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Abstract Variation in the gene encoding the cysteine
protease calpain-10 has been linked and associated with
risk of type 2 diabetes. We have examined the effect of
three polymorphisms in the calpain-10 gene (SNP-43,
Indcl-19, and SNP-63) on the development of type 2
diabetes in the Japanese population in a pooled anal-
ysis of 927 patients and 929 controls. We observed that
SNP-43, Indel-19, and SNP-63 either individually or as
a haplotype were not associated with altered risk
of type 2 diabetes with the exception of the rare 111/
221 haplogenotype (odds ratio (OR) =3.53, P=0.02).
However, stratification based on the median age-

at-diagnosis in the pooled study population (< 50 and
250 years) revealed that allele 2 of Indel-19 and the 121
haplotype were associated with reduced risk in patients
with later age-at-diagnosis (age-at-diagnosis 250 years
OR=0.82 and 0.80, respectively; P=0.04 and 0.02).
Thus, variation in the calpain-10 gene may affect risk
of type 2 diabetes in Japanese, especially in older
individuals.
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Introduction

The results of association and linkage studies indicate
that multiple genes are invoelved in determining suscep-
libility to type 2 diabetes in Japanese with each gene
making a modest contribution o overall risk (Seino
ct al. 2001; Mori et al. 2001, 2002; Iwasaki et al. 2003).
The gene encoding the cysteine protease calpain-i0
(CAPNI10) was first found to be associated with risk of
lype 2 diabetes in studies carried out in Mexican
Americans (Horikawa et al. 2000). Two recent meta-
analyses and 4 large association study have confirmed
that single nucleotide polymorphisms (SNP)-43 and
SNP-44 are associated with a 1.19- and 1.17-fold in-
creased risk, respectively, of type 2 diabetes (Weedon
et al. 2003; Song et al, 2004), SNP-43 may be a func-
tional polymorphism affecting transcriptional regulation
of the calpain-10 gene (Horikawa et al. 2000; Baier et al.
2004} However, Indel-19 and SNP-63 are just tagging
SNPs, and their effect on transcriptional regulation or
other functions of calpain-10 are unknown. The effect of
the core CAPNI0 polymorphisms SNP-43, Indel-19,
and SNP-63 on risk of type 2 diabetes in Japanese has
been examined in three small studies (Daimon et al.
2002; Horikawa et al. 2003; Shima et al. 2003). The re-
sults suggest that variation in CAPN10 is not a major
risk factor. However, these studies were not able to
quantify the effect of CAPNI10 on risk because of the
small number of cases and controls in the individual
studies. Here, we reexamine the role of the CAPNI10 in
the development of type 2 diabetes in the Japanese
population.

Material and methods
Subjects

All subjects were Japanese. We studied three groups of
cascs and controls. The first group (study 1) included
205 unrelated subjects with type 2 diabetes recruited
from the outpatient clinic in the Diabetes Center, Tokyo
Women's Medical University and 208 unrelated nor-
moglycemic subjects recruited from the Seijin lgaku
Medical Clinic of Tokyo Women’s Medical University
using the following inclusion criteria: age > 60 ycars,
HbAlc <5.6%, and no family history of diabetes. The
second group (study 2) consisted of 281 unrelated nor-
mal ghucose-tolerant (by oral glucose tolerance testing)
subjects who were recruited at four outpatient clinics:
Diabetes Center, Tokyo Women's Medical University
(n=150); Third Department of Internal Medicine, Yam-
aguchi University (n=121); Department of Internal
Medicine, University of Tekyo (n=30); and Shiseikai
Daini Hospital, Tokyo (n=380). The third group of
subjects (study 3) comprised 454 patients with type 2
diabetes and 192 nondiabetic controls who were re-
cruited from Gunma University Hospital and affiliated
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hospitals and Fujita Health University School of
Medicine. The genetic studies were approved by the
institutional review board of each participating institu-
tion. Informed consent was obtained from all partici-
pants.

The pooled analyses included the datasets above
as well as the data from three published studies: Daimon
et al. 2002, SNP-43; Horikawa et al, 2003, SNP-43,
Indel-19 and SNP-63; and Shima et al. 2003, SNP-43,
Indel-19, and SNP-63.

Linkage disequilibrium (LD}

We examined the structure of the linkage disequilibrium
(LD} in the CAPNI10 region using the software package
GOLD ([graphical overview of linkage disequilibrium
(Abecasis and Cookson 2000)] and a commeon set of 14
SNPs having a minor allele frequency 20.10 in diabetic
(1= 30) and nondiabetic subjects (= 30).

Genotyping

Genomic DNA wus prepared from peripheral blood
lymphocytes by standard procedures. We typed three
polymorphisms in  CAPNIQ: SNP-43, CAPNIO-
2.4852G > A (rs3792267); insertion/deletion {Indel)-19,
CAPNI10-2.7920 (32 bp-repeats)  (rs3842570); and
CAPNI10-2.16378C>T (rs5030952) as described previ-
ously (Horikawa et al. 2003) or using TagMan-based
assays with custom probes/primers {(Applied Biosystems,
Foster City, CA, USA), Additional SNPs used for
studies of LD in the CAPNIQ region were genotyped
using TagMan technology. Previous studies have shown
that the three core polymorphisms lead to four common
haplotypes described as 111, 112, 121, and 221 (alkle 1
or 2 at SNP-43, Indel-19, and SNP-63, respectively). The
haplogenotypes were assigned by inspection of the
genotypes at SNP-43, Indel-19, and SNP-63.

Statistical analyses

Polymorphisms were tested for deviation from Hardy-
Weinberg equilibrium, heterogeneity in allele and
genolype among studies and differences in allele, geno-
type, haplotype. and haplogenotype between groups
using a chi-squared test. All P values are two sided.

Results

Haplotype structure across the CAPN10 region

The analysis of LD in the region of CAPNIO0 revealed a
single region of strong LD (Fig. 1).

