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��ÌIT�wmiRNA¦ªwÂï¹çürt��rs

>± ³Â1,a) � H�2,b)

�A� �� (v)ÌIT�¢ kidney renal clear cell carcinoma,KIRC£ x�IT�w� Â�r����U�

pK� z fwj¼�rÌb�\qxOApK� { �sxf�x mRNA q miRNA wCq��U�qY×

ITpz±b�\qp´¼t��b�qè^��¨; q miRNA �ó:x¬�\qtR`h{ \��

w¨; x�æZ�pU�p��tCqU!=`oM�\qU���oM�iZpxsX z KIRCñ�w

\�pt��`oM�¨; U�X ���oMh{ �h miRNA tmMoxz fwª$¨; UU�t�

�`oM�\qUrlh{ ^�t¬R^�h¨; � miRNAx qs� mwZ�¢ f�g�U�è`h

ñ�tmMo mRNA q miRNA wCq�-�`oM� £ tSMo��tOs�UK��p¬R^��\

qU�TlhUz tU�z SAMz limmasrw7��Opx\w�OsÃ�»·¿ Ä t��sMéÌµÄ

s¨; � miRNAw¬RxZRsTlh{

1. xa�t

M���Úç½¦Û¿ «µÃ�»w-�x¿X æ���

�OtsloVhUz ªj$srsMOx¬q`oMsM{

�X wÔùz dlTX �è±ïÓçt0`oó:�¨w-

��ælo�x�trsb�tqr��\qts� { �Z

�pxHRT���`oM�® Âï¹çür�;Mh£

s`¶6t��!:¬RO¯ �
�¢ v£ Ì�ITU�w

mRNA q miRNA wwùrst ;` z ìñj¼qs�

mRNA� miRNAw���¼�h« [1] �C�b� {

2. P�qMO

2.1 mRNAt| miRNAwCqÓéÑ�  ç

rst;Mh mRNAt| miRNAwCqÓéÑ�  ç

xMc��¬$sÃ�»Õ�µw�w�;Mh{  m�w

Ã�»·¿ Ä x TCGAT�¼¢ïé�Å `h�wpK� z

U�� � � ±ïÓçz Y×s���  ±ïÓçt0` o

mRNA q miRNA �-�`hÃ�»·¿ Ä pK� z � m

�wÃ�»·¿ Ä x GEOT��h�wpz U�qY×s

��Uf�g� � ±ïÓçcmwÃ�»·¿ Ä pK� {

Ä`M\qtmMoxjæ� [1] ��°^�hM{
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2.2 rs�O

rsÑé�w�Ax$ 1tK�qS�pK� { �<px

x�wrs�OtmMo�Ìb� { ÄIxÙ¶ [2] ��°

^�hM{

2.2.1 Âï¹çür�;Mh£s`¶6t��!:¬

RO

x
(mRNA)
ij ∈ R

N×M � j jèw±ïÓçt0b� ijè

w mRNAwCq�z x
(miRNA)
kj ∈ R

K×M � j jèw±ï

Óçt0b� kjèw miRNAwCq�z qb� { \\p

\w� m�wùrsb�h��<w�Os� �wÂï¹ç

�ÏRb� {

xijk = x
(mRNA)
ij × x

(miRNA)
kj ∈ R

N×M×K (1)

\ ��Âï¹ çür` hMwiUz M�wÔùz N ∼

104,K ∼ 103,M ∼ 102 pK� z �AsÝÞæ�U ∼ 109

w¦�¼�tslo`�Mz è×w-�;pxÂï¹çü

r�æO \qUZRsM± ¶tslo`�lh{ f\p

\��Vÿ`

xik =

M
∑

j=1

xijk ∈ R
N×K (2)

q` z \�����ür

xik =

min(N,K)
∑

ℓ=1

λℓuℓiuℓk (3)

