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1. xa�t

U�w�Opx¤Ð´£ÉÂ� ¿ «�OU«è^�oM

� [1]{ ¨; �Ú�wª$qb�h�t�N��Cb�

wpxsX z ¤Ð´£ÉÂ� ¿ «s®L�M�b�\qp
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K�Mxz �¯�Å RNA �ª$qb�\qp��$tU

��È¨; wCq�M�b�Ôù�K� { �Z�px¤
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p!=`oM�wx¤Ð´£ÉÂ� ¿ «s®Liqè^�

�T�pK� { f�x��IT�U�w�FITtæÓé

¬åÛï¬�ª`hîgt«è` z æÓé¬åÛï¬p�
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\qtR`h{ \��w¨; w¤T� z �t SFRP1
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2. MO

2.1 ¨; CqÓéÑ�  çqÓéÞ�»�Ý½ç=Ó

éÑ�  ç

¨; CqÓéÑ �   çz ÓéÞ�»�Ý ½ç=Óé

Ñ �   çx GEO ID GSE35913 T�¼¢ïé�Å ` h{

f�g�wÓéÑ �   çx±ïÓç]qt�É� z ü�

 tF¨=^�oM� { ±ïÓç:x� �¨w�FIT

¢ H1:ESITz H358 q H460� ��IT�U�z IMR90�

;Ç�z iPCH358, iPCH460, iPSIMR90� ÍGITT�^

��h iPSITz piPCH358� 6ü=`h iPSH358) ��

scm-�`hz � §Â°æ ·� ��&`¹� � ±ïÓç

pK� {

2.2 §Â°æ�s<üs�;Mh!:¬R

§Â°æs<üs

xij = C0i +
∑

ℓ

Ciℓδℓj

¢ `` z δℓj x j jèw±ïÓçU,ÍG� §Â°æwO j

w ljèw§Â°æt�`oM�Ìt f���x¸éq

s�!:) �îæb�\qpz §Â°æ�qTù$s��

Ëm ijèw!:�¬Rb� { s<üsU�X pox��

q¢ è×x FU��;Mo-�`h P�U�^Mq£ t!

:¬R�æO {

2.3 �Rüüs¢ PCA) �;Mh£s`¶6t��!

:¬R [6], [7], [8], [9], [10], [11], [12], [13], [14],

[15], [16]

xij � i jèw¨; w j jèw±ïÓçw¨; C

q��ÓéÞ�»�Ý ½ç=pK�q b� { æ» X x

xij �Rüq b�æ»pK�q b� { \ \ pÍGw7t∑
i xij = 0,

∑
i x

2
ij = 1pK� { è×w PCAq�s��R

üüs�;Mh£s`¶6t��!:¬Rpx±ïÓç

pxsX ¨; �����{ ijèw¨; wH k �Rü

�: uki x¬åÜæ» XXT wH k{�Õ«Ä çwH iR

üp)Q��z j jèw±ïÓçwH k �RüÛY� vkj

x vkj =
∑

i ukixij p-�pV� {

�Rüüs�;Mh£s`¶6t��!:¬RpxÍ

tz !:¬Rt;M��RüwBù Ωk = {k1, k2, ..., kK}

�?�TwMOp¬Rb� { Ít\��w�RütmMo

����GVMqt°�:�¬�p!:¬Rqb� {

3. AL

3.1 §Â°æ�s<üs�;Mh!:¬R

¨; CqÓéÑ�  çz ÓéÞ�»�Ý½ç=f�g

�tmMo§Â°æs<üs�æMz Í�� � � Óé�Ò

�f�g�¬R`h{ �Mt�èt¬y�oM�¨; �

$ 1 ¨; Cq�z ÓéÞ�»�Ý½ç=w�RüÛY� vkj w

�Ú$«åµ»æ ï¬{ PCk x¨; Cq�T����hH
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hH k �RüÛY��¯b{ �mxì��:w�0�tÛÖ

ø�mZh�w�;Mz �ç°æ¶Üx�É�mO�;MoM
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T�
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3.2 �Rüüs¢ PCA) �;Mh£s`¶6t��!

