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A common polymorphism in the tissue kallikrein gene
is associated with increased urinary excretions
of calcium and sodium in Japanese volunteers

Tomoe Fujita1,2, Shuichi Yasuda3, Mariko Kamata4, Yuji Kamata5, Yuji Kumagai2,6 and Masataka Majima1,6

Tissue kallikrein is an enzyme involved in the release of kinin in peripheral tissues. It is believed to regulate hemodynamics and

electrolyte transport in the kidney. The present study analyzed polymorphisms of tissue kallikrein in Japanese volunteers and

examined the associations between allele H in the promoter region, which has been shown to have decreased promoter activity,

and urinary kallikrein activity and physiological parameters in subjects on an ad libitum diet. Ninety and 73 volunteers were

analyzed for the promoter and coding regions of the tissue kallikrein gene, respectively. The allelic frequency of allele H was

found to be 24%. One synonymous and three non-synonymous polymorphisms were found in the coding regions. Urinary

kallikrein activity was not significantly decreased in subjects with allele H compared to those without allele H, although they

were low in two homozygotes of allele H. Urinary excretions of calcium and sodium were larger in the subjects with allele H

than in those without. It is concluded that allele H is a common polymorphism in Japanese and may contribute to decreased

reabsorptions of calcium and sodium in the kidney. Further interventional studies are needed to clarify the phenotype of allele

H with respect to renal electrolyte handling.
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INTRODUCTION

Human tissue kallikrein is a family of 15 genes (hKLK1–hKLK15)
located on chromosome 19q13.3–13.4. The product of hKLK1 is a
kinin-forming serine protease and the enzyme is synthesized in many
organs including the kidney. The renal kallikrein–kinin system is
involved in salt-sensitive hypertension.1,2

hKLK1 shows polymorphisms in the coding and promoter regions.
A loss-of-function coding polymorphism (G230A) was found
in Caucasians and Africans.3 An allele H polymorphism, whose
promoter activity was decreased by 85% of the control, was found in
Asians at an allelic frequency of 25%.4 This allelic frequency was
higher in hypertensive Chinese patients than in their normotensive
counterparts.5

hKLK1 is abundantly synthesized in the renal distal tubules and is
secreted in urine. The above loss-of-function polymorphism was
demonstrated to associate with reduced urinary hKLK1 activity in
hypertensive patients.3

We analyzed hKLK1 polymorphisms in healthy Japanese volunteers
and examined urinary hKLK1 activity and physiological phenotypes
in these subjects with and without allele H.

MATERIALS AND METHODS
The Ethics Committee of Kitasato University School of Medicine and Kitasato

University Hospital approved this study. Healthy Japanese volunteers (age

range, 20–45 years, male/female 27/46) participated in the study after informed

consent was obtained.

hKLK1 polymorphisms were identified by a sequencing of genomic DNA

including the promoter, five exons, and 10–50 bp of intronic sequences

per exon (Applied Biosystems, Foster City, CA, USA). The reference

gene sequence was obtained from GenBank (AY094609). Ninety Japanese

volunteers were examined for the polymorphic promoter region, �133 to

�121 from the transcription initiation site, and 73 were examined for the

coding region.

Physiological characteristics were measured in the morning under an

uncontrolled diet. Blood samples were collected in a supine position. Urine

samples were collected spontaneously (first collection) and by urination after

intake of 500 ml of water (second collection). Urinary hKLK1 activity was

measured using a fluorogenic substrate.6 Laboratory tests were measured by

SRL Inc. (Tokyo, Japan).

