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Missense mutations in the humgrfibrinogen gene cause congenital

afibrinogenemia by impairing fibrinogen secretion

Stefano Duga, Rosanna Asselta, Elena Santagostino, Sirous Zeinali, Tatjana Simonic, Massimo Malcovati,
Pier Mannuccio Mannucci, and Maria Luisa Tenchini

Congenital afibrinogenemia is a rare auto-
somal recessive disorder characterized
by bleeding that varies from mild to
severe and by complete absence or
extremely low levels of plasma and plate-
let fibrinogen. Although several muta-
tions in the fibrinogen genes associated

with dysfibrinogenemia and hypofibrino-

genemia have been described, the ge-
netic defects of congenital afibrinogen-

emia are largely unknown, except for a

deletion of a fibrinogen gene are likely to
exist because patients with afibrinogen-
emia showing no gross alteration within
the fibrinogen cluster have been re-
ported. We tested this hypothesis by
studying the affected members of two
families, one Italian and one Iranian, who
had no evidence of large deletions in the
fibrinogen genes. Sequencing of the fi-
brinogen genes in the 2 probands de-
tected 2 different homozygous missense

respectively. Transient transfection ex-
periments with plasmids expressing wild-
type and mutant fibrinogens demon-
strated that the presence of either
mutation was sufficient to abolish fibrino-
gen secretion. These findings demon-
strated that missense mutations in the B
fibrinogen gene could cause congenital
afibrinogenemia by impairing fibrinogen
secretion. (Blood. 2000;95:1336-1341)

mutations in exons 7 and 8 of the
Bp-chain gene, leading to amino acid
substitutions Leu353Arg and Gly400Asp,

recently reported 11-kb deletion of the
fibrinogen A a-chain gene. Nevertheless,

mutation mechanisms other than the © 2000 by The American Society of Hematology

Introduction

Fibrinogen is a 340-kd glycoprotein synthesized primarily bgfter trauma and surgery are relatively frequehtlowever, the
hepatocytes and secreted as a hexamer composed of 3 pairgis#ase usually can be controlled by fibrinogen replacement therapy.
polypeptide chains (4, BB, and-) (for review, seé). It has a Although several missense mutations in the 3 fibrinogen genes
trinodular structure with a central nodule (E-domain) that contaifave been identified as the cause of dysfibrinogenemia, hypofi-
the N-terminus of each chain and 2 lateral globular domaininogenemia, or both,congenital afibrinogenemia, originally
(D-domains) that contain the C-terminus g8 Bandy-chains. The gescribed in 192¢? has been associated only with a recently
E-domain is linked to the 2 D-domains by a coiled-coll triple he“’feported homozygous 11-kb deletion of thev-Bhain genél
structure? The 3 chains are encoded by different genes, clusteredify ey er, the existence of different genetic alterations in inherited

a retgl_on ?f a_pp;]omma:ely_ 58 ktf) on phrcitr?o_somle s?EﬁJJrl_nogle? \?Jibrinogenemia was suggested by a previous study on 2 patients
participales in hemostasis by forming the Insoluble Mbrin clot angy,, afibrinogenemia who had no gross alterations within the

medlgtlng platelgt aggregatidrMoreover, f|br|nogep IS a class fibrinogen cluster as revealed by Southern blot anakysis.
protein involved in the acute phase response to injury and stress . . . o . .
In this study 2 patients with afibrinogenemia, an Italian and an

(for review, sed). . hthe offspri f . b fi )
Congenital fibrinogen disorders include afibrinogenemia, hypH—""man’eaC the offspring of a marriage between first cousins, were