:¬R
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Þ�»�Ý½ç=q¨; w�tì���UK�¨; �

¬Rb�\qpæÓé¬åÛï¬p¨; CqU!�`o
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Þ�»�Ý ½ç=p-�` z -(ì��:w�0�) ��m

q`o�É�mOp«åµ»æï¬�ælh ($ 1){ \w

ALz H� | � �RüÛY�U§Mì��ËloM�\q

U�Tlhwpz H� z � �Rü�:w�0�UGVMÓ

é�Ò�� � � xcm¬|z �Mt�èt¬y�oM�¨

; �æµÄ �¿ Ó`h{

3.3 ¬R^�h¨; wU|

¯ 1t� mw�Op¬y�h¨; w°aq z fw\ú

¶$s°A��q�� { �c�T�\qxz ¨; CqÓ

éÑ�  çqÓéÞ�»�Ý½ç=x��w-��pK� z

\ú¶$s� UsZ�y���;Mh!:¬R�ælo

�¨; x°�`sM{ �s� � � x�S`T¬R`oS

�cz ¶¨; x:ªxK�\q�ßQ�q z ¨; w¬

Rpx Ë�StbWcz \�iZw:w¦�Ì�å¿ Ó
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xîµpx���sM{ \w\qT�!:¬Rfw�wU

O�X æloM�\qx�T� { �hz £K�¶6¢ §

Â°æs<£ tz�o¢ PCA �;Mh£ £s`¶6t

��¨; w¬R:U>`o¼��wpxsM\q z �`

� z :U��pK�\qU�T� { £s`¶6x§Â°

æØC�¶X �loMsM\q�ßQ�q z \�x»X �

V\qpK�qtQ� { Ëtz Ów:¢ \ú¶$s°A£

��s�ÍpK� z £s`¶6t��!:¬Rx�®t

;ó`oM�\qU�T� { �Ìtz £K�¶6q£

s`¶6t��¬y�h¨; txOs�U�sX z  q

tîæb�A��GVM\qU_o��� {

�<zITX_oM\O { �c¢ A£x gendoo±�Ì [17]

t��°ApK� { �±�Ìx�YT�ìñq¨; w�

ÌZq¬p�-�`oz ¨; qìñw��� P�p¯q

b�±�ÌpK� z M�yz ;�¶6�;Mh�æ�YU

gqsloM� {¢ � £ px P�U 0.05�<w�ww¤t

s��TwU�qwì�UC�^�oM�TrOT�æµ

Ä `h¢ ÄIxåæ'�wj¶æ��°£{ Gæüw¨;