Gender distributions between the subjects with and without allele H were

analyzed by a w2-test for independence. The physiological characteristics were

compared using an unpaired t-test.
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Table 1 Allelic frequencies of polymorphisms in the human KLK1 gene

Position

from the Position

Substitution Japanese (this study) Asiansa Caucasiansa

Location

transcription

initiation site

from the

start codon Alleles Nucleotide Amino acid

Allele

number

Allelic

frequency

Allele

number

Allelic

frequency

Allele

number

Allelic

frequency

Promoter �121 to �133 A 86 0.48 22 0.61 48 0.42

B �128G-C 34 0.19 4 0.11 33 0.29

C �131A-G 0 0.00 0 0.00 0 0.00

D �131A-G, �129G-C 0 0.00 0 0.00 0 0.00

E �127G-C 0 0.00 0 0.00 1 0.01

F �129GC, �130(G)11 0 0.00 0 0.00 0 0.00

H �130(G)11 44 0.24 9 0.25 16 0.14

I �130(G)9 0 0.00 0 0.00 2 0.02

K �130(G)12 16 0.09 1 0.03 14 0.12

P �127G-C, �130(G)9 0 0.00 0 0.00 0 0.00

�85 T-C 0 0.00 — — — 0.03

�19 C-G 0 0.00 — — — 0.04

Intron 1 þ93 G-A 0 0.00 — — — 0.01b

Exon 3 þ230 G-A Arg-His 0 0.00 — — — 0.03b

Exon 3 þ405 C-T Asp-Asp 29 0.20 — — — 0.35b

Exon 3 þ433 C-G Gln-Glu 29 0.20 — 0.11c — 0.33b

Exon 4 þ514 C-T Leu-Phe 1 0.01 — — — —

Exon 4 þ556 A-G Lys-Glu 68 0.47 — 0.70c — —

aReported by Song et al.4 in 18 Asians and 57 Caucasians.
bReported by Slim et al.3 in 46 Caucasians.
cReported by Zhao et al.7 in 45 Chinese Han people.

Table 2 Comparison of physiological parameters between subjects with and without allele H

Physiological parameters Subjects with allele H Subjects without allele H P-value

First collection

Urinary hKLK1 activity (mmol per mg Cr)a 0.017±0.012 0.019±0.015 0.53

Second collection

Urinary hKLK1 activity (mmol per mg Cr) 0.015±0.011 0.019±0.016 0.27

Height (cm) 164.7±7.4 162.4±8.8 0.27

Body weight (kg) 58.5±9.9 56.4±10.4 0.40

Age 27±8 26±8 0.73

Gender (male:female)a 10:18 17:28 0.86

9:12 17:22 0.96

Serum Cr (mg dl�1) 0.13±0.61 0.27±0.64 0.10

eGFR (ml min�1 per 1.73 m2) 99.8±13.1 97.1±19.7 0.51

Supine

Systolic BP (mm Hg) 116±13 110±13 0.06

Diastolic BP (mmHg) 67±10 62±9 0.04

Pulse rate (per min) 63±7 60±12 0.22

Sitting

Systolic BP (mm Hg) 124±13 119±15 0.12

Diastolic BP (mmHg) 74±12 71±10 0.16

Pulse rate (per min) 67±7 65±10 0.23

Plasma aldosterone (pgml�1)a 77.5±27.1 87.7±41.5 0.32

Plasma renin activity (ngml�1 h�1)a 1.0±0.5 1.3±0.9 0.28

First collection

FeNa (%)a 0.5±0.2 0.5±0.5 0.58

FeK (%)a 5.0±2.9 5.4±3.0 0.66

FeCa (%)a 0.9±0.5 0.6±0.5 0.03
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Table 2 (Continued )

Physiological parameters Subjects with allele H Subjects without allele H P-value