�îæ` (uℓi ∈ R
N×N , uℓk ∈ R

K×K)z ±ïÓçtÇ)^

�����x

umRNA
ℓj =

N
∑

i=1

x
(mRNA)
ij uℓi ∈ R

M×M (4)
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$ 1 rsÑé�w�Ì

Fig. 1 Analysis flow

umiRNA
ℓj =

K
∑

k=1

x
(miRNA)
kj uℓk ∈ R

M×M (5)

qMO-�p{��\qtb� {

Ít

• umRNA
ℓj q umiRNA

ℓj U (j ��tmMo ) ì�` o

M� {

• umRNA
ℓj UU�qY×��p��)UK� {

• umiRNA
ℓj UU�qY×��p��)UK� {

w� ÚE�¬hb ℓ ���` z 0 b� uℓi, uℓk �;Mo

Pi = Pχ2

[

>

(

uℓi

σℓ

)]

(6)

Pk = Pχ2

[

>

(

uℓk

σ′

ℓ

)]

(7)

w7t i, k t P ��Ç)b� { `` z Pχ2 [> x]x¾:U x

�ÍpK�Ôùw§u ËÐüÍpK� z σℓ, σ
′

ℓ xªj 

)pK� { Pi, Pk x BH,j [2] p�Oz±4Y` z 4Y

P �U 0.01�<w mRNA,miRNA �¬Rb� {

2.2.2 �Rüüs�;Mh£s`¶6t��!:¬RO

x
(mRNA)
ij q x

(miRNA)
kj �

N
∑

i=1

x
(mRNA)
ij = 0 (8)

N
∑

i=1

(

x
(mRNA)
ij

)2

= N (9)

K
∑

k=1

x
(miRNA)
kj = 0 (10)

K
∑

k=1

(

x
(miRNA)
kj

)2

= K (11)

qs��OtF¨=`oSV

N
∑

i′=1





M
∑

j=1

x
(mRNA)
ij x

(mRNA)
i′j



uℓi′ = λℓuℓi (12)

K
∑

k′=1





M
∑

j=1

x
(miRNA)
kj x

(miRNA)
k′j



uℓk′ = λ′

ℓuℓk (13)

qMO0¯=ðJ�rX \qp uℓi ∈ R
N×N , uℓk ∈ R

K×K

�{�� { (4)Ü�<w-�x²�q¶X �apK� {

3. AL

3.1 Âï¹çür�;Mh£s`¶6t��!:¬RO

ℓ = 2tmMo

• umRNA
ℓj t0`oz U�qY×s��pË�w tU�

�ælhAL P = 7.10× 10−39

• umiRNA
ℓj t0`oz U�qY×s��pË�w tU�

�ælhAL P = 2.13× 10−71

• umRNA
ℓj q umiRNA

ℓj wì��:x 0.905(P = 1.63×

10−121z $ 2)

UR�qloMhwp ℓ = 2 �;M�\qt`h{ \wA

Lz ¯ 1tK��Os 11xw miRNA q 72xw mRNA

U¬R^�h{ \��tmMo7�sUÂ�ælh{

�c z miRNA q mRNA wì��Ð�h { \ wAL

11× 72 = 792Ö�wºz 353Ö�UYtz 358Ö�UÛt

��tì�`oMh¢ Ö�]qt P��-�`oT��O

z±4Y` z BH,jp�Oz±4Y` z 4Y P �U 0.01

�<w�w���pK�q`h£{ Hlo z � � ËwÖ�

Uì�`oMh\qts� {

Ít¤ïæ ¿ ½Ý ïÄ rs�;Mo\ú¶$s°A�
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Fig. 2 Scatter plot between u
mRNA
ℓj and u

miRNA
ℓj . Tumors

are red colored.