CAPNIO0 and SNP-43, and Indel-19 and SNP-63 are
contained within this single LD block, which does not
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Fig. 1 Linkage disequilibrium (LD} in the CAPNI0 region
visualized using GOLD. The red and orange regions denote strong
LD as defined using D and r*. The exons of CAPNI10 and the
adjacent genes RNPEPLI and GPR35 are shown as filled boxes
along the diagonal. The two variable number of tandem repeats
(VNTRs) between CAPN10 and GPR35 are shown as open boxes.
The SNPs used in this analysis are described in Horikawa et al.
(2000). SNP-43 was not included in this analysis because the minor
allele frequency was <0.10 in the Japanese population

include the flanking RNPEPL! and GPR35 genes.
Thus, association of polymorphisms in this block with
type 2 diabetes or a type-2-diabetes-related trait in the
Japanese population implies that it is a variation in
CAPNI0 itself and not an adjacent locus that is
responsible for the effect. The associated variant may
or may not be causal depending on the LD with other
variants in the block,

Genetic variation in CAPN10 and type 2 diabetes

We typed SNP-43, Indel-19, and SNP-63 in the three
study groups described above (Table [). There was no
significant difference in the frequency of SNP-43 or
Indel-19 between cases and controls (Table 2), which is
in agreement with previous studies in Japanese (Daimon
et al. 2002; Horikawa et al. 2003). However, we cbserved
a significant difference in SNP-63 allcle frequency
between cases and controls in the subjects from study 1
(0.66 and 0.73, respectively, P=0.04) but not in the
subjects from study 3 (Table 2). In order to gain a better
understanding of what role SNP-63 may play in the
progression of 1ype 2 diabetes, we examined the effect of
SNP-63 genotype on various clinical and metabolic
characteristics assessed by a standard 75-g oral glucose
tolerance test in a group of 281 normal glucose-tolerant
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subjects from study 2 (Table 3). No significant effects of
SNP-63 genotype on phenotype were observed except
for area-under-the-curve plasma glucose level from
0 min to 120 min (P=0.03).

We then carried out a pooled analysis using data
from all known studies carricd out in the Japanesc
population (Daimon et al. 2002; Horikawa et al. 2003;
Shima et al. 2003). The 28] nondiabetic subjects from
study 2 were excluded from the primary analyses be-
cause their mean age-at-study in this group was signifi-
cantly younger than other the control groups. The
pooled study population included 927 patients and 929
controls although Indel-19 and SNP-63 were not typed
in all subjects. There was no significant difference in
SNP-43, Indel-19, or SNP-63 genotype or allele fre-
quencies between the type 2 diabetic and control groups
in the overall analysis {Table 4). There was also no sig-
nificant difference in SNP-43/Indel-19/SNP-63 haplo-
type (Table 5) or haplogenotype frequency (Table 4)
excepl for the rare 111/221 combination, which was
associated with significantly increased risk of type 2
diabetes (OR =3.53, P=0.02).

Genetic variation in CAPNI10 may modify risk
of type 2 diabetes in older patients

Since age is a risk factor for type 2 diabetes, we split
the type 2 diabetic group based on median age-ut-
diagnosis, which was 50 years in the pooled sample,
and repeated the comparisons but using only those
cases for whom age-at-diagnosis was available: Pa-
tients with age-at-diagnosis <50 years included 118
patients from study 1, 103 from study 3, and 68 from
Horikawa et al. (2003); and patients with age-at-diag-
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Trait
Subjects

45/36

65.1 £10.7
NA
256139
6.7+1.1
NA

NA

&1

623482

23.843.6

53403
NA

46/35

81

10
NA NA
NA NA
NA
NA NA
NA  NA

276
0
4

239433

1.
H
6.74:1.0

63/114
62.0:k |
4981
NA

177

5.0+£04
NA

228433

172
90/82
68.0£57

206,248
5994 1.7
51.0+£12.0°
242442

79419
NA

454

49103

NA

192
T0/122
67856
231128

135/146
44.4£15.9
13130
49+04
92.8::94

281

1413.0
0+12.7
35£36

205

847121
59
45
n

160

679455
231424

50403
25.0+£87

208
68/140

Age-at-dingnosis (ycars)

BMI

Gender (F/M)
Agc-at-study {years)
HbA . (%)

n

NA

NA NA

46/70/61

NA
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nosis 250 years included 87 patients from study 1, 143
from study 3, and 85 from Horikawa el al. (2003).
There was no significant difference in SNP-43, Indel-
19, and SNP-63 allele or genotype frequencies between
the type 2 diabetic group with age-at-diagnosis
< 50 years and the controls (Table 4). The SNP-43 and
SNP-63 frequencies were also not different between the
type 2 diabetic group with age-at-diagnosis =50 years
and the controls. However, there was a small but
significant difference in Indel-19 allele frequency (Ta-
ble 4). The 3R allele at Indel-19 (allele 2 in the hap-
lotype) was associated with lower risk of type 2
diabetes (OR =0.82, P=0.04).

The 121 haplotype was associated with significantly
decreased risk (OR=0.80, P =0.02) of type 2 diabetes
in the group of patients with age-at-diagnosis =50 years
(Table 5). The !1! haplotype had the highest risk
(OR=1.33, P=0.046) in the older group of patients.
This effect of the 111 haplotype likely reflects the
contribution of SNP-44 to type 2 diabetes risk {Wee-
don et al. 2003) since 88% of the 111 haplotypes in
Japanese carry the at-risk C-allele at SNP-44. The rare
1117221 haplogenotype was associated with increased
risk of type 2 diabetes irrespective of age-at-diagnosis
(Table 6). The 121/121 haplogenotype had a protective
effect against type 2 diabetes that approached signifi-
cance in patients with age-at-diagnosis 250 years
(OR =0.76, P=0.06). Individuals with haplotypes 111/
111, 111/112, and 111/221 had the highest risk of type
2 diabetes (OR =1.83, 1.25, and 4.12, respectively) al-
though the increase in risk was not significant because
of the small numbers of individuals studied. If the
nondiabetic subjects in study 2 (Table 1) are included
in the pooled control group, the resulis are similar,
including the effects of the 121/121 haplogenotype on
risk in patients with age-at-diagnosis =350 years

(OR=0.75, P=0.04).

