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Abstract Interleukin 11 (IL11) is a member of the
interleukin 6 (IL6)-related cytokine subfamily, which stimu-
lates T cell-dependent development of immunoglobulin-
producing B cells. IL11 is also an important paracrine
regulator of bone metabolism that induces formation
of osteoclasts. In the work reported here, we sequenced
the entire IL11 structural gene of 48 alleles in a Japanese
test population. These experiments identified ten single-
nucleotide polymorphisms (SNPs) and determined their
allelic frequencies. One polymorphism was identified up-
stream of exon 1, one in exon 3, four in intron 4 and four in
the 3� untranslated region (3�UTR) of exon 5. Based on the
genotype data, we constructed six haplotypes in the tested
population. Two-way comparisons of SNPs revealed two
combinations in complete linkage disequilibrium, one with
SNPs at nucleotide positions 2753, 3644, 5154, and 5568, and
another with SNPs at positions 3686, 5141, and 5734. These
results will be useful in disease-association studies where a
contribution of the human IL11 gene has been suspected,
especially in disorders affecting immune response and bone
metabolism.

Key words Single-nucleotide polymorphism · Japanese
population · Direct sequencing · Cytokine · Inflammation ·
Bone metabolism · Linkage disequilibrium

Introduction

Interleukin 11 is a member of the interleukin 6 (IL6)-
related cytokine subfamily that includes IL6, oncostatin
M, leukemia inhibitory factor (LIF), and cardiotrophin 1
(Girasole et al. 1994). Single-nucleotide polymorphisms
(SNPs) have emerged as valuable new tools to uncover the
relationships between the contemporary organization of the
human genome and disease susceptibility. In particular,
their use in both genome-wide and gene-based association
studies holds great promise for the identification of genes
and gene variation involved in predisposition to complex
disorders.

We sequenced the entire genomic sequence in DNA
from 24 Japanese individuals (48 alleles), and identified ten
SNPs at the IL11 locus and analyzed haplotypes and allelic
frequencies. We also looked for linkage disequilibrium
among the SNPs, in the hope of explaining the genetic
diversity we found at this locus in our test population.

Materials and methods

DNA extraction. Blood samples were obtained with in-
formed consent from 24 healthy Japanese individuals.
Genomic DNA was prepared from each sample according
to procedures described previously (Ikegawa et al. 1999).

PCR condition and primer design. PCR and sequencing
primers were determined by analyzing the genomic se-
quence with DNAsis 3.0 software (Hitachi Software Engi-
neering, Yokohama, Japan). The sequence numbering was
adjusted to the RNA transcription start site (A at the top of
GenBank M81890.1 is now �1). Polymerase chain reaction
(PCR) primers were chosen at approximately 500bp inter-
vals, with approximately 100bp overlap. PCR was per-
formed as described previously (Tsukamoto et al. 1998).
PCR amplification was performed under the following con-
ditions: 94°C for 3min, 72°C for 3min, then 5 cycles of 94°C
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for 30s, 60°C for 30s, 72°C for 30s, and 25 cycles of 94°C for
30s, 58°C for 30s, 72°C for 30s.

DNA sequencing. Following purification by affinity mem-
brane, PCR products were subjected to cycle sequencing
with the indicated primer as described previously
(Tsukamoto and Emi 1998). Sequence differences in the 24
samples were regarded as SNPs.

Determination of haplotype frequencies and tests of linkage
disequilibrium. Haplotype frequencies among the 100 alle-
les investigated were calculated by Arlequin software
(Genetics and Biometry Laboratory, Geneva, Switzerland).
We tested for linkage disequilibrium of all possible two-
way combinations of the novel SNPs and the Alu I/D poly-
morphism using several widely used methods (D, D�,
and r2, Lewontin 1988; Miller et al. 2000).

