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Figare 1. Comparison of carfilage matrix gene expression belween microarray and real-time polymerase chain reaction (PCR) analyses, Expression
of cartilage matrix genes was determined in supesficial (S), middle (M), and deep (D) zones of osteoarthritic (OA) and control cartilage using laser
capture microdissection and real-time PCR, and the result is shown together with that of the microamay analysis (Array). At least 8 samples wete
used for real-time PCR analysis. Results of real-time PCR analyses are shown as the ratio of the expression of the gene to that of G4PDH. Results
of microarray analyses are shown as signal intensities. Expression of the following genes is shown: COL241 (collagen, type 11, al) (A), COL242
{coltagen, type IX, a2) (B), COL1141 (collagen, type XI, a1) (C), AGCI (aggrecan 1) (D), HAPLNI (hyaluronan and proteoglycan link protein 1)
(E), CILP (cartilage intermediate-layer protein, nucleotide pyrophosphohydrolase) (¥), CHAD (chondroadherin) (G), LECTI (leukocyte
cell-derived chemotaxin 1) (H), MATN3 (matritin 3) (I), THBS2 (thrombospondin 2) (J), CHI3L1 (chitinase 3-like 1 [cartilage glycoprotein 39])

(K), CHI3L2 (chitinase 3-like 2) (L), TNC (tenascin C) (M).

seconds (see Supplementary Table 2, available in the online
version of this asticle at hitp/Awvww3.interscience. wiley.com/
journal/76509746/home), and 72°C for 30 seconds. The amount
of specific cDNA was quantified with a standard curve based
on the known amounts of PCR product. The levels of cDNA
among samples were normalized to the expression of GAPDH.

Statistical analysis. Statistically significant differences
in gene expression between the zones were determined by
2-tailed r-test, and correlation of expression was evaluated by
linear regression analysis. P values less than 0.05 were consid-
ered significant.

RESULTS

Microarray analysis findings. Significant levels
of signals were obtained with all 538 probe sets (527
chondrocyte-related genes and 11 housekeeping genes)
contained in the microarray. Among the 11 housekeep-
ing genes, the expression of 4 genes (actin, beta; beta-
2-microglobulin; phosphoglycerate kinase 1; transferrin
receptor) was significantly different among cartilage
zones. Thus, the normalization was performed on the
expression of the remaining 7 housekeeping genes
(glyceraldehyde-3-phosphate dehydrogenase; glucuroni-
dase, beta; hypoxanthine phosphoribosyltransferase 1,
peptidylprolyl isomerase A; ribosomal protein, large, PO;

159

TATA box binding protein; 18S ribosomal RNA}) (see
Supplementary Table 1B, available in the online version
of this article at http://www3.interscience.wiley.com/
journal/76509746/home).

The expression of 198 of 527 chondrocyte-related
genes was significantly different between any 2 cartilage
zones. Between the superficial and middle zones, the
expression of 93 genes was significantly different (see
Supplementary Table 3, available in the online version
of this article at http://www3.interscience.wiley.com/
journal/76509746/home). Among them, 9 genes were
expressed =2 times in the superficial zone, while an-
other 7 genes were expressed =2 times in the middle
zone (Table 1).

A total of 115 genes were expressed at signifi-
cantly differcnt levels between the middle and deep
zones (see Supplementary Table 4, available in the
online version of this article at htip://www3.
interscience.wiley.com/fjournal/76509746/home). The ex-
pression of 12 of them was increased =2-fold in the
middle zone, while that of another 9 genes was increased
=2-fold in the deep zone (Table 2). Among these genes,
the expression of matrix metalloproteinase 13 (MMPI13)
was most increased in the middle zone, while the expres-
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Figure 2. A-H, Comparison of bone-related gene expression between microarray and real-time PCR analyses. Expression of bone-refated genes
was determined in respective zones by laser capture microdissection and real-time PCR, and the result is shown together with that of the microarray
analysis. Data are presented in the manner shown in Figure 1. At least 13 samples were used for real-time PCR analysis, I-N, Correlation of
espression among the bone-related genes in OA cartilage. For genes primarily expressed in the supetficial zone, corvelation coefficients of
expression are shown on a heat map (I), and the relationship of POSTN (petiostin, osteoblast-specific factor) and COLLA2 {collagen, type I, o2)
expression is presented on a scattergram (J). For genes whose expression is most enhanced in the deep zone, correlation coefficients of expression
are shown on 2 heat map (K), and refationships of expression between COLI0AIL (collagen, type X, «1) and WNISB (wingless-type MMTV
integration site family, member 5B, transcript vatiant 2), between COLI0AI and SPPI (secreted phosphoprotein 1 fosteopontin, bone sialoprotein
1)), and between SPARC (secreted protein, acidic, cysteine-rich) and WNT5B are shown on scatlergrams (L-N, respectively). Results of 42 OA
cartilage samples ate shown. In I and K, red and green colors indicate positive and negative correlations, respectively, Expression of the following
genes is also shown: TNA (tetranectin (C), IBSP (integrin-binding sialoprotein [bone sialoprotein, bone sialoprotein IT]) (B). = = P < 0.05; #% =
P < 001, See Figure 1 for other definitions.

sion of wingless-type MMTV integration site family, and secreted phosphoprotein 1 (osteopontin, bone sia-
member SB, transcript variant 2 (WN15B) was most loprotein 1) (SPPI).
enhanced in the deep zone. Comparison of cartilage matrix gene expression
The difference in gene expression was most ob- between microarray analysis and real-time PCR, Real-
vious between the superficial and deep zones. The time PCR analysis was performed on selected genes to
expression of 126 genes differed significantly between validate the result of microarray analysis and to compare
these zones (see Supplementary Table 5, available in the their expression in OA and control cartilage. Sixteen OA
online version of this article at hitp://www3. cartilage samples and 13 control cartilage samples were
interscience.wiley.com/fjournal/76509746/home). The ex- used for this analysis. Those cartilages were separated
pression of 25 of the 126 genes was increased =2 times into 3 zones by laser capture microdissection for precise
in the superficial zone (Table 3). The expression of zone isolation based on their histologic features (2).
MMP13 was most increased, followed by that of matrix We chose a total of 26 genes for this analysis,
metalloproteinase 2 (MMP2) and periostin, osteoblast- considering the difference in expression levels among
specific factor (POSTN). Meanwhile, the expression of the zones {z=2-fold difference between any 2 zones),
another 23 genes was increased =2 times in the deep signal intensities, and relevance to OA pathoelogy. These
zone (Table 3). The expression of collagen, type X, al genes were categorized into 3 groups. The first group
(COL10AI) was most increased (nearly 30 times), fol- consisted of 13 genes encoding components of articular
lowed by that of leukocyte cell-derived chemotaxin 1 cartilage. The second group contained 8 genes that are
(LECTI), matrilin 3 (MATN3), integrin-binding sialo- expressed during hypertrophic change of the chondro-
protein (bone sialoprotein, bone sialoprotein II) (IBSP), cytes and those expressed by osteoblasts (bone-related
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Figore 3. A-E, Comparison of metalloproteinase gene expression between microarray and real-time PCR analyses, Expression of bone-related
genes was determined in respective zones by laser capture microdissection and real-time PCR, and the result is shown together with that of the
microarray analysis. Data are presented in the manner shown in Figure 1. At least 13 samples were used for real-time PCR analysis. F-1,
Correlation of expression of the proteinase genes in the superficial zone of OA cartilage. Correlation coefficients of expression among the genes
are shown on a heat map (¥), and relationships of expression between MMP2 (matrix metalloproteinase 2) and ADAMTSS (a disintegrin-like and
metalloproteinase with thrombospondin type 1 motif, 5 [aggrecanase 2), between MMP3 (matrix metalloproteinase 3) and MMP13 (matrix
metalloproteinase 13), and between MMFLI (matrix metalloproteinase 11) and MMPI3 are shown on scattergrams (G-I, respectively). Results of
42 OA cartilage samples are shown. In F, red and green colors indicate positive and negative correlations, respectively, # = P < 0.05; x% = P <
0.01. See Figure 1 for other definitions.

