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本論文中の略語一覧 
AURKA  aurora kinase A 

AURKB  aurora kinase B 

COSMIC  Catalogue of Somatic Mutation in Cancer 

DUSP1  Dual specify phosphatase1 

GO  Gene Ontology 

ME  Module Eigengene  

PPM  parts per million reads 

RNA-seq  RNA sequencing 

RPKM  reads per kilobase per million reads 

scRNA-seq Single-cell RNA sequeincing 

TASCTD2 Tumor Associated Calcium Signal Transducer 2 

TCGA  The Cancer Genome Atlas  
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第一章：『プラットフォームの比較検討・技術評価』 
1.１ 実験方法 
細胞培養 
PC9�II-18ȓȫƢ/ǘǷlHM\�_��=ìŎ�"(catalogue number RCB4455 ,RCB2093)�

H1650, H1975 * H2228 ȓȫƢ/ American Type Culture Collection �=ìŎ�" (catalogue 
numbers CRL5883, CRL5908, CRL5953)�ȓȫ/ RPMI1640Čĉ (Wako, 189-02145) - 10%I
XȪÄȻǀ(FBS)* MEM ʗœʜFxkɾ(catalogue number M7145, Sigma-Aldrich, St. Louis, 

MO)�tiX��/Zf�rfwHX�CƿÚ�"Čĉ) 37°C�5% CO2ƚ¥�)Čʣ�"� 

 
 

micro-chamber system による一細胞 RNA-seq 
ÂȼɚƃMatsunaga et al-č'� micro-chamber system.�&)�? bead-seq-<?�ȓȫ
RNA-seqCȼ,%" 2�bead-seq)/�ðêŔý-�
(ȓȫ�ǅɊ�@�ɯɦËêŔ�ȼB@?�

 .ŋ�polyA¡Ú�ȇ�ʅñŢ�PCR-<?đĻêŔCȖ(��Hq����®Ɂ�@?�ƘƆ
Ʒ-�
(/�ȓȫ�*-ǒȄ�"�Hq����əƂ�@?*
�ǐő��?(Sup Fig.1a)�®Ɂ
�"�Hq���/Hiseq2500(illumina)Cǜ
( 50bp.X�Q�K�g).X�PK�ZCȼ%

"�PC9.ÊǖĤʥ-ʊ�(/�35bpX�Q�K�g).X�PK�ZCȼ%"��u^�w�
RNAɽÏCʎè�?"9-�rmRNA-Ī�( mappingCȼ
�wbr�@,�%"��gCÿ
ë��UCSC hg19-wbr�"�wbo�Q-/ TopHat/BowtieCǜ
"�ȱ®�" PerlZP�

rf-<>�RNA-seq._QƁCNI�f��RPKMºCȉÍ�" 31�micro-chamber system-�


( RPKMºC°ǜ�"./�ƘƆƷ)/Æʆ.X�PK�ZCŎ=@?"9)�?� 

 

 
micro-droplet system による一細胞 RNA-seq 
micro-droplet system*�( Chromium Single cell 3’ kitC°ǜ��Obf.ŤʛƑ-ō%(�H

q���.®ŢCȼ%"�Chromium)/�ƺɤ. @!@-ȓȫĸɿƼ�M�U&�. Gel Bead�
ƼǆȌɁǜ.MH�Cƺ�ɫ7�r�bfpL�yÉ)ŐĬƼǆ.ȌɁCȼ��version1).ĪŔ
ȓȫƁ/�1,200-6,000ȓȫǽł)�?��ƘǷȂ-�
(/_�SbfC 5,000ȓȫ*ɏģ�"�

ƘƆƷ)/�ɂƁ.ȓȫ�=�&.�Hq����əƂ�@?(Sup Fig.1b)�®Ɂ�@"�Hq�
��/�Hiseq2500-<> 50bp.tFK�g)X�PK�ZCȼ%" 32�Ŏ=@" RNA-seq._
Q/¡İ�? CellrangerCǜ
(nfSky-wbr�"� ȱ®. PerlZP�rfCǜ
(�ú

ɠ.«
��g*PCR sisterCʎè�"�Ŏ=@"��gC�\�l�T�g-č'
(�Î���
5,000£�.��gCů&ȓȫ#�CɹŪ�ppmºCȉÍ�"�micro-chamber system-�
( PPM

ºC°ǜ�"./�ƘƆƷ)/Ŏ=@?X�PK�Z� 3’½-»?"9)�?� 



 

scRNA-seq 解析を用いた肺腺がん細胞株の解析 
ʱǾʡ.nfȩȮ�DȓȫƢCǜ
(��Hq���.®ɁCȼ%"(Ⱦʮ)�SpGaiq(CAS 

184475-35-2, Santa Cruz Biotechnology)/�ƓȔǉł 1�M)ČʣČĉ-ƿÚ��ȺÖÔǈCȼ,

�24Əʉŋ-ȓȫCÿë�"�T�f���μ-/ DMSOCŨ��"��@=.�Hq���
®Ɂ/�ò�ȓȫƢCÍǩƙƄ-ǜ
(�micro-droplet system* micro-chamber system. @