fibrinogenemia, and dysfibrinogenemia, characterized by the comddied. Both had plasma fibrinogen levels that could not be
plete absence or extremely low levels of plasma fibrinogen, Weasured by functional assay, but extremely low levels (between
reduced amounts of plasma fibrinogen, or by the presence bP5% and 0.5% of the average normal value) were detected by
dysfunctional fibrinogen molecules, respectively. Congenital af"Zyme immunoassay. Two different homozygous missense muta-
brinogenemia (MIM 202 400) is a rare autosomal recessive diséons (Leu353Arg and Gly400Asp), neither of which has yet been
der with a high rate of consanguinity within affected families, and flescribed, were identified in exons 7 and 8 of the fibrinogen
is characterized by bleeding manifestations that often start at biBf-chain gene. In vitro expression of the mutant proteins demon-
with uncontrolled umbilical cord hemorrhages. Bleeding fronstrated that each mutation abolished fibrinogen secretion, thus causing
mucosal membranes, hematomas, hemarthroses, and hemorrhtéigesxtremely reduced fibrinogen levels observed in the patients.
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Table 1. Oligonucleotide primers used in ASO hybridizations
and in site-directed mutagenesis

Methods
Location
Materials ) N (FGB
Primer Sequence Position* exon)

Full-length Ax, BB and vy cDNA, cloned in the expression vector FGB-L353t 5' TAATGCCCTCATGGATG 3 7148-7164 7
pRSV-Neo, were kind gifts of Dr C. M. Redman (Lindsley F. Kimba1IIFGB_R353Jr 5’ TAATGCCCGCATGGATG 3 7148-7164 7
Research Institute, New York Blood Center, New York, NY). Rabbit .z 400t 5 AGACGGTGGTGGATGET 3 7007-7923 8
polyclonal antibodies to human fibrinogen were from DAKO (CopenhageEGB_mooJr 5' AGACGGTGATGGATGGT 3 7007-7923 8
Denmark). Oligonucleotides were purchased from Life Technologiq_gsﬁR_Fi 5' CCGGTAATGCCCGCATGGATGGAGC Bl44-7168 7
(Inchinnan, Paisley, UK). L353R-Rt 5’ GCTCCATCCATGCGGGCATTACCGG 3168-7144 7

) G400D-F¥ 5' AAGAAGACGGTGATGGATGGTGGTA 3903-7927 8
Coagulation tests

G400D-R¥ 5 TACCACCATCCATCACCGTCTTCTT 37927-7903 8
Fibrinogen was measured in plasma by a functional assay based on fibrin ] ) )
N . . . . R . *Numbering according to Genbank accession number M64983.

polymerization time using a commercial kit (Laboratoire Stago, Asnieres, tProbes used for ASO hybridization
France), and it was measured in plasma and washed platelets by enzyme.gjigonucieotides used for site-directed mutagenesis.
immunoassaj’ The sensitivity of the functional assay was 5 mg/dL and  FGB, fibrinogen Bg-chain gene.
that of the immunoassay was 0.02 mg/dL.
DNA extraction glutamine (1%) were added to the media. Cells were grown at 37°C in a

humidified atmosphere of 5% G@nd 95% air. Using CELL FECTIN (Life
All examined subjects signed informed consent. Genomic DNA wagechnologies), semiconfluent COS-1 cells were transfected with equimolar
extracted from blood samples using the Nucleon BACCL1 kit (Amershagimounts (5 ug each) pRSV-NeaxApRSV-Neoy, and pRSV-Neo-B
Pharmacia Biotech, Uppsala, Sweden). plasmids, the latter either wild-type or mutant. Thirty-six hours after
transfection, the cells were labeled by incubating each 100-mm dish for 3
hours with 5 mL methionine- and cysteine-free DMEM (ICN Biomedicals,
The polymorphic locus used for linkage analysis was the tetranucleotitiih Wycombe, Berks, UK) supplemented with 150 pg#°S] methionine
repeat FGA-i3, located in intron 3 of the fibrinogeruhain gend4 and 60 LCiL-[*S] cysteine (Amersham Pharmacia Biotech), with 10%
Polymerase chain reaction (PCR) was performed on genomic DNA undd@lyzed fetal calf serum, 0.1 mg/mL heparin, and 1% glutamine. In
standard conditions, and amplified products were separated using PAfSe-chase experiments, cells were pulse labeled for 3 hours as described
automated 370A DNA sequencer (PE Biosystems, Foster City, cAjPove and then chase incubated for various periods of time (30, 90, 180
Genotyping was performed using the Genescan 3.1 software (PE giinutes) with_ fresh medium containing 10 mmol/L methionine and 10
systems) and the LINKAGE package was used for linkage andfysismmol/L cysteine.
The average maximum expected LOD score was calculated using the
SIMULATE softwarel6 Immunoprecipitation and sodium dodecyl sulphate—

polyacrylamide gel electrophoresis

Linkage analysis

Sequence analysis
After metabolic labeling, culture media were collected and a protease