Results and discussion

A total of 24 Japanese individuals were genotyped to iden-
tify sequence variations in all five exons and surrounding
regions of the IL11 structural gene, 6870bp in length. A
total of ten SNPs were found. Locations of those SNPs are
shown in Fig. 1 in relation to the genomic structure of the
IL11 gene. Among the ten SNPs found, one was located
upstream from the first exon, i.e., a G/A substitution at
nucleotide (nt) position �518. One was located in exon 3,
i.e., A/G at nt 1937. Four were located in exon 5, i.e., A/G at
nt 5143, C/G at nt 5154, G/A at nt 5568, and T/C at nt 5734.
The other four SNPs were found in the fourth intron, i.e., C/
T at nt 2267, C/T at nt 2753, G/A at nt 3644, and T/C at nt

Fig. 1. Relationship between
genomic structure and the loca-
tion of single-nucleotide poly-
morphisms (SNPs) in the human
interleukin 11 (IL11) gene

Table 1. Polymorphisms in the human IL11 gene in the Japanese population

Region Position Nomenclature Frequency

5�upstream �518 �518 G/A G(0.73),A(0.27)
exon3 1937 (A82A) 1937 A/G A(0.74),G(0.26)
intron4 2267 (IVS4�36) 2267 C/T C(0.98),T(0.02)
intron4 2753 (IVS4�622) 2753 C/T C(0.85),T(0.15)
intron4 3644 (IVS4�619) 3644 G/A G(0.83),A(0.17)
intron4 3686 (IVS4�577) 3686 T/C T(0.90),C(0.10)
3�UTR 5141 (3�UTR�708) 5141 A/G A(0.90),G(0.10)
3�UTR 5154 (3�UTR�721) 5154 C/G C(0.85),G(0.15)
3�UTR 5568 (3�UTR�1135) 5568 G/A G(0.85),A(0.15)
3�UTR 5734 (3�UTR�1301) 5734 T/C T(0.90),C(0.10)

UTR, untranslated region

Table 2. Frequencies of haplotypes constructed from nine SNPs

No. frequency �518 1937 2753 3644 3686 5141 5154 5565 5734

1 0.0227 A A C G T A C G T
2 0.1136 A G C G C G C G C
3 0.0234 A G C G T A C G T
4 0.1130 A G T A T A G A T
5 0.7039 G A C G T A C G T
6 0.0234 G A T A T A G A T

SNP at position 2267 was excluded because of low frequencies of the minor alleles
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3686. Table 1 summarizes the allele frequencies of the novel
SNPs determined in the 24 Japanese individuals, a total of
48 alleles. SNPs at positions 1937 (A/G) and 5568 (G/A) are
reported in the Japanese population in the Institute of
Medical Science-Japan Science and Technology Corpora-
tion (IMS-JST) SNP database (http://snp.ims.u-tokyo.ac.jp/
index.html). None of the ten SNPs we found were reported
in the U.S. National Center for Biotechnology Information
(NCBI) dbSNP database (http://www.ncbi.nlm.nih.gov/
SNP/index.html).

Haplotype frequencies among the 48 alleles investigated
were calculated by Arlequin software (Genetics and Biom-
etry Laboratory). The results are summarized in Table 2.
The SNPs at position 2267 were excluded from this analysis
because their minor alleles were too rare. Nevertheless, we
identified six distinct haplotypes among the 24 Japanese
subjects, one of which accounted for 70% of all haplotypes.
We tested for linkage disequilibrium of all possible two-way
combinations of the SNPs using several widely used me-
thods (D, D�, and r2; Lewontin 1988; Miller et al. 2000).
Significance levels were determined by �2 statistics for the
corresponding 2 � 2 table. Results are shown in Table 3.
Again, the SNP with rare alleles (at position 2267) was
excluded from the analysis. Two combinations in complete
linkage disequilibrium were found, one with SNPs at posi-
tions 2753, 3644, 5154 and 5568 and another with SNPs at
positions 3686, 5141, and 5734.