!@.ƆƷɚ)Ƨȋ�"(Ⱦ 2)� 

 
遺伝子ごとの発現レベルの分散の比較 
ɺ§ĝ�*.ǩǖ�s�.Îƀ.ƴɨ-/�micro-chamber system<>Ŏ=@" PC9ȓȫ�T�
f���μ 44ȓȫ.e�_\bfC°ǜ�"�Īɜɺ§ĝ/ synthetic bulk-��?ǩǖ�s�.
ʛª(�ª 250ª�500ª�1000ª�2500ª�5000ª)CÁ-ɹÍ�"�Ą 3C, H�\bfȾʮ-

��?ðɺ§ĝ.ǩǖ�s�/ synthetic bulk*�(ȉÍ�"�Ą 3C�-�
(/�wbr�@
"��gƁC 5,000, 10,000, 50,000, 100,000, 500,000_Q*¤ģ�"ďñ).�ðɺ§ĝ).ǩǖ
�s�.ÎƀCȉÍ�"�ǲĪǬ,ÎƀCǹ�"9-�Ą 3C, H�\bfȾʯ-�
(/�”ǲĪÎ

ƀ”C�SD*ļĊ tagƁ�=ȉÍ�"�Ą 3D-�
(/�wbr�@"��gƁ� 5,000_Q#
*¤ģ�"ďñ-��?_QƁ.ʞłCȉÍ�"� 

 
細胞株のクラスタリング 
Ą 3E)/�ɦ &.ȓȫƢ(PC9,II-18, H1650, H1975, H2228).e�_\bfC�r�bfpL�y
�*-6*9�P�Z_��QCȼ,%"�ðȓȫƢ.ðr�bfpL�y).T�f���μ.

ȓȫ�micro-chamber system)/ 232ȓȫ�micro-droplet system)/ 22,912ȓȫC°ǜ�"
(Table1)�ɺ§ĝ�Zf*�(�127SMG(significant muted genes)C°ǜ�"(Sup Table 2)33�PCA
.Ÿǟ-/�RmbR�Y. ggplot2C°ǜ�" 34��

 
細胞周期の同定 
ĄʰF)/�ȓȫöƕCĄǹ�"�micro-chamber system. PC9T�f���μ 44ȓȫ.e�_

\bf-Ī�(�Âȼɚƃ-(ȓȫöƕ²ğǬ-ǩǖ�ēà�?�*�Ďõ�@(
? 20ɺ§ĝ.
ǩǖśĎCǜ
(ȓȫ� @!@ȓȫöƕ.+.Zd�Y-�?�Cŷģ�" 35�n�fwbr)

/�ZR��ÌǘCȼ
�ðöƕ.ɺ§ĝǩǖ.ļĊº-č'�ȓȫCʛǡ-�3"��.Ɋƞ-

<>ŷģ�@"öƕ-č'
(�ȓȫCȷÎ���PCA-<>Ąǹ�"� 
micro-droplet system. PC9T�f���μ. 5,166ȓȫ.ǩǖʂ(ppm)Cǜ
�micro-chamber 
system.e�_\bf*òƨ.ɊƞCɒ7"�ÂȼĎõ-č'�ƆƷ)°ǜ�?ɺ§ĝCɹ1Í��

ȓȫ.n�fwbr-��?�1ƒ�Cȼ,%" 4�micro-chamber system.e�_\bf*òƨ
-ȓȫCȷÎ���PCA-<>Ąǹ�"� @!@�n�fwbr.Ÿǟ-/ RmbR�Y. gplots
C°ǜ�"��ƬÁ-Ũň�?"9. PCA.Ÿǟ-/ RmbR�Y. ggplot2C°ǜ�" 34,36� 



 

PC９細胞のMAPK パスウェイ解析 
ĄʰG-�
(�MAPK/ERKmZIJH-ô6@?ɺ§ĝ.ǩǖ�s�CîɆà�?"9-�ð

r�bfpL�y._QƁ�ȇ�ª.ȓȫCɹ1Í�"��@=.ȓȫ-��?ðɺ§ĝǩǖ�s

�*�(_QƁCȉÍ��N��l�-<>Ąǹ�"�Ąǹ-/�DBTSSC°ǜ�" 37,38� 

 