DNA sequencing was performed on both strands, either directly GRhibitor mixture was added (Complete; Roche, Basel, Switzerland). Five
purified-PCR products or on plasmids using Trae| dye-deoxy terminator - mjjjiliters medium from each plate was centrifuged to remove cell debris
method and an automated 370A DNA sequencer (PE Biosystems). Afld concentrated using a Centricon Plus-20 column (Millipore, Bedford,
primers used for sequencing were designed on the basis of know). Cells were washed 3 times with prechilled phosphate-buffered saline
sequences of the fibrinogen genes and intergenic regions (Genbgpks) and lysed for 1 hour on ice with lysis buffer containing PBS, 1%
accession numbers M64 982, M64 983, M10 014, and U36 478). Factifgon X-100, and the protease inhibitor mixture. Cell lysates were
and Sequence Navigator software packages (PE Biosystems) were usedd@frifuged to remove cell debris. Rabbit antihuman fibrinogen antibodies,
mutation detection. preadsorbed with protein G-Sepharose (Sigma Chemical, St. Louis, MO) at
room temperature for 3 hours, were added to cell lysates and media and
incubated for 4 hours on ice. Pellets were collected by centrifugation for 3
20 ng PCR products, corresponding to regions in exon 7 or 8 of tieinutes and washed 3 times with lysis buffer. The immunoprecipitated
fibrinogen B3-chain gene, were blotted onto nylon membranes (Amershafioteins were released from protein G-Sepharose by boiling for 5 minutes
Pharmacia Biotech) and hybridizecB#-labeled allele-specific oligonucleo- in sodium dodecyl sulphate—polyacrylamide gel electrophoresis (SDS-

tides (ASO) according to standard procedufewVild-type and mutant PAGE) loading buffer. Samples were analyzed by SDS-PAGE according to
probes are listed in Table 1. Laemmii® and were detected by autoradiography or by a STORM

Phosphorimager (Molecular Dynamics, Sunnyvale, CA).

Allele-specific oligonucleotide hybridization

Site-directed mutagenesis

Leu353Arg and Gly400Asp mutations were introduced in the pRSV-

Neo-BB plasmid by the Quick-change site-directed mutagenesis kit (Stra®esy|ts
gene, La Jolla, CA), according to the manufacturer’s instructions, using the
oligonucleotides L353R-F, L353R-R, and G400D-F, and the oligonucle@tient data

tide G400D-R, respectively (Table 1). . )
The proband of the lItalian family was a 17-year old boy whose

Cell cultures, transfections, and metabolic labeling parents were first cousins (Figure 1A). The diagnosis of afibrinogen-

The human hepatoma cell line HepG2 was cultured in Dulbecco’s modifi&n'a was made at birth because the patient had life-threatening

Eagle’s medium (DMEM) and Ham's F12 media (L1, volivol), SUIOplebleeding from the umbilical cord, which rendered necessary

mented with 10% fetal calf serum. The African green monkey kidney cdfansfusion with whole blood and fibrinogen concentrates. After
line COS-1 was cultured in DMEM containing 10% fetal calf serumthat he had relatively mild symptoms, such as epistaxis and
Antibiotics (100 1U/mL penicillin and 100 pg/mL streptomycin) andposttraumatic muscle hematomas. His parents, sister, and other
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A B Mutational analysis
' CRE - T The absence of gross deletions in the fibrinogen cluster has been
L AP I P e o ) S e N verified by Southern blot analysis and by long PCR amplification of
R P e S e R 2 R each fibrinogen gene (data not shown). To verify whether the
’.::f I fibrinogen cluster was still a candidate for mutation screening,
" LA LdLda -'liT?FZ; sl linkage analysis using the tetranucleotide repeat FGA-i3 marker
e 47 130 located within the A-chain gene was performed in the Italian

family. Evaluation of plasma levels of functional fibrinogen

allowed us to classify phenotypically the 9 available members of
this family as homozygous normal (more than 160 mg/dL) or
heterozygous (less than 160 mg/dL) (Figure 1A). Linkage analysis