 Us��TwU�q��`oM�qC�^�oM�q�

T� { U�¨; x°`tó:wU�t��b�\qU�

X z \wALx\��w¨; U�O$t��IT�U�

t���`oM�qMODóQ�§X Ô&b� {¢ � £ x

x�wÓé�ÒèÕçp_hÔùt��wÛwì�U�

pV�T�æ µÄ `oM� { PCA �;Mh£s`¶6

x�q�� z §Â°æs<üs�;Mh!:¬Rp� z ¨

; CqÓéÑ�  çqÓéÞ�»�Ý½ç=UÛwì�

�ËmqMO,jx¨; ¬RtM`ox¶X ÖloMs

Mt����cz GæüUÛwì���loM� { \w\

qT� z ¨; CqqÓéÞ�»�Ý½ç=wM���w

ùrsUO�X MloS� z fwØT���h�£s`

¶6U£K�¶6q�s�SwRL�Í[oM�\qU

�T� ¢ ì��:w�z P�z Cq��ÓéÞ�»Ý½ç

=w¬åÑxåæ'�wj¶æ��°£{¢ � £ gendoo±�

Ìt��ALxKX �p¬pÕ�µswp�:wC�Us

Z�yÎ¿ Ä `sM{ hlh°Cw¬îsîgpxÙ�o

`�O { \wæü�4Oh�tz f�x��IT�U�q

w�È�C�`h�æZ�UK�TrOT��YUgpÐ

�h{ fwALz Gæüw¨; U°C�Íw7C�Pl

oM�w�s�cz £s`¶6U£K�¶6q�s�

SwRL�Í[oM�\q��Tlh¢ é.$s�æZ�

wæ µÄ tmMoxåæ'�wj¶æ��°£{ \��w

\qT� z £K�¶6z £s`¶6q�\ú¶$tß

Qo%ps¨; w¬RtR`oS� z �hz ��wÍ

Ñ¥�ÚïµxÇQ�t_o��spz Tmz  qpK�

\qUÔ&^�h{

x�w¨; ��hwpx\��w¨; Urw�Os

�¯pU�=t��` oM�wTx_QtX M{ f\p

¯ 1t���oM�¶¨; �� mw�Ê Â�³ã ï±�

¯ 1 ¬R^�h¨; w°a{ ÎUmMoM��wxó:s¬R

^�oM��w{ (A) Gendoo ±�Ìt��s��Tw¨ï

qw��UC�^�oM��w (B) x�wÓé�ÒÕ�µp

��sÛwì�U�����wy (C) �YUgt����I

T�U�qw���Ô&b��æZ�U°C�Í�mT��

w (D) �YUgt�� Wnt/β-§ÂÇïôø;a&Ïqw�

È�Ô&b��æZ�U°C�Í�mT��w

RefSeq mRNA ¨; Ê

§Â°æs< (A) (B) (C) (D)

NM 020436.2 SALL4 ◦ ◦ ◦ ◦

NM 002354.1 TACSTD1 (EPCAM) (*) ◦ ◦ ◦ ◦

NM 001146.3 ANGPT1 ◦ ◦ ◦

NM 002353.1 TACSTD2 (*) ◦ ◦ ◦ ◦

NM 032880.2 IGSF21

NM 004429.3 EFNB1 ◦ ◦ ◦

NM 177524.1 MEST ◦ ◦ ◦ ◦

NM 013243.2 SCG3 ◦

�Rüüs

H� �Rü

NM 001992.2 F2R ◦ ◦ ◦ ◦

NM 015881.5 DKK3 ◦ ◦ ◦ ◦

NM 003012.3 SFRP1 ◦ ◦ ◦ ◦

NM 213606.1 SLC16A12

NM 019102.2 HOXA5 ◦ ◦ ◦ ◦

NM 004321.4 KIF1A ◦ ◦ ◦

NM 004893.2 H2AFY ◦ ◦ ◦

NM 005176.4 ATP5G2

NM 014220.2 TM4SF1 ◦ ◦ ◦ ◦

NM 201525.1 GPR56 (*) ◦ ◦ ◦ ◦

NM 005980.2 S100P ◦ ◦ ◦ ◦

H� �Rü

NM 021102.2 SPINT2 ◦ ◦ ◦ ◦

NM 002354.1 EPCAM (*) ◦ ◦ ◦ ◦

NM 004360.2 CDH1 ◦ ◦ ◦ ◦

NM 002353.1 TACSTD2 (*) ◦ ◦ ◦ ◦

NM 005562.1 LAMC2 ◦ ◦ ◦ ◦

NM 145899.1 HMGA1 ◦ ◦ ◦ ◦

NM 005558.3 LAD1 ◦ ◦

NM 201525.1 GPR56 (*) ◦ ◦ ◦

NM 004566.2 PFKFB3 ◦ ◦ ◦

NM 005218.3 DEFB1 ◦ ◦

NM 002727.2 SRGN ◦ ◦ ◦

NM 004181.3 UCHL1 ◦ ◦ ◦ ◦

NM 000691.3 ALDH3A1 ◦ ◦ ◦ ◦

NM 012307.2 EPB41L3 ◦ ◦ ◦

NM 021136.2 RTN1 ◦ ◦ ◦

NM 005559.2 LAMA1 ◦ ◦ ◦

Ì¢ g:Profiler [18], TargetMine [19])t�¿ Óé�Å` z f

��U¶.q`orw�Os;ót��`oM�wT��

�\q�¼�h{ fwALz \��w¨; xIT¯Øw

»ïÍ«��X ��z �hz IT�w{£Q�ITÿét

��b�\qUÔ&^�h{ \��xU�=�8 srt

SMoOAsAÉpK� z ;ó$sØT��¨; w¬R

w%pQU§Ë^��ALtslh{
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¯ 2 �Ê Â�³ã ï±�ÌwAL{ TargetMine wÔùz P �wYF=x BH ,j��jM