genes). The genes encoding metalloproteinases that The genes in this group were further divided into 2
could promote cartilage degeneration were assigned to categories by the pattern of expression across the zones.
the third group. The results of the microarray analysis The expression of collagen, type I, a2 (COLIA2),
and real-time PCR were compared in those 3 groups, POSTN, and tetranectin (TNA) was most enhanced in
respectively. the superficial zone of QA cartilage (Figures 2A-C).
For 13 cartilage matrix genes, the result of mi- Meanwhile, the expression of COLI0A1, IBSP, secreted
croarray analysis was generally well consistent with that protein, acidic, cysteine-rich (SPARC), SFPI, and
of real-time PCR, confirming the validity of our mi- WNT3R was highest in the deep zone (Figures 2D--H).
croarray analysis (Figure 1). The following features were Since the expression of those genes in the control
noticed with the expression of cartilage matrix genes in cartilage was very low, their expression in the specitic
OA cartilage. First, except for chitinase 3-like 1 zones of OA cartilage indicated the phenotypic change
(CHI3LI) (Figure 1K), the expression of all cartilage of the chondracytes at those sites.
matrix genes was enhanced in OA cartilage. Second, With these genes, a large difference was observed
despite such increase in expression, the change of gene in expression levels among OA cartilage samples. For
expression across the zones was similar between OA and example, the expression level of COLI0AI in the deep
control cartilage. In other words, within OA cartilage, . zone differed more than 1 X 10°fold among samples. If
the level of increase in expression was similar in all 3 the induction of such gene expression was in fact related
zones. Third, however, the degree of increase in expres- to the phenotypic change of the cells, there should be
sion was considerably different among the genes. For some correlation in their expression. To examine this
example, while the expression of LECTZ and tenascin C possibility, we evaluated the expression of those genes in
(INC) was increased 40 times and 220 times, respec- the superficial or deep zone in a greater number of OA
tively, in OA cartilage (Figures 1H and M), the increase cartilage samples. Among the 3 genes expressed in the
of chondroadherin (CHAD} expression was merely superficial zone, a positive correlation was observed
2-fold (Figure 1G). between COLIA2 and POSTN (r = 0.464, P < 0.001)
Expression of bone-related genes. For this group and between POSTN and TNA (r = 0.300, P = 0.036)
of genes, the results were also consistent between the (Figures 2I and I). A significant correlation was also
microarray and real-time PCR analyses (Figures 2A-H). observed among the 5 genes expressed in the deep zone.
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Except for correlations between IBSP and SPARC and
between IBSP and WNT3B, the expression of those §
genes was significantly correlated in any other possible
combination (Figure 2K). In particular, a close correla-
tion was found between COLI0AI and WNTSB (r
0.559, P < 0.001), between COL1041 and SPPI (r
0.863, P < 0.001), and between SPARC and WNTSB (r
0.511, P < 0.001) (Figures 2L-N). This result implies
that the expression of those bone-related genes could be
induced in association with the phenotypic shift of the
chondrocytes in the superficial and deep zones, respec-
tively.

I

il

Expression of metalloproteinase genes, We also
performed real-time PCR analysis on the expression of 5
metalloproteinase genes. Again, for these genes, the
result of real-time PCR was almost consistent with that
of the microarray analysis (Figures 3A~E). Interestingly,
the expression of 2 proteinase genes was either not
altered (a disintegrin-like and metalloproteinase with
thrombospondin type 1 motif, 5 [aggrecanase 2]; termed
ADAMTSS) (Figure 3E) or rather reduced (matrix met-
alloproteinase 3 [MMP3]) (Figure 3B) in OA cartilage
compared with control cartilage. The expression of the
other 3 genes was increased in OA cartilage. In partic-
ular, the expression of matrix metalloproteinase 11
(MMP11) and MMPI13 was highly enhanced in OA
cartilage and reached >40-fold that in control cartilage.

The expression of these 5 proteinase genes, in-
cluding 2 genes whose expression was not enhanced in
OA cartilage, was most enhanced in the superficial zone.
We then investigated the relationship of their expression
in that zone in an increased number of OA cartilage
samples. The results indicated that the expression of all
5 proteinase genes was mutually correlated (Figure 3F).
A close correlation was observed between MMP2 and
ADAMTSS (v = 0.876, P < 0.001), between MMP3 and
‘MMPI13 (r = 0.548, P < 0.001), and between MMPII
and MMP13 (r = 0.787, P << 0.001) (Figures 3G-1), while
a significant correlation was also scen between MMP2
and MMPI1 (r = 0.373, P = 0.009) and between MMP2
and MMP13 (r = 0.329, P = 0.023).

DISCUSSION

In this study, the result of microarray analysis was
in good agreement with that of real-time PCR (Figures
1-3) (see Supplementary Figure 1, available in the
online version -of this article at http://www3.
interscience.wiley.com/journal/76509746/home). This
corroborates the validity of our current analyses. Al-
though some discrepancies were observed, they might
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not have been related to possible technical problems but
more likely stemmed from individual differences in
expression levels, given that a large individual difference
is an inevitable problem in the analysis of human
cartilage samples (2,20,21).

Qur microarray analysis showed that ~40% of
the investigated genes were expressed at significantly
different levels among the zones. This zonal variation in
expression would reflect both the physiologic difference
in cell metabolism among the zones and the changes
caused by the disease. This was illustrated by the expres-
sion of cartilage matrix genes (Figure 1). Our current
analyses indicated that more than a dozen cartilage
matrix genes were expressed at significantly different
levels among the zones within OA cartilage. Despite this
difference in gene expression levels, a similar zonal
change of expression was observed in the control carti-
lage. Thus, it was assumed that in OA cartilage, the
expression of those genes was amplified (or reduced)
equally across the 3 zones by a certain mechanismg(s)
involved in the disease. This finding could be a clue for
clucidating the mechanism(s) for enhanced matrix syn-
thesis in OA, which remains entirely unknown.

Current analysis also revealed that the magnitude
of the increase in expression was considerably different
among the cartilage matrix genes. This finding may
imply an unrecognized but potentially important mech-
anism for the progression of OA. Our current and
previous evaluations showed that the 3 constitutive
collagens of cartilage matrix (types II, IX, and XI
collagen) could be synthesized at an altered ratio by OA
chondrocytes (22). While the expression of COL241 in
QA cartilage was increased 10-24-fold that in control
cartilage, the expression of collagen, type IX, o2 gene
(COL9A2) and collagen, type XI, al gene (COLIIAL)
was enhanced 7-11-fold and 2-4-fold, respectively. In
accordance with this, our analysis of cartilage collagens
revealed that the amounts of pepsin-cxtractable type IX
and type XI collagens are in fact reduced in OA
cartilage relative to that of type II collagen (Fukui N:
unpublished observations).

Type IX and type XI collagens form a collagen
fibril network within cartilage, together with type II
collagen. As known from observations of human hered-
itary diseases and gene-manipulated mice, the proper
level of expression of these minor collagens is indispens-
able to maintain the normal properties of cartilage
matrix (23-27). Therefore, the relative reduction of
COLY9A2 and COL11AI expression in OA cartilage may
lead to the fragility of newly synthesized cartilage, which
might rather facilitate loss of cartilage matrix. Although
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not yet demonstrated, disproportionate expression of
other matrix components could have a similar signifi-
cance in disease progression (28). We now assume that
such imbalance in cartilage matrix gene expression could
be significantly involved in the pathology of OA.

The expression of a series of bone-related genes
in OA cartilage is another novel finding of this study.
While the induction of COLI1A2 and COLI0AI expres-
sion in QA cartilage has been known for more than a
decade (2-4,21,29-36), enhanced expression of TNA,
POSTN, IBSP, and WNTSB in human OA cartilage has
not been reported previously. Qur results suggested that
the expression of these genes in OA cartilage could be
related to the phenotypic change of the chondrocytes.
The fact that their expression was induced either in the
superficial zone or in the deep zone, and not in both,
may reflect the occurrence of distinctive phenotypic
changes in those zones.