欠損値推定 
ƫżºŷģC�?"9-�micro-chamber system.T�f���μ*SpGaiqμ.ȓȫCñB
�"�ļĊǩǖ�s�� 10RPKM£�.ɺ§ĝC micro-chamber system�=ɹ1Í�"�ļĊ

10RPKM£�.ǩǖ�s�Cǹ�ɺ§ĝ*�(�T�f���μ)/ 4,901ɺ§ĝ�SpGaiq
μ)/ 4,845ɺ§ĝCǜ
"�ǩǖŷģ/�@=.ɺ§ĝCǜ
(ȼ%"�ǩǖ�s�/�ĪƁ-
<?ZR��-ēź�"�ĪƁàCȼ�Õ- 0.01CɮÚ�"�ZR���@"ºCǜ
( LASSO

-<?ÿĹÎƞCȼ,%" 39� 
ƫżºŷģ.ȗƟCǸɕ�?"9-�micro-droplet systeme�_\bf.�$ƫż�(
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ǩ
ǖśĎCŷģȗƟ*ƴɨ�"�Æ¬.ǲʊCoF^�.ǲʊCǜ
(ȉÍ�"� 

RmbR�Y version3.3.1. “glmnet” Cǜ
(Lasso regressionCȼ,%" 39��y`.m�z�

_�/�”glmnet”.�Zf.ʮʭǡǰ.ºC� . /epL�f.ºC°ǜ�" 40� 

 

 
  



 

1.2 結果 
各プラットフォームの技術評価 
� Ⱦʮ-ǹ�"nfȩȮ�DȓȫƢʱǾCǜ
(micro-chamber system)�? bead-seq�micro-droplet 

system)�? Chromium Single-cell 3’Cǜ
(� @!@�Hq���CəƂ��Ƭ�¢X�PK�

V�Illumina HiSeq2500-<>X�PK�ZɊƞ�" 2,41(Ⱦʮ)�Ŏ=@"X�PK�Ze�_�=�

ðɺ§ĝ.ǩǖʂCȉÍ�� @!@.r�bfpL�y.ŦȽɑ³Cȼ,%"�/�9-�l�

a|�l�Pʪe�_\bf�*.ļĊǩǖʂʫCɌȉ��l�P�s�).Êǖŗ.ɑ³Cȼ%

"�ǒȄ�"Ĥʥʉ)��&.r�bfpL�y/ @!@oF^�´Ɓ r=0.96, r=0.98.ʦ
ǲʊ

Cǹ�"(ĄʮA-B)��.ȗƟ��PC9ȓȫ.e�_\bf#�-ʍģ�":.)/,
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(òƨ.ɊƞCȼ%(ǹ��*�)�"(Ą S2A -S2E)�SpGaiq
ÔǈƔǋ).ƴɨ:òƨ-l�P�s��l�a|�l�P�s�)ȼ%"*�A�r= 0.91, r=0.94

* r=0.94òƨ-ʦ
ǲʊCǹ�"(ĄʮC-E)� 

 

� X�Q�\��s�)òƨ.ɑ³Cȼ%"� @!@.r�bfpL�y�=�Ɠ:wbo�Q

�@"��gƁ�ĕ
ȓȫC top1�Ƭ-ĕ
ȓȫC top2*�(ɹ1Í�"�top1,top2.��gƁ
/�micro-chamberXZdy� top1ȓȫ 2,944,039_Q� top2ȓȫ 2,773,525_Q)�%".-
Ī�(�micro-dropletXZdy)/�top1ȓȫ 35,753 _Q�top2ȓȫ 32,472_Q)�%"� 

@!@.r�bfpL�y-��? top1* top2Cƴɨ�?*� .ǲʊ´Ɓ/ r=0.83* r=0.67
)�%"(Ą 1F, 1G)��@=.ȗƟ�=� @!@.r�bfpL�y/� @!@-ʦ
Êǖŗ
CƔ�?�*�ǹû�@"� 

 
 
ȾʮʴƘǷȂ-ǜ
"ȓȫƢ  

Cell line Response to gefitinib Mutation 

PC9 sensitive EGFR Exon19 del 

II-18 sensitive EGFR L858R 

H1650 resistance EGFR Exon 19del, PTEN loss 

H1975 resistance EGFR L858R, T790M 

H2228 resistance EML4-ALK fusion gene 

  



 