Interleukin 11 is a member of the interleukin 6 (IL6)-
related cytokine subfamily. Its immunological function is to
stimulate T cell-dependent development of immunoglobu-
lin-producing B cells and to collaborate with IL3 in support-
ing murine megakaryocyte colony formation. IL11 is an
important osteoblast-derived paracrine regulator of bone
metabolism and induces the formation of osteoclasts. Os-
teoclasts formed in the presence of IL11 are capable of
bone resorption (Girasole et al. 1994). These data suggest
that IL11 is a candidate gene involved in osteoclast differ-
entiation and thus in regulation of bone mineral density in
human physiology and pathology.

In conclusion, these ten polymorphisms, their
haplotypes, and state of linkage disequilibrium will be use-
ful for investigation of a possible relationship between
genetic variation at the human IL11 locus and human dis-
eases, especially in association studies between specific
polymorphisms and susceptibility to inflammatory diseases
and osteoporosis.

Acknowledgments This work was supported in part by a special grant
for strategic advanced research on cancer and genome science from the
Ministry of Education, Science, Sports and Culture of Japan; by a
research grant from the Ministry of Health and Welfare of Japan; and
by a Research for the Future program grant of the Japan Society for
the Promotion of Science.

References

Girasole G, Passeri G, Jilka RL, Manolagas SC (1994) Interleukin 11:
a new cytokine critical for osteoclast development. J Clin Invest
93:1516–1524T

ab
le

 3
.

A
na

ly
si

s 
of

 li
nk

ag
e 

di
se

qu
ili

br
iu

m
 f

or
 a

ll 
po

ss
ib

le
 t

w
o-

w
ay

 c
om

pa
ri

so
ns

 a
m

on
g 

ni
ne

 S
N

P
s

�
51

8 
(A

/G
)

19
37

 (
A

/G
)

27
53

 (
C

/T
)

36
44

 (
G

/A
)

36
86

 (
T

/C
)

51
41

 (
A

/G
)

51
54

 (
C

/G
)

55
68

 (
G

/A
)

57
34

 (
T

/C
)

�
51

8
D

2  �
 1

.0
00

D
2  �

 0
.7

61
1

D
2  �

 0
.7

67
4

D
2  �

 1
.0

00
D

2  �
 1

.0
00

D
2  �

 0
.7

61
1

D
2  �

 0
.7

61
1

D
2  �

 1
.0

00
(A

/G
)

r2  �
 0

.8
87

7
r2  �

 0
.2

48
2

r2  �
 0

.2
46

8
r2  �

 0
.3

42
6

r2  �
 0

.3
42

6
r2  �

 0
.2

48
2

r2  �
 0

.2
48

2
r2  �

 0
.3

42
6

P
 �

 4
.1

 �
 1

0�
10

P
 �

 0
.0

00
95

P
 �

 0
.0

00
98

P
 �

 0
.0

00
1

P
 �

 0
.0

00
1

P
 �

 0
.0

00
95

P
 �

 0
.0

00
95

P
 �

 0
.0

00
1

19
37

D
2  �

 0
.7

74
5

D
2  �

 0
.7

74
5

D
2  �

 1
.0

00
D

2  �
 1

.0
00

D
2  �

 0
.7

74
5

D
2  �

 0
.7

74
5

D
2  �

 1
.0

00
(A

/G
)

r2  �
 0

.2
83

3
r2  �

 0
.2

83
3

r2  �
 0

.3
86

0
r2  �

 0
.3

86
0

r2  �
 0

.2
83

3
r2  �

 0
.2

83
3

r2  �
 0

.3
86

0
P

 �
 0

.0
00

41
P

 �
 0

.0
00

41
P

 �
 3

.8
 �

 1
0�

5
P

 �
 3

.8
 �

 1
0�

5
P

 �
 0

.0
00

41
P

 �
 0

.0
00

41
P

 �
 3

.8
 �

 1
0�

5

27
53

D
2  �

 1
.0

00
D

2  �
 �

1.
00

0
D

2  �
 �

1.
00

0
D

2  �
 1

.0
00

D
2  �

 1
.0

00
D

2  �
 �

1.
00

0
(C

/T
)