Three among these bone-related genes expressed
in the superficial zone (COL142, POSTN, and TNA) are
known to be expressed by the osteoblasts (37,38). Mean-
while, 2 genes expressed in the deep zone (COLI0AI
and WNTSB) are expressed characteristically in the
chondrocytes undergoing hypertrophic change (39).
Thus, the phenotypic change in the superficial zone
might have an aspect of osteoblastic differentiation,
whereas that in the deep zone could have a trait of
chondrocyte hypertrophy. In light of the developmental
process of articular cartilage, this notion might not be
unreasonable. At present, it is not known why these
genes are cxpressed in OA cartilage. In the future, a
more comprehensive analysis of gene expression profiles
in the respective Zones may clarify the molecular mech-
anism(s) involved in the phenotypic changes.

Meanwhile, the expression of 5 proteinase genes
was most enhanced in the superficial zone of OA
cartilage. In OA, the cartilage swiface is the region
where cartilage degeneration begins (10-12). Therefore,
those proteinases could be responsible for the initiation
of matrix degeneration at that site. Furthermore, the
finding that their expression was mutually correlated at
the superficial zone implies that those proteinases could
work synergistically in certain cases to cause cartilage
degeneration. That correlation also suggests the pres-
ence of a common regulatory mechanisin(s) for their
expression. Regulation of proteinase expression in OA
cartilage is critically important to inhibit the progression
of the disease. Thus, elucidation of such a mechanism(s)
may be useful to develop new therapeutic strategies for
OA.

Although it is important, the change of chondro-
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cyte metabolism in OA has been understood only partly.
This incomplete understanding could be ascribed, at
least in part, to the regional difference in cellular
metabolism within cartilage. As demonstrated in this
study, consideration of the regional difference within
cartilage could provide further insights into the meta-
bolic change of the chondrocytes with the disease.
Conventionally, such regional differences have been
studied by histologic evaluations of a limited number of
genes. Compared with those techniques, the experimen-
tal methods we employed here could be advantageous in
that they allow a more comprehensive evaluation of the
cellular metabolism in specific sites. Obviously, this
study has several limitations. The number of samples
used for the microarray analysis was rather small, and
the number of genes contained in the array was limited
to 527. Although confirmed for selected genes, the
reliability of the microarray analysis has not been fully
validated. Therefore, it is very likely that some genes are
left unnoticed while they are expressed at different
intensities across the zones. For all its limitations, the
present study promises to provide greater understanding
of the pathology of CA.
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Objectives: To explore whether Lys262Arg polymorphism of the Cytochrome P450 2B6 (CYP2B6) gene could act as a genetic marker for
prostate cancer risk among Japanese men.

Methesis: A total of 350 patients with sporadic prostate cancer and 328 controls were examined. A single nucleotide polymorphism with
non-synonymous amino acid change located at Lys262Arg of the CYP2B6 gene was genotyped using a TagMan assay.

wesults: The frequency of the Arg/Arg genotype among prostate cancer patients was significantly higher than that among the controls
{P = 0.027). The frequency of the G allele of the Lys262Arg polymorphism was also significantly higher in prostate cancer patients than in the
controls (30.4% vs 24.8%, P =0.025). Patients with the Lys/Arg plus Arg/Arg genotypes carried a low Gleason score more frequently than those
with the Lys/Lys genotype (P = 0.042). The frequency of the G allele of the Lys262Arg polymorphism was significantly higher in the low Gleason
score group than that in the high Gleason score group (34.3% vs 26.8%, P = 0.038).

Conchasians:  Lys262Arg polymorphism of the CYP2B6 gene may be a genetic marker for evaluating the risk of sporadic prostate cancer in
native Japanese men.

Key wosrda:  CYP2B6, prostate cancer, single nucleotide polymorphism, TagMan assay, testosterone.

intreduction In addition, CYP2B6 hydroxylates testosterone in the liver, deactivat-

ing testosterone’s hormonal function, and also inactivates dihydrotes-
In Japan, the morbidity rate for prostate cancer is in sixth place and tosterone (DHT) in the prostate.” > CYP2B6 is mainly expressed in
the mortality rate is in ninth place among all cancers in men.! Both liver, but it is also detected at lower levels in extrahepatic tissues,
rates have been increasing constantly, and prostate cancer is drawing including the small intestine, kidney, lung, skin, brain, and prostate.’?
attention as a public health problem even in Japan. Some evidence The role of the genetic variants of CYP2B6 in drug metabolism
suggests that androgens influence the development and progression of remains largely unknown. However, CYP2B6*5 (Argd87Cys),
prostate cancer.2. Abundant biological data have suggested that andro- CYP2B6*6 (Lys262Arg and GIn172His), and CYP2B6*7 (Lys262Arg
gens play an important role in the development of prostate cancer. For and Gln172His and Argd87Cys) variants are thought to reduce protein
instance, the growth and maintenance of the prostate are dependent expression levels of the CYP2B6 in human liver.!* If the decline in
on androgens, prostate cancer regresses after androgen ablation or protein expression levels of the CYP2B6 caused by the genetic variants
anti-androgen therapy, and the administration of testosterone induces of CYP2B6 were to hinder the hydroxylation of testosterone, this
prostate carcinoma in laboratory animals.® Consequently, the most process could affect the development and progression of prostate
important treatment method for patients with advanced prostate cancer. Therefore, we herein focused on the relations among the genetic
cancer is androgen deprivation therapy (ADT), yet the efficacy of polymorphisms of the CYP2B6 gene, prostate cancer susceptibility,
ADT is usually attenuated in patients with advanced prostate cancer. and clinical characteristics (Gleason sum and clinical T stage) in a
Androgen and androgen receptor (AR) appear to play an important Japanese population.

role in such situations.*’
The cytochrome P450 enzymes (CYP) play an important role in the

metabolism of a wide variety of endogenous and foreign compounds, Methods
including steroid hormones.® The CYP2B6 gene is located in the chro-
mosome 19q13.2, and CYP2B6 is involved in the metabolism of
several therapeutically significant drugs and environmental toxicants. We examined 350 native Japanese patients with sporadic prostate
cancer; the patients were between the ages of 48 and 89 years
(mean + standard deviation [SD], 71.0 x7.9years) and were

Study design
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(TNM) staging system for cancer.” One hundred and forty seven
patients were classified as localized stage (T1 and T2), and 203 patients
were classified as advanced stage (T3 and T4). The pathological grade
was divided into two groups: low grade (Gleason sum 2 to 7A, 169
patients) and high grade (Gleason sum 7B to 10, 181 patients). The
study was conducted with the approval of the Ethics Committee of the
University of Tokyo after obtaining written informed consent from each
patient prior to entry in the study. :

As a control group, we also examined 328 residence-matched Japa-
nese men who had died at Tokyo Metropolitan Geriatric Hospital. All of
these men were consecutively autopsied and pathologically confirmed
to have no malignancies. The causes of death among the control sub-
jects were described previously by Suzuki ef al.’® Their ages ranged
from 49 to 100 years (mean * SD, 79.2 % 9.2 years). All of these
patients had been registered in a database of Japanese single nucleotide
polymorphisms for geriatric research (JG-SNP)." Written informed
consent was obtained from the family members under the Act of Post-
mortem Examination. The study was also reviewed and approved by the
Ethics Committee of Tokyo Metropolitan Geriatric Hospital.

