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The Kkallikrein-kinin system affects regulation of blood pressure, and genes
encoding for the components of this system have been considered as good
candidates for hypertension. To evaluate the relationship between genetic
polymorphisms of candidate genes involved in this system and hypertension,
we performed case-control studies using genetic markers in Korean
normotensives and hypertensives, respectively. By association study, there was a
marginal association with hypertension in AA genotype distribution of A1789G
polymorphism in the hKLK1 gene (P=0.0754). Thus, this genetic polymorphism
may weakly contribute to the susceptibility to hypertension in Koreans. We also
observed that significant linkage disequilibrium exists among three polymorphic
sites in the hKLK1 gene studied, suggesting that the three genetic polymorphisms
can be useful as genetic markers in clinical association studies. Further studies
using larger sample sizes and more genetic markers will be needed to clarify

genetic influence of kallikrein-kinin system for hypertension.

Blood pressure is a complex trait determined by an array
of interlocking homeostatic systems with feedbacks that
maintain homeostasis in the face of widely varying
environmental factors. Hypertension is defined by arbitrary
limits, but represents the upper end of this distribution of
blood pressure determined by a combination of genetic
and environmental factors (Kang et al., 2000). Candidate
genes that determine blood pressure variation include
those whose products have a direct role in blood
pressure such as the components of kallikrein-kinin
system.

The kallikrein-kinin system appears to be an important
regulator of cardiovascular function. This phylogenetically
ancient system of proteases, substrates, peptides,
peptidases and inhibitors has some responsibility for the
regulation of local and perhaps systemic hemodynamics,
vascular permeability, inflammatory response, activation
of neuronal pathway and the movement of electrolytes,
water and metabolic substrates across epithelia and into
other tissues (Bhoola et al., 1992).

Kallikreins are serine proteases involved in
posttranslational processing of polypeptides (Chung et al.,
1986). By generating hormone peptides, kallikreins
regulate processes such as organ perfusion, systemic
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blood pressure, sodium and water homeostasis, and
inflammation (Clements, 1994; Margolius, 19986). There
are two groups of Kkallikreins: glandular or tissue
kallikrein, and plasma kallikrein. Tissue kallikrein (hK1) is
the major kinin-forming enzyme in the kidney (Meneton
et al, 2001), synthesized in the distal tubules, and
released into urine and the peritubular interstitium (Slim et
al., 2002). The level of urinary kallikrein excretion reflects
the renal synthesis of this enzyme, and is influenced by
genetic factors and dietary sodium intake (Berry et al,,
1989; Zinner et al., 1976). Urinary kallikrein excretion is
reduced in hypertension as well as renal diseases
(Margolius et al., 1974). An association between blood
pressure and a kallikrein gene polymorphism has been
observed in rat strains (Pravenec et al., 1991).

The tissue kallikrein (hKLK1) gene is located on
chromosome 19 (19q13.2-q13.4), together with several
homologous genes coding for non-kinin-forming serine
proteases or unidentified protein products (Harvey et al.,
2000). The hKLK1 gene contains five exons spanning
over 5.2 kb, and codes for an inactive prokallikrein form
that is activated by intracellular proteolysis of a short
amino-terminal peptide (Evans et al., 1988). Several
polymorphisms in the hKLK1 gene have been identified
(Berge and Berg, 1993; Berge et al.,, 1997).

Kininogen is a substrate for kallikreins, and the
liberated kinin has various pharmacological properties
including effects on the cardiovascular system, smooth
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muscle contraction, ion transport, pain production,
capillary permeability, arachidonic acid metabolism, and
cell proliferation. Thus, this may be involved in
hypertensive, diabetic diseases or inflammatory disorders
(Margolius, 1989; Proud and Kaplan, 1998).

The kininogen (KNG) gene is located on chromosome
3 proximal to two closely related genes, the op-HS
glycoprotein and the histidine-rich glycoprotein (Fong
et al., 1991; Cheung et al., 1992). This gene is 27 kb
long, and has 11 exons (Kitamura et al., 1985).

Kinin receptors are presently characterized as B, B,
and perhaps Bj; receptors. Bradykinin B, receptor is less
prominent than B, (Schneck et al., 1994). Bradykinin B,
receptor (BDKRB2) gene was cloned (Hess et al., 1992),
and by homology search, this receptor was grouped to
the superfamily of the G-protein-coupled seven
transmembrane domain receptors. Studies on the
genetic structure of this gene revealed that it consists of
three exons (Kammerer et al., 1995). Three well-defined
polymorphisms located in each of the three exons were
characterized (Braun et al., 1995a, b).

To characterize the genetic susceptibility of kallikrein-
kinin system for hypertension, studies in different
populations must be conducted. The present case-
control studies were designed to investigate association
between polymorphisms of candidate genes encoding
for the components of the kallikrein-kinin system and
hypertension in the ethnically homogeneous Korean
population.

Materials and Methods
Subjects

Total 236 Korean subjects were recruited from clinical
pathology of the Seoul Hygiene hospital, Seoul, Korea.
Of these individuals, 88 subjects were diagnosed with
hypertension. Subjects were classified as having
hypertension if they exhibited systolic blood pressure
(SBP) > 140 mmHg and diastolic blood pressure > 90
mmHg and had no clinical signs, symptoms, and
laboratory findings suggestive of secondary hypertension.
Age-controlled normotensives consisted of 148 indivials

having systolic blood pressure (SBP) < 140 mmHg and
diastolic blood pressure < 90 mmHg. Male/female (M/F)
ratio was not statistically different between two groups
(For normotensives, the M/F ratio was 51.7%/48.3%; for
hypertensives, the M/F ratio was 56.7%/43.3%; y°=
0.8822, df=1, P=0.3476). Due to varying sample quality
and sample exhaustion, not all DNAs were successfully
assayed for each polymorphism.

Genetic analysis

Total genomic DNA was isolated using a commercial
genomic DNA purification kit (QlAamp; QIAGEN) (Kang
and Lee, 2003). All 5 polymorphisms were assayed by
means of PCR, either by direct size analysis or by
analysis of the products of restriction enzyme digestion.
Amplification reaction was performed in 50 ul containing
0.1 mM each of dCTP, dATP, dGTP and dTTP, 10 pmol
of each oligonucleotide primer, 10 mM Tris-HCI (pH 8.3),
50 mM KCI, 1.5 mM MgCl,, 0.01% gelatin, 1.25 units of
Taq DNA polymerase (Perkin-Elmer/Cetus) and 100 ng
genomic DNA. The primer sequences used are shown in
Table 1. Amplification was carried out for 30 cycles of
denaturation at 94°C for 1 min, annealing at 50~65°C for
1 min, and extension at 72°C for 1 min in Perkin-Elmer
model 9700 thermal cycler. After PCR reaction, about 10
ul of each PCR product was digested by appropriate
restriction enzymes, and genotyped in ethidium bromide-
stained agarose gels or polyacrylamide gels after
electrophoresis.

Statistical analysis

Genotypes were assigned to each subject, and allele
frequencies were calculated from genotype frequencies
in the hypertensive and normotensive groups, respectively.
Differences in total alleles for candidate gene
polymorphisms on all chromosomes for the two groups
were tested using y°-analysis. Standardized pairwise
linkage disequilibrium, D, was calculated. The degree of
nonrandom association was determined by calculation of
C (Hill and Robertson, 1968) and D’ (Lewontin, 1964)
between polymorphic sites. A Monte Carlo approach

Table 1. Polymorphic sites and primer sequences of each candidate gene in the kallikrein-kinin system

Gene RFLP site Primer sequence Reference
hKLK1 G812C 5'-GTCTACAGCTCTGGGGATCGGACG-3 Berge et al., 1997
5'-CTCCCACATCCCCCCACTGTCTCAC-3
A1789G 5'-ATCCTGCCTAATGATGAGCGC-3 Berge et al., 1997
5'-GGCTGCCTCACCACACAGGTGTCT-3
A2233C 5'-ATCGGGGCCACCCCAGCTGTGTTA-3 Berge et al., 1997
5-CTGTTCTGGCGTCCCTGACTCGCC-3
KNG C587T 5 -CTTGGGCACTTATTATATTGCCACAC-3 Cheung et al., 1993
5-AACTTTATCATTAAATTTTTGCCTACTTAC-3
BDKRB2 R48/R35 5-GAAGGTGGCCCAGTATGAGC-3 Braun et al., 1995b
5-GATTGGTCAGGATTTATGG-3
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Table 2. Genotype and allele frequencies of the three candidate gene polymorphisms encoding for the components of the kallikrein-kinin system in
normotensive and hypertensive groups

Genotype Frequency Allele Frequency

Gene
n (%) n (%} n (%) n (%) n (%)
hKLK1 G812C GG GC cC G C
normotensive 120(81.1) 27(18.2) 1(0.7) 0.90 0.10
hypertensive 73(83.9) 13(14.9) 1(1.2) 0.91 0.09
hKLK1 A1789G AA AG GG A G
normotensive 23(15.9) 84(57.9) 38(26.2) 0.45 0.55
hypertensive 19(21.8) 37(42.5) 31(35.6) 0.43 0.57
hKLK1 A2233C’ AA AC CcC A C
normotensive 23(15.5) 66(44.6) 59(39.9) 0.38 0.62
hypertensive 14(15.9) 31(35.2) 43(48.9) 0.34 0.66
KNG C587T CcC TC T C T
normotensive 132(100.0) 0(0.0) 0(0.0) 1.00 0.00
hypertensive 80(100.0) 0(0.0) 0(0.0) 1.00 0.00
BDKRBZ2 R48/R35 R48/R48 R48/R35 R35/R35 R48 R35
normotensive 83(100.0) 0(0.0) 0(0.0} 1.00 0.00
hypertensive 85(98.8) 1(1.2) 0(0.0) 0.99 0.01

was used to overcome the difficuities of the statistical
analysis in the highly polymorphic markers (extended
haplotype) in association studies (Sham and Curtis,
1995). P-values less than 0.05 were considered as
significant. Statistical analysis was performed using
SPSS for Windows V11.0 (SPSS Inc, Chicago).

Results

PCR analysis revealed polymorphic patterns in the
candidate genes encoding components of kallikrein-kinin
system (Table 2). Fig. 1 shows the electrophoretic patterns
of three genetic polymorphisms in the hKLK1 gene.
G812C polymorphism in exon 1 of the hKLK1 gene was
detected by the restriction enzyme Bst Ul. G allele
produced a band of 262 bp, while C allele yielded bands
of 238 bp and 24 bp. The genotype frequencies of GG,
GC, and CC were 81.1%, 18.2% and 0.7% in
normotensives, and 83.9%, 14.9%, and 1.2% in

Gene frequency

A A1789G  A2233C

G812C

B (3)A2233C

1 2 3 4

(1)G812C
1 2 3 4

(2)A1789G
,1 2 3 4

Fig. 1. A polymorphic map and electrophoretic patterns of the hKLK1 gene. A, A polymorphic map of the hKLK1 gene. Shaded box, exon; dash,
intron. B, Electrophoretic patterns of the hKLK1 gene. (1) G812C polymorphism. Lane 1, 2 and 4, GG genotypes; lane 3, GC genotype. (2) A1789G
polymorphism. Lane 1 and 3, AG genotypes; lane 2, AA genotype; fane 4, GG genotype. (3) A2233C polymorphism. Lane 1, CC genotype; lane 2 and
3, AC genotype; Lane 4, AA genotype.
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Fig. 2. Electrophoretic patterns of the KNG and BDKRBZ2 genes. A, Electrophoretic patterns of the KNG gene. Lane 1~4, CC genotypes. B,
Electrophoretic patterns of the BDKRB2 gene. Lane 1~3, R48/R48 genotypes; lane 4, R48/R35 genotype.

hypertensives. The heterozygosity and PIC values of
G812C polymorphism were 0.18 and 0.16 for
normotensives, and 0.16 and 0.15 for hypertensives,
respectively. According to heterozygosity and PIC
values, the G812C polymorphism showed a relatively
low degree of polymorphism in both groups. There
were no significant differences in genotype and allele
frequencies between the two groups by case-control
comparison (P > 0.05).

Like G812C polymorphism, A1789G polymorphism in
exon 4 of the hKLK1 gene was also detected by the
restriction enzyme Bst Ul. When an A allele of A1789G
polymorphism was present, the 110 bp PCR fragment
was not digested by Bst Ul, whereas was reduced to
bands a 90 bp and 10 bp when G allele of A1789G
polymorphism was present. The genotype frequencies of
AA, AG and GG were 15.9%, 57.9% and 26.2% in
normotensives, and 21.8%, 42.5% and 35.6% in
hypertensives, respectively. The heterozygosity and PiC
values of G812C polymorphism were about 0.49 and
0.37 for both groups, respectively. According to the
heterozygosity and PIC values, the A1789G
polymorphism indicated the highest genetic diversity in
both groups among the genetic markers tested in this
study. There were no significant differences in genotype
and allele frequencies between the two groups, but AA
genotype was more frequent in hypertensives compared
to normotensives (x°=5.1699, df=2, P=0.0754).

A2233C polymorphism in the exon 5 was detected by
the restriction enzyme Mse |. The A allele produced
bands of 125 bp and 21 bp, whereas C allele yielded a
band of 146 bp. The genotype frequencies of AA, AC
and CC were 15.5%, 44.6% and 39.9% in normotensives,
and 15.9%, 35.2% and 48.9% in hypertensives,
respectively. The heterozygosity and PIC values of the
A2233C polymorphism were 0.47 and 0.36 for
normotensives, and 0.45 and 0.35 for hypertensives,
respectively. According to the heterozygosity and PIC
values, the A2233C polymorphism indicated reasonably
high degree of gene diversity in both groups. The
genotype and allele frequencies of this polymorphism
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were not significantly different between normotensives
and hypertensives (P > 0.05).

C587T polymorphism in the exon 5 of the KNG gene
was detected by the presence or absence of the cutting
site for restriction enzyme Csp45 |. The C allele
produced bands of 134 and 118 bp, while the T allele
yielded a band of 252 bp, (Fig. 2A). Only the C allele was
detected in our subjects, and thus, showed a
monomorphic pattern in Koreans.

The R48/R35 polymorphism in the BDKRB2 gene is
located in the 3° untranslated region of this gene, and
two common alleles consisted of 48 or 35 repeat units
(named R48 or 35), respectively (Fig. 2B). In our study,
the R48 allele was common in Korean subjects, while the
R35 allele was observed only in one hypertensive subject.

Haptotype frequency and linkage disequilibrium of the
hKLK1 gene

Linkage disequilibrium between the three polymorphic
sites in the hKLK1 gene was assessed by a pair-wise
analysis of the linkage disequilibrium statistics C and D’
(Table 3). Significant linkage disequilibrium was observed
between the three polymorphic sites studied (P < 0.05).

Distribution of extended haplotype in the hKLK gene is
displayed in Table 4. Because the existence of double
heterozygotes disturbed the construction of extended
haplotype, we performed the maximum likelihood
estimation of haplotype distribution with an EH program.
The G-G-C haplotype was found to be the most common
in normotensive and hypertensive groups, respectively.
By Monte Carlo simulation, no significant difference was

Table 3. Pair-wise linkage disequilibrium statistics (A, D’) among
polymorphic sites in the hKLK1 gene

A
D
Gg12C A1789G A2233C
G812C 0.3301 0.3069
A1789G 0.8906 0.7702
A2233C 0.7141 0.9156




Table 4. Estimated haplotype distribution of three DNA polymorphisms
in the hKLK1 gene

Polymorphic site Subject
G812C A1789G A2233C  Normotensive Hypertensive

G A A 0.278643 0.281408
G A C 0.079993 0.118877
G G A 0.007631 0.023134
G G C 0.544078 0.508088
C A A 0.082692 0.037924
C A C 0.006948 0.013846
C G A 0.000000 0.000000
C G c 0.000015 0.016723

P! 0.619131

'The significant difference between normotensives and hypertensives
was not observed in haplotype frequencies (T,=1.780896, df=3, P>
0.05, simulation number=10,000).

observed in extended haplotype frequency between two
groups (P > 0.05).

Discussion

Because many biochemical and physiological systems
impact on blood pressure regulation and hypertension
susceptibility, many of these identified genes and
polymorphisms are candidates for population-level
association studies involving blood pressure levels or
hypertension status. The Kallikrein-kinin system has been
postulated to play a role in the homeostasis of normal
blood pressure, and defects in this system could contribute
to the pathogenesis of clinical hypertension (Margolius,
1995). Previous studies have shown that the tissue
kallikrein-kinin system is involved in many physiological
and pathological processes such as blood pressure
homeostasis, renal sodium excretion, allergy, and
inflammatory disorders (Bhoola et al., 1992; Margolius,
1989).

In this study, we evaluated the association of hypertension
with three polymorphic markers of the hKLK1 gene in
Korean population. Among the polymorphisms studied,
G812C and A2233C polymorphisms were not significantly
associated with hypertension in our subjects. Thus,
these two polymorphisms might not be good predictors
for risk of hypertension in the Korean population. However,
we found a marginal association of the A1789G
polymorphism in the hKLK1 gene with hypertension. The
AA genotype frequency of the A1789G polymorphism
was 21.8% in hypertensive group compared with 15.9%
in normotensive individuals (P=0.0754). Whether the AA
genotype directly accounts for a physiological effect or
acts, as a marker for a causative mutation, is as yet
unclear. Because the A1789G polymorphism does not
cause an alteration in amino acid sequence, it is likely to
be in linkage disequilibrium with a “causative” variant
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nearby in the genome. The AA genotype was present
at a low frequency .in our subjects. Since the incidence
of hypertension is 20~30% (Friend et al., 1996; Kurtz
and Spence, 1993) and the causative loci for this
condition may contribute to the disease even in a small
proportion of the population, the AA genotype would be
expected to be on the same chromosome as the putative
“causative” allele. Nevertheless, because our result was
statistically negative, further studies will be required to
clarify the relationship between the A1789G polymorphism
and hypertension.

Linkage relationships among DNA markers in any
genetic loci may influence the choice of polymorphisms
used in linkage or association studies. An inverse
relationship between linkage disequilibrium and physical
distance between loci is of course expected. Our results
revealed that significant linkage disequilibrium exists
among the three polymorphic sites in the hKLK1 gene.
The three sites are within a relatively small genetic
distance in the hKLK1 gene (Berge et al., 1997) and
exihibit strong non-random associations among them.
Thus, in the case of the hKLK1 gene, population studies
probably would not require a large sample size to detect
association.

In analysis of genes with single nucleotide
polymorphisms (SNPs), extended haplotype distribution
is important in discovering genetic background of
hypertension. Distribution of extended haplotype of the
hKLK1 gene in our subjects revealed predominance of
the G-G-C haplotype in both groups. However, there
were no significant differences between the two groups,
suggesting that any haplotype with the three
polymorphisms may not be useful as a genetic marker
for hypertension.

Kininogen is a single chain glycoprotein and constitutes
a member of the cystatin superfamily with stefin and
cystatin (Fong et al, 1991). Kinin liberated from
kininogen by proteolysis can affect many physiological
functions including blood pressure homeostasis, but its
role in human homeostatic mechanisms and disease are
just beginning to be understood (Margolius, 1995).
Cheung et al. (1993) have described a C587T
polymorphism in the exon 5 of the KNG gene. The
identification of SNP in this candidate gene provides a
powerful tool to understand the role of the KNG gene
associated with hypertension. However, none of the
Korean subjects in this study had the T allele in the KNG
gene.

The BDKRB2 gene has been proposed as one of
candidate genes to be involved in the complex genetic
underpinnings of common chronic disorders such as
hypertension and ischemic heart disease (Gainer et al.,
2000). The exon 3 in the BDKRB2 gene include
polymorphism that consists of multiple repeat units of 15
or 16 bp in length and that are characterized by the
following consensus sequence: TGGA (A) GGGCTAGAACC
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(Braun et al., 1995b). This polymorphism located in the
3’-untranslated region of this exon has two common
alleles consisting of 48 or 35 repeat alleles, respectively.
The frequency of the R48 allele in the BDKRB2 gene is
the most frequent in the Korean population. The R48
allele frequency (0.99) of the BDKRB2 gene found in the
Korean population was higher than that in the South
German population (0.84) (Braun et al., 1995b). The R35
allele in the Korean population was detected only in one
hypertensive subject, reflecting very low informativeness
as a genetic marker.

In conclusion, the present study showed that the AA
genotype of A2233C polymorphism in the hKLK1 gene
might be associated with hypertension in our subjects of
Korean origin. However, the risk of incurring false-positive
or false-negative results in a case-control study due to
chance effect is always possible. This should be mainly
due to the relative heterogeneity of the populations
screened, devived from mixing of groups from different
geographic regions. Of course, there was little possibility
of ethnic heterogeneity because all subjects participating
in our study were ethnically homogeneous Koreans.
Nevertheless, our data need to be verified in a larger
population or another ethnic group in the future.
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