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Summary

Mild hyperhomocystememia 1s an established risk factor for both ar-
teriosclerosis and thrombostis, and may be caused by genetic and envi-
ronmental factors Methylenetetrahydrofolate reductase (MTHFR) cat-
alyzes the reduction of 5,10-methylenetetrahydrofolate to 5-methyl-
tetrahydrofolate, the cofactor for the methylation of homocystemne to
methionine Individuals with the thermolabile variant of MTHFR have
decreased MTHER activities, resulting mn elevated plasma homocys-
teme concentrations A homozygous 677C—T transition 1n the
MTHFR gene has recently been identified as the cause of reduced
enzyme activity and thermolability of the protein We studied the fre-
quency of the homozygous mutant (+/+) genotype 1n 471 patients with
deep-ven thromboss and 474 healthy controls enrolled in The Leiden
Thrombophihia Study (LETS), 1ts mteraction with factor V Leiden, and
assessed the association between the MTHER genotypes and plasma
homocysteine concentration Homozygosity for the 677C—T polymor-
phism was observed 1n 47 (10%) patients, and 1 47 (9 9%) contiols
(OR 101 [95% CI 07-15]) No modified risk of the (+/+) genotype
was observed 1n carriers of factor V Leiden Our data suggest that,
although the homozygous mutant genotype 1s assoctated with elevated
plasma homocysteine concentrations, this homozygous mutation rtself
18 not a genetic risk factor for deep-vein thrombosts, rrespective of fac-
tor V Leiden genotype

Introduction

Mild hyperhomocystememia, a disorder of methionine metabolism,
1s an established risk factor for arterial cardiovascular disease (1)
Although vascular accidents 1 homocystinuria due to cystathionine
{3-synthase deficiency are of venous origin m 51% of the cases (2), on-
ly a few studies have explored the relation between mild hyperhomo-
cysteinemia and venous thrombosis Brattstrom et al were the first who
examned a possible relationship between mild hyperhomocysteinemia
and venous thrombosis 1n a sex- and age-matched case-control study
(3) They observed mild hyperhomocysteinema in 14% of the patients
versus 5% of the controls after methionine loading, however, no differ-
ences were found m mean plasma homocystemne concentrations
Amundsen et al (4) did not report a sigmificant difference in mean plas-
ma homocysteine concentrations between young adults (<56 y) with
venous thrombosis and control subjects However, from their data, we
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were able to calculate an odds ratio of 1 7 [95% CI 0 5-5 9] for a post-
load homocysteme concentration above 50 pmol/l (~90th percentile of
their control group) In both studies, no differences were observed,
probably due to the low number of patients and controls included
both studies Falcon et al (5) found a high prevalence of hyperhomo-
cysternemia in patients with juvenile venous thrombosis In their study,
only mean post-methionine load ncrease n plasma homocysteine 1n
patients appeared to be different from controls, and post-load hyper-
homocysteinemia was observed 1n almost 20% of the cases In subse-
quent studies, Den Heyjer et al found similar results on mild hyperhom-
ocysteinemia 1n ~25% of the patients with recurrent venous thrombosis,
both 1n fasting state and after methionine loading (6) In the Leiden
Thrombophiha Stady (LETS), fasting homocysteine concentrations
were elevated m patients with deep-veimn thrombosis compared with
age- and sex-matched healthy controls, suggesting that hyperhomocys-
teinemia 15 a risk factor for deep-vein thrombosts (7)

In 1988, Kang et al (8) described a new variant of methylenetetra-
hydrofolate reductase (MTHFR) with thermolabile properties and
reduced enzyme activity, resulting in muldly elevated plasma homocys-
teine concentrations Previously, we have shown that this thermolabile
MTHER 15 a cause of abnormal homocysteine metabolism 1 ~28% of
cardiovascular disease patients with mild hyperhomocystememia (9)
We elucidated the genetic basis underlying this thermolability to be a
677C—T transition, resulting 1 a conserved amno acid change from
alanine to valine (10) This mutation in homozygous form appeared to
be 1 hugh agreement with thermolability of the protein, reduced specif-
1c enzyme actwvity, and increased plasma homocysteine concentrations
(10-12), especially 1n circumstances of low folate status (13, 14)