Genolyping sssay

Genomic DNA was extracted from the peripheral blood lymphocytes in
the treated patients and from autopsied frozen kidney samples in the
controls. The Lys262Arg (A-to~G transition) polymorphism was geno-
typed using a TagMan assay method. The basis of the TagMan assay was
an allele-specific oligonucleotide probe labeled with a fluorescent
reporter dye and a quencher dye, which was cleaved during the poly-
merase chain reaction (PCR) amplification process by the 5’ nuclease
activity of TagDNA polymerase and generated an increase in the inten-
sity of the fluorescence in relation to the accumulation of the PCR
product; this PCR product was measured directly in the reaction well.*®
A TagMan SNP Genotyping Assays mix (Applied Biosystems, Foster
City, CA, USA) was used. The primers used for the assay were a forward

. TGGAGAAGCACCGTGAAACC-3' and a reverse 5-TGGAGC
AGGTAGGTGTCGAT-3'. Real-time PCR was carried out in a total
volume of 25mL containing 50 ng of genomic DNA, 12.5mL
2 % TaqMan universal PCR master mix and 0.3 mL 20 X TagMan SNP
Genotyping Assays mix. The amplification reaction was carried out with
one cycle at 50°C for 2 min, onecycle at 95°C for 10 min, and 49 cycles
at 92°C for 30 s and 60°C for 1 min. Sequence detection software was
used to assign the generated fluorescence signals of the samples auto-
matically using ahighly acourate statistical method. The fluorescence of
each sample was measured and then analyzed after thermal cycling using
an ABI PRISM 7000 or 7300 sequence detection system (Applied
Biosystems), according to the manufacturer’s instructions. In addition,
we carried out a PCR-based direct sequencing method to validate our
results. For use in the PCR solution, the DNA concentration was adjusted
to 100 ng/mL and stored at ~20°C. The primers used for DNA amplifi-
cation were as follows: forward, 5-AAGGATGAGGGAGGAAGA
TGC-3’; reverse, 5-GGCTGAATTCACTGTGTGCG-3'. The cyclic
thermal conditions were 95°C for 10 min for one cycle; 95°C for 30 s,
60°C for 30 s, and 72°C for 3 min for 37 cycles; followed by an
elongation cyele of 72°C for 10 min. The PCR reactions were carried out
in a total 25-mL reaction volume containing 5 mL of 10xPCR Gold
Buffer, 1.5 mM MgCl, 0.2 mM dNTP (Applied Biosystems), 0.5 mM
of each specific primer (synthesized by Fasmac, Atsugi, Kanagawa,
Japan), 1.25 U of AmpliTaq Gold DNA polymerase (Applied Biosys-
tems, Branchburg, NJ, USA), and 100 ng of genomic DNA. GeneAmp
PCR System 9700 (Applied Biosystems, Foster City, CA, USA) was
used to carry out PCR. Al PCR products were purified with the Montage

PCRm96 Plate (Millipore Corporation, Bedford, MA, USA) to remove
deoxynucleotide triphosphates and excess primers. All sequencing reac-
tions were carried out using dye terminator chemistry (ABI PRISM
BigDye Terminator v3.1 Cycle Sequencing Kit; Applied Biosystems,
‘Warrington, UK) with each sequencing primer, and the products were
purified using the MultiScreen filter plates (Millipore Corporation,
Bedford, MA, USA) with Sephadex G-50 Superfine (Amersham Bio-
sciences, Uppsala, Sweden) to remove contaminating salts and unincor-
porated dye terminators. Purified samples were applied to an ABI Prism
3700 DNA Analyzer (Applied Biosystems, Foster City, CA, USA), and
single nucleotide polymorphisms (SNPs) were identified using
Sequencher software (version 4.1.2; Gene Codes Corporation, Ann
Arbor, MI, USA). The results of the two methods were completely
consistent.

Stagistica! analysis

The y2-test was conducted to examine the Hardy-Weinberg equilibrium
and to compare the distribution of the tumor status and the Gleason sum
among the genotypes. Odds ratios (ORs) with 95% confidence intervals
(Cls) for prostate cancer susceptibility were estimated using a logistic
regression analysis. These statistical analyses were conducted using the
JMP software, version 6.0.3 (SAS, Cary, NC, USA). Results were
considered significant when P < 0.05.

Resuits

The genotypes of the polymorphism were successfully determined at
position Lys262Arg in all of the subjects. The distributions of the
genotypes in all of the groups did not deviate from the Hardy—Weinberg
equilibrium (Table 1). Table 1 shows the proportions of the SNP and
allele frequencies in the clinical case and control groups. The rates of
the Arg/Arg genotype of the Lys262Arg polymorphism in the clinical
case group were significantly higher than that in the controls (11.1% vs
6.7%). The age-adjusted ORs for the Arg/Arg genotype and the Lys/
Arg plus Arg/Arg genotypes for the risk of prostate cancer were 2.202
(95% CI, 1.165 to 4.284; P=0.017) and 1.547 (95% CI, 1.103 to
2.179; P=0.012), respectively. The G allele frequency of the
Lys262Arg polymorphism was significantly higher in the cases than
that in the controls (30.4% vs 24.8%). The age-adjusted OR of the G
allele for the risk of prostate cancer was 1.485 (95% CI, 1.136 to 1.946;
P=0.004).

We next compared the genotypes of the polymorphism and the
clinical characteristics (clinical T stage and Gleason sum) among the
cases (Tables 2 and 3). Patients with the Lys/Arg plus Arg/Arg geno-
types of the Lys262Arg polymorphism carried a significantly lower
Gleason sum than those with the Lys/Lys genotype. The OR of the
Lys/Arg plus Arg/Arg genotypes for the risk of a higher Gleason sum
were 0.632 (95% CI, 0.414 to 0.964; P = 0.042). The G allele frequency
of the Lys262Arg polymorphism was significantly higher in the low
Gleason sum group than that in the high Gleason sum group (34.3% vs
26.8%). The OR of the G allele was 0.701 (95% ClI, 0.507 to 0.968;
P =0.038). However, no significant difference was observed between
the clinical T stage and the Lys262Arg polymorphism.

Pzcussion

In the present study, we examined the association between the
Lys262Arg polymorphism of the CYP2B6 gene and the risk of prostate
cancer, the clinical T stage, and the Gleason sum. We derived some
significant results. First, the frequency of the Arg/Arg genotype of the

© 2009 The Japanese Urological Association



s caneet visk

YPIBS gove aad pros

Lys262Arg polymorphism in the clinical case group was significantly
higher than that among the controls. Second, a statistical difference in
the Lys262A1g polymorphisms was observed between the genotype
distributions and the Gleason sums. Our results suggest that the
Lys262Arg polymorphism of the CYP2B6 gene is significantly asso-
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ciated with the risk of sporadic prostate cancer and may serve as a
candidate genetic marker for prostate cancer in the Japanese popula-
tion. As far as we know, our study is the first report to reveal a
significant association between the CYP2B6 polymorphism and the
risk of prostate cancer.
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The Lys262Arg polymorphism was related to the low Gleason sum,
but no significant difference between the polymorphisms and the clini-
cal T stage was observed in our studies. Since cancer is typically
diagnosed at various phases, not all cancers with an advanced clinical
T stage may be high-grade malignancies, Consequently, patients with
the G allele of the Lys262Arg polymorphism may have a better prog-
nosis than those with the A allele because of a lower Gleason sum even
if they have a higher prevalence of prostate cancer. However, it is
unclear how the Lys262Arg polymorphism, which may hinder the
hydroxylation of testosterone, affects pathological characteristics of
prostate cancer. Recently several studies have revealed that a low pre-
treatment serum total testosterone level was associated with a high
Gleason sum and an advanced pathological stage.2* Since it is likely
that the decrease in hydroxylation of testosterone may elevate concen-
tration of testosterone in blood, our results about the relation between
the Lys262Arg polymorphism and the Gleason sum are consistent with
these studies. However, we could not clarify a relation between the
pretreatment serum total testosterone levels and the Lys262Arg poly-
morphism, because we could not collect adequate data on the pretreat-
ment serum total testosterone levels to carry out statistical analyses in
both groups. We intend to carry out a further study using a larger
sample to confirm this relation. Meanwhile, it was reported that men on
finasteride, 5-alpha-reductase inhibitor, which inhibits the conversion
of testosterone to the androgen DHT, had a lower overall rate of prostate
cancer but were at an increased risk for high grade tumors? By
decreasing intraprostatic testosterone, finasteride might have created an
environment for high grade cancers that were less dependent on andro-
gens for growth.??” As CYP2B6 is known to function in DHT inacti-
vation in the prostate,*'? the Lys262Arg polymorphism may increase
intraprostatic DHT. If so, the action of finasteride on DHT is opposite
to that of the Lys262Arg polymorphism. Therefore our results are
compatible with the previous reports on the relation between finasteride
and prostate cancer. Heracek: ef al. investigated the correlation of
androgen concentration between intraprostatic and serum levels in
benign prostatic hyperplasia and prostate cancer. Significantly higher
intraprostatic androgen concentrations were found in patients with
prostate cancer than in benign prostatic hyperplasia. However, no dif-
ferences were found in serum levels.”® Accordingly, it may be hypoth-
esized that intraprostatic androgen and serum testosterone have
different roles for prostate cancer. From this point of view, the absence
of data regarding the intraprostatic androgen level is a limitation of this
study. Further studies are needed to reveal the relation between
the circulating testosterone level and the intraprostatic androgen
concentrations.