oM� {

P -values Number of genes

Targetmine

GO term Extracellular region [GO:0005576] 2.03× 10−3 21

Lateral plasma membrane [GO:0016328] 8.55× 10−3 3

GOSlim term Extracellular region [GO:0005576] 6.43× 10−5 21

Locomotion [GO:0040011] 1.34× 10−2 9

Cell adhesion [GO:007155] 1.34× 10−2 7

Cell junction organisation [GO:0034330] 1.74× 10−2 4

Anatomical structure development [GO:0048856] 1.76× 10−2 14

g:Profiler

GO Term Cell proliferation [GO:0008283] 1.42× 10−2 12

Regulation of cell proliferation [GO:0042127] 4.83× 10−2 10

Regulation of cell adhesion [GO:0030155] 1.58× 10−2 6

Cellular component movement [GO:0006928] 3.67× 10−3 11

Extracellular region [GO:0005576] 3.94× 10−4 19

TF PPAR, HNF-4, COUP, PAR [TF:M00762 4] 2.72× 10−2 18

3.4 ¤Ð´£ÉÂ� ¿ «©4¨; w*�

�sw�Opz ��IT�U�wæÓé¬åÛï¬îg

t�MoOAs¨; w¬RtR`h\qx�§MsM

Uz �Z�wè$x��IT�U�w¤Ð´£ÉÂ� ¿ «

�Ow©4¨; �sb\qpK� { \wè$th�tx

¯ 1tK�¨; w¤T�¤Ð´£ÉÂ� ¿ «�Ow©4

¨; �sb�AUK� { \\pf�xÙåz ��IT�

U�w�ÈU§�^�oM� Wnt/β-§ÂÇïôø;a&

Ï [20] t«è`h{ Ð�hq\� z ¯ 1 tK�¨; w

�X U�sÏt�È`oM�qMO�æZ�UK�\qU

�Tlh¢ ¯ 1 � £{ °Mp$ 1tK�¨; x¤Ð´£

ÉÂ� ¿ «�Ot��`oM�qMO�æZ�UK�¨;

 ��X ��\q��Tlh¢ ÄIxåæ'�wj¶æ�

�°£{

3.5 ¤Ð´£ÉÂ� ¿ «©4¨; :SFRP1

�Íw7sßoT�f�x SFRP1 ��t¤Ð´£ É

Â� ¿ «�Ow©4¨; q`o¬�i{ �<tfw��

�Ôb{ f�x HDACi t«è`h{ HDACi x¤Ð´£

ÉÂ� ¿ «·åÐ�w��s©4�NpK� z ¤Ð´£

ÉÂ� ¿ «�Ow0Å¨; x HDACiwª$pK�Dó

QUôMq¥lhT�pK� { ¯ 3 wÍRüxz 7�s

HDACitÅQUK��FITqÁM�FITw�p¨;

 wCq��z�h�wpK� [21]{ SFRP1x��IT�

U�w� mw±Ò» Ót�Moz�ÅQw�FITw�

OUÅQw�FIT��Cq�U�M\qU�T� { \

w\qxz SFRP1U HDACiwª$¨; pK�\qwc

Âts� { �ßth�t¯ 1t���oM��O{qmw

OAsWnt/β-§ÂÇïôø;a&Ït�È`oM�\q

U���oM�¨; pK� DKK � wAL�z±wh�

Ldh{ \j�x��s)UsX z SFRP1wMU HDACi

wª$¨; pK�DóQUôM\qU�T� { ¯ 3w<

Rüpx��Ú�$tz HDACid)�wÎµÄ ï.æw

!=�_h [22]{ SFRP1x A549 q H1299 qMO � �¨

w��IT�U�w�FITt�Moz HDACiwd)t

�loÎµÄ ï.æw�U��tÿC`oS� z SFRP1U

HDACiwª$¨; pK�qMO'Ý�±Ù�Ä b�{ °

MzWnt/β-§ÂÇïôø;a&Ït�È`oM�\qU�

��oM��w� mw¨; ¢ DKK3| TACSTD1,SALL4)

