate compartment (ERGIC) of previously unknown function.
This latter report identified two different founder mutations: (1) From the Division of Human Genetics, Children's Hospital Medical
a G insertion in codon 30 resulting in a frameshift of the 510 Center, Cincinnati, OH; Howard Hughes Medical Institute and Depart-
amino acid protein product in all affected individuals from five ments of Medicine, Human Genetics, and Biological Chemistry, Univer-
Middle Eastern Jewish families and (2) a splice donor mutation

sity of Michigan, Ann Arbor, MI; Institute of Thrombosis and Haemosta-
o ; R . . ' sis, The Chaim Sheba Medical Center, Tel-Hashomer and Sackler
inintron 9 in all affected individuals from five Sephardic Jewish pacyity of Medicine, Tel Aviv, Israel; the Department of Blood
families. Immunofluorescence studies and Western analysigoagulation and Hemophilia Centre, University Hospital, Policlinico,
using Epstein-Barr virus (EBV)-immortalized B lymphocytes Bari, Italy; Aichi Blood Disease Research Foundation and The First
from affected individuals confirmed the absence of detectabldepartment of Internal Medicine, Nagoya University School of Medi-
ERGIC-53 antigen. cine, Nagoya, Japan; Centro Nacional de Hemofilia, Banco Municipal

. . . de Sangre, Caracas, Venezuela; the Puget Sound Blood Center and
Although the function of ERGIC-53 is unknown, itis a type 1 Department of Medicine, University of Washington, Seattle, WA; the

transmembrane protein with homology to leguminous IectinsDepartment of Medicine, University of Southern California School of
that exhibits mannose-selective and calcium-dependent bindingedicine, Los Angeles, CA; the Department of Medicine, University of
and has been hypothesized to play a role in the transport ofiorth Carolina, Chapel Hill, NC; Edouard Herriot University Hospital,
glycoproteins through the secretory pathwa¥f The demonstra-  Department of Hematology, Lyon, France; and the Department of
tion that its deficiency results in decreased plasma levels oF“gL”bar‘Lm:gigget';iizk;g ?ggg‘_’;‘i’;"etgigi’:‘la::r:‘g:r“i'3T“lrg§g'
Coagulatlor.l factors V and vill Suggest_s an_ lmportar'.lt role for Supported bypGrants N(’). HL3’9693 gnd HL57346 from, the National
ERGIC-53in ER to Golgi transport and implies the existence OfInstitutes of Health, Bethesda, MD. D.G. and R.J.K. are investigators of
cargo-specific pathways within the secretory system. Vollen+he Howard Hughes Medical Institute.
weider et al® have recently shown that mistargeting of  Address reprint requests to David Ginsburg, MD, 4520 MSRB |, 1150
ERGIC-53 to the ER impairs the secretion of the lysosomalW Medical Center Dr, Ann Arbor, Ml 48109-0650; e-mail: ginsburg@
enzyme cathepsin C, although transport of two other lysosoma#mich.edu. o _
enzymes and three post-Golgi membrane glycoproteins was The publication cgsts c_>f this article were defrayed in part by page
unaffected. These results suggested that the recycling o(fharge pfl.ymem' This am.de must therefore. be hereby mamr'.

; . tisement”in accordance with 18 U.S.C. section 1734 solely to indicate
ERGIC-53 between the ERGIC and ER is required for the,is tact.
intracellular transport of only a small subset of glycoproteins. © 1999 by The American Society of Hematology.
The common features shared between coagulation factors V and 0006-4971/99/9307-0026$3.00/0
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complete deficiency of a normal ERGIC-53 product. In addi- normal) and their unaffected parents and siblings (when available) from
tion, one of the families was shown to carry the Middle Eastern19 unrelated families were amplified by PCR. The entire coding region
Jewish founder mutatiohFailure to identify a mutation in eight of ERGIC-53 was amplified in multiple PCR reactions using 25 ng
families, taken together with clear evidence against linkage td37-> N9 for exon 8) of the appropriate primers as listed in Table 1.
the ERGIC-53 locus in two of these families, suggests that E{Exons 2 and 3 were amplified in a single PCR product as were exons 9

significant subset of combined factors V and VIII deficiency is and 10 using the forward primer for exon 2 or 9 and the reverse primer
. . . for exon 3 or 10. Only a portion of exon 13 through the stop codon was
due to mutations in one or more additional genes.

