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Residual factor VII activity and different hemorrhagic phenotypes in CRM

factor VII deficiencies (Gly331Ser and Gly283Ser)
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Two cross-reacting material—positive
(CRM*) factor VII (FVII) mutations, associ-
ated with similar reductions in coagulant
activity (2.5%) but with mild to asympto-
matic (Gly331Ser, c¢184 [in chymotrypsin
numbering]) or severe (Gly283Ser, c140)
hemorrhagic phenotypes, were investi-
gated. The affected glycines belong to
structurally conserved regions in the c184
through ¢193 and c140s activation do-
main loops, respectively. The natural mu-
tants 331Ser-FVII and 283Ser-FVII were

expressed, and in addition 331Ala-FVII
and 283Ala-FVII were expressed because
3 functional serine-proteases bear ala-
nine at these positions. The 331Ser-FVII,
present in several asymptomatic sub-
jects, showed detectable factor Xa genera-

tion activity in patient plasma (0.7% =

0.2%) and in reconstituted system with

the recombinant molecules (2.7% = 1.1%).

The reduced activity of recombinant
283Ala-FVII (7.2% = 2.2%) indicates that
the full function of FVII requires glycine at

this position, and the undetectable activ-
ity of 283Ser-FVII suggests that the oxy-
drile group of Ser283 participates in caus-
ing severe CRM * deficiency. Furthermore,
in a plasma system with limiting thrombo-
plastin concentration, 283Ser-FVII inhib-
ited wild-type FVlla activity in a dose-
dependent manner. (Blood. 2002;99:
1495-1497)
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Introduction

Factor VII (FVII) deficiency is associated with a wide spectrum oBenetic analysis

coagulation and hemorrhaglc phenotyﬁ)ésAlthough a Igrge Mutation search and detection of FVII polymorphisms were performed as
number of FVIl mutations have been descriiehe relationship of - peyiously describedt12Mutagenesis and transfection expression vectors
molecular and clotting defects to the clinical picture has begfbre created by site-directed mutagenesis of plasmid pCDNA3BVII.
poorly defineck particularly for cross-reacting material-positiveoligonucleotides for mutagenesis spanned the following complementary
(CRM™) deficiencieg:10 DNA nucleotides: (1) 1193 through 1220 containing the 1206@&

Functional studies were conducted in plasma and with recombinsition (Gly331Ser) or the 12076 C transversion (Gly331Ala); (2)
nant variants to provide molecular elements useful to define tHig40 through 1073 containing the 1062GA transition (Gly283Ser) or the
relationship in 2 homozygous CRVFVII deficiencies associated 1063 G> C transversion (Gly283Ala).

with markedly different hemorrhagic phenotypes BHK cells were transiently transfectédwith the use of serum-free
' medium. FVII antigen and coagulant activity, FVII coagulant activity,

and FVII antigen in plasma or conditioned medium were determined
as described?

Study design

Factor Xa generation assay

Patients . - .
Plasma. The reaction was initiated by adding an excess (30 of

Patients with normal FVII antigen and low FVII coagulant activity (FVIIc)thromboplastin (Thromborel S) (Behring, Marburg, Germany) top&0
(2.5%), not previously characterized, were studied. diluted plasma (1:20, 1:40, 1:80, and 1:140 in 20 mM HEPES, 150 mM

Patient FVII33 (male, age 83, FVIIc 2%); patient FV1134 (male, age 2&\aCl, 0.1% PEG 8000, 5 mM Cag{bH 7.4.

FVllc 0.7%); and patient FVII35 (female, age 30, FVllc 0.7%) were Recombinant FVII. FVII in 2 nM conditioned medium was incubated
clinically asymptomatic, while patient FVII36 (male, age 39, FVlic 0.6%p minutes at 37°C with 1 nM human factor Xa (hFXa) (Sigma, St Louis,
experienced epistaxis and gum hemorrhage. Patient FVII37 (female, &4©); 300 uM 75% phosphatidylcholine/25% phosphatidylsetinend
71, FVllc 1.1%) was referred for anemia following chronic bleedin mM CaC}in 50 u.L final volume. After addition of 3QuL thromboplastin,
(rectorrhagia, hemorrhoids). FXa generation was started with 40 nM hFX (Sigma).

Patient FVII38 (female, age 30, FVlic 2.5%) experienced recurring Quenching reactions.Reactions were quenched with 3@ 20 mM
hemorrhages (menometrorrhagia, melena) and had hemarthroses. HEFES, 150 mM NaCl, 0.1% PECT 8000, 50 mM EDTA, pH 7.4 after 5
episodes of hemoperitoneum occurred following rupture of ovarian cystainutes’ incubation at ambient temperature. FXa fluorogenic substrate
Fresh plasma, FVII concentrates, or FVII (Provertin-UM, Immuno, PisgMeSQO,-D-CHA-Gly-Arg-AMCAcOH) (American Diagnostica, Green-
Italy) were administered on several occasions. wich, CT) was added (20@M), and fluorescence (360 nm excitation, 465
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nm emission) was measured on SpectraFluorPIUS microplate readisle 2. Structurally conserved regions containing the affected residues
(TECAN, Salzburg, Austria). in factor VI
Standardizing assaysAssays were standardized with dilutions of

pooled normal plasma (PNP) or of recombinant wild-type (rWt) FVligcg
Molecular modeling of FVII was performed by means of Swiss Modet
(GLAXO, Geneva, Switzerland) through the ProMod progfanand
CHARMS software. The crystal coordinates of the tissue factor—FVIIE* Ser-Gly-Phe-Gly
complex (1DAN), FVila (1QFK, 1CVW, 1DVA) and FVII (1JBUp20 FIX Ser-Gly-Trp-Gly
were from the protein data bank. PC Thr-Gly-Trp-Gly

Amino acid residues

(c139-c142) (c180-c184)

Ser- Gly -Trp-Gly Met-Phe-Cys-Ala- Gly
Met-Phe-Cys-Ala-Gly
Met-Phe-Cys-Ala-Gly

Met-Leu-Cys-Ala-Gly

UPA Thr-Gly-Phe-Gly Met-Leu-Cys-Ala- Ala
CFB Lys- Ala -Leu-Phe Phe-Leu-Cys-Thr-Gly
i ) CF2 Pro- Ala -His-Phe Phe-Leu-Cys-Ser-Gly
Results and discussion CHT Thr-Gly-Trp-Gly Met-lle-Cys-Ser-Gly

EVII gene sequencing indicated that 5 patients (patient FVII33 Residues ¢139 through c142 and ¢180 through c184 in chymotrypsin numbering
th h FVII37 If th Ital h for th corresponds to residues 282 through 285 and 327 through 331 in FVII.

roug )’ a rom SOU. er_n aly, were Omozygo.us' orine SCR indicates structurally conserved region; FVII, factor VII; FX, factor X; FIX,
10908G> A transition, resulting in the Gly331Ser substitution. Irtactor Ix; PC, protein C; UPA, urokinase plasminogen activator; CFB, complement
contrast, patient FVII38 was homozygous for the 10764G factorB; CF2, complement factor 2; CHT, chymotrypsin.

A transition, resulting in the Gly283Ser substitution. In spite of a

similar reduction in FVlic levels (Table 1), the Gly3313@mozy- of the r283Ser-FVII was indistinguishable from that of the mock
gotes showed asymptomatic to mild phenotypes, where@3yB83Ser  medium, and of medium containing the active site (rSer344Ala-
homozygote was characterized by severe bleeding tendency. FVII) or the cleavage site (rArg152GIn-FVII) mutar&used as 2
Several genetic and methodological factors could contribute j{o;ctive reference CRMFEVII variants.

loosening the relationship among causative mutations, FVII activ- Findings in plasma and reconstituted system help to interpret
ity, and clinical severity of these CRMFVII deficiencies. Among the markedly different hemorrhagic phenotypes associated to the
the genetic factors, we have investigated the influence of FM{Aytations. The 331Ser-FVII residual activity would trigger coagu-
polymorphisms, previously found to be associated with FVII 'evelﬁtion, thus preventing severe bleeding symptoms in the several
in plasmat*All patients were homozygous for a common genotypgy331Ser homozygotes. On the other hand, the undetectable

characterized by the most frequent allelic forms A1, b, andw'lvactivity of the 283Ser-FVII is in accordance with the severe
thus excluding their differential contribution to FVII levels. phenotype observed in PFVII38.

Since the low sensitivity of the routine laboratory assays
hampers the comparative evaluation of FVlic valbésthe

residual FVII activity in patient plasma was further evaluated byA 1500
measuring the FXa generation with the use of an FXa fluorogenic st o*
substrate (Table 1). Activity in plasma from a Gly331Ser homozy- 1000 - . H
gote (0.7%*+ 0.2%) was significantly higheP(< .001, analysis of g—z‘ ot o8 at
variance) than in plasma from the Gly283Ser homozygote, which; 500 - oed M .n® "
investigated at different dilutions, was indistinguishalfte=(.97) vettlo T L
.. . . L P ] at
from FVIl-depleted plasma. This indicates very low, if any, activity NYILY sgaffunt
of the stable Gly283Ser-FVII. FXa generation curves from 2 0 ' T * J '
Gly331Ser homozygotes overlapped (not shown). 0 2 4 6 8 10
To validate the causative role of mutations, the recombinant Time (minutes)
FVII molecules (r331Ser-FVII, r283Ser-FVIl) were transiently
expressed in BHK cells. Their antigen levels (Table 1) did not differB 1500 -
significantly P = .93) from those of rWt-FVII. Functional assays
in a reconstituted system showed a clearly detectable FXa genera- 1000 - .
tion activity (Tablel) for the r331Ser-FVII. In contrast, the activity 5 s
o @
500 - o’ an
. . . . . N L n N
Table 1. Activity and antigen of factor VII variants in patient’s plasma [ n A -
or in conditioned medium 0 sigl a = a ; : = i agnm""
Wt 331Ser 283Ser 331Ala 283Ala 4 » ! ' <
Activity, %* 0 2 4 6 8 10
Plasma, FViic 100 0.6-1.9% 25 NA NA Time (minutes)
Plasmat 100 0.7+0.2 ND NA NA _ . -
Figure 1. Inhibition of the rFVlla activity in plasma by 283Ser-FVIl. (A) FXa
rFVIIT 100 27x11 ND 181=x11 72%22 generation curves produced by 2 pM rFVila (NovoNordisk, Bagsvaed, Denmark) in
Antigen diluted (1:20) patient FVII38 plasma (FVIla/283Ser-FVII molar ratio of 1:100) (M),