¯ 1 Âï¹çür�;Mh£s`¶6t��!:¬RO�;M

o TCGA p¬R^�h miRNA q mRNA

Table 1 miRNA and mRNAs selected by TD based unsuper-

vised FE for TCGA

miRNA ID

hsa-mir-210 hsa-mir-891a hsa-mir-155 hsa-mir-200c hsa-mir-

141 hsa-mir-508 hsa-mir-122 hsa-mir-514-3 hsa-mir-514-1

hsa-mir-514-2 hsa-mir-184

Gene symbol

ACTG1 ADAM6 AIF1L ALDOA ALDOB ANGPTL4

APLP2 APP AQP1 AQP2 ASS1 ATP1A1 ATP1B1 ATP5A1

ATP5B B2M C3 C4A C7 CA12 CCND1 CD74 CDH16

COL4A1 COL4A2 CP CYFIP2 ENO1 FN1 FTL GAPDH

GATM GNB2L1 GPX3 HLA-A HLA-B HLA-C HLA-DRA

HSD11B2 HSP90AA1 HSPA8 IGFBP3 IGFBP5 ITM2B

KNG1 LDHA LDHB LOC96610 NDRG1 NDUFA4L2 NNMT

P4HB PCK1 PEBP1 PLIN2 PLVAP PODXL RGS5 SER-

PINA1 SLC12A1 SLC12A3 SOD2 SPARC SPP1 TGFBI

TMBIM6 TMSB10 UBC UMOD VEGFA VIM VWF

ælh{ MSigDB [3] �;MhALz $ 3tK��Ot�

:wU��Èw¨; ·¿ Ä q��t�loM�\qUQ

Ì`h{ �a MSigDBw REACTOME§Â°æp��X

wÎ¿ Ä U�^�h ($ 4){

Ít OncoLnc [4]�;Mh\�rs�ælh{ $ 5tK

��Otz � � xw¨; U\�¬pq��`oM�\q

Urlh{

Ít DIANA-miRPath [5] �;Mo¬R^�h miRNA

w°A�ælh¢ $ 6£{ miRNA�U�t�È`h�wU

¬y�oM�\qU\wALT�rlh{
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$ 3 MSigDB w oncology category pw¤ïæ ¿ ½Ý ïÄ rs{

é�Ú:Èqw0 xó�w©ßÓ³ã ï��°{ Nàx4Y

^�h P �w×µ0:w�0�{ z�wR�xf�g�w§

Â°æt����¨; wï:ph�wR�xfwOjz ¬R

^�h¨; q�loMh:{

Fig. 3 Enrichment analysis of oncogenic cate-

gory in MSigDB. (I) CAMP UP.V1 UP (II)

SNF5 DN.V1 DN (III) ESC V6.5 UP LATE.V1 UP

(IV) ESC V6.5 UP EARLY.V1 DN

(V) ESC J1 UP LATE.V1 UP (VI)

SIRNA EIF4GI UP(VII) P53 DN.V1 DN (VIII)

MEL18 DN.V1 UP (IX) LTE2 UP.V1 UP (X)

RPS14 DN.V1 UP. Vertical axis is the negative

normal logarithmic-adjusted P-values. The radii of

open red and blue circles show the normal logarithmic

values of the number of genes in each category and

those of genes included in both the category and the

selected genes shown in Table 1.

3.2 GEO qwz±

TCGA wÃ�»·¿ Ä tÂï¹çür�;Mh£s

`¶6t��!:¬R�&;`hALz mRNA� miRNA

�¬Rb�\qtR` z \ú¶$t�%ps�wU¬y

�oM�\qUrlh{ \\p\w¬RUr�X �MéÌ

µÄ T�¬Ýb�h�z GEOT�wÃ�»·¿ Ä p�a

\q�ælh{ ℓ = 2tmMo

• umRNA
ℓj t0`oz U�qY×s��pË�w tU�

�ælhAL P = 6.74× 10−22

• umiRNA
ℓj t0`oz U�qY×s��pË�w tU�

�ælhAL P = 2.54× 10−18

• umRNA
ℓj q umiRNA

ℓj wì��:x 0.931(P = 1.58×

10−15)

UR�qloMh{ ±ïÓç:U ;�sMwp��)x

�X slo`�lhU ℓ = 2UÍG� mwQ¨�¬h`o
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$ 4 MSigDB w REACTOME category pw¤ïæ ¿ ½Ý ïÄ

rs{ é�Ú:Èqw0 xó�w©ß Ó³ã ï��°{ N

àx4Y^�h P �w×;0:w�0�{ z�wR�xf�

g�w§Â°æ t����¨; wï:ph�wR�xfw

Ojz ¬R^�h¨; q�loMh:{

Fig. 4 Enrichment analysis of REACTOME category in

MSigDB. (I) REACTOME regulation of insulin-

like growth factor (IGF) transport and uptake

by IGF binding proteins IGFBPS (II) REAC-

TOME cytokine signalling in immune system (III)