included in the amplification product. Cycling conditions were 1 minute

each of denaturation, annealing, and elongation for 35 cycles using an

MJ Research PTC-100 96V thermocycler (MJ Research). PCR products

ERGIC-53 Gene Structure were separated by electrophoresis through 4% agarose (3% Nusieve;
Polymerase chain reaction (PCR) and sequence analysis of bacteriaf MC Bioproducts, Rockland, ME, 1% BRL) to ensure presence of

artificial chromosomes and total human genomic DNEither 2 sufficient quantities for sequence analysis. PCR products were purified

nanograms of bacterial artificial chromosome (BAC) clones 293H21 orUSing the QIAquick PCR purification kit (QIAGEN, Santa Clarita, CA)

65B23 (Research Genetics, Huntsville, AL) purified as previously@nd eluted in 30 uL dpb. PCR products were sequenced on both

describefl or 20 ng of total human genomic DNA was amplified in a stran_ds, as described above, using the same primers as for the PCR

50-pL reaction containing 200 pmol/L each dNTP, 50 to 100 ng each'€actions.

primer, 1X PCR buffer (50 mmol/L KCI, 10 mmol/L Tris, pH 9.0, 1.5 Haplotype analysis. Haplotype analysis for short tandem repeat

mmol/L MgCl,, 0.01% gelatin, 0.1% Triton X-100), and Tag DNA markers flanking the ERGIC-53 gene was performed as previously

polymerase. PCR was performed for 35 cycles using an MJ Researcfiescribed. Haplotype analysis using ERGIC-53 intragenic polymor-

PTC-100 96V thermocycler (MJ Research, Watertown, MA). Forward Phisms was performed by PCR and sequence analysis as described

and reverse primers were synthesized from the ERGIC-53 cDNARPOVe.

sequence (GenBank X71661) and used in various combinations to

determine the location of introns. PCR products were separated by RESULTS

electrophoresis through agarose and visualized by ethidium bromide

staining. Any PCR product whose length was longer than that expecte@ERGIC-53 Gene Structure

for the cDNA was assumed to contain an intron and was subjected 10 14 qetermine the intron/exon boundaries of the ERGIC-53

DNA sequence analysis using the Thermo Sequenase radiolabellegene a combination of human dgenomic and BAC DNA PCR
terminator cycle sequencing kit (Amersham Life Science Products, ’ 9

Arlington Heights, IL). and _direct sequence analysis of BAC DNA was used. In
Direct sequence analysis of BACs 293H21 and 65BZ3ne micro- pre_V'_Ous studies to clone the combined factors V ar_‘d Vi
gram purified BAC DNA was directly sequenced using the Thermo deficiency gene, BAC clones 293H21 and 65B23, obtained by
Sequenase radiolabeled kit as above (Amersham Life Science Product§greening a human genomic DNA BAC library (Research
in a reaction containing the dITP nucleotide master mix and 20 ng ofGenetics), had been shown by Southern analysis to contain the
primer specific for the ERGIC-53 coding sequence. Numerous reactionfargest portions of the ERGIC-53 gene (data not shown) and
were performed, each with a different specific primer. Cycling condi- were therefore used in the PCR and direct sequencing studies.
tions were 35 cycles of denaturation at 94°C for 30 seconds, annealingg seen in Fig 1 and Table 1, the ERGIC-53 gene contains 13

Sequencing products were elecioporesed hrough standard 8% sequegiS /219G I Size f1om 59 bp (exon 7) to greater than 1,244
ing gels at 100 W. After electrophoresis, the gels were fixed, dried, an(?% (exon 13). Exon 13 encodes only amino acids 499-510 with

exposed to Kodak Biomax film (Eastman Kodak, Rochester, NY). the remaining greater than 1,200 bp Cor.respondlng tolthe 3
Mutation analysis in combined factors V and VIl deficiency patients.untranSIated sequence (UTR). The full size of theUdR is

Twenty-forty nanograms of genomic DNA, prepared as previously unk_nown, as no polyadenylation Sig_na| is present in the
described, from individuals affected with combined factors V and VIIl  available cDNA sequendé€ Exon 1 contains at least 21 bp of 5

deficiency (factors V and VIII antigen and activity levets30% of UTR, although the transcription start site has not been deter-

MATERIALS AND METHODS

* . *
ins G splice gt —» gc
ATG TGA
it 2 3 4 5 6 7 8 9 10 11 12 13
ins G cga —tga del TC del A
| R202X
atg — acg aaa —» taa
MIT K302X .
del C del 16bp 100 bp