r2  �
 1

.0
00

r2  �
 0

.0
20

3
r2  �

 0
.0

20
3

r2  �
 1

.0
00

r2  �
 1

.0
00

r2  �
 0

.0
20

3
P

 �
 3

.3
 �

 1
0�

11
P

 �
 0

.3
45

17
P

 �
 0

.3
45

17
P

 �
 3

.3
 �

 1
0�

11
P

 �
 3

.3
 �

 1
0�

11
P

 �
 0

.3
45

17
36

44
D

2  �
 �

1.
00

0
D

2  �
 �

1.
00

0
D

2  �
 1

.0
00

D
2  �

 1
.0

00
D

2  �
 �

1.
00

0
(G

/A
)

r2  �
 0

.0
20

3
r2  �

 0
.0

20
3

r2  �
 1

.0
00

r2  �
 1

.0
00

r2  �
 0

.0
20

3
P

 �
 0

.3
45

17
P

 �
 0

.3
45

17
P

 �
 3

.3
 �

 1
0�

11
P

 �
 3

.3
 �

 1
0�

11
P

 �
 0

.3
45

17
36

86
D

2  �
 1

.0
00

D
2  �

 �
1.

00
0

D
2  �

 �
1.

00
0

D
2  �

 1
.0

00
(T

/C
)

r2  �
 1

.0
00

r2  �
 0

.0
20

3
r2  �

 0
.0

20
3

r2  �
 1

.0
00

P
 �

 3
.3

 �
 1

0�
11

P
 �

 0
.3

45
17

P
 �

 0
.3

45
17

P
 �

 3
.3

 �
 1

0�
11

51
41

D
2  �

 �
1.

00
0

D
2  �

 �
1.

00
0

D
2  �

 1
.0

00
(A

/G
)

r2  �
 0

.0
20

3
r2  �

 0
.0

20
3

r2  �
 1

.0
00

P
 �

 0
.3

45
17

P
 �

 0
.3

45
17

P
 �

 3
.3

 �
 1

0�
11

51
54

D
2  �

 1
.0

00
D

2  �
 �

1.
00

0
(C

/G
)

r2  �
 1

.0
00

r2  �
 0

.0
20

3
P

 �
 3

.3
 �

 1
0�

11
P

 �
 0

.3
45

17
55

68
D

2  �
 �

1.
00

0
(G

/A
)

r2  �
 0

.0
20

3
P

 �
 0

.3
45

17

SN
P

 a
t 

po
si

ti
on

 2
26

7 
w

as
 e

xc
lu

de
d 

be
ca

us
e 

of
 lo

w
 f

re
qu

en
ci

es
 o

f 
th

e 
m

in
or

 a
lle

le
s



B. Jochimsen et al.: Stetteria hydrogenophila 497

Ikegawa S, Isomura M, Koshizuka Y, Nakamura Y (1999) Cloning and
characterization of human and mouse PROSC (proline synthetase
co-transcribed) genes. J Hum Genet 44:337–342

Lewontin RC (1988) On measures of gametic disequilibrium. Genetics
120:849–852

Miller PT, Sardina IB, Saccone NL, Putzel J, Laitinen T, Cao A, Kere
J, Pilia G, Rice JP, Kwok PY (2000) Juxtaposed regions of extensive

and minimal linkage disequilibrium in human Xq25 and Xq28. Nat
Genet 25:324–328

Tsukamoto K, Emi M (1998) A polymorphic CA repeat sequence at
the human calcitonin locus. J Hum Genet 43:146–147

Tsukamoto K, Haruta K, Shiba T, Emi M (1998) Isolation and mapping
of a polymorphic CA repeat sequence at the human interleukin 6
locus. J Hum Genet 43:71–72