tx\w�Os®LU���sM{ �hz SFRP1 tSM

o���IT�U�w�FITpxsM CL1-1px\w7

s®Lx���oMsM\qxµ¯�M{ �Í�� z f�

x SFRP1 ���IT�U�w¤Ð´£ÉÂ� ¿ «�Ow

ª$q`o��`h{

3.6 SFRP1 q Wnt/β-§ÂÇïôø;a&Ï

7�t Wnt/β-§ÂÇïôø;a&ÏtSZ� SFRP1

w;ó���`h{ °`t SFRP x WNT¨; qAù

`oz WNT¨; UWnt/β-§ÂÇïôø;a&ÏwÆ

Q=�Í�b�\qU���oM� [23]{ `T` z SFRP1

UîMt WNT ¨; wMc�TtAùb�qMOC�

x�æsU��O`sM{ f\pf�xË�w:�-�

�;Mo SFRP1wWNT¨; w°�pK� WNT  �

wAùDóQ�°A`h{ SFRP1 q WNT1wAùt«è

`hwxz �Ñæ §ÀÝ¨¤çp SFRP1wì�»ïÍ«

pK� FRZB1UWNT1 tAùb�\qU���oM�

T�pK� [24]{ �cz SFRP1 q WNT1w� ÍiÏ��

RaptorX [25] p*�`h{ Ítz *�`hÏ���cx

ZDOCK [26]t�¿ Óé�Å `oÕµÄ wóù.wÏ��

��`h{ \wÏ��^�t Fiberdock [27] �;Mo7

&=`hÏ�U$ 2(a)pK� { \wÏ�x SFRP1 q CR

Å Ý  ï���b� FZ8 q WNT8wîgp���hóù
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$ 2 »ïÍ«íóù. (a) WNT1 (cyan) + SFRP1 (light green) by Fiberdock + ZDOCK,

(b) WNT8 (cyan) + CRD of FZ8 (light green) by Fiberdock + ZDOCK, (c)

WNT1(cyan) + SFRP1 (light green) by GROMACS (time = 2 ns), (d) WNT8

(cyan) + CRD of Fz8 (light green) in PDB (PDB ID: 4F0A)

¯ 3 HDACi 1Q��1Q�FIT�w¨; Cq�wz±z t

|z ÎµÄ ï.æ¢ H3K9K14ac£ w HDACi d)t��ÿ

nwz±{ ��w)UK��wx Èp¯G

¨; Cq�

Adenocarcinoma

P -value �ÅQ ÅQy

SFRP1 4.64× 10
−4 611.06 > 92.60

DKK3 6.73× 10−2 263.27 > 30.59

Squamous cell carcinoma

SFRP1 7.42× 10
−3 304.53 > 49.43

DKK3 4.61× 10−1 261.38 < 506.25

ÎµÄ ï.æ (H3K9K14ac)

P -value Ú� � Ì��

(A549) 2.90× 10
−2 -1.29 < -0.52

SFRP1 (H1299) 4.06× 10
−2 -2.51 < -1.85

(CL1-1) 8.71× 10−1 -1.38 < -1.34

(A549) 6.19× 10−1 -1.17 < -1.01

DKK3 (H1299) 1.98× 10
−3 -1.70 < -0.48

(CL1-1) 1.48× 10−1 -0.59 > -1.13

(A549) 4.74× 10−1 -1.70 < -1.37

TACSTD1 (H1299) 1.51× 10−1 -2.61 < -2.20

(CL1-1) 8.62× 10−1 -2.03 > -2.09

(A549) 1.71× 10
−3 -2.44 < -1.05

SALL4 (H1299) 5.23× 10−1 -2.62 > -2.86

(CL1-1) 1.03× 10
−4 0.97 > -0.59

$ 3 FAMS complex � ; M o * � ^ � h

WNT1(cyan)+SFRP1(light green) wóù.wq.Ï

�{ SFRP1 x CR Å Ý  ïæüw�w*�{

.wÏ�¢ $ 2(3 )£ t�X ÅoM� { \w\qx SFRP1

q WNT1 wAùUK���\ q�Ô`oM� { ^�tz

\w'Ý�jÇZ�h�tz ZDOCK q Fiberdock �;

