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Genetic variation at the human tissue-type
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and analysis of association to plasma levels of tPA
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Tissue-type plasminogen activator (tPA) plays a key role in thrombus dissolution and plasma levels of tPA
have been associated with cardiovascular disease. We have previously resequenced regulatory and coding
regions of the human tPA gene (PLAT) and identified eight single-nucleotide polymorphisms (SNPs). In a
small experimental study, four common variants were associated with invasively determined vascular tPA
release rates. The aim of the present study was to investigate whether there is an association between
genetic variants at this locus and plasma levels of tPA. To this end, 240 Swedish individuals without
cardiovascular disease were typed for the eight SNPs and an Alu insertion polymorphism at the PLAT locus,
as well as for a polymorphism in the plasminogen activator inhibitor type 1 (PAI-1) promoter (PAI-1 -675
4G > 5G). Stepwise regression analysis, with established predictors of plasma tPA including plasma PAI-1
and genetic variants, showed that neither genotypes nor haplotypes were major contributors to plasma
tPA. The results also showed that the level of linkage disequilibrium was high at the PLAT locus, as
demonstrated by the fact that only three haplotypes had a frequency above 5%. In conclusion, in the
present study neither genetic variation at the PLAT locus nor the PAI-1 -675 4G >5G polymorphism was
strong predictors of plasma tPA levels, which suggests that variations in other genes contribute to the
heritability of this phenotype. The results also show that three haplotypes at the PLAT locus accounted for
nearly 90% of the chromosomes and that they could be defined by typing only two SNPs.
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Introduction Thus, tPA plays a key role in thrombus dissolution.'?

Tissue-type plasminogen activator (tPA) is a serine protease
that catalyzes the conversion of the zymogen plasminogen
to the active enzyme plasmin. Plasmin, in turn degrades
fibrin, which forms the matrix structure of a blood clot.
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Studies on tPA-deficient mice have confirmed the impor-
tance of tPA in mediating thrombolysis** and plasma
levels of tPA have been associated with myocardial
infarction and stroke.>~’

tPA is synthesized in endothelial cells and its gene
expression is mainly regulated at the level of transcrip-
tion.® The human gene encoding tPA, PLAT, is located on
chromosome eight. It spans >30kb and consists of 14
exons.’ The promoter contains two transcription start sites,
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which are dependent on an initiation element and a TATA
box, respectively.”'® Two elements have been identified
within the proximal promoter that are responsible for both
constitutive expression and induction by the protein
kinase C pathway.'! In addition, a multihormone-respon-
sive enhancer located —7.3kb from the initiator element
has been identified.'? In a previous study, we resequenced.
the enhancer, the proximal promoter, all 14 exons and
their flanking intronic sequences, and the immediate
3’ region of PLAT.'®> We identified eight novel single-
nucleotide polymorphisms (SNPs): one in the enhancer
(-7,351C>T), one just upstream, and one just downstream
of the initiator element (—125T > C and 90A>G), three in
coding sequence (two synonomous; 20,099T>C and
28,792T>C and one nonsynonomous; Argl29Trp), and
two in intronic sequence (27,445T>A and 27,739G > A). In
that experimental study, we also found an association
between four of the SNPs and invasively determined
vascular release rates of tPA.'® The closest association was
observed for tPA -7,351C>T SNP. Subjects homozygous for
the tPA -7,351C allele had more than two-fold higher tPA
release rates as compared to carriers of the T allele. In
contrast, although the CC group tended to have higher
plasma levels of tPA antigen, there was no significant
association between the —7,351C>T SNP and plasma tPA.
In contrast to vascular tPA release, plasma tPA is not only
dependent on endothelial release, but also on hepatic
clearance and complex inhibition.'*'* Our recent data
from in vitro studies show that the tPA —7,351C>T SNP is
functional at the level of transcription [Ladenvall et al'®
and unpublished observations]. It is therefore conceivable
that the phenotype vascular tPA release, which is highly
dependent on the synthesis rate, more closely reflects tPA —
7,351C>T genotype than plasma tPA. It follows that a
larger sample size would be needed to detect a possible
association between this SNP and plasma tPA. Conse-
quently, the present study was designed to investigate
whether the tPA -7,351C>T SNP is associated with plasma
tPA or not, and data from our initial study were used to
estimate the required sample size. To fully assess whether
genetic variation at the PLAT locus contributes to plasma
tPA, all nine polymorphisms as well as haplotypes were
analyzed, and established predictors of plasma tPA as well
as a polymorphism in the plasminogen activator inhibitor
type 1 (PAI-1) promoter were also taken into account.