42/81/82

bjects were > 60 years old
Data are available for only 246 subjects

Treatment (diet/oral agents/insulin)

Fasting glucose (mg/dl)

*All su
h

Discussion

The results suggest that genetic variation in CAPNI0Q
may affect risk of type 2 diabetes in the Japanese
population, especially in older individuals. Interest-
ingly, the common 121 haplotype appears to be pro-
tective in Japanese, suggesting the overall effect of
CAPNH) in this population is to reduce the risk of
diabetes rather than increase it. It is important to note,
though, that the statistical significance of the compar-
ison is marginal (P=0.01-0.04), and none of the
comparisons would be significant if corrected for
multiple testing. Thus, the results presented here need
to be confirmed through studies of a much larger
dataset. However, if our results are correct, they sug-
gest an interaction between genetic (CAPNIO) and
nongenetic {age) factors to modify risk of type 2 dia-
betes. In this regard, recent studies have shown that
calpain-10 is part of a novel apoptotic pathway in
insulin-secreting pancreatic beta cells and thus may



96

Table 2 Genotype and allele frequencies of CAPNEO polymorphisms in Japanese. The number of subjects of each genotype are indicated.
All genotypic distributions are in Hardy-Weinberg equilibrium. N4 not available. €'t/ control, T2D type 2 diabetes

Marker  Subjects Genotype This study | This study 2 This study 3 Horikawa  Shima Daimon P for

et al. {2003} et al. (2003) et al. heterogeneity
(20412)
SNP-43  Ctrl G/G 188 251 165 154 252 76
G/A 20 29 ol 18 24 5
AfA 0 1 0 0 0 0 0.75
Allele frequency G: 0.95 G: 0.94 G: 0.4 G: 095 G: 0.96 G: 097
A: 0.05 A: 0.06 A: 0.06 A: 0.05 A:0.04 A: 0.03 0.62
T2D G/G [84 NA 389 158 8 76
G/A 21 NA 57 19 2 5
AJA 0 NA i 0 0 0 0.75
Allele frequency G: 0.95 NA G: 093 G: 0.95 G: 0.90 G: 097
A: 0405 A: 0.07 A: 0.05 A: 0.10 A: (.03 0.37
Indel-19" Curl 2R/2R 7 42 35 23 42 NA
2R/3R 99 126 78 78 126 NA
3R/3R 82 113 73 E)! 108 NA 0.90
Allele frequency 2R:0.37 2R: 0.37 IR: .40 2R: 0.36 2R: 0.38 NA
IR 0.63 3R: 0.63 3R: 0.60 IR: 0.64 3R: 0.62 0.86
T2D 2R/2R 32 NA 63 28 1 NA
2R/3R 104 NA 209 82 3 NA
IR/IR 69 NA 176 67 6 NA 0.62
Allele frequency 2R: 0.41 NA 2R: 0.37 2R: 0.39 2R:0.25 NA
3R: 0.59 JR: 0.63 3R: 0.61 3R:0.75 0.34
SNP-63  Cul c/C 111 151 99 90 151 NA
c/T 81 106 65 70 103 NA
T/T 16 M 18 12 22 NA 0.99
Allele frequency C: 0.73 C:0.73 C:0.72 C:0.73 C:0.73 NA
T: 0.27 T: 0.27 T: 0.28 T: 0.27 T:0.27 0.99
T2D C/f 90 NA 255 93 6 NA
C/T 92 NA 165 74 3 NA
7T 23 NA 30 10 1 NA 0.09
Allele frequency C: 0.66 NA C: 0.75 C:0.73 C: 075 NA
T: 0.34 T:0.25 T: 0.27 T: 025 0.03

“ Indel-19 is a diallelic insertion/deletion polymorphism with alleles of two repeats (2R) or three repeats (3R) of a 32-bp sequence

Table 3 Clinical and metabolic characteristics of normal glucose
{olerant subjects (study 2) by SNP-63 penotype. Data are mean =
SD. Subjects underwent a standard 75-g oral glucose tolerance test
with glucose and insulin determined at ¢/, 30°. 60°, and 120". The

number of individuals in each group for determination of insuli-
nogenic index and HOMA are noted in parentheses. BM/[ body
mass index. AUC area under the curve

Trait Genotype P
CiC C/T T/T
n 150 105 25
Gender (M/F}) 72718 59/46 14711 0.40
Age (years) 450+14.9 43.8£16.7 4444187 0.72
BMI {kg/m32) 223425 222436 226+30 0.70
HbAlc (%) 49104 4.9+04 50+£04 0.79
Plasma glucose {mg/dl)
0 min 93.1496 922491 94.118.8 0.51
[20 min 104.1+18.5 106.1 1 18.8 108.2+14.5 0.30
AUC 0-12¢¢ 14.510.6 £ 2706.2 15,233.44 29371 15,043.2 4 3056.1 0.03
Plasma insulin (pU/ml}
0 min 6422 64226 6.5+4.4 0.81
120 min 3061169 3201168 3014202 0.74
AUC 0-12¢0° 3972.4:12030.8 42674118169 4.049.2 &+ 1969.1 (.44
Insulinogenic index 0.80+0.89 (147) 0.96+3.62 (101} F142+1.85(24) 0.0%
HOMA [.43£0.53 (146) 1.41+£0.54 (101) [.30£0.63 (23) 0.35

" P value by ANCOVA with institution, gender. and genotype as independent factors and age and BMI as covariates

affect the response of the beta cell to aging or its
ability to compensate in response to an increasing de-

mand for insulin (Johnson et al. 2004).