Moz FZ8 q WNT8wóù.�'�`h¢ $ 2(1 )£{ \

wALWNT8w��Üw�tY` X FZ � UAùb�Ï

�UQ���\qU�Tlh{ \w\q� z $ 2(a) t�

��� SFRP1 q WNT1wAùÏ�wY`^�§Ëb� {

ZDOCK q Fiberdockt�lo���hAùÏ�x 4F0A

�=�t`oîæ`h FAMS Complex [28] �;Mo�6

qpV�\q�¬Ý`h¢ $ 3£{ \w7tó:wMOp

�a�O s WNT1 q SFRP1 wAùÏ�U����\q

x SFRP1 w WNT1�wAùw¬T�`^�jÇZ��
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wpK�qMO\qUpV� {

7�tz ZDOCK q Fiberdock�;Mo���hÏ�w

��Q�`���h�t GROMACS [29]�;Mhü �

�¶³Ûáè�³ã ï¢ MD£ �ælh{ $ 2(a)p���

hÏ��s8Ý6q` z .uq9S°�w'�îg 0.1ns

qy�9S°�w'�îg 0.1nswKq z � nsw��=î

g�ælh{ ZDOCK q Fiberdockp���hÏ�×.x

��pxsX 9`X 3�Mi�wwz WNT1 q SFRP1w

����¢ WNT1w��Üºt SFRP1UÖloM�qM

OÏ�£ ×.xz � nsw-�w�p���pKlh¢ $

2(c)£{ \w\qT� WNT1 q SFRP1wóù.wÏ�x

��s�wpK�qAæ`h{

4. At

�Z�px��IT�U�w¤Ð´£ÉÂ� ¿ «�Ow

ª$¨; �sbh�t��IT�U�w�FITwæÓ

é¬åÛï¬îgw¨; CqÓéÑ �   ç�ÓéÞ�

»�Ý½ç=ÓéÑ�  ç� z §Â°æs<üsq PCA

�;Mhz £K��£s`¶6t��!:¬R�;M

owù$trs` z ��IT�U�t��b�qMOC�

UK� z Tmz ¨; CqÓéÑ�  çqÓéÞ�»�Ý

½ç=U��wÛì��ËloM�¨; ��:��`

h{ \��w¨; Uz Wnt/β-§ÂÇïôø;a&Ïq

Ã_t��`oM�\qT� z �ôø;asÏt«è` z

SFRP1 �¤Ð´£ÉÂ� ¿ «�Owª$¨; ©4q`

h{ îMz ��IT�U�w�FITt�Mo SFRP1x

HDACi qw��pz ¨; wCq�ÎµÄ ï.æU!=

`oS� z ¤Ð´£ÉÂ� ¿ «�Owª$qsloM�D

óQUôM\qU�Tlh{ �hz SFRP1wWnt/β-§Â

Çïôø;a&Ï�wè¹w©4q`oz WNT1�wAù

�>�` z \��-�;�;MojÇZh{ ��wîg$

sUÂU4h�� {

�Ù \wZ�xJZ�¢ 23300357 t| 2610528£ q¤

�G¶��Z�Óé´£«Ä t±Ù�Ä ^�oM� {

�ß�Y

[1] Mehta, A., Dobersch, S., Romero-Olmedo, A. J. and Bar-
reto, G.: Epigenetics in lung cancer diagnosis and ther-
apy, Cancer Metastasis Rev. (2015).

[2] Momparler, R. L.: Epigenetic therapy of non-small cell
lung cancer using decitabine (5-aza-2’-deoxycytidine),
Front Oncol, Vol. 3, p. 188 (2013).

[3] Huffman, K. and Martinez, E. D.: Pre-clinical studies of
epigenetic therapies targeting histone modifiers in lung
cancer, Front Oncol, Vol. 3, p. 235 (2013).

[4] Jakopovic, M., Thomas, A., Balasubramaniam, S.,
Schrump, D., Giaccone, G. and Bates, S. E.: Target-
ing the epigenome in lung cancer: expanding approaches
to epigenetic therapy, Front Oncol, Vol. 3, p. 261 (2013).

[5] Vendetti, F. P., Topper, M., Huang, P., Dobromilskaya,
I., Easwaran, H., Wrangle, J., Baylin, S. B., Poirier, J. T.
and Rudin, C. M.: Evaluation of azacitidine and entino-

stat as sensitization agents to cytotoxic chemotherapy in
preclinical models of non-small cell lung cancer, Onco-

target, Vol. 6, No. 1, pp. 56–70 (2015).