Second collection

FeNa (%) 1.0±0.3 0.9±0.6 0.36

FeK (%) 7.7±3.7 7.9±4.3 0.78

FeCa (%)a 1.0±0.4 0.7±0.6 0.06

First collection

Na (mmol per mg Cr)a 0.11±0.05 0.11±0.08 0.96

K (mmol per mg Cr)a 0.03±0.02 0.03±0.02 0.89

Ca (mg per mg Cr)a 0.14±0.09 0.09±0.08 0.03

Second collection

Na (mmol per mg Cr) 0.23±0.08 0.18±0.10 0.03

K (mmol per mg Cr) 0.05±0.03 0.05±0.03 0.96

Ca (mg per mg Cr)a 0.15±0.06 0.10±0.09 0.02

Abbreviations: BP, blood pressure; Cr, creatinine; eGFR, estimated glomerular filtration rate; Fe, fractional excretion of.
aThe number of samples was 60 (21 and 39 for the subjects with and without H-type allele, respectively). The number of the others was 73 (28 and 45, respectively). w2-analysis was performed
for the relationship between gender and allele type. Other parameters were analyzed by unpaired t-test. Po0.05 was significantly different between the two groups.
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Figure 1 Comparison of urinary hKLK1 activity and urinary excretions of sodium, potassium and calcium between subjects with and without allele H.
Graphs show individual urine data from the second collection, which was newly produced urine after water intake. Urinary hKLK1 activity (a) and urinary

excretions of sodium (b), potassium (c) and calcium (d) were compared between the subjects with and without allele H. Each symbol indicates the

heterozygotes of allele H (gray square) and homozygotes of allele H (black triangle, n¼2: male 1, female 1) and subjects without allele H (black diamond).

Data were expressed as amounts per milligram urinary creatinine. Bars indicate the mean. The total number of subjects was 73 for a, b and c, and 60

for d. *Po0.05; NS, not significant.
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RESULTS

Table 1 presents the allelic frequencies of the hKLK1 polymorphisms
as reported in previous studies.3,4,7 Alleles A, B, H and K were also
identified in Japanese. The frequency of allele H was 24%, which was
similar to Asians.

Three subjects carried allele H homozygously. Three non-synon-
ymous polymorphisms, C433G in exon 3 and C514T and A556G in
exon 4, were identified. The subjects who had C433G also carried a
synonymous polymorphism, C405T. The absence of disequilibrium
was indicated between H and C405T/C433G (w2-test, P¼ 0.026) and
between K and C405T/C433G (w2-test, Po0.0001) polymorphisms
(data not shown).

Table 2 shows a comparison of urinary hKLK1 activity and
physiological parameters between the subjects with and without allele
H. Although urinary hKLK1 activity was not significantly different,
two subjects who were homozygous for allele H displayed low urinary
hKLK1 activity (Figure 1a). The fractional excretion of calcium in
urine and urinary calcium excretion were larger in the allele-H
subjects than in the non-allele-H subjects. Urinary sodium excretion
was larger in the second collection in the allele-H subjects.

DISCUSSION

The allele-H polymorphism of hKLK1 promoter was found
in Japanese as common as in Asians.4 A loss-of-function
polymorphism of G230A located on exon 3 was not identified.
Other non-synonymous polymorphisms, C433G and A556G, were
common, but the former is not responsible for decreased hKLK1
activity.3 The activity of hKLK1 is determined by three specific
amino-acid residues for substrate binding and the nucleotide
sequences are located on exons 2, 3 and 5. A556G is located on
exon 4 and urinary hKLK1 activity was not different between the
subjects with and without A556G (data not shown).

Possible reasons for the slight but insignificant lower urinary
hKLK1 activity in subjects with allele H than in those without allele
H are as follows; the other allele might compensate for the lower
activity, spot urine might not reflect the total biogenesis of hKLK1,8

and potassium intake, a known secretagogue of hKLK1, was not
controlled.6,9 A higher urinary calcium excretion in subjects with
allele H than in those without allele H may be explained by reduced
renal tubular calcium reabsorption.10–12 A difference in urinary
sodium excretion in the second collection may reflect reduced
activity of renal tubular epithelial sodium channels.13 Such ionic
transports are known to be controlled by hKLK1 in the renal distal
tubules and may not be kinin-mediated.14

Further studies will be needed to identify the roles of a common
polymorphism of allele H in the regulation of urinary excretions of

calcium and sodium under a controlled diet. The present results can
be applied to a pharmacogenetic study to examine an inter-individual
difference in the response to diuretics acting on the renal distal tubule.
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