The observation that individuals homozygous for
the 121 haplotype may be at increased risk of type 2
Evropean populations

diabetes in some

63

(Orho-



Table 4 SNP-43, Indel-19, and SNP-63 and type 2 diabetes in
Japanese—-a pooted analysis. The number of subjects of each
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based on the median age-at-diagnosis in the pooled sam-
ple —-50 years. Note that age-at-diagnosis was not avatlable for all

genotype are indicated. All genotypic distributions are in Hardy-  subjects
Weinberg equilibrium. The cases were divided into two groups
Marker Genotype Overall Age-at-diagnosis Age-at-diagnosis
< 50 years 250 years
Ctrl T2D P T2D P T2D P
SNP-43 G/G 833 g 255 276
G/A 9] 104 28 0.98 32 0.78
A/A 0 I 0.35 0 0
Allele frequency G: 0.95 G: 0.94 G: 095 G: 0.95
A:0.05 A: 0.06 0.25 A: 0.05 0.98 A: 005 0.79
Indel-19* 2R/2R 127 124 36 58
2R/3R 381 396 143 151 0.11
3R/3R 334 316 0.67 107 0.33 1035
Allele frequency 2R: 0.38 2R: 0.39 2R: 0.38 2R: (.43
3R 0.62 3R: 0.6] 0.69 3R: 0.62 0.91 3R: 0.57 0.04
SNP-63 C/C 451 443 149 151
CiT 39 333 125 129
T/T 68 62 0.72 14 0.09 28 0.35
Allele frequency C:0.73 C:0.73 C: 073 _ cC: 07
T:0.27 T: .27 0.94 T: 0.27 0.79 T: 0.29 0.17

* Indel-19: 2R. 2 repeats of 32-bp sequence: 3R, 3 repeats

Table 5 CAPNIOQ haplotype frequency and risk of type 2 diabetes
in Japanese-—a pooled analysis. The haplotypes are those defined
by SNP-43. Indel-19, and SNP-63, and the specific alleles are: SNP-
43, allele 1, G and allele 2, A: Indel-19. allele 1, 2 repeats of 32-bp

sequence. and aliele 2, 3 repeats; and SNP-63, allele 1, C, and allele

2. T. The cases were divided into two groups based on the medizn
age-at-diagnosis in the pooled sample-~50 years. Note that age-at-
diagnosis was not available for all subjects. Cwrf control, T2D type
2 diabetes

Haplotype  ©Overall Age-at-diagnosis < 50 years Age-at-diagnosis 250 years
Curl TD OR P T2D OR P T2D OR P
(n=825) (n=827)y (95% CI)* (n=277) (95% CI)* (n=303) (95% CI)*
111 0.106 0.113 1.07 (0.86—1.34) 052 0.117 112 (0.83-1.52) 046 0.136 1.33 (1.00-1.75) 005
121 0.572 0.553 0.93 (0.81-1.07) 0.29 0.567 0.98 (0.81-1.19) 085 0.515 0.80 (0.66-0.96) 0.02
112 0.270 0.274 [.02¢0.88-1.19) 0.79 0.265 0.98 (0.78-1.21) 082 0.297 1.14 (0.93-1.40) 0.21
221 0.052 0.059 £15(0.85-1.54) 037 0.051 0.97 (0.62-1.50) 0.88 0.052 1.01 (0.66-1.53) 097

* The OR and 95% CT of each haplotype relative 1o other haplotypes as a group are shown

Table 6 CAPN10 haplogenotype and risk of type 2 diabetes in Japanese—a pooled analysis. The haplotypes are those defined by SNP-43.
Indel-19. and SNP-63. and the specific alleles are indicated in the legend to Table 5. The number of individuals with each haplogenotype is

indicated
Haplogenotype  Overall Age-at-diagnosis < 50 years Age-at-diagnosis 2 50 years

Ctrl T2D OR (95% CI)* P T2D OR (95% CIy P T2D OR (95% CI)* r
1111 15 18 1.20 (0.60-2.40) 0.60 5 0.99 (0.26-2.76) 0.99 10 1.83 {0.82-4.07) 0.14
i1E/121 97 93 0.95 (0.70-1.29) 0.74 3 0.95 {0.62-1.45) 0.80 37 1.04 (0.69-1.55) 0.86
118112 44 44 1.00 (0.65-1.53) 0.99 18 1.23(0.70-2.17) 0.47 20 1.25 (0.72-2.15) 0.43
1117221 4 14 353 (1.24-10.1) 0.02 [ 4.54 {1.42-14.5) 0.0t 6 4.12 (1.27-13.3) 0.02
P12/112 66 62 0.93 (0.65-1.34) 0.70 13 0.57 (0.31-1.04) 0.06 27 1.12 (0.70-1.78) (.64
112/121 247 254 1.04 (0.84-1.28) 0.73 S0 1.13 (0.84-1.51) 0.43 97 109 (0.82-1.45) 0.55
112/221 23 32 1.40 (0.82-2.4]) 0.22 13 1.72 (0.86--3.41) 0.12 10 118 (0.56-2.5H) 0.66
121/121 270 259 0.94 (0.76-1.15) 0.54 92 1.02 (0.77-1.37) 0.88 82 0.76 (0.56-1.01) 0.06
121/221 59 50 0.84 (0.57-1.23) 0.37 9 0.44 (0.22-0.87) 0.02 16 0.72 (0.41--1.27) 0.25
221/221 0 1 - - 0 0

* The OR and 95% CI of each haplogenotype relative to the other haplotype combinations as a group are shown

Melander et al. 2002; Malecki et al. 2002) but at de-
creased risk in older Japanese raises the possibility that

additional genetic variation may distinguish high- and variation.

64

low-risk subtypes of the 121 haplotype. Transpopulation
mapping may be a useful strategy for identifying this
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Abstract

We have constructed a high-quality and multi-applicable ¢DNA library specific for mouse pancreatic
islets. This is the first pancreatic islet cDNA library created using a recombination-hased method, which can
readily be converted into other applications including yeast two-hybrid and mammalian expression libraries.
Based on sequence data of the library, we constructed a sequence database specific for mouse pancreatic
islets. Among the 8882 non-redundant clones, 5799 were classified into specific functional categories using
a classification system designed by the Gene Ontology Consortium, 10% of which were “molecular function
unknown” genes. We also developed cDNA microarray membranes with 8108 non-redundant clones. Anal-
yses of expression profiles of three different cell lines and of MING cells with or without overexpression of
transcription factor NeuroD1 established the usefulness and applicability of our microarrays. The mouse
pancreatic islet eDNA library, sequence database, set of clones, and microarrays developed in this study
should be useful resources for studies of pancreatic islets and related diseases including diabetes mellitus.
Key words: ¢DNA library; microarray; pancreatic islet; recombination-based method; sequence database

1. Introduction

Pancreatic islets are small inner parts of pancreata,
and play the central role in glucose homeostasis.! The
majority of islet cells are B-cells, which secrete the hy-
poglycemic hormone insuling other islet cells {a-cells, é-
cells and PP cells) also secrete hormones affecting glucose
homeostasis. Impairment of pancreatic 3-cell function
readily causes disorders of glucose homeostasts such as
diabetes,
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Studies of knockout mice® ™ and a subtype of humnan
Yp

diabetes” 12 have revealed that impairment of the tran-
scription network in pancreatic S-cells is involved in the
pathogenesis of diabetes. In these models, diabetes ac-
curs due to disruptions or mutations in transcription fac-
tors that regulate gene expression in pancreatic B-cells.
Thus, construction of a gene expression database for pan-
creatic islets and comprehensive analysis of expression
profiles in the pancreatic islets might provide valuable
information on the molecular mechanisms of the disease.