In the present study, we mvestigated the 677C—T mutation as a risk
factor for deep-vein thrombosis 1 471 patients and i 474 controls
enrolled in the Leiden Thrombophilia Study (LETS), and 1ts interaction
with factor V Leiden (FVL), the most common heritable cause of deep-
vein thromboss 1s studied (15) Furthermore, we assessed the associa-
tion of the mutation to fasting total plasma homocysteine concentration
1n a subset of 269 matched case-control pairs

Patients and Methods

Patients The Lerden Thrombophilia Study (LETS) 1s a population based
case-control study m three Dutch Anticoagulation Clinics, including 474
patients with a first episode of deep-vemn thrombosts and 474 age- and
sex-matched healthy control subjects, designed to clanfy the contribution of
several risk factors to deep-vein thrombosis, which has been described i detail
elsewhere (16)

Methods Genomic DNA was extracted from peripheral blood lymphocytes
by standard techmques and the MTHFR mutation analysis was performed es
sentially according Frosst er al (10), by a technician unaware of the status of
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the DNA sample. The restriction fragments (198 bp for the 677C allele, and
175 bp and 23 bp for the 677T allele) were separated in 4% agarose gels and
visualized after ethidium bromide staining. Mutation screening for FVL has
been performed earlier (15), in which 92 cases and 14 controls were found to be
carriers of the FVL mutation.

Total plasma homocysteine concentrations were determined in the
269 matched case-control pairs who attended the Leiden Anticoagulation
Chnic (7) by reverse phase HPLC and fluorescent detection, as described by Te
Poele-Pothoff et al. (17).

Statistics. Unmatched odds ratios and 95% confidence intervals as an
estimate of the relative risk of the homozygous (+/+) genotype were calculated
in the entire study population, in the Leiden subgroup, and in different age and
sex groups. The 95% Confidence Intervals were calculated from a conditional
logistic-regression algorithm by the maximum likelihood method, with Egret
software. To assess the relation between the mutation and homocysteine level,
we calculated homocysteine concentrations in different genotype groups, and
prevalences of the three genotypes in different strata of homocysteine levels.
The possible effect modification by FVL genotype, i.e. whether the MTHFR
variant exerted a different effect in FVL carriers than in non-carriers, was ex-
amined by stratified analysis. We subdivided cases and controls in those with
neither, one, or both of the variant genotypes, and calculated unmatched odds
ratios as estimates of the relative risk of thrombosis for each group relative to
those with double wildtype genotype.

Results

The mean age for the entire study group was 44 years (range 16-70
in patients, and 16-71 in controls). The male to female ratio was 1:1.3
for cases and controls alike (7).

Fasting plasma homocysteine concentrations were determined in
269 out of 474 matched case-control pairs. Median plasma homocys-
teine concentration was elevated in cases compared to controls
(129 pmol/l; range 4.8-60.2 pmol/l, versus 12.3 pmol/l; range
6.4-37.5 wmol/l, respectively) (7). Mild hyperhomocysteinemia, de-
fined as a fasting total plasma homocysteine concentration >18.5
wmol/l (i.e. above the 95th percentile of the control group), resulted in
a matched odds ratio of 2.5 (95% Confidence Interval: 1.2-5.2) (7).

The prevalence of the 677C—T transition was examined in 471 pa-
tients with deep-vein thrombosis and in 474 healthy controls. We
observed a prevalence of the homozygous mutant genotype (+/+) in
47 (10%) out of 471 patients, versus 47 (9.9%) out of 474 healthy con-
trols (Table 1). The unmatched odds ratio, as an estimate of relative risk
of deep-vein thrombosis, for homozygous mutant (+/+) individuals
relative to heterozygous (+/-) and homozygous normal (-/-) individuals
was 1.01 (95% Confidence Interval: 0.7-1.5).

The prevalence of the homozygous mutant genotype (+/+) in a sub-
set of 269 matched case-control pairs for whom plasma homocysteine
measurements were performed, was 10.4% (28 out of 269) in cases, and
8.6% (23 out of 269) in controls, which is not substantially different
from the overall result. In this subgroup, we associated the MTHFR
genotype to homocysteine concentrations in plasma. As shown in
Table 2, homocysteine concentrations were higher among individuals
with the homozygous mutant genotype (+/+) compared with heterozy-
gous (+/-) and (-/-) individuals. We then subdivided this population in
different homocysteine strata and calculated the MTHFR genotype
distribution, Fig. 1. In the lowest three homocysteine strata, the fre-
quency of the (+/+) genotype was <10%, whereas in the higher strata
the frequency increased from 12-15% to more than 50% in the highest
stratum. These results indicate that this mutation is a significant
contributor to elevated homocysteine concentrations.