LM 3 b B @ Aeced @ @ Helerozygote resulted in an LOD score of 2.02@&t= 0. This LOD score, close to
(== Consanguinecus marrage Deceassd 0 Mot analyzad .
3 the average maximum expected LOD score of 2.37 calculated for
Figure 1. Family pedigrees of the 2 probands with congenital afibrinogenemia this pedigree, suggested the existence of linkage to the fibrinogen

analyzed in this study. (A) Pedigree of the ltalian and (B) of the Iranian family. = o ,ster Because of the small number of available members, the
Plasma functional fibrinogen levels (mg/dL), immunoreactive fibrinogen levels (mg/

dL), intraplatelet levels (jig/L0° platelets) and haplotypes of the FGA-3 tetranucleo-  If@Nian pedigree could not be considered for this analysis. The
tide repeat marker (alleles numbered from the largest to the smallest) are indicatedin - proband received the same FGA-i3 allele from both parents, as
this order below each symbol. Arrows indicate the probands. nd, not done. expected for the affected offspring ofa consanguineous marriage
(Figure 1B).
family members available for study were asymptomatic. In the On the basis of these results in each proband, the entire coding
proband, plasma fibrinogen levels could not be measured Fgion was sequenced, including exon-intron boundaries and
functional assay (less than 5 mg/dL; normal range, 160-4@®Proximately 300 bp of the promoter region of each fibrinogen
mg/dL), and they were found to be very low by enzyme immunoag€ne- In the ltalian proband, a single homozygous T-G transversion
say (0.13 mg/dL; normal range, 160-400 mg/dL). Platelet levels ¥&s found in exon 7 of the fibrinogengEchain gene at position
immunoreactive fibrinogen were also very low (0:85.0° plate- 7156 (numbering according to Genbank accession number M64983)
lets; normal range, 60-190 pgPlplatelets). His parents and sisteFigure 2A). This resulted in a missense mutation leading to a
had approximately half the normal levels of plasma fibrinogen ak@u-Arg substitution at position 353 (L353R). The proband’s
normal intraplatelet levels. parents were heterozygous for the mutation (Figure 2A). All
The proband of the Iranian family (Figure 1B) was a 24-yea@vailable family members were tested for the mutation by dot blot
old man, also born of a consanguineous marriage. He bled at bifbridization with ASO probes. Besides the proband’s parents, the
from the umbilical cord and later during circumcision, and he wa®utation was present in the heterozygous state in the proband's
treated with whole blood and fresh-frozen plasma on both occgrandmother and in phenotypically heterozygous relatives (Figure
sions. Subsequently, he suffered repeatedly from muscle hemaB). Two hundred aploid genomes from unrelated persons in a
mas and hemarthroses that occurred spontaneously or after mimaithern Italian control population were also analyzed, and the
trauma. His parents, 2 brothers, and 2 sisters were asymptomaticitation was absent. In the Iranian proband, a single G-A
and there was no history of bleeding in the other family membeh®mozygous transition at position 7915 was identified in exon 8 of
not investigated. In the proband, fibrinogen could not be measuridég fibrinogen B-chain gene, replacing glycine with aspartate at
by functional assay, and very low values (1.6 mg/dL) were detectpdsition 400 (G400D) (Figure 2C). This mutation was also present
by the more sensitive immunoassay. His father’s plasma fibrinogimthe heterozygous state in the proband’s parents (Figure 2C), but
level was half the normal level, and his mother had a low borderlim®t in 200 unrelated Iranian aploid control genomes. Both amino
level of functional plasma fibrinogen and a normal level oé&cid substitutions are nonconservative and reside in the C-terminal
immunoreactive fibrinogen. Platelet samples could not be obtaingtbbular portion of the B-chain.