To investigate the molecules involved in normal func-
tion of pancreatic islets, several groups have constructed
c¢DNA libraries from human pancreatic islets and se-
quenced clones from the libraries (In the GenBank
database (www.ncbinlm.nih.gov/genbank/index.html),
nucleotide sequences of 4559 clones were deposited by
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Table 1. Characteristics of the mouse pancreatic islet cDNA library,

Starting material About 5,000 pancreatic islets from C57BL/6 male mice
Complexity without amplification 3.12x 10

Fraction by insert size” 1 2 3 4 5 6
Proportion of chimeric clones (%)” 4323 276 460 645 184 110
Praportion of clones with full ORFs (%)” 64 56 48 76 72 52

1) Insert sizes of the fractions are: 1, >8 kbp; 2, 6-8 kbp: 3, 4-6 kbp; 4, 3-4 kbp; 5, 1.5-3 kbp; 6, <1.5 kbp.
2) Proportions of chimeric clones are calculated on the analysis of 3264 clones sequenced from both ends.
3) Proportions of clones with full ORFs are estimated from 25 randomly selected clones from each fraction.

Bell and colleagues, Chicago University, and those of
2055 clones by the LM.A.G.E. consortium). As mice are
widely used as experimental animals in studies of pan-
creatic islets,! a cDNA library specific for mouse pancre-
atic islets should he useful. Recently, 2 recombination-
based method for ¢DNA library construction has been
developed.?® With size fractionation of the cDNA inserts,
this method provides several improvements.!*14 The
characteristics of the library are a high degree of complex-
ity, an abundance of full-length sequences, and multiple
applications. Libraries constructed by this method can
readily be converted into other libraries including yeast
two-hybrid and mammalian expression libraries.!®

In the present study, we constructed a recombination-
based ¢cDNA library specific for mouse pancreatic islets.
Based on the sequence data of the library, we built a
mouse pancreatic islet sequence database, and also de-
veloped ¢DNA microatray membranes.

2. Materials and Methods

2.1, Construction of e cDNA library specific for mouse
pancreatic islets

All animal procedures were approved by the Chiba
University Animal Care Committee. Pancreatic islets
were isolated from & to 10-week-old male C57BL /G mice
by hand-picking under the microscope and collagenase
digestion method as described previously.'® Poly(A)t
RNA was obtained from the islets using RNeasy Mini kit
(Qiagen GmbH, Hilden, Germany)} and pMACS mRNA
isolation kit (Mliltenyi Biotech, Bergisch Gladbach, Ger-
many). Two micrograms of poly(A)*T RNA was isolated
from approximately 5000 islets, from which ¢cDNA syn-
thesis was carried out as described previously.!* The
synthesized ¢DNA was size-fractionated by agarose gel
electrophoresis into three segments (<1.5, 1.5-3, and
>3 kbps, respectively), and subjected to recombina-
tion reaction with BP Clonase (Invitrogen, Carlshad,
CA) and plasmid attP pSP73.1% Recombined plasmids
were introduced into Escherichia coli cells (ElectrodAX
DH10B cells, Invitrogen) by electroporation. The num-
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bers of transformants from each {raction were counted to
estimate the complexity of the library without any am-
plification (Table 1).

After transformants were grown, the retrieved plas-
mids from the largest size fraction (>3 kbps} were further
size-fractionated into four segments on agarose gel. Thus,
the extracted plasmids were finally size-separated into
six segments (<1.5, 1.5-3, 3-4, 4-6, 6-8, and >8 kbps)
and subjected to recombination reaction with LR clonase
{Invitrogen} and BamH Llinearized plasmid attR pBC.}4
Recombined plasmids were again introduced into E. coli
cells (ElectroMAX DH10B cells, Invitrogen) by electro-
poration. The direction of the cDNA inserts was T7-
attBl-cDNA insert-attB2-T3.

2.2.  Plasmid preparation and DNA sequencing

Plasmids for sequencing the ¢DNA inserts and spot-
ting on microarray membranes were prepared with MAG-
NIA robot (TOYOBO, Osaka, Japan). With ABI3700
sequencers {Applied Biosciences, Mountain View, CA),
21,018 plasinid clones were successfully sequenced with
T3 sequencing primer, and 3,264 clones were sequenced
with T7 sequencing primer after elimination of redundant
clones.

2.3, Construction of a sequence database

The sequence data obtained using T3 or T7
primers were subjected to BLAST search against the
GenBank/DDBJ/EMBL nucleotide sequence database
(www.nebinlm.nih.gov/genbank/index.htm])  with a
threshold E-value of 1.0e=™". The sequences were also
subjected to BLAST search against the Ensembl mouse
genome database (www.ensembl.org) to determine their
locations on mouse chromosomes. All the sequence
data were submitted to the DDBJ/EMBL/GenBank nu-
clectide sequence database (Accession nos. BP753069-
BP777127), and are available from the ftp site at
ftp:/ /itp kazusa.or,jp/pub/pancreas/. The summary of
the homology searches and the genome mapping data
of the analyzed c¢cDNAs are also available (Supple-
mental Information 1, http://www.dna-res kazusa.or.jp/
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11/5/01/supplemental /information1.htm]).

2.4. eDNA microarray analysis

The method of ¢DNA microarray analysis was de-
scribed previously.]” A total of 8108 ¢cDNA clones were
spotted on the microarray membranes. For single mi-
croarray analysis, 10 ug of total RNA from each sam-
ple was reverse-transcribed in the presence of Super-
Secriptll Reverse Transcriptase (Invitrogen), [**S]dCTP,
oligo(dT)12-1s, and oligo{dT)z;. The signal intensities in
each analysis were normalized against the housekeeping
gene Gapd, and the average signal intensities were calcu-
lated from more than two independent experiments.