REACTOME response to elevated platelet cytosolic

CA2+ (IV) REACTOME signalling by interleukins

(V) REACTOM innate immune system (VI) REAC-

TOME platelet activation, signalling, and aggrega-

tion (VII) REACTOME endosomal vacuolar path-

way (VIII) REACTOME gloconeogenesis (IX) REAC-

TOME post-translational protein modification (X) RE-

ACTOME disease. The radii of open red and blue cir-

cles show the normal logarithmic values of the number

of genes in each category and those of genes included

in both the categories and the selected genes shown in

Table 1.

M�:x!��sMwpz \wALxéÌµÄ iq�sb

\qUZR� {

Ít¬R^�hmRNAq miRNAwz±�ælh¢ ¯ 2£{

¦¿ ¶zx 19.7pÑ� ¿ ³ß�wY¬¬pU�t�� P�

¯ 2 TCGA q GEO p¬R^�h¨; �w��æ»

Table 2 Confusion matrix between genes selected in TCGA

and GEO dataset.

GEO

Not selected Selected

TCGA Not selected 17,209 160

Selected 60 11

1 2 3 4 5 6 7
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− log10 q by Cox Coef.
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$ 5 ¯ 1 wOjw\�rsp��sALU���h� � ¨; w

AL{ Nàx§ÓåïÓé¿ Ä ���h4Y^�h P �w×

;0:w�0�{ #àx�a�w¯¿ «µrswAL{ z�

xCq�w<�?Ëpñ��Ëü`hTwGV^�¯b{ �

� Ëp� ü`sTlhÔùtv�Í�ËwGV^�hM�p

¯q`h

Fig. 5 Survival analysis of 24 genes from Table 1 that signif-

icantly contribute to patients� survival. Vertical axis:

negative normal logarithmic values of P-values com-

puted by Kaplan plot. Horizontal axis: negative nor-

mal logarithmic values of adjusted P-values computed

by Cox analysis. Red open circles indicate lower ex-

pression percentile of patient groups. Only when they

are not 50%, upper expression percentiles are displayed

with blue circles.

x 8.97× 10−11 pK� z ôM��Sp°�`oM�\qU

�T� z ���hALwéÌµÄ ^U¬Ý^�h{ miRNA

tmMox� xw miRNAU�è`oMh{

3.3 7��Oqwz±

�×t�MALU���hUz �lq�os7��Op

�a�OsALU����s��¯UsM{ f\p tU�z

SAM [6]z limma [7] qMlh�srs^�hÃ�»w�

�t���hÚ «é�è U[p�&;DósMOqz

±`h{ ALT�tO q\��w�Op¬y�� mRNA

� miRNAx:U�bW�\qUQÌ`h{ m�� z P�

iZpxGüsÜ���UpVsMqMOALts�\q

Urlh¢ ¯ 3£{ `T` z ¬R:U�Mwxotz UZ

�UôbW�h�pK�T�`�cz Í�tv�yÂï¹

çür�;Mh£s`¶6t��!:¬ROq�ís

MQó�ZbDóQxK� { f\pz \w� mw�Otm

Moz Âï¹çür�;Mh£s`¶6t��!:¬R
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$ 6 DIANA-miRPath w KEGG pw¤ïæ ¿ ½Ý ïÄ rs{

é�Ú:Èqw0 xó�w©ßÓ³ã ï��°{ Nàx4Y

^�h P �w×;0:w�0�{ z�wR�xf�g�w§

Â°æt����¨; wï:ph�wR�xfwOjz ¬R

^�h¨; q�loMh:{

Fig. 6 Enrichment analysis of KEGG pathway provided by

DIANA-mirpath to which miRNAs in Table 1 were up-

loaded. Vertical axis: negative normal logarithmic val-

ues of adjusted P-values. (I) Chronic myeloid leukemia

(II) Proteoglycans in cancer (III) Prostate cancer (IV)

Pathways in cancer (V) Pancreatic cancer (VI) Glioma

(VII) Hepatitis B (VIII) Small cell lung cancer (IX)

Non-small cell lung cancer (X) Colorectal cancer (XI)

Endometrial cancer (XII) Viral carcinogenesis (XIII)

Bladder cancer (XIV) Melanoma (XV) Renal cell car-

cinoma (XVI) Hepatitis C. The radii of red open circles

indicate the normal logarithmic values of the number of

genes in each category targeted by miRNAs in Table 1

whose normal logarithmic numbers are proportional to

the radii of blue open circles. See Table S4 for numerical

values and full description.