Materials and methods

Study population

In the present study, we re-examined 240 unrelated men
and women from the population-based Géteborg MONICA
study.'® Subjects with a history of stroke, coronary or
peripheral artery disease were excluded. Out of 415 eligible
subjects, 81 did not respond, 44 subjects were unwilling
to attend without any particular reason, 25 subjects were
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unwilling to attend because of illness. Six of the subjects
had moved out of the region. In all, 11 subjects were
excluded at the examination and five subjects after the
examination because of history or ECG findings indicating
cardiovascular disease. Three subjects were excluded for
technical reasons. This left 240 subjects from western
Sweden without cardiovascular disease which constitute
the current study. All subjects were white, 88% were native
Swedes and 61% of these were born in Goteborg or western
Sweden. The study was approved by the Ethics Committee
of Goteborg University, and the data handling procedures
were approved by the National Computer Data Inspection
Board. All participants gave their written informed con-
sent.

Clinical characteristics

Subjects were examined between 08.00 and 10.00 h after an
overnight fast. The participants were asked to complete a
questionnaire with, inter alia, items on smoking habits and
history of cardiovascular disease. A 12-lead ECG was
recorded and evaluated by the Minnesota code.!® Body
mass index (BMI) was calculated from weight in kilograms
divided by height squared in meters. Blood pressure was
measured in the supine position after 10 min rest. Cuff size
was adjusted for arm circumference. Subjects fulfilling at
least one of the following criteria were defined as
hypertensives: regular treatment with antihypertensive
drugs at the time of examination, a systolic blood pressure
>160mm Hg, or a diastolic blood pressure >95mmHg.
Individuals who had a fasting plasma glucose >7.0 mmol/l
or were treated with insulin, oral antidiabetic drugs or on
diet control at the time of examination were defined as
diabetics. Smoking history was classified into subjects who
were current smokers and non-smokers (exsmokers and
people who never smoked).

Blood sampling

Blood samples were drawn from an anticubital vein, with
subjects in the supine position, after 20 min rest. Samples
for determination of fibrinolytic variables were collected in
tubes containing 1/10 0.45 M sodium citrate buffer, pH 4.3
(Biopool Stabilyte™, Biopool International, Umea, Swe-
den). Blood collection tubes were kept on ice and plasma
was isolated within 30 min by centrifugation at 2000 g for
20min at 4°C. Plasma aliquots were immediately frozen
and stored at —70°C until analysis.

Biochemical assays
Hematocrit, plasma glucose, and serum concentrations of
cholesterol, high-density lipoprotein (HDL), and triglycer-
ides were determined by standard methods at the Depart-
ment of Clinical Chemistry, Sahlgrenska University
Hospital.

Plasma concentrations of tPA antigen were determined
with an enzyme-linked immunosorbent assays (ELISA),



which detects free and complexed forms of tPA with similar
efficiency (TintElize® tPA, Biopool International).'” Plasma
tPA activity, that is, the free, uncomplexed fraction of tPA,
was measured by a bioimmunoassay (Chromolize™ tPA,
Biopool International) calibrated against the international
standard for tPA (lot 86/670). Active tPA was expressed in
ug/L using the specific activity of 6001U/ug (data on file,
Biopool International). Plasma levels of PAI-1 antigen were
determined by an ELISA, which detects all molecular forms
of PAI-1 with similar efficiency (COALIZA®™ PAI-1, Haemo-
chrom Diagnostica, Mélndal, Sweden).'® All samples were
assayed in duplicate on the same microtiter plate. Mean
intra-assay coefficients of variation (CV) were 2.6, 3.0, and
3.4% for tPA antigen, tPA activity, and PAI-1 antigen,
respectively. The corresponding interassay CVs were 6.3,
6.3, and 14.8%. Intraindividual reproducibility of fasting
morning plasma levels of tPA and PAI-1 antigen has
previously been reported to be high in healthy people.?

The tPA Argl129Trp SNP causes an amino-acid substitu-
tion in kringle one, which theoretically might affect the
affinity of antibodies for tPA. However, since both
antibodies in the TintElize®™ tPA kit are polyclonal, it is
unlikely that the amino acid replacement affects the
quantification of tPA antigen. In contrast, the capture
antibody in the Chromolize™ tPA kit is monoclonal. It
interferes with fibrin binding and is thus most likely
directed towards the finger domain or kringle two.
However, since it cannot be excluded that the epitope is
located in kringle one, 12 samples from subjects carrying
the Trp129 allele and 12 samples from subjects homo-
zygous for the Arg129 allele were analyzed by a functional
assay without the use of antibodies (Spectrolyse®/fibrin,
Biopool International). Samples from the two groups were
matched for plasma tPA activity as determined by Chro-
molize™ and mean tPA activity was 1.02 (range 0.58-1.67)
ug/1 in both groups. There was no significant difference in
tPA activity as determined by Spectrolyse® between the
two groups; mean 1.13 (range 0.65 — 1.60) and mean 1.10
(range 0.68 — 1.47) pg/l in the Arg129/Trp129 and Arg129/
Arg129 group, respectively. These results indicate that the
amino acid substitution does not affect the affinity of the
monoclonal antibody.

Genotyping

Genomic DNA was isolated from whole blood on Qiagen
columns (QiaAmp, Qiagen, Hilden, Germany). Genotyping
of SNPs were performed by 5' nuclease (TagMan) assays.
The principle of this assay is that the polymorphic region is
amplified with PCR in the presence of two competing
probes, each complementary to one of the SNP alleles.*”
Oligonucleotide primers and probes were designed from
the DNA sequences obtained in our earlier work'® using
Primer Express 1.5 software (Applied Biosystems Inc, Foster
City, CA, USA). Primers were designed to amplify short
target DNA fragments (<170bp) with the SNP of interest.
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Probes representing each allele were designed. Probes
complementary to the common alleles were labeled at
the 5’ end with VIC and probes complementary to the rare
alleles were labeled with FAM (6-carboxy-flourescein). Both
probes also had a quencher dye TAMRA (6-carboxy-
tetramethyl-rhodamine) on the 3’ nucleotide and probe
lengths were adjusted to a T, of 65-67°C. Ordinary
TagMan® probes were used. However, if the polymorphic
site was located in an AT-rich region, probes with a minor
groove binder (MGB) modification were used, which
enabled us to reduce the length of the probe. MGB probes
were also chosen if probe design was restricted by
neighboring repetitive sequences or SNPs. Primer and
probe sequences for tPA SNPs are listed in Table 1. All
oligonucleotides were synthesized by Applied Biosystems.

PCR and fluorescence readings were performed in 96-
well microtiter plates (MicroAmp™ Optical plates, Applied
Biosystems) on an ABI PRISM® 7700 Sequence Detection
System (Applied Biosystems). Reactions (25ul total vo-
lume) consisted of 20ng genomic DNA, 12.5 ul TagMan®™
Universal PCR Master Mix (Applied Biosystems), and
primers and probes as indicated in Table 1. Primer
concentrations were optimized by amplifying DNA from
a subject homozygous for the common allele in the
presence of the corresponding probe. Concentrations of
the two probes were optimized to give similar fluorescent
signals. Thermal cycling conditions were: two initial holds
(50°C for 2min and 95°C for 10 min) followed by a 40-cycle
two-step PCR (95°C for 15s and 58°C or 60°C for 1min).
The fluorescent signals of the two reporter dyes were
determined directly after PCR. Each 96-well PCR plate
included six samples without DNA as negative nontem-
plate controls (NTC) and duplicate samples of the three
genotypes as positive controls.

To validate each 5’ nuclease assay, 51 samples that had
been genotyped earlier by DNA sequencing'® were run. All
genotypes obtained with the 5 nuclease assays were
concordant with DNA sequencing. In addition, 10% of
the samples in the present study underwent repeat
genotyping by the 5’ nuclease assays and the initial results
were confirmed in all cases.

Genotyping of the Alu insertion polymorphism was
performed by PCR as previously described.*! To avoid
misclassification of DD genotypes, all samples genotyped
as DD were amplified by a second PCR with an insertion-
specific primer.?!

Genotyping of the PAI-1 -675 4G>5G polymorphism
was performed by a 5 nuclease assay as previously
described, and the accuracy of this assay has been verified
by direct DNA sequencing.??

Statistical analysis

Allele frequencies were estimated from genotype data.
Deviation from Hardy-Weinberg equilibrium was tested by
a y? test with one degree of freedom. Pairwise linkage
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Table 1 5’ nuclease assays for SNPs at the PLAT locus
Oligonucleotide Concen-
tration
(nM)
tPA -7,351C>T
FP: 5-AGTGATCTCATTGCCGAGGTG-3' 300
RP: 5'-CCCAGAGTCCCAGGCCA-3’ 300
C-TQMP: 5'-AAAGGAGCCCGCCCCAGACA-3’ 100
T-TQMP: 5'-CCAAAGGAGCCTGCCCCAGAC-3' 100
tPA -125T >C
FP: 5-TGCTTCCACCGTGAACTTCC-3' 300
RP: 5-TCAGTGGACAGGGCCATGA-3' 300
T-TQMP: 5-AACAGGCCTGCCTCAGCTCCC-3’ 100
C-TQMP: 5'-ACAGGCCCGCCTCAGCTCC-3’ 100
tPA 90A >G
FP: 5-GCTTGCTGGAAAGACTTTTAAGACGA -3’ 300
RP: 5-CCTACAGGAGTCCAGGGCTG-3' 300
A-TQMP: 5'-AGACCCCAAGGTACAGAAACCCGA-3’ 100
G-TQMP: 5'-AGACCCCAAGGCACAGAAACCC-3' 100
tPA Arg129Trp
FP: 5-GACAGAATCTTTCCCCAGCTGTA-3' 300
RP: 5-GTTGGCCCAGAAGCCCTAC-3' 300
C-MGBP-2: 5'-TCTGGCCTCCGCCC-3' 50
T-MGBP: 5'-CTGGCCTCCACCC-3’ 200
tPA 20,099T >C
FP: 5-GACAGAATCTTTCCCCAGCTGTA-3’ 900
RP: 5'-GTTGGCCCAGAAGCCCTAC-3’ 900
T-MGBP-2: 5'-GATGGCATCTGGCCT-3’ 50
C-MGBP-2: 5'-ATGGCGTCTGGCC-3’ 200
tPA 27,4457 >A
FP: 5'-TCCACCCTCTAACGCCTAGAAAC-3' 900
RP: 5'-CCGGTATGTTCTGCCCAAGA-3’ 900
T-MGBP: 5'-CACAGCAAAAATAGCAT-3’ 100
A-MGBP: 5'-AGCAAAAAAAGCATTCT-3' 200
tPA 27,739G >A
FP: 5-CATTGGTAAGAGCTCGTCATTCC-3’ 300
RP: 5'-GAGGAGTGAGCTGGCGTGA-3’ 300
G-TQMP: 5'-TCCCGGGGACGCGGC-3’ 200
A-TQMP: 5'-CTCCCGAGGACGCGGCC-3’ 100
tPA 28,792T >C
FP: 5'-TCCCTAAAACCATATGATGGTTCTC-3/ 300
RP: 5'-GCCTCCTTCAGCCGCTC-3' 900
T-MGBP: 5'-TTCAGTGTCTCCTTTCT-3’ 100
C-MGBP: 5'-TCAGTGTCCCCTTTC-3' 200

TQMP, TagMan probe; MGBP, minor grove binder probe; FP, forward
primer; RP, reverse primer. Annealing temperatures were 58°C for tPA
Arg129Trp and tPA 20,099T>C and 60°C for the other SNPs.

disequilibrium (LD) coefficients, D', were calculated?® and
LD was tested by a likelihood ratio > test. Haplotype
frequencies were estimated by the expectation-maximiza-
tion (EM) algorithm as implemented in the EH software.?*
Since fibrinolytic variables, triglycerides and HDL were
positively skewed, these variables were transformed by
the natural logarithm and all subsequent analyses were
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performed on transformed values. Correlations between
established predictors of plasma tPA and plasma levels of
tPA antigen and activity were assessed by Pearson’s
correlation coefficient. Associations between tPA and
PAI-1 genotypes and plasma tPA were tested by stepwise
linear regression analysis using the SPSS 10.0 for Macintosh
package. All 10 polymorphisms, as well as established
predictors of plasma tPA, were allowed to enter each
model. Sex, smoking, hypertension, and diabetes were
treated as categorical variables, and age, BMI, cholesterol,
HDL, triglycerides, hematocrit, PAI-1 antigen, tPA antigen,
and tPA activity were treated as continuous variables. F-to-
enter was set to 3.84 (corresponding to P<0.05). Similar
stepwise models were applied to test association between
common haplotypes and plasma tPA. By bootstrapping
10,000 times from the data of our initial study'® the power
of the present study to detect an association between the
tPA —7,351C>T SNP and plasma tPA antigen concentra-
tions was estimated to 90%.

Missing values

The number of individuals with missing values were; two
for smoking status and one for BMI, systolic blood pressure,
diastolic blood pressure, glucose, and hematocrit.

Results
Baseline characteristics of study population

Baseline characteristics of the 240 subjects as well as
plasma levels of tPA and PAI-1 are shown in Table 2. Of
the 47 subjects who were classified as hypertensives, 22
were on regular treatment with antihypertensive drugs and
25 had a high blood pressure at examination. Eight
subjects were classified as diabetics of whom two were on
regular treatment with insulin, two on oral antidiabetic
drugs, three on diet control, and one subject had an
elevated plasma glucose level at examination.

Allele frequencies, LD, and estimation of haplotypes
Allele frequencies for the tPA polymorphisms are presented
in Table 3. The frequency for the PAI-1 4G and 5G allele
was 0.52 and 0.48, respectively. There were no significant
deviations for the observed genotype distributions from
those predicted with the assumption of Hardy—Weinberg
equilibrium for any of the studied polymorphisms.

LD was estimated for each pair of sites at the PLAT locus
using the measure of D'. All polymorphisms were in high
and significant LD with each other (D' > 0.6 and P<0.01),
except for the most 5’ site versus the two most 3’ sites, as
well as the rare Arg129Trp variant vs 27,445 (Table 3). A
total of 24 haplotypes, which represent 4.6% of the 512
possible haplotypes, were inferred from the 480 chromo-
somes by the EM algorithm. Three haplotypes occurred
with a frequency >5%, and they alone accounted for
88% of the 480 chromosomes (Table 4). Six haplotypes



Table 2 Characteristics of subjects

Variable Mean (SD)
Age (years) 54 (12)
Male (%) 59
Current smokers (%) 24
Hypertension (%) 20
Diabetes (%) 3

SBP (mmHg) 131 (20)
DBP (mmHzg) 81 (10)
BMI (kg/m<) 26 (4)
Cholesterol (mmol/I) 5.2(1)
Triglycerides (mmol/l) 1.2 (0.6)
HDL (mmol/I) 1.4 (0.4)
Hematocrit (%) 42 (4)
tPA antigen (ug/l) 9.0 (1.5)
tPA activity (ug/l) 0.44 (1.9)
PAI-1 antigen (ug/l) 32.9 (1.9)

n=240. SBP, systolic blood pressure; DBP, diastolic blood pressure;
BMI, body mass index; HDL, high-density lipoprotein; tPA, tissue-type
plasminogen activator; PAI-1, plasminogen activator inhibitor type 1.
For skewed variables, geometric means and geometric standard
deviations are shown.

(1.2% of possible haplotypes) occurred with a frequency
> 1%, accounting for 94% of all chromosomes. Haplotypes
were also assigned to each individual, using the most
probable pair of haplotypes according to the inferred
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haplotype frequencies. Since 105 individuals were homo-
zygous for all nine sites or heterozygous at only one site,
210 chromosomes could be unambiguously haplotyped.
Frequencies of the individually assigned haplotypes were
very similar to frequencies derived from group data (data
not shown).

Predictors of plasma tPA levels

Correlations between plasma tPA and established predic-
tors are shown in Table 5. There were significant positive
correlations between plasma tPA antigen and age, blood
pressure, BMI, cholesterol, triglycerides, hematocrit, and
PAI-1, whereas a negative correlation was observed for
HDL. Plasma tPA activity was negatively correlated with
BMI, triglycerides, and PAI-1 and positively with HDL.

Association between tPA genotype and plasma tPA

Both additive and dominant (for the minor allele) models
were tested together with established predictors of tPA. A
recessive model was not tested, since there were few
individuals homozygous for the minor allele in the present
sample. All ten polymorphisms were tested as predictors of
plasma tPA in a stepwise model together with age, sex,
BMI, cholesterol, HDL, triglycerides, PAI-1, hematocrit,
hypertension, diabetes, and smoking. When applying this
model with the assumption of an additive effect of alleles,

Table 3 Allele frequencies and pairwise LD coefficients between polymorphisms at the tPA locus

D/

Polymorphism  Allele Allele frequencies  —7,351 —125 Codon 129 20,099 Alu 27,445 27,739 28,792
-7,351 C>T 0.70/0.30 0.62 1 0.93 0.89 0.81 0.07 0.05
-125 T>C 0.95/0.05 1 1 0.75 -1 0.70 0.70
920 A>G 0.96/0.04 1 1 0.70 -1 1 1
Codon 129 Arg>Trp  0.98/0.02 1 0.79 -0.99 1 1
20,099 T>C 0.58/0.42 0.97 0.95 1 0.97
Alu I>D 0.59/0.41 0.95 0.93 0.93
27,445 T>A 0.73/0.27 -1 -1
27,739 G>A 0.86/0.14 1
28,792 T>C 0.86/0.14

D' were significantly different from zero (P <0.01) for all pairwise combinations except for tPA -7,351 in relation to tPA 27,739 and 28,792 (P>0.5 for

both) and tPA Arg129Trp in relation to PA 27,445 (P=0.15).

Table 4 Estimated haplotypes at the human tPA locus

Haplotype —7,351 —125 90 Codon 129 20,099 Alu 27,445 27,739 28,792 Estimated frequency
H1 C T A Arg T I T G T 55.8
H2 T T A Arg C D A G T 233
H3 C T A Arg C D T A C 8.7
H4 C T A Arg C D A G T 23
H5 T C G Trp C D T A C 23
H6 T C G Arg C D T A C 1.5

Three haplotypes accounted for 88% of the chromosomes in the current sample. Only haplotypes with an estimated frequency >1% are shown. The

remaing 18 estimated haplotypes accounted for 6.1% of the chromosomes.
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Table 5 Correlation coefficients between plasma levels of
tPA and age, blood pressure, metabolic variables, PAI-1,
and hematocrit

tPA antigen tPA activity

Age 0.41** 0.12
Systolic blood pressure 0.32** 0.01

Diastolic blood pressure 0.33** -0.11
Body mass index 0.471** —0.35**
Cholesterol 0.22** —0.04
Triglycerides 0.44** —0.26**
High-density lipoprotein —0.28** 0.26**
Plasminogen activator inhibitor type 1 0.65** —0.66**
Hematocrit 0.44** —0.09

Correlation coefficients for skewed variables were performed after
logarithmic transformation. **P<0.01 (two-tailed).

old age (P<0.001), male sex (P<0.05), high levels of
triglycerides (P<0.001), PAI-1 (P<0.001), hematocrit
(P<0.001), and the tPA 90A allele (P<0.05) emerged as
independent predictors of high tPA antigen (R*=0.66).
When applying a dominant model (subjects homozygous
for the major allele vs carriers of the minor allele at each
polymorphic site), the same predictors emerged except for
tPA 90A/G (R*=0.66). Similar stepwise models were
applied for tPA activity. In the additive model, young age
(P<0.001), low PAI-1 antigen (P<0.001), and the tPA
Trp129 allele (P<0.05) were identified as independent
predictors of high tPA activity (R*=0.49). In the model
with the assumption of a dominant effect of the minor
allele, young age (P<0.001), high levels of HDL (P<0.05),
low PAI-1 antigen (P<0.001), and the tPA 90G allele
(P<0.01) emerged as significant predictors of high tPA
activity (R%=0.50).

Association between tPA haplotype and plasma tPA
The three most common haplotypes with a frequency
above 5% were tested as separate variables in similar
stepwise analyses as applied for genotypes. None of the
haplotypes qualified into the models.

The two most common haplotypes, H1 and H2,
accounted for 56 and 23% of chromosomes, respectively.
Interestingly, these two haplotypes only differed at the four
sites that we earlier had found to be associated with
invasively determined vascular release rates of tPA-antigen,
but were equal at the other five sites. When we reanalyzed
our earlier experimental data'® with the haplotypes
estimated from the present study, individuals homozygous
for H1 had a significantly higher vascular tPA release rate as
compared to carriers of H2: 15 vs 4ng x min~" x 1 tissue™!,
P<0.001. Thus, haplotypes provided a better discrimina-
tion between high and low tPA secretors than tPA
-7,351C>T genotypes. We therefore compared plasma
levels of tPA antigen and tPA activity in subjects homo-
zygous for H1 vs carriers of H2 in the present study by a
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similar stepwise model as applied above. However, haplo-
types did not qualify into the model.

Discussion

In the present study, we observed the expected positive
correlations between plasma tPA antigen and age, blood
pressure, metabolic variables, and plasma PAI-1, as well as
negative correlations between plasma tPA activity and
metabolic variables and PAI-1.25-%° Observed correlations
were very consistent with those earlier reported in a large
population sample from the MONICA study in northern
Sweden.?>?® In contrast to these established predictors,
genetic variation at the PLAT locus was not a strong
predictor for plasma tPA. This is in line with some earlier
studies that reported that the tPA Alu insertion poly-
morphism was not associated with plasma tPA.30-32
However, in the present study tPA antigen was significantly
associated with the tPA 90A > G SNP in an additive model,
and tPA activity with the tPA Arg129Trp and 90A>G SNP
in the additive and dominant model, respectively. Of the
three rare variants that are in LD, the nonsynonomous tPA
Arg129Trp is an obvious functional candidate. There are
also preliminary data to suggest that the tPA —125T>C
SNP might influence DNA-protein binding.>* However,
although significant associations were observed between
the rarer SNPs and plasma tPA in the present study, these
results should be interpreted with some caution since
associations were tested in two different models for each of
the two dependent variables. In any case, these rare SNPs
only explained a minor proportion of the variation in
plasma tPA.

If several sites at a locus contribute to a phenotype,
haplotypes may be a better way to detect the genetic
contribution than genotypes.>* However, we did not
observe any significant association between the three most
common haplotypes and plasma tPA. We have earlier
reported an association between SNPs at the PLAT locus
and vascular tPA release.'> When tPA release rate was
compared in subjects homozygous for the most common
haplotype (H1) defined in the present study with subjects
carrying H2, a stronger association emerged than that
observed earlier for single SNPs. However, there was no
significant association between these two common haplo-
types and plasma levels of tPA in either study.

Recent studies show that genetic factors are of impor-
tance for the plasma level of tPA antigen.**~3’ Estimates
are that the heritability is between 30 and 60%.33~37 There
is also one study reporting a within-family correlation for
tPA activity.®® One might thus argue that some of this
genetic variance is attributable to other polymorphisms at
the PLAT locus than the ones typed here. However, this
seems unlikely since the SNPs that were investigated in the
present study were identified when we resequenced



regulatory regions and coding regions of the tPA gene.'® In
addition, five of these SNPs were recently confirmed when
6 kb of the 5'-region and coding regions of the human tPA
gene were resequenced in a Japanese population.>* How-
ever, Nakazawa et al®° also identified a novel SNP at
—4,358, but given current knowledge about regulation of
tPA gene transcription it is unlikely that this site is
functional. Thus, it is more likely that the heritability of
plasma tPA antigen is explained by variants in other genes,
for instance, in pathways related to clearance of tPA and
plasma levels of PAI-1. In fact, one previous study reported
an association between the PAI-1 -675 4G>35G poly-
morphism and plasma levels of tPA antigen.*® Therefore,
in addition to the tPA polymorphisms, the PAI-1 poly-
morphism was genotyped in the present study. However, it
did not qualify in any of the models, regardless of whether
it was included with or without plasma levels of PAI-1.
Consequently, the present results show that the genes
responsible for the genetic regulation of plasma tPA remain
to be determined.

In the present study only three haplotypes had a
frequency above 5% and they represented 88% of the
chromosomes. A high LD was also illustrated by the LD
coefficients I, which for the majority of pairwise combi-
nations were above 0.7. Similar results were reported from
the Japanese study in which 50 unrelated subjects were
typed for the tPA Alu insertion polymorphism and four
common tPA SNPs.? This is consistent with the finding of
haplotype blocks, that is, regions with very low haplotype
diversity.*""*> One implication of this is that with knowl-
edge of the haplotype structure at a specific locus in a given
population, the essential SNPs for association studies can
be identified.** Our results show that typing two SNPs (e.g.
—7,351C>T and 27,739G > A) was sufficient to define the
haplotypes that accounted for 88% of the chromosomes at
the PLAT locus.

In conclusion, the results of the present study show that
neither genetic variation at the PLAT locus nor the PAI-1
-675 4G>5G polymorphism are strong predictors of
plasma tPA levels, suggesting that variations in other genes
contribute to the heritability of this phenotype. The results
also show that three haplotypes at the PLAT locus
accounted for 88% of the chromosomes and that they
could be defined by typing only two SNPs.
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