In 11 out of 28 (+/+) cases (39%), mild hyperhomocysteinemia was
observed compared with 4 out of 23 (+/4) controls (17.4%). The latter

Table ] MTHEFR genotype distribution among patients with a first episode of
thrombosis and controls

Genotype Thrombosis Controls Odds Ratio
Patients (n=474) (95% CL)
(n=471)

+/+ (%) 47 (10.0) 47 (99) 105 (0.7 -1.6)

+/- (%) 213 (45.2) 203 (42.8) 110(08-1.4)

-/- (%) 211 (44.8) 224 (47 3) 1.0%

# Reference category, odds ratio =1

Table 2 Relationship between MTHFR genotype and fasting plasma homo-
cysteine concentration

+/+ +/- -/-
Controls 153158 131+4.0 123+27
(n=23) (n=112) (n=134)
Patients 19.6+13.0 135+4.1 129144
(n=28) (n=117) (n=124)

Plasma homocysteine concentrations are expressed in pmol/L as mean + SD.

indicates that (+/+) cases are more prone to develop a mild hyper-
homocysteinemia than controls from the same genotype group. In men
we found an odds ratio for the (+/+) genotype slightly below one, and
for women slightly above one; both these estimates had wide confi-
dence limits (men: OR 0.76 [95% Confidence Interval: 0.40-1.447;
women; OR 1.33 [95% Confidence Interval: 0.69-2.611. No differ-
ences were observed in different age groups (Table 3).

We also studied the interaction of thermolabile MTHFR with the
most common inherited cause of deep-vein thrombosis: APC resistance
due to FVL. In these analyses, we calculated unmatched odds ratios for
deep-vein thrombosis due to either MTHFR, FVL or both risk geno-
types, relative to those individuals with neither of these risk genotypes
(Table 4). Although the number of individuals with both risk factors are
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Fig. 1 MTHFR genotype distribution in different homocysteine strata.
Homocysteine concentrations are expressed in umol/l. In each homocysteine
stratum, the number of individuals is set to 100%
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relatively small, we observed no modified risk of the MTHFR (+/+)
genotype by concomitant FVL For a summary estimate of the 1elative
risk of venous thrombosis n jomtly affected individuals, we combied
three studies recently presented at the XVIth Congress of the Interna-
tional Society on Thrombosis and Haemostasis, Flotence, Italy, m
which we were able to calculate the genotype distributions of both
mutations m cases and controls (18 20), and combined them with the
present study Overall, the homozygous mutant (+/+) genotype i the
MTHFR gene was obsetved i 117 (14 4%) out of 810 cases, and 1n
121 (13 9%) out of 870 controls (OR 10 [95% CI 08 1 4)) FVL was
detected 1n 164 (20 2%) cases and 1 26 (3 0%) contiols (OR 82
[95% CI 54-126 1), whereas the coexistence of both mutations
was observed 1 26 (3 2%) cases and m 4 (0 5%) controls (OR 72
[95% CI 25-207)) These summary estimates indicate that the
MTHFR 677C—T vanant itself 1s not a n1sk factor for venous thrombo
s18, and does not modify the 1isk 1n indrviduals with FVL genotype

Discussion

Homozygosity for the 677C—T mutation in the MTHEFR gene 1s as
sociated with elevated plasma homocystemne concentrations However,
this homozygous mutation 1s not assoctated with an meieased tisk of
deep-vein thrombosis, whereas mild hyperhomocystememua 1s (7)

Den Heyer et al (7) found a 2 5-fold mcreased risk [95% CI
17-37] for a homocysteine concentration above 18 5 mmol/L (95th
percentile of the control group) 1n the geneial population This result
and those from other studies (3, 5, 6) all suggested that muld hyper
homocysteinemia 1s a sk factor for occurrence and recurrence of ve-
nous thrombosis, which resembles the association observed n artterial
cardiovascular disease (21)