¯ 3 TCGA,GEO tSMoz±�Op¬R^ �h mRNA �

miRNA w:

Table 3 The number of mRNAs and miRNAs selected by other

conventional methods applied to TCGA anf GEO

data set

TCGA GEO

mRNA miRNA mRNA miRNA

t test 13,895 399 12,152 78

SAM 14,485 441 16,336 108

limma 18,225 662 28,524 319

Oq�a:iZwÍ�w mRNA,miRNA �¬R` z GEO

q TCGA w�w°�éù�`��h{ tU�tmMox

mRNAw�è:x� | miRNAw�è:x xpK� z Â

ï¹çür�;Mh£s`¶6t��!:¬ROtGV

X ¼�ALqslh{ SAM tmMoxf�f�Âï¹ç

ür�;Mh£s`¶6t��!:¬ROp¬y�h:

�Íw mRNAt P = 0UÂ�po��o`�loMhw

pz �a:wÍ�mRNA�Ü���cz z±UÆDóil

h{ limma tmMoxz �èb� mRNA,miRNAU°x

�ÁTlh{ \w\qT� z \��� mwz±�Oxz o

tUZ�UôbWo�X w mRNA� miRNA �¬�p`

�loM��ZpxsX z ��)w¬�,jU&ppxs

Mwp��)wK��wqsM�wUO�X à�pVsM

h�tz �X w©4�¬�p`�loM�wiq¥���

\qUrlh{

7�tÂï¹çür�;Mh£s`¶6t��!:¬

ROwj�pK��Rüüs�;Mh£s`¶6t��

!:¬ROqQówz±� TCGA �;Moælh{ AL

x ℓ = 2tmMo

• umRNA
ℓj t0`oz U�qY×s��pË�w tU�

�ælhAL P = 2.33× 10−36

• umiRNA
ℓj t0`oz U�qY×s��pË�w tU�

�ælhAL P = 2.39× 10−77

• umRNA
ℓj q umiRNA

ℓj wì��:x 0.839(P = 2.74×

10−87)

qslh{ miRNAxÂï¹çür����MAL���

�hU mRNA qì��:tmMoxÂï¹çürt¼l

oM�wpïù$tx�RüüswMU¼loMh{ �h

TCGA q GEO qwz±pxz mRNAtmMox 70xU

TCGApz 131xU GEOp¬y�z �èw�wx� x`

TÁX z Âï¹çür��¼�ALqslh (miRNAw

�è:x� p�a ){ Hlo z \w:T��Âï¹çür

x mRNA q miRNA p��wrs�æO�Rüüs��

�MAL�Zb\qUpV�\qUrlh{

4. S��t

Âï¹çür�;Mh£s`¶6t��!:¬RO�

mRNA q miRNAwCq�wwùrst;M�\qpz t

U�z SAMz limmaw7s7��OpxÆDósz Güt

:UÜ��h¬R�æO \qUZRh{ �hz \w�Os

wùrs�æO \qp TCGA q GEO p��t°�b�

éÌµÄ ÉµUôMAL���\qUZRh{ \�x7�

�OpÍ�w mRNA� miRNA �¢ P �t����)w

UZ�ýQo£ ^�tÜ���\qpxaRpVsMéÌ

µÄ ÉµpK� z mRNA q miRNA ���trsb��

Rüüs�;MhMOp�Âï¹çürq�aiZwéÌ

µÄ Éµ¢ TCGA q GEOpw°�S£ ���\qxZR

cz wùrsw�®QU~�oÔ^�h{
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