Moreover, other polymorphisms may influence the serum and intra-
prostatic testosterone levels. For instance, steroid 5-alpha-reductase 2
(SRD5A2) is responsible for the biosynthesis of DHT in the prostate.”’
Sdderstrém et al. reported an association with the Lew/Leu genotype of
the Val89Leu polymorphism of the SRD5A2 gene and metastases at the
time of diagnosis, but no association with an aitered risk of prostate
cancer was seen.®® It may be interesting to analyze the effects of several
polymorphisms together.

If the influence of the Lys262Arg polymorphism on the risk of
prostate cancer was to be characterized in additional studies, patients
with the G allele of the Lys262Arg polymorphism might exhibit an
improved prognosis if they were to be diagnosed as having prostate
cancer during an early stage. In addition, since individuals with the G
allele have a relatively higher susceptibility to prostate cancer and a
lower Gleason sum than those with the A allele, it may be useful for
future studies to compare prognosis according to the Lys262Arg
polymorphism.

168

Conclusions

Our results indicate that the Lys262Arg polymorphism of the CYP2B6
gene is associated with susceptibility to prostate cancer in native Japa-
nese men. In addition, individuals with the G allele of the Lys262Arg
polymorphism had a lower Gleason sum than those with the A allele.
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Abstract Coronary artery disease (CAD) is based on the
atherosclerosis of coronary artery and may manifest with
myocardial infarction or angina pectoris. Although it is
widely accepted that genetic factors are linked to CAD and
several disease-related genes have been reported, only a
few could be replicated suggesting that there might be some
other CAD-related genes. To identify novel susceptibility
loci for CAD, we used microsatellite markers in the screen-
ing and found six different candidate CAD loci. Subsequent
single nucleotide polymorphism (SNP) association studies
revealed an association between CAD and megakaryoblas-
tic leukemia factor-1 gene (MKLI). The association with a
promoter SNP of MKLI, —184C>T, was found in a
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Japanese population and the association was replicated in
another Japanese population and a Korean population.
Functional analysis of the MKL] promoter SNP suggested
that the higher MKL1 expression was associated with
CAD. These findings suggest that MKLI is involved in the
pathogenesis of CAD.

Introduction

Coronary artery disease (CAD) is a major health problem
in developed countries because of its increasing preva-
lence and high mortality (Lopez etal. 2006). CAD is
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based on the atherosclerosis of coronary artery and often
manifests with sudden chest pain due to reversible (angina
pectoris, AP) or irreversible (myocardial infarction, MI)
ischemia in the heart. Smoking, hypertension, hypercho-
lesterolemia and diabetes mellitus significantly contribute
to the development of CAD (Wang 2005) but several lines
of evidence indicate that genetic factors also play impor-
tant roles in the pathogenesis of CAD (Ciruzzi et al.
1997).

Recent genome-wide association studies using single
nucleotide polymorphism (SNP) have accumulated tremen-
dous information about the susceptibility genes for com-
mon diseases including CAD. For instance, SNPs on the
chromosome 9p21 were repeatedly reported to be associ-
ated with CAD (Wellcome Trust Case Control Consortium
2007; McPherson etal. 2007, Helgadottir etal. 2007,
Samani et al. 2007; Hinohara et al. 2008). In contrast, a
number of genetic variants that have been reported to con-
fer a risk of CAD failed to be replicated in multiple case—
control studies (Morgan et al. 2007), suggesting the impor-
tance of replication/validation studies in identification of
the CAD-associated genes. Another strategy to identify the
disease-associated loci was a multistep screening using
microsatellite (MS) markers. Because MS markers display
higher degree of heterozygosity as compared with SNPs, a
smaller number of MS markers may provide a reasonable
statistical power in the association analyses (Tamiya et al.
2005; Kawashima et al. 2006; Ohashi and Tokunaga 20G3).
It is well known that one of the major concerns of the asso-
ciation studies is the risk of false-positive association.
There has been much debate concerning the reduction in
the risk of false-positive association in large scale associa-
tions (Cardon and Bell 2001). The adjustment for multiple
testing is a way to reduce the risk, and the multi-stage test-
ing is an alternative.

We report here the identification of candidate CAD loci
by the multistep screening using MS markers. Subsequent
association studies revealed a promoter SNP of mega-
karyoblastic leukemia factor-1 gene (MKLI) was associ-
ated with CAD in Japanese and Korean populations.
Functional analysis of the promoter SNP supported the role
of MKL1 in the atherosclerosis.

Materials and methods
Subjects

A total of 2,566 CAD cases and 4,100 control subjects from
two Japanese populations and one Korean population were
the subjects in this study. One Japanese population (group
A) consisted of 629 (579 MI and 50 AP) cases and 1,232
controls. The cases were recruited from Kitasato University
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Hospital and related hospitals, while the controls were com-
posed of healthy individuals selected at random (n = 632)
and healthy-donor derived Epstein-Barr (EB) virus-trans-
formed human B cell lines (n = 600) obtained from Japan
Health Sciences Foundation. The other Japanese population
(group B) composed of 1,109 MI cases and 2,122 controls
who visited outpatient clinics of or were admitted to one of
the five participating hospitals (Gifu Prefectural General
Medical Center, Gifu Prefectural Tajimi Hospital, Hirosaki
University Hospital, Reimeikyo Rehabilitation Hospital,
and Hirosaki Stroke Center) because of various symptoms
or for an annual health checkup. The control subjects had
no history of coronary artery disease. The Korean popula-
tion consisted of 828 (461 MI and 367 AP) cases and 746
controls including healthy individuals without ischemic
heart diseases (n =222) and cancer cases who carried no
history of ischemic heart diseases (n = 524) recruited from
Samsung Medical Center. The diagnosis of CAD was based
on the standard criteria as described previously (Hohda
et al. 2003). Severity of coronary atherosclerosis was clas-
sified according to the number of coronary vessels with sig-
nificant stenosis (angiographic luminal stenosis >50%) as
0, 1, 2 or 3 vessel disease (VD). Informed consent was
given from each participant and the study was approved by
the Ethics Review Boards of Medical Research Institute of
Tokyo Medical and Dental University, Kitasato University
School of Medicine, Mie University, and Samsung Medical
Center.

Strategy for screening of CAD loci

Multistep screening of CAD loci was done by using a total
of 18,880 MS markers in the Japanese population (Japanese
group A). Constitutions of three screening samples were as
follows: the first set of 100 MI cases with 3 VD versus 100
controls, the second set of 100 MI cases with 2 VD versus
100 controls, and the third set of 192 MI cases consisting of
two 3 VD, 46 2 VD and 144 1 VD with onset age younger
than 50 years-old cases versus 192 controls) from the Japa-
nese group A. Equal amounts of genomic DNAs from cases
and controls were mixed to prepare a set of pooled DNA
samples for cases and patients, respectively, according to
the method described by Tamiya etal. (2005). In brief,
genomic DNA concentration was measured in triplicate, in
accordance with the methods of Collins et al. (20G0) with
the use of a double-stranded DNA quantification kit (Pico
Green [Molecular Probes]) and each genomic DNA sample
was adjusted to 8 ng/pl. As a pilot study, we tested two
independently prepared pairs of pooled DNAs from the
same set of panels for polymorphic pattern of 400 MS and
found that the variation in distribution of polymorphic peak
heights for each MS was less than 2%, suggesting the
reproducibility of pooled DNA preparations. DNA samples
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from cases in the first set were mixed to prepare a pooled
case DNA for the first set. As well, DNA samples from
cases in the second set and those from controls in the first
and second sets were used to prepare the pooled case DNA
for the second set and pooled control DNAs for the first and
second sets, respectively.

In the first screening, we performed a case—control study
using a set of pooled DNAs. The MS markers showing sig-
nificant association with CAD (P < 0.05 in the 2-by-2 analy-
sis and/or 2-by-multiple analysis) in the first screening were
investigated for the association using another set of pooled
DNAs prepared from different cases and controls (second
screening). The MS markers showing statistical significance
in both first and second screenings were examined for the
association by individual typing of DNA samples from the
first and second sets. The MS markers confirmed for the
association by individual typing were subjected to the third
screening using different cases and controls. Detailed infor-
mation about the MS markers is available at hip:/www.
smdac jpfoui/mod-ropathMS-List.xls.

Analysis of SNPs in MKL1

We performed SNP analyses of MKLI in the CAD-associ-
ated locus. To further validate the association with specific
SNP, replication studies using two different populations
(Japanese group B and Korean group) were conducted to
avoid the chance of false-positive findings (Hirschhorn and
Daly 2005). All SNPs were genotyped by using TagMan
SNP genotyping assay (Applied Biosystems) in this study.
Tag SNPs of MKL1I were selected under the following con-
ditions; 72 cut off value of 0.8 and minor allele frequency
cut off value of 0.05 in Japanese.

Reporter-gene assay

Reporter-gene assays were performed using luciferase-
reporter constructs containing —184C > T alleles. A 249-bp
fragment of MKLI promoter region deduced from database
of transcriptional start sites (bttp://dbtss.hge jp/) was ampli-
fied by PCR and cloned into pGL3-basic vector (Promega).
Luciferase activity in each lysate was determined as
described previously (Shibata etal. 2006). Data were
obtained from four independent experiments (each in qua-
druplicate). Statistical analyses were done using Student’s
t-test.

Expression of MKL1 transcript in B-cell lines

Human B cell lines listed as International Histocompatibility
Workshop cell lines  (uttp://www.ihwg.org/eellbank/
ceil_lines/blcLhiml) or those obtained from Japan Health
Sciences Foundation were genotyped for the promoter

172

polymorphism at —184 to select five B cell lines each with
—184C/C or —184T/T genotype. Quantitative real-time
PCR was performed as described previously (Shibata et al.
2006). Primer pairs used were as follows: 5'-TAGCCGA
TGACCTCAATGAG-3’ with 5-ATCGAAGGAAGAGC
TGTCTG-3' for MKLI and 5'-CTTCACCACCATGGAG
AAGGC-3’ with 5'-GGCATGGACTGTGGTCATGAG-3'
for GAPDH. We repeated the experiments three times and
studied each sample in triplicate in each experiment. Statis-
tical analyses were done using Student’s f-test.

Statistical analysis

P values less than 0.05 were considered to be significant
throughout this study. To assess the extent of linkage dis-
equilibrium (LD) across the 22q13 chromosomal region, D’
and r? were calculated using Haploview software (Barrett
et al. 2005). Recombination hot spots were estimated from
HapMap data (Phase II, release 21). Genotype distribution
and allele frequency of SNPs were compared between the
cases and controls using a chi-square test. Strength of the
association was expressed by odds ratio (OR). Meta-analy-
ses were performed using a Mantel-Haenszel method
(Mantel and Haenszel 1959; Helgadottir et al. 2007).

Results
Multistep screening of candidate CAD loci

We conducted a multistep screening of CAD loci using
18,880 MS markers by pooled DNA method in a Japanese
population (Japanese group A, Table 1) to identify the
candidate loci (Supplementary Text S1 and Supplemen-
tary Figure S1). Strategy for the screening is schematically
shown in Fig. 1. As a result, we identified six candidate
CAD loci (Supplementary Tables S1, S2). Linkage dis-
equilibrium (LD) analysis of these six candidate loci based
on HapMap JPT + CHB data identified that three MS
markers in the candidate loci CAD3, CAD4, and CADS
were located in the LD blocks containing no known genes,
while MS markers representative of CAD1, CAD2, and
CAD6 were within the LD-blocks carrying megakaryob-
lastic leukemia facter-1 gene (MKLI), proprotein conver-
tase subtilisin/kexin type 9 (PCSK9), and AKI125001,
respectively. Because AK125001 was a gene of unknown
function, we focused on the CAD1 (MKLI) and CAD2
(PCSK9) loci on the chromosome 22q13.3 and 1p32.3,
respectively.

PCSK9 was reported to be associated with hyperlipi-
demia (Abifadel et al. 2003; Chen et al. 2003; Evans and
Beil 2006; Willer et al. 2008), prompting us to investigate
the association between CAD2-MS and CAD in relation
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Table 1 Characteristics of cases and controls

Japanese A Japanese B Korean
CAD Control CAD Control CAD Control
n=629 n=1,232 n=1,109 n=2,122 n=828 n=746
Age (years) 59.3 4+ 10.1 39.0 4 10.7 63.7 £10.6 67.6 £ 10.0 612+ 11.1 5844117
BMI 237+£29 n.a, 23.6+3.2 235+3.2 24.7+2.6 n.a.
Gender (male %) 833 56.3 78.1 42.5 76.4 65.6
Smoking (%) 73.6 na. 21.6 24.5 69.3 n.a.
HT (%) 53.4 n.a. 7.5 303 45.2 n.a.
HC (%) 49.9 n.a, 57.0 26.0 43.5 n.a.
DM (%) 30.3 na. 48.6 79 28.3 n.a.

Characteristics of panels used in this study are shown. The values are means + SD and percentages where indicated. Smoking: current or former
smoking of >10 cigarettes daily. H1 hypertension, systolic blood pressure of >140 mmHg, diastolic blood pressure of 290 mmHg, or taking anti-
hypertensive medication. HC hypercholesterolemia, serum total cholesterol of >5.72 mmol/l (220 mg/dl) or taking lipid-lowering medication. DM
diabetes mellitus, fasting blood glucose of >6.93 mmol/l (126 mg/dl), glycosylated hemoglobin of >6.5%, or taking antidiabetes medication

with classical risk factors including hypercholesterolemia.
We genotyped additional cases and controls for CAD2-MS
and the data were combined with those obtained from the
screening to investigate the association (Supplementary
Table S3). It was demonstrated that the significant associa-
tion with CAD2-MS was found exclusively in cases with
hypercholesterolemia and not in normocholesterolemia
cases, suggesting that the association between CAD2-MS
and CAD was a reflection of the association between
CAD2-MS and hypercholesterolemia. In addition, the
analysis of tag SNPs in PCSK9 revealed that one SNP
(23968 A > G) showed significant association with CAD (G
allele frequencies in 430 cases and 332 controls were 0.054
and 0.032, respectively, giving OR = 1.73, P = 0.039).

On the other hand, the analysis of the data for CAD1-
linked MS (CAD1-MS) demonstrated that the frequencies
of (ATAC), allele (A0S allele in Supplementary Table S2)
were 0.132 and 0.090 in the cases and confrols, respectively,
showing a significant association with the susceptibility
[odds ratio (OR) =1.54, P =0.012). In addition, the fre-
quencies of (ATAC),; allele (A09 allele in Supplementary
Table S2) were 0.118 and 0.173, respectively (OR =0.64,
P =0.004). Recombination hot spots inferred from HapMap
data were located on 40 kb upstream and in the 3’ side of
MKL1 (Fig. 2). CAD1-MS was located within MKLI gene
and strong linkage disequilibrium (LD) was observed across
the whole MKLI gene including promoter region, implying
the existence of the responsible SNP in MKLI.

SNP study of MKL1 in association with CAD
To search for SNPs of MKLI, 32 Japanese samples were

sequenced for exons and adjacent introns as well as
upstream promoter region up to 1 kb and 12 SNPs, includ-
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ing seven novel SNPs, were identified (Supplementary
Table S4). Two promoter SNPs, —184C > T and -173T/C
(rs4140512), and two coding SNPs, 1848G>A and
1942A > G (1s878756), as well as seven other SNPs
selected from the HapMap database were tested for the
association with CAD using 432 cases and 432 controls
from Japanese group A, and a significant association of
CAD with —184C> T (allele frequencies were 0.104 and
0.080 in the cases and controls, respectively. OR = 1.44,
P =0.033) was observed, whereas the other SNPs did not
show significant association (Supplementary Table SS5).

Combined analysis of CAD1-MS and SNPs revealed
that —184C > T was in tight LD with CAD1-MS AQS allele
(D' = 0.88, % = 0.75), suggesting that —184C > T might be
responsible for the association of CAD1 locus with CAD.
To further strengthen the finding, we examined —184C > T
in all available samples from Japanese group A (629 cases
and 1,232 controls, Table 1) and confirmed the significant
association (OR=1.30, 95% confidence interval
(CI) = 1.04-1.64, P = 0.024; Table 2).

Validation of the observed association in different
populations

To validate the observed association, we investigated
—184C > T polymorphism in another Japanese population
(group B; 1,109 cases and 2,122 controls) and Korean
population (828 cases and 746 controls) (Table 1). As shown
in Table 2, the association with —184C > T was replicated
in both Japanese (OR = 1.25, 95% CI = 1.04-1.49, P = 0.015)
and Korean (OR =1.26, 95% CI=1.01-1.58, P =0.042)
populations. Meta-analysis of data from Japanese A, Japa-
nese B and Korean panels indicated that the association was
significant (P=1.1x 10"% with an OR of 1.27
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Genome-wide Screening

18,880 MS * tested
1st set pool (100 cases, 100 controls)
i
1,818 MS tested
2nd set pool (100 cases, 100 contorls)
i
190 MS tested
1% and 2 set individuals (192 cases, 192 controls) #
1
42 MS tested
3rd set individuals (96-192 cases, 96-192 controls)
!
Significant associations with 6 MS and examination of a locus (CAD1-MS)

i

Association Study
11 SNPs
i
Significant association with a MKL1 promoter variant, -184C>T
in Japanese group A (629 cases, 1,232 controls) #

i
Validation Study

Japanese group B
(1,108 cases, 2,102 controls)

1st screening

2nd screening

Confirmation

3rd screening

Korean
(828 cases, 746 controls)

Fig. 1 Study design for identification and validation of sequence vari-
ants associated with CAD. #1; MS is an abbreviation of microsatellite
marker. #2; Samples selected at random from the panel used in the first
and second screenings. #3, Study population (Japanese A, Table 1) in-
cludes the samples used in the screening. First screening was done for
18,880 MS between the pooled DNA from 100 MI cases and that from
100 controls, resulting in the identification of 1,818 MS showing sig-
nificant association. These 1,818 MS were tested for the association
with CAD (MI) by using pooled DNAs from 100 MI cases and 100
controls, obtaining 190 MS demonstrating the significant association.
Both the cases and controls in the second screening were different from
those in the first screening. These 190 MS were investigated in 192 MI
cases and 192 controls randomly selected from the panels used in the
first and second screenings, and 42 MS were confirmed for the signifi-
cant association with M1, These 42 MS were tested in the third set of
screening in which 192 (or 96) Ml cases and 192 (or 96) controls were
analyzed, resulting in the identification of 6 MS as the candidate loci
for CAD. One locus (CAD1) was selected for further association study
of 11 SNPs and a promoter SNP, —184C > T, was found to be signifi-
cantly associated with CAD in a Japanese population (Japanese group
A). The association was validated in another Japanese population (Jap-
anese group B) and a Korean population

(95%CI = 1.12-1.43) for the risk allele —184T. To investi-
gate the mode of inheritance, we calculated genotype-spe-
cific ORs for the —184C > T and the results showed that
ORs for CC, CT and TT genotypes were 0.79, 1.24 and
1.77, respectively, suggesting the additive model (Table 3).

To address the correlation between the risk allele and
clinical background of CAD, we investigated the associa-
tion between —184C > T and severity of coronary athero-
sclerosis. According to the number of significantly affected
vessels, cases were classified into four groups, 0VD, 1VD,
2VD, and 3VD. There was a strong association between
—184C > T and 3VD in each population (Table 2). In the
combined data analysis, —184 T allele showed high risk in
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3VD group (OR = 1.47, P =2.7 x 1075, Table 2). Stratified
analyses of —184C > T with classical CAD risk factors
including hypertension, hypercholesterolemia, and diabetes
mellitus showed no trend of stratified association with any
specific risk factors (data not shown).

Expression analysis

Because —184C>T locates in the promoter region of
MKL1, we investigated whether it would influence the tran-
scription level by using reporter-gene assays. As shown in
Fig. 3, it was observed that the luciferase activity driven by
the susceptible allele T showed reproducibly higher tran-
scriptional activity than the allele C in both K562 (Fig. 2a)
and HeLa (Fig. 3b) cells. We next examined the steady-
state mRNA levels of MKLI in human B lymphoblastoid
cell lines homozygous for —184C or —184T. As shown in
Fig. 3c, the T allele homozygotes showed about 1.8 (1.5-
2.1) fold higher expression than the C allele homozygotes,
indicating that the — 184T allele was associated with higher
expression of MKL1.

Discussion

In this study, a multistep screening for CAD loci by using
18,880 MS markers identified 6 candidate loci for CAD and
subsequent SNP analyses deciphered MKLI as a novel
CAD-related gene. In the screening procedures using MS
markers, we analyzed only MI patients as the cases, but the
controls were not age-matched to and younger than the
patients. Therefore, the power to detect the CAD-associated
loci was considered to be low since the controls should
include individuals who would develop CAD in the future.
In addition, power calculation for our multistep screening
strategy estimated the power to detect a significant
(P <0.05) risk allele conferring OR over 2.0 in additive
model by an MS marker in LD (D’ = 0.9) was 0.53. It was
then considered that a number of CAD loci with small con-
tribution would not be captured in our study design. How-
ever, multistep screening strategy using MS markers and
subsequent validation studies in two independent popula-
tions should give highly-reliable data. Recent studies with
similar approach have successfully identified, albeit not all,
the genes responsible for multifactorial diseases (Tamiya
et al. 2005; Shiffman et al. 2005; Kawashima et al. 2006).
There are several genome-wide association studies for
CAD in Caucasoid populations (Wellcome Trust Case Con-
trol Consortium 20{7; Helgadottir et al. 2007; Samani et al.
2007; Erdmann et al. 2009; Trégouét et al. 2009; Myocar-
dial Infarction Genetics Consortium 200%; Coronary Artery
Disease Consortium 2009) and Asian populations (Ozaki
et al. 2002; Ebana et al. 2007; Ozaki et al. 2009), reporting
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Chromosome 22 location (bp)
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TNRC6B ER ‘
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RUTBC3 $§ § 3
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MKL1 GPR24

8

Fig. 2 LD structure around MKLI in Mongoloid populations. Upper
panel shows the location of genes according to the Reference Sequence
collection of the National Center for Biotechnology Information (NC-
BI). Data were obtained from the Genome Browser of the University
of California-Santa Cruz (NCBI build 35). Red boxes represent recom-
bination hot spots deduced from the HapMap data (Phase II, release

Table 2 Association of —184 T allele of MKL1 with CAD

21). Lower panel demonstrates the LD structure around MKLI indi-
cated by D’ values for all SNPs from HapMap JPT (Japanese) + CHB
(Chinese) data. Strength of the LD between SNPs increased from white
to blue to red (white, D' < 1 and LOD score <2; blue, D’ = 1 and LOD
score <2; pink or light red, D' <1 and LOD score > 2; and bright red:
D’ =1 and LOD score > 2)

