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The New England Journal of Medicine

VENOUS THROMBOSIS —
THE INTERACTION OF GENES
AND ENVIRONMENT

ENOUS thrombosis is the obstruction of the

circulation by clots that have been formed lo-
cally in the veins or have been released from a
thrombus elsewhere. The usual sites of thrombus
formation are the superficial and deep veins of the
legs, but it also may occur in veins in the brain, ret-
ina, liver, and mesentery.

An important question is why thrombosis devel-
ops in a given person at a specific site at a particular
age and time. Probably the formation and growth of
a thrombus are caused by local activation of the co-
agulationsystem, combined with a disturbance in
the balance between coagulation and fibrinolytic re-
actions favoring clot formation. An increased risk of
venous thrombosis can last throughout life because
of the presence of mutations in genes coding for he-
mostatic or fibrinolytic proteins, but the increase in
risk mav also be of limited duration — thar is, due
to acquired or environmental factors.

The involvement of genetic factors was recog-
nized in earlier reports on familial clustering of
venous thrombotic evenrts (familial thrombophilia);
20 to 30 percent of patients with thrombosis report
having ar least one relative with thrombosis. On the
other hand, clinical studies have revealed that ac-
quired conditions such as trauma, surgery, immobi-
lization, pregnancy, the puerperium, and use of oral
contraceptives are important risk factors for venous
thrombosis. Detailed information on the identity of
these risk factors and the extent of their interaction
is needed to establish a policy for individualized
treatment and prevention.

In this issue of the Jowrnal, Martinelli et al.! re-
port on the interaction of two recently identified,
common prothrombotic mutations and the use of
oral contraceptives in a study of the rsk of cerebral-
vein thrombosis. Because of the high prevalence of
these mutations in the general population, only 40
patients were required for the authors to draw mean-
ingtul conclusions from the study.

What are these murations? The first is a mutation
in the gene coding tor coagulation factor V. A tran-
sition {guanine ta adenine) at nucleotide 1691
(G1691A) in exomr 10 of the factor V gene results in
the replacement of arginine at position 506 by
glutamine (factor V Q506, factor V Leiden).2 Factor
V circulates in the blood as an inactive procofactor:
it can be activated by thrombin, resulting in the for-
mation of a two-chain molecule (factor Va) that
serves as a cofactor of factor Xa in the conversion of
prothrombin into thrombin. Inactivation of factor
Va occurs through selective proteolytic cleavages in
its heavy chain ar Arg306, Arg506, and Arg679.
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The responsible enzyme is activated protein C. Ac-
tivated factor V Leiden, with a glutamine instead of
an arginine at position 506, is not cleaved by acti-
vated protein C at this position and is therefore in-
activated more slowly. This is the molecular basis of
the laboratory phenotype of resistance to activated
protein C, first reported by Dahlbick et al.?

The proportion of carriers of factor V Leiden in
the white population varies from 2 percent to 15
percent. The mutation is extremely rare in non-
whites, and there is strong evidence that all factor V
Leiden alleles originate from a common ancestor.?
Heterozygous carriers have a risk of deep-vein throm-
bosis that is 7 times as high as that in the general
population; for homozygous carriers, the risk is 80
times as high.®

The second prothrombotic mutation involves a
guanine-to-adenine transition at nucleotide 20210
of the gene encoding prothrombin, the inactive pre-
cursor of thrombin, which is the end product of the
coagulation cascade.® The importance of this transi-
tion is not yet known, but several investigators have
reported that heterozygous carriers have 30 percent
higher plasma prothrombin levels than noncarriers.
Heterozygous carriers are known to have a risk of
deep-vein thrombosis that is three to six times that
in the general population. Again the abnormality is
rare in nonwhite populations. In whites the reported
prevalence of carrier status varies from 0.7 percent
to 4 percent.”

The finding that the G1691A mutation in the fac-
tor V gene and the G20210A mutation in the pro-
thrombin gene are common, strong risk factors for
venous thrombosis in the legs raised the possibility
that these mutations might also be associated with
other forms of venous thrombosis.® It also raised the
question whether there mayv be an interaction be-
tween genetic and environmental risk factors for
venous thrombosis.? Furthermore, the role of throm-
bin formation in other complex diseases, such as
myvocardial infarction, stroke, eclampsia and pre-
eclampsia, and diabetes, became a focus of research
interest.