Ⱦ 2: ƘǷȂ-ǜ
"�&.e�_\bf  

(A) micro-chamber systeme�_\bf  

Cell line Treatment Average raw reads Average used reads Number of cells 

PC9 
DMSO 1,938,496 1,683,528 44 

gefitinib 1,728,426 1,502,134 22 

II-18 
DMSO 1,071,312 904,648 47 

gefitinib 1,169,322 985,941 47 

H1650 
DMSO 1,158,863 1,018,527 47 

gefitinib 1,283,908 1,126,651 47 

H1975 
DMSO 846,215 725,523 47 

gefitinib 866,011 744,728 47 

H2228 
DMSO 1,362,097 1,183,384 47 

gefitinib 1,269,704 1,092,511 47 

PC9 replicate DMSO 1,362,097 1,183,384 47 

 
(B) micro-droplet systeme�_\bf  

Cell line Treatment Total raw reads Total used reads 
Number of Cells 

with >5 k tags 

PC9 
DMSO 127,631,437 64,433,148 5,166 

gefitinib 170,913,768 55,473,258 4,378 

II-18 
DMSO 173,605,651 57,839,961 4,965 

gefitinib 164,734,523 65,419,730 5,287 

H1650 
DMSO 100,094,271 49,223,558 4,348 

gefitinib 111,008,829 54,577,170 5,140 

H1975 
DMSO 161,777,133 33,499,006 3,079 

gefitinib 173,096,952 56,825,197 4,940 

H2228 
DMSO 176,666,104 61,861,660 5,354 

gefitinib 149,011,834 43,740,708 5,008 

H1975 replicate DMSO 139,741,411 59,100,428 5,152 
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図 1: micro-chamber システムとmicro-droplet システムを用いた RNAシークエンスデータ
セットの比較 
(A, B) l�a|�l�P�s�).Ĥʥʉƴɨ, micro-chamber system (A) * micro-droplet 
system (B)�(C) micro-chamber systemCǜ
"l�P�s�). gefitinib-Ī�?êŔ�(D,E) 
l�a|�l�P�s�). gefitinib-Ī�?êŔ�micro-chamber system(D)* micro-droplet 

system (E)�(F, G) top1ȓȫ* top2ȓȫCǜ
"ƴɨ micro-chamber system (F) * micro-droplet 
system (G)�oF^�´Ɓ(r)/Ą�-Ɏɩ� 

  



 

各プラットフォームの特徴 
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図２：細胞と遺伝子ごとの発現レベルの多様性 
(A-C)micro-chamber system* micro-droplet.ǩǖ�s�.ǲʊ�l�P�s�).ǩǖ.ǲʊ(A)*

micro-droplet.ȓȫƁC 50ȓȫ*�"ďñ.ǲʊ(B)��r�bfpL�y)�ȓȫ�s�).ǲʊ

(C)�ʬoF^�´Ɓ* p-value/Ą�-Ɏɩ�(D) wbo�Q�@"��gƁ*ƥÍ�@"ɺ§ĝ

Ɓ.ǲʊ� (E)ƥÍ�@"ɺ§ĝƁ(xɧ)* .ǲĪʞł(yɧ)�ʬoF^�´Ɓ* . p-value/Ą

�-Ɏɩ�(F)30,000tag/cell).�&.r�bfpL�y).ƴɨ�ʬoF^�´Ɓ* . p-value
/Ą�-Ɏɩ�(G)ɺ§ĝƁ(x-ɧ)*Ȁȉʞł(y-ɧ).ǲʊ� 

 

 

  



 

各遺伝子でのプラットフォームの比較 
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図３：個別の遺伝子に関する各プラットフォームでの発現情報 
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表３：各遺伝子の発現レベルの比較  

 
 

�  EGFR MYC TACSTD2 *AURKB 

micro-chamber 

l�P(rpkm) 

treated 10.18 12.6 468.68 30.35 

untreated 12.6 32.86 96.1 89.43 

fold 

(untreated/treated) 
1.23 2.61 0.21 2.95 

l�a|�l

�P(rpkm) 

treated 9.69 28.31 424.69 17.2 

untreated 13.87 34.68 118.34 126.39 

fold 

(untreated/treated) 
1.43 1.23 0.28 7.35 

micro-droplet 
l�a|�l

�P (ppm) 

treated 59.9 97.4 1985 124.25 

untreated 64.45 83.6 439.47 182.9 

fold 

(untreated/treated) 
1.08 0.86 0.22 1.47 

*  Ɠ:r�bfpL�yʉ.Ķ�Ė�
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シークエンス深度と発現レベルの関係 
Ƭ-�ðr�bfpL�y-�
(�ƥÍîȬ)�?ɺ§ĝǩǖēà*ȓȫʉĕƨŗ.ɔȓ-Ǵǰ

�"�X�PK�Z.ƽł��ðɺ§ĝ.ǩǖ�s�* .Îƀ-+.<�,ňʚC��?�Cƥ

ɐ�"�micro-chamber system. PC9T�f���μ. 44.ȓȫ.e�_C°ǜ��ȓȫ�">
.wbr�@"��g� 5,000, 10,000, 50,000, 100,000,  �( 500,000)�?ďñCŜģ�"�

ðɺ§ĝ._QƁCