British Journal of Nutrition(2000),83, 467—-472 467

Short communication

Postprandial factor VII metabolism: the effect of the R353Q and 10 bp
polymorphisms

Helen M. Roché&, Irene L. Black, Enda Noon& Anne-Marie Tully', Alexander S. Whitehe&dand
Michael J. Gibney

Unit of Nutrition, Department of Clinical Medicine, Trinity Centre for Health Sciences, St. James’s Hospital, James’s Stree

Dublin 8, Republic of Ireland
’Department of Genetics, Lincon Gate, Trinity College, Dublin 2, Republic of Ireland
3Department of Pharmacology, 153 Johnson Pavilion, 3620 Hamilton Walk, Philadelphia, PA 19104-6084, USA

(Received 26 February 1999 — Revised 16 September 1999 — Accepted 7 October 1999)

Elevated levels of coagulation factor VII activity (FVlic) are associated with increased risk of
CHD. FVlIic is strongly determined by two polymorphisms (R353Q and 0/10 base pairs (bp)) and
plasma triacylglycerol (TAG) concentrations. The Q and 10bp polymorphisms show strong
linkage disequilibrium and have been associated with lower levels of fasting FVII, but there has
been little investigation of the effect of these genotypes on the postprandial FVII metabolism. The
present study demonstrated that fasting activated factor VII (FVIla) and factor VIl antigen
(FVllag) levels were significantly lower in the heterozygotes carrying the Q and 10 bp alleles
(n12), than in the R/0bp homozygotes1?) (430 (SE 48) v. 239 (SE 6B) mU/ml and 857

(SE 5[@) v. 716 (SE 7[8) % respectively). During postprandial lipaemia there was a significant
increase in FVlla in R/0 bp homozygotes but not in the heterozygotes carrying the Q and 10 bp
alleles. The proportion of FVlla (FVlla:FVllag) increased in the homozygotes but not in the
heterozygotes (R4 (sE 0[35) v. 120 (SE 026) respectively). Therefore possession of the
relatively common Q and 10 bp alleles is not associated with postprandial activation of FVII,
which may in turn have a protective effect against CHD.

Factor VII: Triacylglycerols: Genetic polymorphism

Elevated levels of coagulation factor VIl activity (FVIic) not show a significant effect of the Q allele on risk (Late
are independently associated with increased risk of fatal al. 1996). Another common polymorphism of the factor VII
CHD (Meade et al. 1993). A number of genetic and gene, a decanucleotide (10 base pair (bp)) insertio328
environmental factors determine the plasma levels of the in the promoter of the FVII gene, is also associated with
factor VII zymogen (FVllag) and its derivative, the serine- lower levels of FVIic and FVIlag (Humphriest al. 1996).
protease-activated factor VII (FVIIa), both of which con- There is strong linkage disequilibrium between the R and
tribute to FVIlic. A common polymorphism (R353Q) of the Obp alleles and the Q and 10bp alleles in European
factor VIl gene, whereby a single base change in exon 8 of populations (de Maagt al. 1997).

the factor VIl gene results in the replacement of arginine (R)  Plasma triacylglycerol (TAG) concentrations are an
at position 353 with glutamine (Q) in the protein product important environmental determinant of FVllc. Several
(Greenet al. 1991), strongly determines FVIlc. Several studies have shown strong positive associations between
studies have demonstrated that levels of FVIic and FVllag plasma TAG concentrations and FVIic. It is proposed that
are 20—-25% lower in heterozygotes carrying the Q allele this effect is due at least in part to the ability of TAG-rich
(Bernardi et al. 1996). Possession of the Q allele was lipoproteins (TRL) to promote the cleavage of the inactive
associated with reduced risk of myocardial infarction in single-chain zymogen of FVII to FVlla (Silveirat al.

the study of lacoviell@t al. (1998) but a similar study did 1996). The postprandial phase of lipid metabolism is an

Abbreviations: bp, base pair; FVlla, activated factor VII; FVllag, factor VII zymogen; FVlic, total coagulation factor VII activity; PCR, polymerase chain
reaction, TAG, triacylglycerol; TRL, triacylglycerol-rich lipoprotein.
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important determinant of FVII metabolism. Following the buffer, 6 units Taq andd DNA solution. The factor VII
ingestion of a meal containing fat, there is an increase in the genomic sequence (O’'Has al. 1987) was used to design
concentration of TRL and there is a concomitant increase in forward and reverse primers for use in amplifying a 214 bp
levels of FVIic and FVlla (Larseret al. 1997; Roche & fragment containing the R353Q polymorphism. The for-
Gibney, 1997; Menneret al. 1998; Rocheet al. 1998). ward primer GGA GTA CAT GTT CTG TGC CGG and

Despite the fact that postprandial TAG metabolism signifi-
cantly contributes to the diurnal variation in FVlla concen-
tration, there is a relative paucity of studies which have
investigated the effects of FVII polymorphisms on the
interactions between TAG and FVII metabolism in the

reverse primer GTG GCT CTG AGA GCT were synthe-
sized on the PCR-MATE (391 DNA synthesizer; Applied
Biosystems, Cheshire, UK) oligonucleotide synthesis
machine. A 10 m-Mg?" PCR buffer was added to make a
25ul PCR cocktail. The PCR programme began with a

postprandial state (Silvier@t al. 1994; Bentzenet al. 7 min denaturation at 94then thirty cycles of 94for 1 min,
1996; Ghaddaket al. 1998). Silveiraet al. (1994) investi- 55 for 1min and 72 for 1min 12s, ending in a final
gated the interaction between the R353Q polymorphism andextension for 5 min at 72(Hybaid OmniGene, Middlesex,
postprandial TAG metabolism in a group of hypertriacyl- UK) (Marchettiet al. 1993). Digestion of 1@l of the PCR
glycerolaemic, post-infarction males with premature CHD. product with Mspl (New England Biolabs, Herts, UK) for
The study demonstrated that the Q allele was associated h at 37 resulted in fragments of 194 and 18 bp for the R
with lower fasting and postprandial levels of FVIic and allele and 125, 67 and 18 bp for the Q allele. The DNA
individuals with the R/R genotype had a greater proportion fragments were visualized on a 20 g/l agarose gel. Primer 1
of FVII molecules in the active form (FVlla: (AGG CTC TCT TCA AAT AAT TAC ATC) and primer 3
FVllag ratio). Sanderset al. (1999) demonstrated that (CGG GCT GGC TCC TGG ATT T) were synthesized
fasting and postprandial FVlla levels were significantly (GibcolBRL, Paisley, UK) to amplify the region containing
lower in subjects with moderately elevated non-fasting the promoter polymorphism, a 20mrMg?* PCR buffer was
TAG concentrations, but the postprandial increase in added to make a 5d PCR cocktail and the programme was
FVlla concentration was independent of the R353Q poly- run as previously described (Marchedti al. 1993). The
morphism. The present study was designed to investigateDNA fragments were separated on 30g/l agarose gel to
how the R353Q and 10 bp promoter polymorphisms affect show 439 and 133 bp fragments for the 0 bp allele and 439
postprandial TAG and FVII metabolism in normotriacyl- and 143 bp fragments for the 10 bp allele.

glycerolaemic subjects. Postprandial FVII metabolism was
investigated in a group of heterozygotes carrying both the Q
and 10 bp alleles and a group of R/0 bp homozygotes who
demonstrated an equimolar postprandial TAG response to aThe study was conducted in the Nutrition Laboratory at
standard test meal. Therefore we could measure the effect ofTrinity College Medical School, St James’s Hospital. The
polymorphisms of the factor VII gene under identical pre-prandial conditions, and timing and nature of the post-
conditions of postprandial TAG metabolism. prandial investigations were conducted according to a
standard protocol (Roche & Gibney, 1997). All subjects
completed the postprandial investigations in random order,
between 08.00 and 09.00 hours following a 12 h overnight
fast. The test meal was composed of a milk shake, consisting
) ) ] of 40g sunflower oil (Flora; Unilever, Croydon, Surrey,
This study was approved by the Ethics Committee of the yk) and 30 g dried skimmed milk powder (Marvel; Premier
Federated Dublin Voluntary .Hospltals. Genotyping for the Beverages, Stafford, Staffs., UK) mixed with 150 ml
R/Q and 10bp polymorphisms of factor VII and the skimmed milk. This provided @6 MJ energy, 1Bg
postprandial TAG response was investigated in sixty-four protein, 4@ g fat and 28 g carbohydrate. It was consumed
individuals; twelve heterozygotes (seven males and five ynder supervision, within a 20min period. Postprandial
females) carrying both the Q and 10bp alleles were pjood samples were drawn every 2 h for 8 h. Blood samples
identified and matched with twelve homozygotes (nine \yere immediately centrifuged at room temperature, the

Postprandial investigations

Materials and methods
Study design

males and three females) for both polymorphisms, who

plasma was harvested, divided into portions, snap frozen

demonstrated an equimolar postprandial TAG response.(factor VIl samples only) and stored-Z0° until subsequent

All subjects were healthy, free-living individuals. Post-
prandial levels of FVIla and FVIlag were then measured in
both groups.

Genotyping

Blood for DNA isolation was collected in 2 ml vacutainers
containing EDTA, DNA isolation was performed using the
DNA isolation procedure designed by Frosstal. (1995).

batch analysis.

Plasma TAG (TAG PAP, bioMerieux SA, Lyon, France),
cholesterol (Cholesterol PAP, bioMerieux SA) and non-
esterified fatty acid (NEFA, Randox Laboratories, Co.
Antrim, UK) concentrations were determined in duplicate
using enzymic colorimetric assays on a Technicon RA-XT
analyser (Bayer, Dublin, Republic of Ireland). The TRL
were isolated as previously described (Roehel. 1998).
The TAG inter-assay CV for 3 mmol/l and & mmol/l

Polymerase chain reaction (PCR) was used to amplify were 12% and I1% respectively, the cholesterol inter-

segments of the FVII gene containing the polymorphisms.

The PCR cocktail contained2b mmol/l each deoxyATP,
-CTP, -GTP, -TTP, 50—100ng primer, 60 ml/l KfgPCR

assay CV for D mmol/l was I1 % and the non-esterified
fatty acid inter-assay CV for @ mmol/l was &l %.
Plasma LDL-cholesterol concentrations were estimated
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using the Friedewald formula (Friedewakt al. 1972). plasma and TRL-TAG concentrations. Fasting levels and
Fasting, 4 and 8h FVlla concentrations were assessedthe postprandial areas under the curves for FVlla, FVllag
using the Staclot Vlla-rTF kit (Diagnostica Stago, Paris, and FVlla: FVllag were significantly greater in the R/0 bp
France), as previously described (Rodaeal. 1998). The homozygotes. The incremental areas under the curves
inter-assay CV for 3B mU/ml was % %. FVllag con- for FVlla and FVllag were greater (not significant) in
centrations at 0, 4 &8 h were determined by an ELISA the R/0bp homozygotes than in the heterozygotes. Fig. 1
using specific rabbit anti-human factor VIl antibody presents values for coagulation FVlla and FVlla: FVllag
(Diagnostica Stago). The inter-assay CV forl&% was during postprandial lipaemia. FVlla increased significantly
6(6 %. in the R/0bp homozygotes, but there was no increase in
postprandial FVlla concentration in the heterozygotes.
Repeated measures ANOVA demonstrated that FVila
concentrations were significantlyP & 0[0001) different
Statistical analyses were completed with the Apple Macin- between groups, and the genotyéme interaction
tosh compatible statistical package Data Desk 4.1 (Dataapproached significanc® €0[06778). The FVlla:FVllag
Description Inc., Ithaca, NY, USA). TAG and FVII data value was significantlyR = 0[0003) lower in carriers of the
were transformed to the natural log (In). Repeated measuresQ/10 bp alleles. The FVlla: FVilag value increased during
ANOVA investigated significant differences in the post- postprandial lipaemiain the R/0 bp homozygotes but notin
prandial TAG and FVII responses. The postprandial data the heterozygotes, a difference which was almost signifi-
were also expressed in summary form, i.e. postprandial areacant P =0[0574). Pearson product moment correlation
under the curve and maximum postprandial levels. Pobled analysis demonstrated that fasting and postprandial plasma
tests investigated significant differences of these variablesTAG levels were significantly correlated with FVIIia@B11,
between genotypes. FVII genotype linkage analysis was P=0[035;r 00587,P =0[045) in the R/0 bp homozygotes but
completed using the Haplotype Program (Xie & Ott, 1993). not in the heterozygotes carrying the Q/10 bp alleles.

Statistical analysis

Results Discussion

Table 1 presents the main results of the study. There were ndt has been proposed that up to 40% of the phenotypic
significant differences in the age, body weight and plasma variation in plasma FVlic can be explained by polymorph-
lipid concentrations between the two groups, with the isms of the FVII locus (Bernardit al. 1996). The R353Q
exception of plasma and LDL-cholesterol concentrations and 10 bp polymorphisms of the FVII gene are of impor-
which were significantly greater in the R/0 bp homozygotes. tance because they are relatively common and they are
Both genotypes demonstrated equimolar postprandial associated with significantly lower FVIic levels, which may

Table 1. Age, body weight, fasting and postprandial lipid concentrations and factor VIl levels in subjects homozygous for the R353R/0bp
polymorphisms of the factor VII gene and heterozygotes carrying the R353Q and 10 bp variants

(Mean values and standard deviations)

R353Q/10bp genotype (n12) R353R/0bp genotype (n12)
Statistical significance of
Mean SD Mean SD difference between means

Age (years) 29[00 935 3525 893 NS
Weight (kg) 73018 1147 82[46 17032 NS
Fasting variables

Plasma TAG (mmoll/l) 08 041 0M@9 01 NS

TRL TAG (mmol/l) 086 020 060 032 NS

Plasma cholesterol (mmol/l) 4[69 080 510 0@4 P=0M01

LDL-cholesterol (mmol/l) 341 081 429 085 P=0[02

Plasma NEFA (mmol/l) 05 oae 051 020 NS

FVila (mU/ml) 2309 608 430 48 P <0001

FVllag (%) 7116 T 8507 54 P<0[0001

FVlla: FVilag 033 0m8 080 005 P<0[0001
Postprandial variables

TAG C ax (mmol/l) 146 085 139 0581 NS

TAG AUC (mmol/l per 8 h) 935 368 8197 343 NS

TRL TAG AUC (mmol/l per 8 h) 631 315 50785 302 NS

FVila AUC (mU/ml per 8 h) 19400 5804 39614 7401 P<0[0001

FVlla IAUC (mU/ml per 8 h) 23 4189 392 5789 P=00877

FVilag AUC (% per 8h) 5813 792 66608 350 P=0[0026

FVilag IAUC (% per 8 h) 83 388 -190 289 P=00637

FVlla: FVilag AUC 1220 026 2004 035 P<0[0001

TAG, triacylglycerol; TRL; TAG-rich lipoproteins; NEFA, non-esterified fatty acids; FVlla, activated factor VII; FVIlag, factor VIl zymogen; C ., maximum postprandial
concentration; AUC, area under the curve; IAUC, incremental area under the curve.
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Fig. 1. (a) Postprandial activated factor VII (factor Vlla) concentrations and (b) the
ratio factor Vlla: factor VIl zymogen (factor Vllag) in subjects with the R353Q/10 bp
(O) and R353R/0bp (®) polymorphisms of the factor VII gene following ingestion of
a fat-rich test meal. Values are untransformed group means for twelve subjects,
with their standard errors represented by vertical bars. For details of subjects and
procedures, see pp. 468—469.