Study population (n1/n2/n3) Control All CAD cases 3 VD group

Frequency Frequency OR (95% CI) 4 Frequency OR (95% CI) P
Japanese group A (1,232/629/174) 0.083 0.106 1.30 (1.04-1.64) 0.024 0.129 1.64 (1.16-2.31)  0.0047
Japanese group B (2,122/1,109/394)  0.079 0.097 1.25 (1.04-1.49) 0.015 0.104 1.35 (1.05-1.74)  0.020
Korean (746/828/121) 0.099 0.122 1.26 (1.01-1.58) 0.042 0.149 1.59 (1.07-2.35) 0.020
Combined
Japanese (3,354/1,738/568) 0.081 0.100 127 (1.10-1.46) 95x10~* 0112 1.44 (1.18-1.78) 4.2 x 10™*
All groups (4,100/2,566/689) 0.084 0.107 127 (1.12-1.43) 1.1x107* 0.118 1.47 1.23-1.76) 2.7 x 1073

Frequency of —184T allele in the control was shown as compared with those in all CAD cases and cases with 3 vessel disease (VD) along with
odd risk (OR), 95% confidence interval (95% CI), and P values. Number of controls (n1), all CAD cases (n2) and CAD cases with 3VD (n3) are

shown in the parentheses

Upper three columns indicate the data from different study panels; Japanese group A, Japanese group B and Korean. Data for the combined analysis
of two Japanese panels and that of all three panels are indicated in the lower two columns

the association of CAD with SNPs in the regions or genes
on the chromosomes 1p13.3 (PSRCI-CELRS2-MYBPHL-
SORTI), 1p32 (PCSK9), 1g4l (MIA3), 1q43, 2q33
(WDR12), 2q36.3, 3p21.1 (ITIH3), 3q22.3 (MRAS), 5q21,
6p21 (LTA), 6p24 (PHACIRI), 6q25.1 (MTHFDIL),
6q25.3 (SLC22A3-LPAL2-LPA), 9p21 (CDK2A-CDK2B-
ARF-MTAP-ANRIL), 10q11.2 (CXCL12), 12q24.1 (BRAP),
12q24.3 (HNF1A), 15q22.3 (SMAD3), 16923, 19qi2,
19q13 (LDLR), and 21q22 (SLC5A3-MPRS6-KCNE2).
Among them, only PSCK9 locus was overlapped with the
CAD loci identified in this study. The reason why the other
loci were not detected in our study might be that the power
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of our screening design was not sufficient to detect the loci,
especially those with relatively small contribution to the
disease as discussed eatlier or that not all of the disease-
related genes were common among different ethnic groups.
Nevertheless, the detection of PCSK9 as the CAD2 locus in
our study supported the usefulness of our strategy in detect-
ing the disease genes for CAD.

This study unraveled that the MKL] promoter SNP cor-
related with high expression level was associated with the
susceptibility to CAD. In addition, our study showed that
the association was prominent in the cases with severe
atherosclerosis (3 VD group), suggesting a potential role
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Table 3 Genotype-specific OR for —184C>T

Study population (n1/n2) Genotype-specific OR (95% CI)
CcC CT TT

Japanese A (1,232/629) 0.75 (0.59-0.96) 1132 (1.02-1.70) 1.38(0.52-3.63)
Japanese B (2,122/1,109) 0.80 (0.66-0.97) 1.23 (1.01-1.50) 1.56 (0.82-2.66)
Korean (746/828) 0.81 (0.63-1.03) 1.17 (0.91-1.50) 2.96 (0.96-9.11)
Combined

Japanese (3,354/1,738) 0.78 (0.67-0.91) 1.26 (1.08-1.48) 1.49 (0.83-2.67)
All groups (4,100/2,566) 0.79 (0.69-0.90) 1.24 (1.08-1.41) 1.77 (1.06-2.95)

Qdds risks (OR) for —184 genotypes are indicated along with 95% confidence intervals (95%CI) in parentheses. Numbers of controls (n1) and CD
cases (n2) in three different populations are shown in the parentheses after the name of studied panels. Upper three columns indicate the data from
Japanese group A, Japanese group B and Korean. Data for the combined analysis of two Japanese panels and that of all three panels are indicated

in the lower two columns
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Fig. 3 Transcriptional activity of MKLI in association with
—184C > T. Luciferase activities expressed from reporter gene con-
taining each promoter allele transfected inte K562 cell (a) and HeLa
cell (b). A 249 bp fragment containing the MKL] promoter region with
—184C or —184T was connected to firefly luciferase gene in pGL3-ba-
sic vector. The construct was transfected into the cells and the lucifer-
ase activities of transfected cells were measured along with renilla
luciferase activities as the internal controls to correct the transfection
efficacy. Relative luciferase activity (firefly luciferase activity/renilla
Iuciferase activity) was calculated and that for —184C allele was

of MKLI in the pathogenesis of atherosclerosis. Given that
atherosclerosis is the most common underlying cause of
CAD (Ross 1999), MKL1 expression level may contribute
to the progression of atherosclerosis. It has been reported
that MKLI is a member of myocardin family serving as a
SRF cofactor that strongly activates genes under the control
of SRF (Cen et al. 2004). MKL1 was reported to induce the
differentiation of smooth muscle cells via transactivation of
SRF-dependent transcriptional regulatory elements (Du
et al. 2004). In addition, MKLI played crucial roles in regu-
lating differentiation of human somatic stem cells into
smooth muscle cells, because overexpression of MKLI in
undifferentiated embryonic stem cells induced expression
of genes encoding smooth muscle cell differentiation mark-
ers in the SRF-dependent manner (Du et al. 2004). It was
recently demonstrated that among blood cells there might
be progenitors of smooth-muscle cells, which attached to
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arbitrarily defined as 1.0. The experiments were repeated four times
with each sample in quadruplicate. Mean error bars represent SD. ¢;
Quantification of MKLI mRNA in B cell lines. Error bars represent
SEM. The values were obtained by dividing the amount of MKLI
mRNA by amount of GAPDH mRNA in the same sample. Data from
five B cell lines with ~184CC genotype were combined and mean val-
ue was arbitrarily defined as 1.0, while the data from other five B cell
lines with —184TT genotype were combined. An asterisk indicates
P <0.05 while double asterisks correspond to £ <0.01

the endothelium and differentiated into smooth-muscle
cells, and these progenitors might contribute to neointima
formation in the coronary artery (Sata et al. 2002). In addi-
tion, MKLI is tightly linked to RhoA-dependent and TGF-
beta-dependent signaling pathways in smooth muscle cells,
both of which are important in the progression of athero-
sclerosis (Cen et al. 2004; Elberg et al. 2008). Therefore,
these lines of evidence suggested that high expression of
MKLI1 was involved in the pathogenesis of atherosclerosis
and CAD.

On the other hand, it was reported that MKLI was
required for the development of cardiovascular system,
because MKLI null mice were born at less than the pre-
dicted Mendelian frequency (Parmacek 2007). Fetal loss
was attributed to dilated cardiac chambers, aorta, and pul-
monary arteries accompanied by heart failure, which was
observed in 35% of MKLI nuill embryos. Approximately
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40% of MKLI null mice embryos suffered from lethal car-
diac cell necrosis with the mitochondrial dysfunction.
These observations suggested important roles of MKL1I in
the development, formation and maintenance of arterial tis-
sues, and hence MKLI might also play an additional role in
the coronary atherosclerosis.

In conclusion, multistep screening approach identified a
candidate CAD loci containing MKLI on chromosome
22q13. Subsequent SNP analyses revealed that a MKLI
promoter SNP was associated with the susceptibility to
CAD. The MKLI promoter SNP conferred high expression
of MKLI. These observations strongly suggested the
involvement of MKLI in the pathogenesis of CAD.
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