Fig 1. Structure of the ERGIC-53 gene and mutations identified in combined factors V and VIII deficiency. Exons, indicated by rectangles, are
numbered from 1 to 13. The coding portion of the gene is shaded, with the open portions of exons 1 and 13 representing the 5 UTR and 3’ UTR,
respectively. The exons, as well as introns 2, 9, and 12, are shown to scale. The // in the remaining introns indicates that the size was not
determined. The locations of the two founder mutations identified in 10 Jewish families® are shown above (indicated by *), while the eight
mutations detected by sequence analysis in the 19 families of this study (see Table 2) are shown below the gene.
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MUTATIONS IN DEFICIENCY OF FACTORS V AND VI

Table 1. Location and Length of ERGIC-53 Exons and Sequences of
Primers Used to PCR Complete Coding Region of ERGIC-53 From

Genomic DNA
Exon

Exon Nucleotides* Length Primers

1 ?-235 235+ 5'-TCGCGTTCCAGAATCCAAG-3’
5'-TCAGCACACCAGGGTAGC-3'

2 236-390 155 5'-CAGTTTGGAAATGTACATTGAG-3’
5'-GGGAACAGTTAGAGGCTAG-3'

3 391-498 108 5'-CATGCCTCTAACTGTTCCC-3’
5’-CTCACAGCCTAACTCTGTTG-3'

4 499-560 62 5'-TGTAAGTCACTTCATAGTAC-3’
5'-CAATGTATTTCATAAGGATTCC-3'

5 561-660 100 5'-TGAAAAGCTGAGTGTCTTGT-3'
5'-GAAAAGTGATACTGTAACATTG-3’

6 661-784 124 5"-GAAACAAAACTGAATAGTAGTC-3'
5'-ACAAGTCTACATATCCCTAAvV

7 785-843 59 5'-AGAGTGCCATTGCCTTTACC-3’
5’-CAAACCTAAGTTAGTCTTCC-3’

8 844-976 132 5'-CATGTATAGAGATATCTTAATG-3'
5'-GTCCATGATCAACAGCCTC-3’

9 977-1170 194 5'-CACTTTGGTCACTTACGTTA-3’
5-TCTATGAGCACATAGTACAG-3’

10 1171-1241 71 5'-GGGAAGTAAAGAAGAAGGGC-3’
5"-AATCACATAACACACAAACG-3’

11 1242-1395 154 5'-GTGATTTTATTGTATCAAGAG-3’
5'-AGTATGAGTTCTTCCTTTCC-3'

12 1396-1517 122 5'-GGGGATAGAAGGTTTTCTGG-3'
5'-GAACATAGATAACTTAGTTG-3'

13 1518-? 1244+ 5'-CTGTTCATTTCAGTTCACAT-3’

5'-AATTCCCTCAAAACGACATC-3'

*Nucleotide numbers are based on the Genbank file X71661.
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respectively. PCR analysis indicates that intron 1 is approxi-
mately 4 kb in length. The sizes of the remaining introns were
not determined. All sequence data obtained to date have been
deposited in GenBank under accession numbers AF081865,
AF081866, AF081867, AF081868, AF081869, AF081870,
AF081871, AF081872, AF081873, AF081874, AF081875,
AF081876, AF081877, AF081878, AF081879, AF081880,
AF081881, AF081882, AF081883, AF081884, and AF081885.

Mutation Analysis in Combined Factors V and VIl
Deficiency Patients

We previously reported the identification of two founder
mutations in the ERGIC-53 gene in 10 Israeli families with
combined factors V and VIII deficienéyln the current study,
we have analyzed DNA samples from 19 additional unrelated
families/individuals with the disorder, including 7 families from
Italy, 4 from Venezuela, 3 from Japah3 from the United
States, and 1 each from France and Turkey. The entire coding
region of the ERGIC-53 gene and all intron/exon junctions were
sequenced in all affected individuals, as well as in selected
obligate carrier parents and unaffected siblings of the patients
when available (a total of 39 individuals).