[6] Taguchi, Y. H., Iwadate, M. and Umeyama, H.: Princi-
pal component analysis-based unsupervised feature ex-
traction applied to in silico drug discovery for post-
traumatic stress disorder-mediated heart disease, BMC

Bioinformatics, Vol. 16, No. 1, p. 139 (2015).

[7] Taguchi, Y.-h., Iwadate, M., Umeyama, H., Murakami,
Y. and Okamoto, A.: Heuristic principal component
analysis-aased unsupervised feature extraction and its
application to bioinformatics, Big Data Analytics in

Bioinformatics and Healthcare (Wang, B., Li, R. and
Perrizo, W., eds.), pp. 138–162 (2015).

[8] Taguchi, Y.-h. and Okamoto, A.: Principal Compo-
nent Analysis for Bacterial Proteomic Analysis, Pattern
Recognition in Bioinformatics (Shibuya, T., Kashima,
H., Sese, J. and Ahmad, S., eds.), LNCS, Vol. 7632,
Springer International Publishing, Heidelberg, pp. 141–
152 (2012).

[9] Murakami, Y., Toyoda, H., Tanahashi, T., Tanaka, J.,
Kumada, T., Yoshioka, Y., Kosaka, N., Ochiya, T. and
Taguchi, Y. H.: Comprehensive miRNA expression anal-
ysis in peripheral blood can diagnose liver disease, PLoS
ONE, Vol. 7, No. 10, p. e48366 (2012).

[10] Ishida, S., Umeyama, H., Iwadate, M. and Taguchi,
Y. H.: Bioinformatic Screening of Autoimmune Disease
Genes and Protein Structure Prediction with FAMS for
Drug Discovery, Protein Pept. Lett., Vol. 21, No. 8, pp.
828–39 (2014).

[11] Taguchi, Y. H. and Murakami, Y.: Principal component
analysis based feature extraction approach to identify
circulating microRNA biomarkers, PLoS ONE, Vol. 8,
No. 6, p. e66714 (2013).

[12] Kinoshita, R., Iwadate, M., Umeyama, H. and Taguchi,
Y. H.: Genes associated with genotype-specific DNA
methylation in squamous cell carcinoma as candidate
drug targets, BMC Syst Biol, Vol. 8 Suppl 1, p. S4
(2014).

[13] Taguchi, Y. H. and Murakami, Y.: Universal disease
biomarker: can a fixed set of blood microRNAs diag-
nose multiple diseases?, BMC Res Notes, Vol. 7, p. 581
(2014).

[14] Murakami, Y., Tanahashi, T., Okada, R., Toyoda, H.,
Kumada, T., Enomoto, M., Tamori, A., Kawada, N.,
Taguchi, Y. H. and Azuma, T.: Comparison of Hepato-
cellular Carcinoma miRNA Expression Profiling as Eval-
uated by Next Generation Sequencing and Microarray,
PLoS ONE, Vol. 9, No. 9, p. e106314 (2014).

[15] Umeyama, H., Iwadate, M. and Taguchi, Y. H.:
TINAGL1 and B3GALNT1 are potential therapy tar-
get genes to suppress metastasis in non-small cell lung
cancer, BMC Genomics, Vol. 15 Suppl 9, p. S2 (2014).

[16] Taguchi, Y.-h.: Integrative Analysis of Gene Expres-
sion and Promoter Methylation during Reprogramming
of a Non-Small-Cell Lung Cancer Cell Line Using Prin-
cipal Component Analysis-Based Unsupervised Feature
Extraction, Intelligent Computing in Bioinformatics

(Huang, D.-S., Han, K. and Gromiha, M., eds.), LNCS,
Vol. 8590, Springer International Publishing, Heidelberg,
pp. 445–455 (2014).

[17] Nakazato, T., Bono, H., Matsuda, H. and Takagi, T.:
Gendoo: functional profiling of gene and disease features
using MeSH vocabulary, Nucleic Acids Res., Vol. 37,
No. Web Server issue, pp. W166–169 (2009).