L353R

G400D
TGCCCKCATEGA ¢

wz C6 6T6 RTGE & ATG

NN AN,
J C6 6T 6 RTSBE ATSE

| I ¢
s \f ,4\/\ / wildlypeprobe@ ———— \1\/\/\"/\/7 /\/\"’M\/ .

TBECCECKCATEG A

TGCCCEE“TEE“( mutantprobe. - v C 66T EATGE B ATE
. — | N
! W we DO\
w1 /Y 1/ \ exon 8, FGB

exon 7, FGB

Figure 2. L353R and G400D mutations. (A) Electropherograms showing the mutation identified in the Italian proband with afibrinogenemia. The T-G transversion leading to
the L353R mutation, indicated by an arrow, was present in the heterozygous state in both parents. (B) ASO hybridization showing cosegregation of the L353R mutation and
clinical phenotype in the Italian kindred. Family members were phenotypically classified as homozygous normal or heterozygote on the basis of plasma fibrinogen levels.
Individuals within the pedigree are positioned above the corresponding lanes. Wild-type (FGB-L353) and mutant (FGB-R353) probes are listed in Table 1. (C)
Electropherograms showing the mutation identified in the Iranian proband with afibrinogenemia. The G-A transition leading to the G400D mutation, indicated by an arrow, was
present in the heterozygous state in both parents. Family members are labeled as in Figure 1. FGB, fibrinogen BB-chain gene; K, G or T nucleotide; R, A or G nucleotide.
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In vitro protein expression A INTRACELLULAR

To determine whether the L353R and G400D mutations affec ‘ Cos -1

fibrinogen assembly or secretion, mutant proteins were transientl B, - °
expressed in COS-1 cells that do not express fibrinogen. The |- P . A“'Bmssg'y‘ AcBpGA00D-y 5

point mutations were independently introduced by site-directec
mutagenesis in a Bchain expression plasmid (pRSV-Ne@B°

and checked by sequencing. Each mutated plasmid was transien
cotransfected in COS-1 cells, together with plasmids pRSV-
Neo-Ax and pRSV-Neoy expressing the wild-type & and -
vy-chains, respectiveRf. Transfections with equal amounts of
wild-type and each of the mutatedBhain cDNA were also
performed, to mimic the heterozygous state. Transfected cellswelchase o o 30 9 180 0 30 90 180 0 30 90 180 ©

incubated with_-[3°S] methionine and-[3°S] cysteine. Fibrinogen (min)
expression was analyzed by immunoprecipitation using polyclona

antihuman fibrinogen antibodies and protein G-Sepharose and the B SECRETED
by SDS-PAGE.

Cos -1

After SDS-PAGE under nonreducing conditions, a specific
fibrinogen band was observed in cell lysates and culture media ¢
COS-1 cells transfected with plasmids containing wild-type fibrino-
gen cDNA (Figures 3A, 3B). The same band was also observed i
untransfected control fibrinogen-expressing HepG2 cells (Figure
3A, 3B). By contrast, in cells transfected with plasmids expressinc
L353R or G400D B-chains, hexameric fibrinogen was detectable
only in cell lysates (Figure 3A) but was undetectable in the
corresponding culture media (Figure 3B). Cotransfection of wild- -
type and each of the mutate@@&hain cDNA restored fibrinogen
secretion to the medium (Figure 3B). Mock-transfected (pUC18)
COS-1 cells showed only background bands in cell lysate ant
medium (Figures 3A, 3B). Inmunoprecipitated proteins from the Chase
same culture media as in Figure 3B were also separated ¢ (min)

SDS-PAGE under reducing conditions. The expected pattern Fifure 4. Intracellular retention of L353R and G400D mutant fibrinogens. COS-1