2.5 Cell culture and recombinant adenoviruses

Mouse pancreatic islet #-cell line MING cells were
cultured as described previcusly.” Mouse ES cell line
R1 cells’ were cultured on mitomycin C-treated em-
bryonic fibroblasts in a gelatinized dish with com-
plete ES medium: high-glucose Dulbecco’s modified Ea-
gle's medium (Invitrogen) supplemented with 20% fe-
tal calf serum (FCS) (Invitrogen), 2 mM L-glutamine
(Invitrogen), 1xnonessential amino acids (Invitrogen),
1 M 2-mercaptoethanol (Invitrogen), 100 mg/ml strep-
tomycin sulfate, 60.5 mg/1 penicillin G (Invitrogen), and
1000 U/ml leukemia inhibitory factor (Chemicon, Temec-
ula, CA). Mouse pituitary cell line AtT-20 cells?® were
grown in Ham’s F10 medium (Invitrogen) with 5% FBS
{(Sigma, St. Louis, MO), and 15% heat-inactivated horse
serum (Invitrogen).

Neurogenic differentiation 1 (NeurocD1/BETA2) re-
combinant adenovirus (Ad.CMVNeuroD1) and LacZ re-
combinant adenovirus (Ad.CMVLacZ) were constructed
to express human NeuroD1 mRBRNA or E. coli LacZ
(f-galactosidase) mRNA under cytomegalovirus (CMV)
promoter, using an adenovirus expression vector kit
(Takara Bio Inc., Otsu, Japan). MING cells were infected
with Ad.CMVNeuroD1 or Ad.CMVLacZ at a range of 5,
10, 30 and 50 multiplicity of infections (MOI), and cul-
tured for another 2 days. Expression of NeuroD1 was
confirmed by immunoblot analysis using antibodies spe-
cific for NeuroD1/BETA2 (Santa Cruz Biotechnology,
Santa Cruz, CA) (Ishizuka et al. unpublished data), and
expression of LacZ was confirmed using a galactosidase
reporter gene staining detection kit (Sigma).

3. Resuits and Discussion

3.1.  Construction of a mouse pancreatic islet cDNA

library based on a recombination-based method
To construct a high quality ¢DNA library spe-
cific for normal mouse pancreatic islets, we applied a
recombination-based method for library construction.
Using 2 pg of poly(A)t RNA extracted from approxi-
mately 5000 mouse pancreatic islets, we successtully con-
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structed a ¢cDNA library having a complexity of more
than 3.12x107 without amplification (Table 1). The li-
brary consists of six size fractions, which minimizes the
size-bias effect on the population of ¢cDNAs and results
in improved variety.! The library is also characterized
by an abundance of full-length ¢DNA clones and fewer
chimeric clones. Since each cDINA insert has specific se-
quences for recombination (compatible with Invitrogen
GATEWAY™ gystem) at both ends, the library can
readily be converted into other libraries such as mam-
malian expression and yeast two-hybrid libraries. This is
the first pancreatic islet cDNA library created based on
a recombination-based method, and should be a useful
tool for pancreatic islet studies.

8.2.  Construction of a ¢cDNA sequence database specific
for mouse pancreatic islets

We then sequenced a portion of the cDNA library to
construct a sequence database specific for mouse pancre-
atic islets. We collected 4608 plasmid clones from each
fraction, resulting in a total of 27,648 clones, and suc-
cessfully sequenced 21,018 clones from the 3' region of
the ¢cDNAs. This raw sequence data contained about
13.7% of insulin 1 or 2 (Ins1/2} sequences and only 0.03%
amylase sequences {representative gene of exocrine pan-
creas), indicating that the library was constructed pri-
marily from panereatic islets.

After eliminating redundant clones, we obtained a
total of 8882 non-redundant clones {Supplemental In-
formation 2, http://www.dna-res kazusa.or.jp/11/5/01/
supplemental/information2.html).  Among them, we
also sequenced 3264 clones from the 5’ region of the
¢DNAs, and detected only 114 chimeric clones by
comparison with the Ensembl mouse genome database
(www.ensemble.org). By analyzing 150 randomly se-
lected clones, we found that about 60% of the clones
contained full open reading frames (ORFs) (Table 1).
We collected these results and built a mouse pancreatic
islet sequence database.

We compared 8882 non-redundant sequence data
with the “all genes” database {www.allgenes.org), and
found that 261 had no match in the database.
Of 8621 sequences, 5799 were classified into spe-
cific functional categories using a classification sgys-
tem designed by the Gene Omntology (GO) Consor-
tium (www.geneontology.org) (Fig. 1, Table 2 and
Supplemental Information 3, http://www.dna-res.
kazusa.or.jp/11/5/01 /supplemental/information3.html),
while 2822 have no GO annotation, suggesting that
these were derived from non-coding RNAs or rare tran-
seripts.  Of the 5799 sequences having GO annotation,
about 42% belong to the largest category “binding,”
which includes nucleic acid binding and peptide/protein
binding. The second category “catalytic activity” com-
prises about 25%, and the third, “molecular function un-
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Out of 8882 non-redundant clones, 5799 were

classified inte specific functional categories using a classification system designed by the Gene Ontology Consortium. Repre-
sentative genes for each functional category are listed in Table 2. A complete list is available in Supplemental Information 3,
http://www.dna-res.kazusa.or.jp/11/5/03 /supplemental /information3.html.

known,” about 10%.

Although the distributions of GO annotations for
mRNAs expressed in mouse whole pancreas {including
exocrine and endocrine glands) have previously been
reported,?!-2? those for pancreatic islets have not been
available. QOur present data are the first to show the
distributions of GO annotations for mRNAs from mouse
pancreatic islets. Possibly due to differences in materials
or the method of library construction, our data exhibit
some differences with previous reports.?1?? For example,
we found that “antioxidant” genes showed 1.1% distribu-
tion rather than 0.2%,%! and “signal transducer” genes
showed 1.6% rather than 10%.22 In contrast, we detected
“catalytic activity” genes at 24.8% distribution, which
was similar to their “enzyme” classifications of 26.9%2!
and 31%.22 We found 10% “molecular function unknown?
genes, while they report only 3%.%2 Thus, gene expression
profiles of pancreatic islets could provide valuable infor-
mation on the molecules involved in normal function of
the endocrine pancreas.