protect against acute thrombotic events and CHD mortality. hepatocyte. Whilst it is unresolved whether the R353Q
The frequency of the Q and 10bp alleles2{0in this and/or 10bp promoter polymorphisms determine fasting
screened population of healthy Caucasians, from which FVllag concentration, it is probable that lower FVllag
subjects for postprandial investigations were drawn, was concentrations partly account for the lower fasting
greater than the frequencies of the @@ and 10 bp (A.2) levels of FVlla in individuals carrying the Q and 10bp
alleles which were previously reported in Europeans (Ber- alleles.

nardi et al. 1997; De Maatet al. 1997). There is strong The present study provides new data in relation to the
linkage disequilibrium between the polymorphisms, with effects of genetic polymorphisms of the factor VIl gene on
the R and Obp alleles being on the same chromosome inthe interactions between TAG and factor VIl metabolism in
96 % of cases, and Q and 10 bp being on the same chromothe postprandial state in normolipaemic subjects. In this
some in 90 % of cases (Humphriesal. 1994). The subjects  study heterozygotes, carrying both the Q and 10 bp alleles,
in the present study population also showed strong linkagewere matched with R/Obp homozygous subjects who

(0B75) between the R and 0 bp alleles. demonstrated an equimolar postprandial TAG response.
The present study demonstrated that fasting FVIla and Whilst the R/0Obp homozygous subjects were slightly
FVllag concentrations were lower (82 and 1& % older and heavier, this difference was not significant.

respectively) in individuals carrying the Q and 10 bp alleles. Plasma cholesterol concentrations were significantly greater
This is in agreement with European data which demon- in the homozygotes, but since the relationship between
strated that heterozygotes for both polymorphisms had cholesterol and FVII is inconsistent (Mennehal 1996),
lower levels of FVIla and FVllag (39 % and3®6; Bernardi it is unlikely that this would account for the difference
et al. 1997). It is unclear whether the R353Q and/or the between genotypes. The present study demonstrated that
10 bp promoter polymorphisms determine factor VIl status FVlla increased significantly during postprandial lipaemia
and how TRL interact with either or both of these poly- in the homozygotes but not in the heterozygotes carrying
morphisms. Two population-based studies strongly supportboth the Q and 10bp alleles. There was no significant
the view that the 10bp promoter polymorphism is most change in FVllag during postprandial lipaemia in either
important (Humphriegt al. 1996; De Maatt al. 1997). It group. The proportion of activated factor VII, as measured
has been proposed that TRL either directly or indirectly by the ratio FVila:FVllag, was lower in carriers of the
increase the rate of transcription from the 0 bp but not the Q/10bp alleles compared with the R/0bp homozygotes.
10bp promoter allele, thereby affecting the synthesis of During postprandial lipaemia the FVlla:FVilag value
FVilag mRNA and protein. This is supported fy vitro increased in the homozygotes but not in the heterozygotes.
transactivation studies which demonstrated that the 10 bpWhilst the precise molecular nature of the effect of TRL on
polymorphism reduced promoter activity by 30% (Pollak factor VII metabolism is unknown, it is probable that events
et al. 1996). However,in vitro transfection assays with  during lipoprotein lipase-mediated TRL lipolysis stimulate
FVII cDNA containing the base substitution resulting in the conversion of FVII to its activated form FVlla (Marck-
the Q allele and wild-type factor VIl cDNA in COS-1 cells mannet al. 1998). The amino acid substitution resulting
demonstrated that the concentration of FVilag was sig- from the R353Q polymorphism could affect the conforma-
nificantly reduced in the media of the COS-1 cells express- tion and reactivity of the FVII protein. It may be that the
ing the Q allele but the concentration of FVIlag was similar zymogen in those carrying the Q allele may be less reactive
in the cell lysates (Hunaulet al. 1997). Therefore  or that greater TRL concentrations are required to activate
the amino acid substitution as result of the R353Q poly- the FVII in individuals carrying the Q allele. Silveigt al.
morphism may result in reduced FVllag secretion from the (1994) investigated the effect of the R353Q polymorphism,
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but not the promoter polymorphism, on postprandial FVII  values with factor VII gene polymorphism, fasting and post-
metabolism in hypertriacylglycerolaemic men and showed prandial triglyceride levels, and subclinical carotid atherosclero-
that the postprandial increment of FVlla in subjects carrying _ Sis- Circulation 98, 2815-2821. .

the Q allele was less than half of that demonstrated by the Green F, Kelleher C, Wilkes H, Temple A, Meade T & Humphries
homozygotes. It is important to note that the subjects in that > (1991) A common genetic: polymorphism associated with

tud h triacvial | . d ved al t lower coagulation factor VIl levels in healthy individuals.
study were nypeririacylglycerolaémic and received aimost — aperigsclerosis and Thrombosisl, 540-546.

twice the amount of fat, WhICh would generate greater con- ymphries SE, Lane A, Green FR, Cooper J & Miller GJ (1994)
centrations of postprandial TRL. This may explain why  Factor Vil coagulant activity and antigen levels in healthy men
the hypertriacylglycerolaemic Q allele carriers showed are determined by interaction between factor VII genotype and
attenuated postprandial factor VII activation, but the nor-  plasma triglyceride concentratioArteriosclerosis and Throm-
molipaemic subjects carrying the Q allele in the present bosis14, 193-198.

study demonstrated no increase in FVlla during postpran- Humphries S, Temple A, Lane A, Green F, Cooper J & Miller G
dial lipaemia. Sanderst al. (1999) also showed that FVlla (1996) Low plasma levels of factor Vlic and antigen are more
levels were significantly increased during postprandial ~Stongly associated with the 10 base pair promoter (-323)

; ; : _insertion than the glutamine 353 varianthrombosis and
lipaemia, an effect that was independent of R353Q geno Haemostasigs, 567572,

type. Itis of note_that these_subjects had greater postprandlaIHunault M, Arbini AA, Lopaciuk S, Carew JA & Bauer KA (1997)
TAG concentrations than in the present study. In another e Arg®>GIn polymorphism reduces the level of coagulation
study, Ghaddaret al. (1998) failed to demonstrate any  factor VII. Arteriosclerosis, Thrombosis and Vascular Biology
increase in FVlla during postprandial lipaemia, irrespective 17, 2825-2829.

of the R353Q polymorphism. The absence of an effect may lacoviello L, Di Castelnuovo A, De Knijff P, D'Orazio A,
be related to the fact that postprandial measures were taken Amore C, Arboretti R, Kluft C & Donati MB (1998) Poly-
at 35h only. Clearly the mechanism(s) which determines  morphisms in the coagulation factor VII gene and the risk of
FVlla concentration and the complex interaction between ;"goggrd'm infarctionNew England Journal of Medicing38
genotype and plasma TAG level are not resolved. The N . . )
present study provides important data, demonstrating that-a"€ A, Green F, Sxarabin PY, Nicaud V, Bara L, Humphries S,

ion of th mmon nd 10 b alleles i iated Luc G, Cambou JP, Arveiler D & Cambien F (1996) Factor
Possession of the co onQa p alleles IS associated Arg/GIn 353 polymorphism determines factor VII coagu-

with no significant increase in postprandial FVlla concen-  ant activity in patients with myocardial infarction (MI) and

tration. This may represent a potential protective effect control subjects in Belfast and France but is not a strong

against CHD, whereby a normal postprandial lipaemic indicator of Ml risk in the ECTIM studyAtherosclerosisi19

response is not associated with a pro-thrombotic state. 119-127.
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