. . - .. r i 0 _[35 ioni _[35 i

Aq, BB andy-chalns was observed in flbrlnogen-contalnlng med%“s wgre mcubateq with L-[33S] meth|on_|ne-and L-[*5S] cyst.elne for3 _hours aqd then
. chase incubated with 10 mmol/L L-methionine and L-cysteine for various periods of
(Flgure 3C)' o time up to 3 hours. At the specified chase periods (0, 30, 90, and 180 minutes),
To evaluate whether the observed absence of mutant fibrinogefgactive fibrinogen was immunoprecipitated from cell lysates and from the

in culture media resulted from an impairment of ﬁbrinogeﬁorresponding culture media, as described in “Materials and Methods.” Intracellular
ti f . dint ul t llular d ({ﬁ) and secreted (B) immunoprecipitable proteins were separated by 4% SDS-PAGE
secretion or from Increased Intracellular or extracellular degra der nonreducing conditions. The arrowheads indicate the 340-kd fibrinogen

tion, a pulse-chase experiment was performed. Transfected CO&mlplex. Intracellular and secreted fibrinogen at the end of the pulse period from

cells were labeled for 3 hours with[3°S] methionine and-[35S] control HepG2 cells was also analyzed. In both panels, pUC18 lane contains

cysteine and were chase incubated with an excess of the correspon'ﬂmg’:;fng,'vﬁ’tﬁ:: proene patj éqz ;Z:m?; the pulse period from COS-1 cells

HepG2

Aa-BB-y Ac-BpL353R-y Au-BpG400D-y
f 1T 1T 1

puC18

0 30 90 180 30 90 180 30 90 180 O

. . . . tran
unlabeled amino acids for various periods up to 3 hours. As

A INTRACELLULAR

_ Gos:1

[ — T

| Aa-BRL3S3R-y
| Ac-BALISIR-BR-y

Ac-BEGA00D-y
| Aa-BRG400D-BE- v

| oucts

B SECRETED

Cos-1

Aa-BBL353R-y
Ac-BRL3SIR-BYy
Aa-BpGA00D-y

HepG2
Aa-Bpy

Aa-BBG400D-Bg- ¢

sucta

Cc

HepG2

SECRETED

Ac-BRLISIR-
|| Aa-BBL353R-BR-y

Cos -1

Ac-BRGA00D-y
| Aa-BBG400D-BB- v

puCTe

5 6 7

E4
B3

—175

-

- B2
— 475

Figure 3. Expression of wild-type and mutant fibrinogen chains in COS-1 cells.

Intracellular and secreted fibrinogen from COS-1 cells transfected with wild-type Aa
and y-chains together with wild-type and/or L353R or G400D B, chains have been
analyzed. Metabolic labeling, immunoprecipitation, and SDS-PAGE were carried out
as described in “Materials and Methods.” (A) Immunoprecipitable proteins in cell
lysates separated on 4% SDS-PAGE under nonreducing conditions. The arrowhead
indicates the 340-kd fibrinogen complex. (B) Immunoprecipitable proteins in the
culture media separated on 4% SDS-PAGE under nonreducing conditions. The
arrowhead indicates the 340-kd fibrinogen complex. (C) Immunoprecipitable proteins
in the culture media separated on 10% SDS-PAGE under reducing conditions. The
positions of Aa, BB, and y chains are indicated. The position of molecular weight
markers (MW) in kd is denoted at the right-hand side of the figure.

shown in Figure 4A, in lysates from cells transfected with the 3
wild-type cDNA, immunoprecipitated radioactive fibrinogen mark-
edly declined at 90 minutes and disappeared at 180 minutes. By
contrast, in lysates from cells transfected with plasmids expressing
L353R or G400D B-chains, hexameric fibrinogen persisted
intracellularly up to 3 hours (Figure 4A). Secreted fibrinogen was
present, at the analyzed chase-periods, in culture media from
COS-1 cells cotransfected withoA BB, and~y wild-type cDNA,
whereas it was absent in culture media from cells cotransfected
with Aa and y wild-type chains and either 8 mutant chain
expressing plasmids (Figure 4B).