Results of the sequence analysis are summarized in Table 2. A
total of eight different mutations were identified, accounting for
11 of 19 families. Seven of the eight mutations are either
nonsense or frameshift mutations resulting in a truncated
protein that would be predicted to lack normal ERGIC-53
function. All but one of the affected individuals is homozygous
for their respective mutations, consistent with a high frequency
of consanguinity in these families. The affected individual in
family 2 is heterozygous for the exon 3 frameshift mutation

mined and the existence of an additional upstream noncodingvith no candidate mutation detected on the other allele, either in

exon cannot be excluded.

the ERGIC-53 coding region or the sequences flanking the
Direct sequence analysis enabled the determination of thétron/exon junctions. The mutation detected in family 11, ins
size and full sequence for three introns. Introns 2, 9, and 12585-89, is the same mutation previously reported in five Middle
were completely sequenced (GenBank Accession numbergastern Jewish famili€sHaplotype analysis of DNA markers
AF081867, AF081880, and AF081885) and are 83, 132, 290 bpin this region demonstrated that the mutation in the affected

Table 2. ERGIC-53 Mutation Analysis in 19 Combined Factors V and VIII Deficiency Families

Family Country of Origin ERGIC-53 Gene Mutation* Amino Acid Substitution
1 Japan C604 — T, exon 5 Arg202 — stop
2 Japan del C422, exon 3t Frameshift at aa 141
3 Japan Unknown
4 Italy T2 — C,exon 1 Metl — Thr
5 Italy Unknown
6 Italy Unknown
7 Italy T2 — C,exon 1 Metl — Thr
8 Italy Unknown
9 Italy T2 — C,exon 1 Metl — Thr
10 Italy T2 — C,exon 1 Metl — Thr
11 Venezuela (Iranian Jewish) ins G85-89, exon 1 Frameshift at aa 31
12 Venezuela del A720-A735 (16 bp), exon 6 Frameshift at aa 240
13 Venezuela Unknown
14 Venezuela Unknown
15 France A904 — T, exon 8 Lys302 — stop
16 Turkey Unknown
17 United States (Armenian) del A1519-1524, exon 13 Frameshift at aa 508
18 United States del TC1109-1112, exon 9 Frameshift at aa 371
19 United States Unknown

*Nucleotide numbers are based on the Genbank file X71661 using the A (nucleotide 22) of the ATG initiatior methionine as +1.
tPatient is heterozygous for this mutation with no mutation detected on the other allele.
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Table 3. Polymorphisms of the ERGIC-53 Gene thymine at nucleotide 457, not the adenine reported in the
Location Polymorphism published cDNAS, resulting in a serine residue at position 153
Exon 1A G31— A, Argld — Gln in place of the reported threonin.e.. An iqdependently reported
Exon1-B  C116 — T, Val39 — Arg sequence for a mannose-specific lectin termed MRGS
Exon2 G351 — A, silent identical to ERGIC-53 except for the same serine for threonine
Intron4  del GT(+5 — +12) substitution at position 153. This suggests a sequencing or
Intron 6*  ins T in pyrimidine tract T;, at 3’ of intron (=10 — —21) cloning artifact in the original report, although a rare sequence
Intron 7*  ins TGGT(+40) variant in the source of the cDNA library cannot be excluded.
Exon 8 C936 — T, silent
Exon1l  Al228 —T, Met410 — Leu Haplotype Analysis in ERGIC-53 Mutation—Negative Families

Intron11 C(+14)—T

Shown in Fig 2 is haplotype analysis for two of the eight
families in our study for which no mutation was detected in the
entire ERGIC-53 coding sequence or intron sequences flanking
the intron/exon junctions. The affected siblings in family 16
inherited different ERGIC-53 alleles from their parents, indicat-
ing lack of linkage to the ERGIC-53 gene. The parents of the
affected individual in family 13 are first cousins, making it

seven ltalian families in our patient cohort (Table 2). The likely that the patient is homozygous for the same mutant allele

affected individuals in these four families were homozygous for'nhemed from the carrier parents. However, the patlgnt IS
the only missense mutation observed in our study. This resuItEEterozygous for four short tandem repeat markers flanking the