It is in this context that we have to consider the
data reported by Martinelli et al.! from their study
of the roles of prothrombotic mutations and the use
of oral contraceptives in the development of idio-
pathic cerebral-vein thrombosis, a rare form of venous
thrombosis. They compared the frequency of the
mutations G1691A and G20210A and the use of
oral contraceptives among 40 unrefated patients who
had a confirmed diagnosis of cerebral-vein thrombo-
sis with that among 120 healthy controls. They
made two important observations. First, the pro-
thrombin-gene mutation G20210A is an important
risk factor for cerebral-vein thrombosis. This sup-
ports previous findings by the same authors and
others regarding factor V Leiden as a risk factor for
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cerebral-vein thrombosis.!'® 12 Interestingly, the fre-
quency of the two mutations was very similar among
patients with cerebral-vein thrombosis and among
yvoung parients with deep-vein thrombosis in the
legs, pointing to a similar role of these mutations in
the development of two ditferent presentations of
the same disease.

The second observation concerns the contribu-
tion of oral-contraceptive use to the risk of cerebral-
vein thrombosis. The use of oral contraceptives ap-
peared to be a strong risk factor for cerebral-vein
thrombosis (odds ratio, 22.1; 95 percent confidence
interval, 5.9 to 84.2), which is in agreement with
the results of an earlier study in which a relative risk
of approximately 13 (95 percent confidence interval,
5 to 37) was reported for oral-contraceptive users.'?
What 1s particularly interesting 1s that for women
who were, both carriers of the G20210A prothrom-
bin-gene allele and current users of oral contracep-
tives, the risk of cerebral-vein thrombosis (odds
ratio, 149.3) tar exceeded the sum of the separate
risks associated with these two factors. This again
points to an interaction between a prothrombotic
mutation and the use of oral contraceptives and ex-
tends the tindings of previous studies that have doc-
umented an mteraction between factor V Leiden
and oral-contraceptive use in causing deep-vein
thrombosis 1n the legs and cerebral-vein thrombo-
s15.131 At a molecular level, this interaction is not
well understood. Oral-contracepuve use results in
changes in the concentrations of many hemostatic
and fibrinolytic components of the blood and may
add i multuple ways to the disturbance in the he-
mostatic balance that 1s introduced bv a prothrom-
botic mutation.

Martinelli et al. further report that 78 percent of
all their patients with cerebral-vein thrombosis were
women and that, after the exclusion of women who
were pregnant or postmenopausal at the ume of the
event, 96 percent used oral contraceptives; 37 per-
cent were both carriers of a prothrombotic mutation
and users of oral contraceptives. These figures clearly
differ from those in patients with deep-vein throm-
bosis in the legs: about 60 percent of these patients
are womert, of whom 40 percent use oral contracep-
tives, and 10 percent are both carriers of a pro-
thrombotic mutation and current users of oral con-
traceptives.'* So we have to consider seriously the
possibility, previously discussed by de Bruijn et al.,!?
that the mtroductsdn of oral contraceptives has con-
tributed to the madence of cerebral-vein thrombo-
s1s. This may have occurred parucularly m women
from tamilies with thrombophilia.

Finally, we sull do not know why venous throm-
bosis develops in the brain in some patients and in
the leg in others. The very voung age ot the patients
with cerebral-vein thrombosis at the time of the
event (median, 31 vears) indicates that in these pa-

tients, there must be additional risk factors that are

still unknown.!'®

R.M. BerTiNA, PH.D.
F.R. RoseNnpaaL, M.D.

Leiden University Medical Center
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FATAL IMrPACT — CONCUSSION
OF THE HEART

HEN he died on a winter evening in 1995,

Matthew Messing was only 16 years old. It
happened while he was playing in a high-school ice-
hockey game in Quincy, Massachusetts. The referee
said the boy was hit squarely n the chest by an op-
ponent during a routine body-checking maneuver.
The spectators noticed nothing unusual about the
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