Discussion

Inherited afibrinogenemia is a rare recessive bleeding disease
characterized by fibrinogen deficiency in plasma and platelets.
Even though, strictly speaking, the term should refer to the
complete absence of fibrinogen, minute amounts of fibrinogen can
sometimes be detected through sensitive immunoassays. Asymptom-
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atic heterozygotes usually have approximately half the normialolving the whole gene except exon 1. In this case, fibrinogen
levels of functional and immunoreactive fibrinogen. The 2 prowas undetectable either by functional assay or immunoassay.
bands studied here, both the offspring of consanguineous mar-In this article, we report the identification of new pathogenetic
riages, had unmeasurable, clottable fibrinogen and very low plastigfects underlying congenital afibrinogenemia. Two different mis-
levels of immunoreactive fibrinogen (0.13 mg/dL and 1.59 mg/dLyense mutations (L353R and G400D) were identified in the
Genotypically heterozygous relatives had approximately half tf@terminal globular portion of fibrinogen@®chain (Figure 5A).
normal fibrinogen levels and a good concordance between furmtiese nonconservative substitutions involve strictly conserved
tional and immunologic values. The only notable exception was thgsidues in a region highly conserved among vertebrates (Figure
mother of the Iranian proband, who had low borderline levels @fg). |nspection of the fibrinogen crystal structushowed that
functional plasma fibrinogen (192 mg/dL) with 50% higher immu e;353 and Gly400 were part of the same region of the protein, in
norea_lctive fib_rinoge_n (303 mg/dl__)._Some kindred afibrinogenemige hydrophobic core of the@chain C-terminal region. Gly400
putative carriers with normal fibrinogen levels have been dgjas solvent inaccessible, in contact with Phe262, Tyr269, Phe375,
scribed; however, there is no clear explanation for the dlscrepaq—yr4o4l and Asn413. Similarly, Leu353 was buried beneath the
cies between functional and immunologic test results except tho&?%tein surface, extensively interacting with the side chains of
that can be attributed to methodologic variability. In the lta"a':fyr326, Val342, His370, Trp402, Ala410, and Trp437. The L353R
family, intraplatelet fibrinogen was also measured, and levels WEIB1 G400D mutations introduced bulky, charged side chains to

normal n th? 8 heterozy_go_us members (lll-7, 11I-8, and IV'z}hese hydrophobic regions. Clearly, such drastic amino acid
studied. Thg intraplatelet fibrinogen level of the proband was Verr(\—,(placements would be expected to perturb the packing of the side
low (approximately 0.3% of the average normal level) but was Ie(s: ains in the B-chain core and would likely affect the stability of
reduced than plasma fibrinogen levels (0.05%). This phenomermn

. o . € protein, which might be unable to fold correctly, with the
may be explained by the ability of platelets actively to take uBltimate result of impaired assembly and release of an active
fibrinogen from plasmat P y

Inherited fibrinogen deficiencies may have different causé‘ét,mnogen molecule.

such as decreased protein synthesis, increased intracellular 0|lt h?S been demonstratgd, by_ de_letlon experiments, Fha_t the
circulatory degradation, defective assembly or secretion, orGgterminal half of the B-chain, which is part of _the D-dc_;m_aun, IS
combination of these defects. The only previously identifieBt Necessary for the assembly and secretion of fibrindgen.

genetic basis of congenital hypofibrinogenemia and afibrinogefl€vertheless the assembly of a misfolded protein could result in
emia is a homozygous truncation of thexhain gene. The SEVereimpairment of protein secretion. Numerous genetic diseases

deletion of 25% of the A-chain identified in fibrinogen Marburg &€ known in which a single amino acid change can lead to failure
was associated with mild hypofibrinogenemia (60 mg/dL, immun®f Protein expor€® as evidenced in cystic fibrosi$,juvenile
assayf2 whereas in fibrinogen Otago, the more severe truncatiilmonary emphysentéd,osteogenesis imperfectdjuvenile dia-

of 56% of the Axw-chain was associated with severe hypofibrinogerfetes insipidud? and hypercholesterolemta.