Elevated plasma homocysteine concentrations may oiginate from
nutritional deficiencies (Yow folate, vitamin B-12 or vitamin B-6 status)
or fiom genetic aberrations in enzymes involved m homocysteine me-
tabolism The 1ecently detected homozygous 677C—T transition in the
MTHFR gene has been shown to be associtated with elevated mean
plasma homocysteme concentrations (10, [1) By combining eight
case-control studies in a meta analysis, we weie able to show that this
mutation 1s a rather modest but significant 115k factor confeting a 22%
higher 11sk for coronary attery disease (22) In the present study, mild
hyperhomocystememia, defined as a homocystemne concentiation
exceeding the 95th peicentile of the control group (>18 5 wmol/l), was
observed 1 28 (10%) out of 269 patients We observed that the homo-
zygous mutation 18 a conttibutor to elevated plasma homocysteine con
centiations, which 1s m agreement with several other studies (10-12)
However, we found no difference 1n prevalence of the 677C—T transi-
tion in patients with a first episode of venous thrombosts, indicating
that disturbed homocysteine temethylation due to this genetic defect
alone seems not a sk factor for deep vern thrombosis
Several explanations may be offered

(1) Recent studies by Jacques et al (13) and Van der Put et al (14),
demonstrated a stiong interaction between this genetic predisposition
and folate status on the plasma homocysteine concentration In individ
uals with madequate folate status, the homozygous (+/+) genotype led
to elevated homocystewne levels, contrary to (+/+) ndividuals with an
adequate folate status, tn whom plasma homocystetne was not elevated
m comparison with both other genotypes The fact that 39% of the
cases versus only 17% of the contiols with the (+/+) genotype wete hy-
pethomocystememic, ceitainly mplies the nteraction with and the
existence ol another factor determining plasma homocysteine levels,
moie often found among cases than controls Whether this can be
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Table 3 Thiomboss risk due to +/+ genotype m different age groups
Age (years) Odds ratios (95% Confidence Interval)
<30 200 (042 124)
30-50 096 (0501 82)
>50 089 (042185) ‘
Overall 105(0716)

Table 4 Relationship between thermolabile MTHFR, factor V Leiden, and the
11sk of deep-vetn thrombosis

FVLeiden MTHFR Cases Controls OR 95% CI
342 416 1
+ 82 11 91 48173
+ 37 44 10 0616
+ + 10 3 41 11148

# Reference category OR =1, FV Leiden heterozygotes are referred to as +”,
wildtype 1s referred to as -, MTHFR homozygotes (+/+) are referred to as
“+”, heterozygotes (+/-) and wildtype (-/-) are referred to as “-”

attributed to an 1nadequate folate status n patients could not be
assessed, because the vitamin status was not determined 1n our study
population In a study on hypethomocystememia n recurrent venous
thrombosis, Den Heyer et al cid not find differences mn vitamn B12
and folate status 1n patients compared with population-based controls
(6, 23) This could also be the case m our study on deep-vein
thrombosts, although a change m dietary intake of vitamin nutrients due
to a fust episode of thiombosis cannot be 1ignored

(2) In the LETS-study, as we 1eported pieviously (7), the risk of
venous thrombosts did not increase gradually, the odds 1atios only
increased substantially with homocysteine concentrations above
22 pmol/l, indicating that thete might be a threshold above which
homocysteine has thrombogenic repercussions The MTHFR mutation
itself may not be sufficient to lead to such pronounced homocysteine
elevation, and will only in combination with an environmental or an-
other genetic factor lead to such a hyperhomocysteinemia

(3) The homozygous (+/+) genotype causes a redistribution of folate
derrvatives (12, 14) leading to a higher avarlability of one-carbon moie-
ties for thymidine synthests The latter may have a concomitant benifi-
cial effect on the caidiovascular system

(4) Thete could be a, yet undetermined, stronger determinant of ele-
vated homocysteine levels contiibuting to the risk of deep vemn throm
bosis, a contributor not assoclated to this genetic defect in MTHFR
This stronger determinant may mask a possible effect of the MTHFR
mutation

(5) The obseivation of an equally distribution of the 677C—T tran
sitton over both controls and patients even 1aises the question whether
homocysteine 1tself 1s the prime compound causing venous thrombosis
and not another metabolite related to homocysteine metabolism but not
associated to thermolabile MTHFR The thrombogenic effect of mildly
elevated homocysteine concentrations could be dependent of the pri-
mary undetlying cause of mild hypethomocysteinemia Obviously, this
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sheds serious doubts to the status of mild hyperhomocysteinemia as an
independent cause of deep-vein thrombosis, and opens the possibility
that hyperhomocysteinemia is only a marker of another defect, which is
the actual cause of an increased risk for deep-vein thrombosis
(23).

Activated protein C resistance (APC-resistance) due to FVL is the
most common inherited cause of venous thrombosis (15) in Europeans
(24). The findings of Mandel et al. (25) in highly consanguineous ho-
mocystinuric families, suggested that concomitant FVL is an absolute
prerequisite for thrombosis in severe hyperhomocysteinemic patients.
Thesc results challenged the observation of Den Heijer et al. (7), who
observed mildly elevated homocysteine concentrations as a risk factor
for thrombosis, independent from coexisting abnormalities in hlood
coagulation, such as protein S-, protein C-, antithrombin deficiency and
APC-resistance. In the Physician’s Health Study, an interaction was re-
ported between mild hyperhomocysteinemia and concomitant FVL in
the risk of venous thromboembolism (26).

In the present study, we did not observe an interaction between
thermolabile MTHFR, a major determinant of elevated homocysteine
concentrations, and FVL, indicating that the presence of both genetic
variants do not lead to an additional risk compared with FVL alone.
A number of studies have addressed the MTHFR variant and concomi-
tant FVL in the risk of venous thrombosis, however with contradictory
results (18-20, 27-29). Zhighetti (20) and Gaustadness (27) and their
co-workers observed an overrepresentation of the frequency of joint ab-
normalities in thrombosis patients, indicative of an interaction between
the MTHFR variant and FVL in the risk of venous thrombosis. On the
other hand, several other studies did not report an increased thrombotic
risk in FVL carriers due to thermolabile MTHFR (18, 19, 28,29).In a
summary estimate, we did not observe an increased risk in jointly af-
fected individuals compared with the risk in individuals with isolated
FVL.

The mechanism by which homocysteine may cause venous throm-
bosis is obscure. Several in vitro studies suggest that homocysteine
interferes with the anticoagulant and fibrinolytic system (30, 31),
although in most studies the homocysteine concentrations applied were
almost ten times higher than those observed in homocystinuria patients.
Furthermore, homocysteine concentrations were added in its free sulf-
hydryl (reduced) form, leading to tremendous shift in redox status,
whereas in blood almost 99% is present in an oxidated state.

In conclusion, we have demonstrated that the prevalence of the ho-
mozygous 677C—T mutation in the MTHFR gene is not increased in
patients with deep-vein thrombosis compared to healthy age- and sex-
matched controls, indicating that this mutation itself is not a risk factor
for deep-vein thrombosis. A small risk however, as previously shown in
coronary artery disease (22), cannot be exluded. A possible interaction
between the 677C—T mutation in the MTHFR gene and FVL was not
observed. Further studies are warranted to elucidate the relationship
between abnormal homocysteine metabolism and its contribution to the
risk of deep-vein thrombosis.

Acknowledgments

This study was in part supported by grant 93.176 from The Netherlands
Heart Foundation.

References

1. Boushey CJ, Beresford SAA, Omenn GS, Motulsky AG. A quantitative
assessment of plasma homocysteine as a risk factor for vascular dis-
ease: Probable benefits of increasing folic acid intakes. JAMA 1995; 274:
1049-57.

2. Mudd HS, Skovby F, Levy HL, Pettigrew KD, Wilcken B, Pyeritz RE, An-
dria G, Boers GHJ, Bromberg IL, Cerone R, Fowler B, Grobe H, Schmidt
H, Schweitzer L. The natural history of homocystinuria due to cystathionine
f-synthase deficiency. Am J Hum Genet 1985; 37: 1-31.

3. Brattstrom L, Tengborn L, Lagerstedt C, Israclsson B, Hultberg BL. Plasma
homocysteine in venous thrombosis. Haemostasis 1991; 21: 51-7.

4. Amundsen T, Ueland PM, Waage A. Plasma homocysteine levels in pa-
tients with deep venous thrombosis. Arterioscler Thromb Vasc Biol 1995;
15: 1321-3.

5. Falcon CR, Cattaneo M, Panzeri D, Martinelli [, Mannuci PM. High preva-
lence of hyperhomocyst(e)inemia in patients with juvenile venous thrombo-
sis. Arterioscler Thromb 1994; 14: 1080-3.

6. Den Heijer M, Blom HI, Gerrits WBJ, Rosendaal FR, Haak HL, Wijermans
PW, Bos GMJ Is hyperhomocysteinaemia a risk factor for recurrent venous
thrombosis? Lancet 1995; 343: 882-5.

7. Den Heijer M, Koster T, Blom HJ, Bos GMI, Briét E, Reitsma PH, Vanden-
broucke JP, Rosendaal FR. Hyperhomocysteinemia as a risk factor for
deep-vein thrombosis. N Engl ] Med 1996; 334: 759-62.

8. Kang S, Zhou J, Wong PWK, Kowalisyn J, Strokosch G. Intermediate
homocysteinemia: A thermolabile variant of methylenetetrahydrofolale
reductase. Am J Hum Genet 1988; 43: 414-21.

9. Engbersen AMT, Franken DG, Boers GHJ, Stevens EMB, Trijbels JMF,
Blom HIJ. Thermolabile 5,10-methylenetetrahydrofolate reductase as a
cause of mild hyperhomocysteinemia. Am J Hum Genet 1995; 56:
142-50.

10. Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews RG, Boers
GHIJ, Den Heijer M, Kluijtmans LAJ, Van den Heuvel LPWJ, Rozen R. A
candidate genetic risk factor for vascular disease: A common mutation in
methylenetetrahydrofolate reductase. Nature Genet [995; 10: 111-3.

. Kluijtmans L.AJ, Van den Heuvel LPWJ, Boers GHJ, Stevens EMB, Frosst
P, Van OQost BA, Trijbels IMF, Rozen R, Blom HI. Molecular genetic anal-
ysis tn mild hyperhomocysteinemia: a common mutation in the methylene-
tetrahydrofolate reductase gene is a genetic risk factor for cardiovascular
disease. Am J Hum Genet 1996; 58: 35-41.

12. Van der Put NMIJ, Steegers-Theunissen RPM, Frosst P, Trijbels IMF, Eskes
TKAB, Van den Heuvel LPWJ, Mariman ECM, Den Heijer M, Rozen R,
Blom HJ. Mutated methylenetetrahydrofolate reductase as a risk factor for
spina bifida. Lancet 1995; 346: 1070-1.

13. Jacques PF, Bostom AG, Williams RR, Ellison RC, Eckfeldt JH, Rosenberg
IH, Selhub J, Rozen R. Relation between folate status, a common mutation
in methylenetetrahydrofolate reductase, and plasma homocysteine concen-
trations. Circulation 1996; 93: 7-9.

14. Van der Put NMJ, Van den Heuvel LPWIJ, Steegers-Theunissen RPM,
Trijbels JMF, Eskes TKAB, Mariman ECM, Den Heijer M, Blom HI.
Decreased methylenetetrahydrofolate reductase activity due to the
677C—T mutation in families with spina bifida offspring. J Mol Med 1996;
74: 691-4.

15. Bertina RM, Koeleman BPC, Koster T, Rosendaal FR, Dirven RJ, De
Ronde H, Van der Velden PA, Reitsma PH. Mutation in blood coagulation
factor V associated with resistance to activated protein C. Nature {994; 369:
64-7.

16. Koster T, Rosendaal FR, De Ronde H, Briét E, Vandenbroucke JP, Bertina
RM. Venous thrombosis due to poor anticoagulant response to activated
protein C: Leiden Thrombophilia Study. Lancet 1993; 342: 1503-6.

17. Te Poele-Pothoff MTWB, Van den Berg M, Franken DG, Boers GHJ,
Jacobs C, De Kroon IFI, Eskes TKAB, Trijbels JMF, Blom HJ. Three dif-
ferent methods for the determination of total homocysteine in plasma. Ann
Clin Biochem 1995; 32: 218-20.

18. Liebman HA, Sutherland D, McGehee W. A common mutation in methyl-
enetetrahydrofolate reductase is associated with an increased risk of venous
thrombosis. Thromb Haemost 1997; Suppl. 528 (Abstract).

19. De Stefano V, Chiusolo P, Paciaroni K, Casorelli I, Serra FG, Bizzi B,
Leone G. Prevalence of factor V 1691G to A and methylenetetrahydrofolate
reductase 677C to T mutated genes in patients with venous thrombosis.
Thromb Haemost [997; Suppl. 569-70. (Abstract)

—_—

257

S .




Thromb Haemost 1998; 79: 254-8

20. Zighet ML, Cattaneo M, Tsai MY, Buciarelli P, Taioli E, Bignell M,
Mannucci PM, Bianchi-Bonomi A. A common mutation in the methylene-
tetrahydrofolate reductase gene (C677T) increases the risk for deep-vein
thrombosis in patients with mutant factor V (factorV:Q*®). Thromb
Haemost 1997; Suppl. 570 (Abstract).