in the substitution of threonine for the initiator methionine. The ER_GIC'53 gene, as v_veII_ as five of six mt_ragenlc polymor-
next methionine codon is not encountered until exon 2 and isphlsms. These results indicate that the mutations responsible for
out of frame. This mutation should thus result in the completecombin,ed faCt(,JrS V gnd VIl deficiency in these two families
absence of ERGIC-53 expression in these patients. In all four oft"® Unlikely to lie within or near the ERGIC-53 gene.
the families, the mutation is carried on a shared haplotype, again
suggesting a founder effect. DISCUSSION
A number of additional sequence differences also detected in We report the identification of seven novel mutations in the
the ERGIC-53 gene were identified as likely polymorphisms orERGIC-53 gene in patients with combined factors V and VIII
rare sequence variants (Table 3). Most of these changes wedgeficiency. Mutations were identified in 11 of 19 families
observed in numerous unrelated families and are likely tostudied. One founder mutation, by virtue of haplotype analysis,
represent common polymorphisms. The intron 6 polymorphismwas identified in four of seven Italian families. All patients,
appears to be in complete linkage disequilibrium with the intronexcept one, are homozygous for the respective mutation,
7 polymorphism; that is, the two polymorphisms are alwaysconsistent with the high frequency of consanguinity in these
inherited together with no individual identified to carry only families. The large number of families reported here and in the
one. accompanying repdit suggests that combined factors V and
Of note, all chromosomes sequenced to date contain &IIl deficiency may be considerably more frequent than

*These two intron polymorphisms are in complete linkage disequi-
librium.

individual in this family, also of Middle Eastern Jewish origin
(Iranian-Jewish) is carried on the same haplotygensistent
with a common origin (data not shown).

A single, common mutation was identified in four of the

Family 13

Fig 2. Haplotype analysis for D—_—O

two families in which no

ERGIC-53 mutation was de- D18s5849 286]2921276|286
tected. Affected individuals D18S1144 16911691 1691167
. X DI8SI1155 196] 198204198
(shaded) in family 16, shown at Familv 16 D18S64 192 198 200|192
the left, were determined to dif- Y Exon 1-B +f - +|+
fer at five ERGIC-53 intragenic D=O Exon 2 +|+ oy
polymorphisms (Table 3). The + Intron 4 -+ +(+
indicates the presence of the Intron 6 H - +|+
more common sequence, while Intron 7 - M
the — indicates the presence of D Exon 11 + -t

the polymorphism or rare se-
quence variant. Individuals in Exon 1-B +/- +
family 13, shown at the right, Intron4 +/- +H+ | |

were genotyped for four short  Intron 6 +- +/+
tandem repeat polymorphisms  ntron 7 e 4 DI18S849 276|292 286(292 286|292
flanking the ERGIC-53 gene.%? -~ DI8S1144 167[169 167|169 167{169
" Exonll o DI8SI155 204|198 198[198 198|198
Numbers represent basepair DI8S64 200|198 192|198 192|198
length of the PCR products gen- Exon 1-B - ND ND
erated with primers flanking the Exon 2 _ |+ ND ND
repeat sequence. Both parents Intron 4 +|+ ND ND
and the affected individuals were Intron 6 + - ND ND
also typed for six intragenic poly- Intron 7 + - ND ND

morphisms (Table 3). Exon 11 + ND ND
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originally suspected. However, consistent with previous re- Although all 10 Middle Eastern and Sephardic Jewish
portsZ> the majority of families in both studies are of Mediter- families in our original report had an identifiable mutation, this
ranean/Middle Eastern origin. Taken together with the evidenceesult was biased by the finding of two founder mutations
for a founder effect among Middle Eastern Jéwand this  accounting for all patients in this restricted populatiom
study), Sephardic Jewsltalians (this study), Iraniar'$,and  contrast, no ERGIC-53 mutation was detected in 8 of 19
Pakistanid? these data suggest the possibility of a specificfamilies in the current study. Taken together with our previous
positive selection for heterozygotes among individuals in thesestudy of 10 Israeli families, we have failed to find a mutation in
geographic areas, perhaps resistance to a regional infectiowpproximately 30% (8 of 29) of the families studied. These
pathogen, as has been elegantly demonstrated for the hemogli@tter results are similar to those of Neerman-Arbez étaho
binopathieg? were unable to detect a mutation in nine of 35 families.