emia (6 mg/dL, functional assa$d.The truncation of 26% of the =~ To assess whether L353R and G400D mutations could be
Aa-chain in fibrinogen Milano Il was associated with normaresponsible for cases of congenital afibrinogenemia, the mutant
circulating levels (260 mg/dL, functional ass&§All these cases BB-chains were expressed, together with the other 2 wild-type
are also characterized by the presence of dysfunctional fibrinoggains, in COS-1 cells. This cell line does not express fibrinogen
molecules and should therefore be defined as dysfibrinogenemiand represents a widely used in vitro system for studying fibrinogen
hypo-disfibrinogenemia. The severesi-8hain truncation is the assembly and secretion by transient or stable transfecfons.
11-kb deletion recently identified by Neerman-Arbez etlal, Transfection experiments suggested that either mutation abolished

FGE Lys 99

FGaA Vel 111

A
Figure 5. Position of the L353R and G400D mutations FaBLIv|%
in the structure of the fibrinogen B B chain. (A)
C-alpha trace of the AaBBy trimer, outlining the position
of Gly400 and Leu353, produced using the coordinates
under the Protein Data Bank entry 1FZA. FGA, FGB, and
FGG indicate the Aa, BB, and vy fibrinogen chains,
respectively. N- and C-terminal residues of each chain
are indicated. Light gray, black, and gray correspond to
Aa, BB, and y chains, respectively. (B) Multiple alignment
of human, rat, bovine, xenopus, chicken, and lamprey
fibrinogen BB chain in the region containing the 2
identified mutations. Identical amino acids are boxed. %
Positions of L353R and G400D mutations are indicated FiGB G 450
by arrows. Amino acid sequences were obtained from B
Swiss-Prot database (accession numbers: P02675 [hu- L353R
man], P14480 [rat], P02676 [bovine], AAA85283 [xeno-
pus], Q02020 [chicken], and FIBB_PETMA_2 [lamprey])

and numbered; the signal peptide is omitted. Secondary " - =a fea FoforacuacMofiasouaennTur rnnaurraty [Epraxacs NRGHAANPNGRY YW
AT FOD Eod ‘kK'KGIlGHHLEQIDI ENATHT INNGMFFSTY " ] RCHAANPNORY YWGG(L|

FEA Pro 196

FGE Glu 396

G400D

=5

structures shown below the alignments (with cylinders —soweros w5 oLsvskvsataawatikeasar VEENATMT LHMEMEF8T v feh F££~--- YNRGHAANPNGRYYWG
. . . KENOPUS FOB. 3 (YOLS VR aNK GHAL ASOLKBENAT MT | L1 T Ll

representing a-helices and the arrow representing the  cucxewras st [vaLsvls iy ONALMEGA n:nE:un:l::iE:rk:::nunmlEi::p n::. o “-vn:::::::::::v-aav.
B-strand) refer to the human protein, drawn from Sprag- ‘Mo = i DAl L Me ol 8l !
gon et al? data. S = =

EREGRA

E=
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fibrinogen secretion because mutant fibrinogen molecules weaféecting the protein synthesis. These results demonstrated that

synthesized and assembled intracellularly but were undetectablgdmgenital afibrinogenemia can be caused by point mutations that

culture media. The observation that mutant fibrinogen mOleCUlﬁﬁpairthe normal fibrinogen secretion pathway.

are assembled intracellularly might explain the minute amounts of

protein measured in a patient’s plasma using a sensitive immunoas-

say. This finding is consistent with the concept that missense

mutations do not necessarily block protein production completely.

The hypothesis that the main defect caused by these 2 mutatiéﬁknomedgments

was at the secretion level was confirmed by the results Wlfe thank Dr C. Redman for kindly providingcA, Bg-, and

pulse-chase experiments showing the lack of cellular depletion of , . . . .

L353R and G400D mutant fibrinogens. y-cham-expressmg pRSV-Neo plasmids. We thank Dr.A. Mattevi
In conclusion, 2 different homozygous missense mutations WJFE helpful discussion on the structural effect of mutations on the

identified in the same region of theBBchain in 2 patients with protein folding and Drs A. Clivio, C. Pinter, and B. Pedrotti for

afibrinogenemia. Transfection experiments in COS-1 cells wiftelpful suggestions on expression and immunoprecipitation experi-

plasmids expressing the mutant proteins demonstrated, for the fingnts. We also thank the members of both families for their

time, that these mutations can abolish fibrinogen secretion withqarticipation in this study.
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