3.3.  Application to microarray analyses

. We then applied our ¢DNA library to wmicroarray

analyses. We selected a total of 8108 cDNA clones
from 8882 non-redundant clones and spotted them
on microarray membranes with 12 control clones
(Supplemental Information 2, http://www.dna-res.
kazusa.or.jp/11/5/01/supplemental /information2.html).
To estimate the reproducibility of our microarray
analyses, we compared membranes of different lots
hybridized with the same probe. Scattered plot
analysis showed very similar signal intensities from
the two different membranes, indicating that our
microarray analyses are reproducible (Supplemental
Information 4A, http://www.dna-res.kazusa.or.jp/11/5/
01/supplemental /informationd.himl).

To evaluate the usefulness and applicability of
our microarray metnbranes, we performed the fol-
lowing two experiments.  First, we compared the
expression profiles of three cell lines: MING cells
(mouse insulin-secreting pancreatic islet A-cell line),
mouse embryonic stem {ES) cells, and AtT-20 cells
(mouse pituitary endocrine cell line), representing en-
docrine pancreatic islet cells, undifferentiated cells,
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Table 2. A list of functional classitications of the mouse pancreatic islet cDNA clones.
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Out of 8882 non-redundant clones, 5799 were classified into specific functional categories using a classification system designed

by the Gene Ontology Consortium. Representative genes for

each functional category are listed in this table. A complete list

is available in Supplemental Information 3, http://www.dna-res kazusa.or jp/11/5/01/supplemental/information3.html.

MING
738

ES
359

Figure 2. Comparison of expression profiles in MING, ES and AtT-20 cells. Genes with signal intensity of one-tenth or more of the house-
keeping gene Gapd were compared in the three cell lines. Numbers of genes are shown in this diagram. A complete list of the expressed

genes is available in Supplemental Information 5, http://www.

and other endocrine cells, respectively (Supplemental
Information 4B  and 4C, http://www.dna-res.
kazusa.or.jp/11/5/01/supplemental /informationd.html).
We used a threshold signal intensity of one-tenth
that of the housekeeping gene Gapd, and com-
pared the expressed genes in the three cell lines
{Fig. 2). A list of the expressed genes is available
{Supplemental Information 5, http://www.dna-res.
kazusa.or.jp/11/5/01/supplemental/information5.htiml).
Among a total of 879 genes, 738 {84.0%) were expressed
in MING cells, while only 319 (36.3%) and 359 (40.8%)
were expressed in AtT-20 and ES cells, respectively.
Comparison of expression profiles of three cell lines re-
vealed both differentially and similarly expressed genes.
A subset of 135 genes was expressed in both MING
and AtT-20 cells but not in ES cells. As hoth MING
and AtT-20 cells were derived from endocrine cells
and preserve regulated exocytotic ability, the genes
involved should be expressed in both endocrine cell
types. Indeed, well-known endocrine-specific genes such

dna-res.kazusa.or.jp/11/5/01 fsupplemental /information3.html.

as chromogranins,**?* prohormone convertase 1/3,** and

carboxypeptidase E?*27 were in this subset (Fig. 2
and Supplemental Information 5, http://www.dna-res.
kazusa.or.jp/11/5/01/supplemental/information5.html).
In addition, 28 genes with unknown functions were con-
tained in this subset, suggesting they may have other
roles in regulated exocytosis.

By contrast, a subset of 356 genes was found to
be expressed only in MIN6 cells. This subset in-
cluded known pancreatic [(-cell-specific genes, such as
Ins1/2, Tapp, and Pdxl as well as many uncharacterized
genes {Supplemental Information 5, http:/ /www.dna-res.
kazusa.or.jp/11/5/01/supplemental/information5.html)
that may be involved in phenomena specific to pancre-
atic S-cells such as insulin synthesis, Thus, comparison
of the mRNA expression patterns of various cell types
should be useful in investigating the biological function
of the clones newly identified in our ¢cDNA library.

As the second experiment, we compared expression
profiles between MING cells and those infected with aden-
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Table 3. A list of genes upregulated by overexpression of NeuroD1 in MING cells.

Signal intensity
No. +LacZ” +NeuroD1? Ratio Gene name” / GenBank accession number
1 4.70 84.31 17.9324 gi: 26101046 / AK083076
2 1459 25126 172207 Newrodl (NeuroD1)" / NM_010894
3 3.60 2437 6.7660 gi: 38328296 / BC062185
4 1.61 7.60 47122 Scnnlb /NM_011325
5 426 18.02 42319 Ipfl (Pdx1)/ NM_G08814
6 1642 6279 3.8232 Cdknla (p21) / NM_007569
7 2.07 7.51 3.6218 Jundl / NM_010592
8 7.48 2416 32285 Ddx5 / BC009142
9 525 1533 2.9198 Rangap1 / NM_011241
10 .4.98 14.42 2.8952 gi: 12833685 / AK003180
1 447 12.80 2.8639 Atp2a2 / NM_009722
12 2.65 7.53 2.8440 Scly/ NM_016717
13 7.50 19.71 2.6274 git 17391148 / BCO18486
14 6.66 17.30 2.5976 Actnd /NM 021895

Signal intensities are normalized by two independent experiments.

1) Signal intensities from MING cells infected with Ad.CMVLacZ.

2) Signal intensities from MING cells infected with Ad.CMVNeuroD1.

3) gi (gene index number in GenBank) or Gene name registered in NCBI Entrez Gene database.

4) Signal intensity of NeuroD1 from MING cells infected with Ad.CMVNeuroD1 was influenced by the exogenous introduction

of NeuroD1.

oviral vector to express the transcription factor NeuroD1
exogenously. Because NeuroD1 is critical in pancreatic
islet B-cell development® and f-cell functions,®® and a
mutation in the human NeuroD1 gene is responsible for
maturity-onset diabetes of the young (MODY®8),!1:12 we
overexpressed NeuroD1 in MING cells to evaluate the use-
fulness of our microarray analyses in the search for novel
target genes. So far, Pdx1,2” p21,% and Surl® have been
reported to be transactivated by NeuroD1.