ERGIC-53 is a type 1 transmembrane protein that constituMutations in portions of the ERGIC-53 gene that were not
tively recycles between the ER, the ERGIC, aiglGolgil01416  sequenced, such as upstream regulatory regions/TR, or
The recent identification of ERGIC-53 as the gene responsibléntron sequences could account for these patients, although
for combined factors V and VIII deficiency provided the first mutations of this type are generally infrequent in other genetic
direct evidence that this protein might function as a sortingdisorders. However, a hot spot for recurrent mutation, as results
receptor in the ER for a specific subset of secretory profeins.in the common FVIII gene inversion in hemophilia A, could
The C-terminal sequence of ERGIC-53 (507LysLysPhePhe510§ccount for this observatici The affected individual in family
contains a dilysine ER retrieval sigrfdlKappeler et & have  two, for whom the mutation on only one allele was identified, is
demonstrated by site directed mutagenesis that the two termin&nost likely explained as a compound heterozygote with an
phenylalanine residues are required for exit of ERGIC-53 fromundetected mutation in the other allele of ERGIC-53. This
the ER. These signals also cooperate with lumenal and transmerRatient's plasma levels of factors V and VIII (12% FV, 14%
brane domains in the normal intracellular trafficking of ERGIC- FVIII) 17 are similar to those of other combined factors V and
53. \ollenweider et &P recently studied a recombinant mutant VIII deficiency patients, offering no particular insight into the
ERGIC-53 in which AlaAla had replaced the diphenylalanine Nature of the second, undetected mutation.
motif. This mutant was prevented from recycling and accumu- Our data for lack of linkage to ERGIC-53 in two mutation-
lated in the ER, exerting a dominant-negative effect on thehegative families (Fig 2) provide compelling evidence that the
endogenous normal ERGIC-53. Aselective delay in secretion ofombined factors V and VIl deficiency in at least a subset of
the lysosomal protein cathepsin C was observed, consistertfese patients is due to mutations in another gene. Consistent
with the proposed role of ERGIC-53 as a specific sortingWith this hypothesis, Neerman-Arbez et‘abbserved appar-
receptor. The absence of any other apparent disease phenotyp8tly normal levels of ERGIC-53 by Western analysis of cell
in combined factors V and VIII deficiency patients, outside of extracts from EBV-immortalized B lymphocytes in two of three
the bleeding disorder, suggests that the defect in the targeting dgmilies for which no ERGIC-53 mutation was detected by
cathepsin C or other similar proteins may be too subtle toSingle-strand conformation polymorphism and sequence analy-
produce a significant functional abnormality. sis. Taken together with our linkage findings, th(_age data strongly

All eight mutations reported here result in premature termina-Suggest the presence of at least one additional locus for
tion or truncation removing the LysLysPhePhe motif. The mostcombined factors V and Vil deficiency. No phenotypic differ-
distal of these mutations, a one base deletion in exon 13, resul@ces are discernible between affected individuals for whom an
in a frameshift at amino acid 508 (Table 2, family 17). This ERC_B_IC-53 mutation _has been detected a_nd mutation-negative
mutation substitutes LysAsnSerPhe for the LysLysPhePhe mdfamilies or the specific _su_bset demonstrating lack of linkage to
tif, followed by 14 additional amino acids before the next stop the ERGIC-53 locus. Itis likely that the gene(s) encoded by this
codon. Despite the presence of greater than 99% (507 of 51@Iternat|\(e locus also functions in the sgcret(_)ry pathway for
amino acids) of the ERGIC-53 protein, the predicted protein, ifcoagulation factors VV and VIII, perhaps acting dl_r(_actly upstream
stably folded and able to exit the ER, lacks the critical dilysine O downstream of ERGIC-53. The future identification of this
ER retention sign&? and would likely be constitutively se- alternative gene(s) is likely to shed important light on the
creted from the cell. In addition to deleting the KKFF motif, all Piological function of this unique cargo-specific ER to Golgi
of the other identified mutations also remove the transmem{ransport pathway.
brane domain and cytoplasmic dom&in.

Only one missense mutation has been identified to date in the
ERGIC-53 gene in patients with combined factors V and VIiI We are indebted to the families who donated samples for this study
deficiency. Detected in 4 of 7 Italian families included in the and to Dr Tadashi Kamiya for assistance with the Japanese families.
stud_y,_ t_hls single _nuc_:leotu_je changg results in the substltl_Jtlo_n of REFERENCES
the initiator methionine with threonine. As the next methionine ) ]
codon is not encountered until exon 2 and it is out of frame, no - O€riJ. Matter M, Isenschmid H, Hauser F, Koller F: Angeborener
functional ERGIC-53 would be predicted in these patients. Thi mangel an faktor V (parahaemophilie) verbunden mit echter haemophi-

. - o ) sIieA bein zwei brudern. Med Probl Paediatr 1:575, 1954
same mutation was identified by Neerman-Arbez ¥tial2 of 8 2. Seligsohn U: Combined factor V and factor VIII deficiency, in

Italian families in their study of 35 families. The finding of only - geghatchian J, Savidge GT (eds): Factor Vill-Von Willebrand Factor.
mutations that are completely inactivating suggests that eveoca Raton, FL, CRC, 1989, p 89
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