6ⓒ 2016 Information Processing Society of Japan

Vol.2016-BIO-45 No.6
2016/3/18



ØCrg¶qZ�C�

IPSJ SIG Technical Report

[18] Chen, Y. A., Tripathi, L. P. and Mizuguchi, K.: Target-
Mine, an integrated data warehouse for candidate gene
prioritisation and target discovery, PLoS ONE, Vol. 6,
No. 3, p. e17844 (2011).

[19] Reimand, J., Arak, T. and Vilo, J.: g:Profiler–a web
server for functional interpretation of gene lists (2011
update), Nucleic Acids Res., Vol. 39, No. Web Server
issue, pp. W307–315 (2011).

[20] Stewart, D. J.: Wnt signaling pathway in non-small cell
lung cancer, J. Natl. Cancer Inst., Vol. 106, No. 1, p.
djt356 (2014).

[21] Miyanaga, A., Gemma, A., Noro, R., Kataoka, K., Mat-
suda, K., Nara, M., Okano, T., Seike, M., Yoshimura, A.,
Kawakami, A., Uesaka, H., Nakae, H. and Kudoh, S.:
Antitumor activity of histone deacetylase inhibitors in
non-small cell lung cancer cells: development of a molec-
ular predictive model, Mol. Cancer Ther., Vol. 7, No. 7,
pp. 1923–1930 (2008).

[22] Tang, Y. A., Wen, W. L., Chang, J. W., Wei, T. T., Tan,
Y. H., Salunke, S., Chen, C. T., Chen, C. S. and Wang,
Y. C.: A novel histone deacetylase inhibitor exhibits an-
titumor activity via apoptosis induction, F-actin disrup-
tion and gene acetylation in lung cancer, PLoS ONE,
Vol. 5, No. 9, p. e12417 (2010).

[23] Lavergne, E., Hendaoui, I., Coulouarn, C., Ribault, C.,
Leseur, J., Eliat, P. A., Mebarki, S., Corlu, A., Clement,
B. and Musso, O.: Blocking Wnt signaling by SFRP-
like molecules inhibits in vivo cell proliferation and tu-
mor growth in cells carrying active -catenin, Oncogene,
Vol. 30, No. 4, pp. 423–433 (2011).

[24] Bafico, A., Gazit, A., Pramila, T., Finch, P. W., Yaniv,
A. and Aaronson, S. A.: Interaction of frizzled related
protein (FRP) with Wnt ligands and the frizzled recep-
tor suggests alternative mechanisms for FRP inhibition
of Wnt signaling, J. Biol. Chem., Vol. 274, No. 23, pp.
16180–16187 (1999).

[25] Kallberg, M., Wang, H., Wang, S., Peng, J., Wang, Z.,
Lu, H. and Xu, J.: Template-based protein structure
modeling using the RaptorX web server, Nat Protoc,
Vol. 7, No. 8, pp. 1511–1522 (2012).

[26] Pierce, B. G., Wiehe, K., Hwang, H., Kim, B. H., Vreven,
T. and Weng, Z.: ZDOCK server: interactive docking
prediction of protein-protein complexes and symmetric
multimers, Bioinformatics, Vol. 30, No. 12, pp. 1771–
1773 (2014).

[27] Mashiach, E., Nussinov, R. and Wolfson, H. J.: Fiber-
Dock: a web server for flexible induced-fit backbone
refinement in molecular docking, Nucleic Acids Res.,
Vol. 38, No. Web Server issue, pp. W457–461 (2010).

[28] Takeda-Shitaka, M., Terashi, G., Chiba, C., Takaya, D.
and Umeyama, H.: FAMS complex: a fully automated
homology modeling system for protein complex struc-
tures, Med Chem, Vol. 2, No. 2, pp. 191–201 (2006).

[29] Pronk, S., Pall, S., Schulz, R., Larsson, P., Bjelkmar, P.,
Apostolov, R., Shirts, M. R., Smith, J. C., Kasson, P. M.,
van der Spoel, D., Hess, B. and Lindahl, E.: GROMACS
4.5: a high-throughput and highly parallel open source
molecular simulation toolkit, Bioinformatics, Vol. 29,
No. 7, pp. 845–854 (2013).

7ⓒ 2016 Information Processing Society of Japan

Vol.2016-BIO-45 No.6
2016/3/18