Plasma, % 100 85-100F 100 NA NA
rFVII, ng/mL 119+70 105*+71 101 +80 145 + 84 85 + 58

Ala294ValdelC homozygote plasma (®), or FVll-depleted plasma (O). (B) FXa
generation curves produced by 2 pM rFVlla in Ala294ValdelC homozygote diluted
plasma (1:20) with the addition of conditioned medium containing 0.2 nM (CJ), 1 nM
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Results obtained in 5 independent sets of experiments are reported as mean +
SD.

Wt indicates wild type; FVlic, factor Vlic; rFVII, recombinant FVII; ND, not
detectable, and NA, not applicable.

*Percentage of pooled normal plasma (PNP) or of rwtFVII.

TFactor Xa generation activity.

FRange of FVII levels in plasma of 5 homozygous patients.

(M) r283Ser-FVII, or mock medium (®). Reactions were initiated by adding limiting
amount of thromboplastin, 20 nM hFX, and 100 uM FXa fluorogenic substrate, and
fluorescence was measured over time. The limiting amount was determined before
each assay by evaluating the FXa generation obtained with 2 pM rFVlla concentra-
tion and decreasing the amounts of thromboplastin. The decrease in activity was
estimated by comparison of FXa generation rates (relative fluorescence units per
minute) between 4 and 8 minutes. Rfu indicates relative fluorescence units.
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Additional insights into the causative role of these mutationfermation and c140s loop conformational changes, participates in
were sought by inspection of FVII crystallographic structdfe®, producing a clinically severe form of CRMFVII deficiency.
molecular modeling® and comparative analysi$,coupled with Previous studies of FVlla inhibition at tissue factor—limiting
further mutagenesis, expression, and functional studies. concentratior® prompted us to investigate the activity of the

Gly331 (c184 in chymotrypsin numbering) belongs to the activatiomcombinant FVII (rFVila) in Gly283Ser homozygote plasma
loop 184 through ¢193, makes a hydrogen baitti Pro303 of the (Figure 1A). In 3 independent experiments, a reduction of
shifting B-strand-B2° (c153 through c162) and is in close contact4.6%~+ 8.2% in rFVlla activity was observed at a 1:100 ratio
with Asp338 at the bottom of the specificity pocket of FVlla. between rFVlla and plasma 283Ser-FVII. The rFVIla was not

Gly283 (c140) is at the hinge of the c140s I6bgnd, both inthe inhibited in plasma from a severe CRM-FVII—deficient patient
zymogen and activated form, is in close contact with Asp348FViic, FVllag less than 1%) homozygous for the double mutation
which forms the salt bridge with lle153. Ala294Val/404delC5 Furthermore, FXa generation rate by rFVila

In FVII models, the Gly283Ser and Gly331Ser substitutions aig Ala294Val/404delC homozygote plasma was inhibited in a
tolerated without major structural changes, which could explain th®se-dependent manner by the addition of medium containing
presence of normal amounts of circulating proteins resulting i283Ser-FVII (Figure 1B). A 500-fold excess of r283Ser-FVII
CRM* deficiencies. (1 nM) reduced rFVila (2 pM) activity of 68.8% 14.7%. A

Gly283 and Gly331 belong to structurally conserved regions #fose-dependent inhibition was confirmed in plasma-free reconsti-
serine-proteasés (Table 2). Among functional members, onlytuted system (not shown).
urokinase and complement factors B and 2 present alanine at theBecause of the decrease over time of infused FVII and the
topologically equivalent positions (Table 2, italics), which led us tgonstant amount of endogenous dysfunctional variants, further
investigate the r331Ala-FVIlI and r283Ala-FVIl (Table 1). Al-studies are needed to establish whether the inhibition observed in
though clearly lower than that of rwt-FVII, FXa generation byitro might have implications for substitution therapy of severe
r331Ala-FVII and r283Ala-FVIl was remarkably higher than thattRM* deficiency.
of the corresponding natural variants. These findings suggest that
the full activity of FVII is not compatible with the presence of side
chains at positions 331 and 283. The 331Ala-FVII, lacking the
serine oxydrile group, showed a 7-fold higher activity than thAcknowIedgment
331Ser-FVII. The appreciable activity of 283Ala-FVII, compared
with the impaired function of the 283Ser-FVII, suggests that thé/e thank Dr F. H. Herrmann, University of Greifswald, Germany,
oxydrile group of Ser283, potentially affecting proper salt bridgéor providing us with plasma from th&294V/404delC homozygote.
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