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10.Introduction/background:

Venous thrombosis (VTE) occurs in approximately 1 of every 1000 people. Despite this
common frequency, the etiology of VTE is still not well understood. Several recent studies have
shown that a major risk factor for developing VTE, particularly deep vein thrombosis (DVT), is a
mutation in the blood coagulation protein Factor V (FV Leiden or FVL), which causes an increased
resistance to an anti-clotting factor, activated protein C (APC) (2, 3). Other risk factors include
obesity, immobilization and pregnancy/labor, as well as deficiencies in a number of anti-clotting
factors, including APC, protein S and antithrombin III (AT-III) (3).

Recent studies have also suggested that a common polymorphism in Factor XIII (FXIII
Val34Leu) has a protective effect in the development of VTE, brain and myocardial infarctions (4-
6, 12-14). Factor XIII (FXIII) is a tetrameric (A;B;), pro-transglutaminase that, once activated by
thrombin, stabilizes fibrin clots by forming fibrin gamma-chain dimers (via an acyl-transfer reaction
between Glu and Lys residues on adjacent fibrin monomers) and cross-linking a,-plasmin inhibitor
to the fibrin polymers (9, 11, 12). One hypothesis is that in individuals with the Val34Leu
polymorphism, FXIII is activated prematurely by thrombin (i.e. before there is a substantial amount
of fibrin present), thereby depleting the pool of available FXIII and resulting in fibrin clots that are
more susceptible to fibrinolysis (12).

In addition, recent studies have disagreed on whether a fibrinogen polymorphism, Fgn Hae
III or —455 G/A, is also protective against thrombosis (20-26). Fibrinogen is the plasma protein
that, during the clotting cascade, is cleaved by thrombin to fibrin. Elevated levels of fibrinogen have
been shown to increase the risk of both arterial and venous thrombosis (although this was not
associated with venous thrombosis in the LITE study) (26). In the Leiden Thrombophilia Study
(LETS), subjects with a fibrinogen level greater than 5 g/L had a 4-fold increase of thrombosis.

The fibrinogen —455 G/A polymorphism is located on the beta chain in the 5’ promoter
region and has been associated with higher levels of circulating plasma fibrinogen (20, 22, 23, 25).
This would suggest that the fibrinogen variant is related to a hypercoagulable state and subsequent
ischemic disease, but that association has not been conclusively demonstrated, and there is little
information concerning venous thrombosis (21). The largest study of venous thrombosis was the
LETS, which showed a protective effect with the A allele (26).

There are several problems in the existing literature, in addition to those mentioned above.
First, the prevalence of the Val34Leu and Fgn Hae III polymorphisms and their ethnic heterogeneity
has not been adequately examined, although one small study found that the prevalence of the Fgn
Hae III polymorphism was lower among African Americans than Whites in the U.S. and Europe
(21). The only studies that have investigated the prevalence of Val34Leu in ethnic minorities have
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been in Brazil and in a UK Asian population (10, 18). Second, there is not yet agreement on
whether the Val34Leu or Fgn Hae III polymorphisms are protective at all, and if so, by what
mechanism (9, 11, 12, 20-26). There is also no consensus on whether the Factor XIII or fibrinogen
variants are protective when other risk factors are present, such as FVL. Kohler and Grant suggest
that increased levels of plasminogen activator inhibitor 1 (PAI-1), among other risk factors, negate
the protective effects of the Val34Leu polymorphism (15). However, they also stated that further
studies are needed to confirm this. Third, there have been no studies of the Val34Leu
polymorphism and thrombosis in the U.S. population. Finally, all of the studies to date of these
polymorphisms and venous thrombosis are retrospective case-control studies, with potential bias.

The Longitudinal Investigation of Thromboembolism (LITE) study addresses many of these
concerns. LITE is a prospective study employing a nested case-control design. It combines two
U.S. cohorts, the Cardiovascular Health Study (CHS) and the Atherosclerosis Risks in Communities
(ARIC) study (1, 2). Both population-based studies examined the risk factors and subsequent
clinical development of cardiovascular diseases in six communities. Details of both CHS and ARIC
have been published previously (16, 17). Briefly, in 1987-89, 15,792 men and women between the
ages of 45-64 were enrolled in ARIC, 27% African American. In 1989-90, 5,201 men and women
over the age of 65 enrolled in CHS. However, only 3% of the participants were African American,
so CHS enrolled another 687 African American participants in 1992-93. Baseline blood samples
were taken and stored, including both DNA and plasma samples (2).

The proposed study will determine the prevalence of the FXIII Val34Leu and Fgn Hae III (-
455 G/A) polymorphisms in LITE cases and controls. In addition, we will ascertain whether the
Val34Leu and/or Fgn Hae Il polymorphisms are protective, as well as whether they are protective
when other risk factors are present, specifically FVL and obesity.

11. Hypotheses:

Val34Leu and Fgn Hae III are protective against VTE.

. Val34Leu and Fgn Hae III are protective against VTE independent of other factors.

3. Val34Leu and Fgn Hae III are protective against VTE among subjects with and without
FVL.

4. Val34Leu and Fgn Hae III are protective among obese and non-obese subjects.

5. Val34Leu and Fgn Hae III are protective to a similar degree among blacks and whites.

N —

12. Analysis plan and methods:
Methods

LITE investigators validated cases of VTE through 31 December 1996 for the ARIC study,
and through 30 June 1997 for the CHS (1). Incidence rates, predictive values for specific discharge
codes, case characteristics, 28-day case fatality and recurrence rates were determined.

A total of 335 cases of VTE were identified in 304 individuals, using objective criteria in the
evaluation of 938 hospitalization discharge codes (542 in ARIC, 396 in CHS) (1). DVT comprised
267 of the cases, while 58 were PE and 41 were concurrent PE and DVT. Approximately 50% of
the cases were idiopathic, with cancer (n=91) and recent hospitalization (n=99) being the most
common precipitants in secondary events. Controls were randomly chosen from the ARIC and
CHS cohorts at a rate of 2.1 controls per case, yielding a total of 688 controls (2). The cases and



controls were frequency matched according to age, gender, race, follow-up time and study
(ARIC/CHS). Several plasma and DNA measures have been performed in baseline samples from
this case-control population, including FVL and APC resistance.

Data Analysis

Using the nested case control group from the LITE study, the following data analysis will be

performed for each gene variant:

1. Describe and compare the characteristics of cases and controls.

2. Compare the prevalence of the polymorphism in both cases and controls, as well as the
prevalence in ethnic minorities.

3. Estimate the relative risk of developing VTE in the presence of the polymorphism.
(Logistic regression will be used to calculate the odds ratio (OR) and 95% confidence
interval.)

4. Examine the subgroups as defined by case type (incident, recurrent; idiopathic,
secondary) and parent study membership; FVL status, ethnic group and BMI >30 or
<30.

The factor XIII gene polymorphism will be tested comparing Val/Val to Val/Leu and Leu/Leu
separately. If appropriate based on the findings, participants with Val/Leu and Leu/Leu will be
combined for secondary analyses, including stratifications (although separate analyses of Leu/Leu
will be attempted — we may be limited by power). The fibrinogen variant will be analyzed in similar
fashion comparing —455 GG to both GA and AA, and combing the heterozygote and homozygote
wild type for secondary analyses, if appropriate.

13. Future Directions:

If the analysis confirms our hypotheses, further study of the roles of FXIII Val34Leu or Fgn
Hae III status (with or without FVL) might be undertaken to determine the utility of testing in
directing the course of treatment for an individual who has VTE.
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