. Ueland PM, Refsum H, Brattstrdm L. Plasma Homocysteine and Cardio-

vascular Disease. In: Atherosclerotic Cardiovascular Discase, Hemostasis,

and Endothelial Function. Francis Jr. RB, ed. New York, Basel, Hong

Kong: Marcel Dekker, Inc. 1992; pp 183-236.

Kluijtmans LAJ, Kastelein JJP, Lindemans J, Boers GHJ, Heil SG, Brusch-

ke AVG, Jukema JW, Van den Heuvel LPWJ, Trijbels JIMF, Boerma GIM,

Verheugt FWA, Willems F, Blom HJ. Thermolabile methylenetetrahydro-

folate reductase in coronary artery disease. Circulation 1997; 96: 2573-7.

23. Den Heijer M, Bos GMJ, Gerrits WBJ, Blom HJ. Will a decrease of blood
homocysteine by vitamin supplementation reduce the risk for vascular dis-
ease? Fibrinolysis 1994; 8: 91-2.

24. Rees DC, Cox M, Clegg JB. World distribution of factor V Leiden. Lancet
1995; 346: 1133-4.

25. Mandel H, Brenner B, Berant M, Rosenberg N, Lanir N, Jakobs C, Fowler
B, Seligsohn U. Coexistence of hereditary homocystinuria and factor V
Leiden-effect on thrombosis. N Engl J Med 1996; 334: 763-8.

26. Ridker PM, Hennekens CH, Selhub J, Miletich JP, Malinow MR, Stampfer
MI. Interrelation of hyperhomocyst(e)inemia, factor V Leiden, and risk of
future venous thromboembolism. Circulation 1997; 95: 1777-82.

2

22.

27. Gaustadnes M, Larsen TB, Ingerslev I, Norgard-Petersen B, Madsen M,
Bihl K, Rudiger N. Prevalence of the factor V Leiden mutation and the
MTHFR C677T mutation in thrombophilic and in healthy persons. Thromb
Haemost 1997; Suppl. 568 (Abstract).

28. Rintelen C, Pabinger I, Lechner K, Eichinger S, Kyrle PA, Mannhalter C.
No evidence for an increased risk of venous thrombosis in patients with fac-
tor V Leiden by the homozygous mutation in the methylenetetrahydrofolate
reductase gene. Thromb Haemost 1997; Suppl. 569 (Abstratt).

29, Salamor O, Dardik R, Zivelin A, Inbal A, Varon D, Martinowitz U, Mani A,
Seligsohn U. Homozygous methylenetetrahydrofolate reductase thermo-
lability (MTHFR-T) is an independent risk factor for idiopathic deep vein
thrombosis (DVT). Thromb Haemost 1997; Suppl. 568-9 (Abstract).

30. Fryer RH, Wilson BD, Gubler DB, Fitzgerald LA, Rodgers GM. Homocys-
teine, a risk factor for premature vascular disease and thrombosis, induces
tissue factor activity in endothelial cells. Arterioscler Thromb 1993; 13:
1327-33.

31. Rodgers GM, Conn MT. Homocysteine, an atherogenic stimulus, reduces
protein C activation by arterial and venous endothelial cells. Blood 1990;
75: 895-901.

Received June 23, 1997  Accepted after resubmission September 24, 1997

.PEDIATRICS 'H

) S
Sutor
! Hnrlm\:\ﬂ
Vitamin K in Infancy

| OO, RATIRS ) 5

! ?k:

5

=

| £

Sutor/Hathaway (eds.)

Vitamin K in Infancy

1995. 420 pages, paperback
DM 69.00

approx. US $ 49.00

ISBN 3-7945-1611-3

EMATOLOGY

Vitamin K Deficiency Bleeding (VKDBJ in infancy has
a high incidence of intracranial bleeding. Vitamin K
given intramusculary at birth is the most effective
way of prophylaxis, but since it was suspected to
increase the risk of childhood cancer it was replaced
in many countries by oral Vitamine K with conse-
quent increase in VKDB. To solve this dilemma inter-
nationally renowned experts presented their contro-
versial standpoints. The facts reported serve as base
for evaluation of the ideal prophylaxis.
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