Infection of the adenoviral vector with a range
of 5 or 10 MOI did not alter the expression pro-
files, but infection with 30 or 50 MOI caused sig-
nificant alterations (data not shown). The results
of infection with 50 MOI are shown in Table 3
and Supplemental Information 4D, http://www.dna-res.
kazusa.or.jp/ 11/ 5/ 01/supplemental/information4. html.
We confirmed that the genes known to be induced by
NeuroD1, including Pdx1%” and p21,*" were upregulated,
and also found that expression levels of another 11 genes
increased significantly. None of these genes has previ-
ously been associated with NeuroD1, and all are candi-
dates for transactivation by NeuroD1. This second exper-
iment shows that our microarray analyses will be useful
in the search for novel molecular targets of various 3-cell
transcription factors and in investigations of pancreatic
islets and related diseases including diabetes.
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Dorfin, a RING-IBR type ubiquitin ligase (E3), can
ubiquitylate mutant superoxide dismutase 1, the causa-
tive gene of familial amyotrophic lateral sclerosis (ALS).
Doxfin is located in ubiquitylaied inclusions (UBIs} in
various neurodegenerative disorders, such as ALS and
Parkinson’s disease (PD). Here we report that Valosin-
containing protein (VCP) directly binds to Dorfin and
that VCP ATPase activity profoundly contributes to the
E3 activity of Dorfin. High through-put analysis using
mass spectrometry identified VCP as a candidate of Dor-
fin-associated protein. Glycerol gradient centrifugation
analysis showed thal endogenous Dorfin consisted of a
400-600-kDa complex and was co-immunoprecipitated
with endogenous VCP. In vitro experiments showed that
Dorfin interacted directly with VCP through its C-ter-
minal region. These two proteins were colocalized in
aggresomes in HEK293 cells and UBIs in the affected
‘neurons of ALS and PD. VCP¥*24A a4 dominant negative
form of VCP, reduced the E3 activity of Dorfin againsi
mutant superoxide dismutase 1, whereas it had no effect
on the autoubiquitylation of Parkin. Our results indi-
cate that VCPs functionally regulate Dorfin through di-
rect interaction and that their functional interplay may
be related to the process of UBI formation in neurode-
generative disorders, such as ALS or PD.

~ Amyotrophic lateral sclerosis (ALS)! is one of the most com-
mon neurodegenerative disorders, characterized by selective

* This work was supported by a grant for a Center of Excellence from
the Ministry of Education, Culture, Sports, Science, and Technology of
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the payment of page charges. This article must therefore be hereby
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! The abbreviations used are: ALS, amyotrophic lateral scleresis; E3,
ubiquitin ligase; ERAD, endoplasmic reticulum-associated degradation;
LB, Lewy body; MS, mass spectrometry; LC-MS/MS5, liguid chromatog-
raphy coupled to electrospray tandem mass spectrometry; PD, Parkin-
san's disease; SO, CuZn-superoxide dismutase, UBI, ubiquitylated
inclusions; VCP, valosin-containing protein; FLAG-Parkin, pcDNA3J 1/
FLAG-Parkin; Ub, ubiquitin; MBP, maltose-binding protein; GST,
glutathione S-transferase; PBS, phosphate-buffered saline; HA, he-
magglutinin; WT, wild type.
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motor neurcn degeneration in the spinal cord, brain stem, and
cortex. Two genes, CuZn-superoxide dismutase (SOD1) and
amyotrophic lateral sclerosis 2 have been identified as respon-
sible genes for familial forms of ALS. Using mutant S0D1
transgenic mice, the pathogenesis of ALS has been partially
uncovered. The proposed mechanisms of the motor neuron de-
generation in ALS include oxidative toxicity, glutamate recep-
tor abnormality, ubiquitin proteasome dysfunction, inflamma-
tory and cytokine activation, dysfunction of neurotrophic
factors, damage to mitochondria, cytoskeletal abnormalities,
and activation of the apoptosis pathway (1, 2).

In a previous study (3), we identified several ALS-associated
genes using niole'(;ular indexing. Dorfin was identified as one of
the up-regulated genes in ALS, which contains 'a RING-IBR (in
between ring finger) domain at its N terminus and mediated
ubiquitin ligase (E3) activity (3, 4). Dorfin colocalized with
Vimentin at the centrosome after treatment with a proteasome
inhibitor in cultured cells {4). Dorfin physically bound and
ubiquitylated varicus SOD1 mutants derived from familial
ALS patients and enhanced their degradation, but it had no
effect on the stability of wild-type SOD1 (5). Overexpression of
Dorfin protected neural cells against the toxic effects of mutant
S0D1 and reduced SOD1 inclusions (5).

Recent findings indicate that the ubiquitin-proteasome sys-
tem is widely involved in the pathogenesis of Parkinson’s dis-
ease (PD), Alzheimer's disease, polyglutamine disease, and
Prion diseases as well as ALS (6). From this point of view, we
previously analyzed the pathological features of Dorfin in var-
ious neurodegenerative diseases and found that Dorfin was
predominantly localized not only in Lewy body (LB)-like inclu-
sions in ALS but also in LBs in PD, dementia with Lewy bodies,
and glial cell inclusions in multiple system atrophy (7). These
characteristic intracellular inclusions composed of aggregated,
ubiquitylated proteins surrounded by disorganized filaments
are the histopathological hallmark of aging-related neurode-
generative diseases (8). . '

A structure called aggresome by Johnston ef al. {9} is formed
when the cell capacity to degrade misfolded proteins is ex-
ceeded. The aggresome has been defined as a pericentriolar,
membrane-free, cytoplasmic inclusion containing misfolded
ubiquitylated protein ensheathed in a cage of intermediate
filaments, such as Vimentin (9). The formation of the apggre-
some mimics that of ubiquitylated inclusions (UBIs) in the
affected neurons of various neurodegenerative diseases (10).
Combined with the fact that Dorfin was localized in aggre-
somes in cultured cells and UBIs in ALS and other neurode-
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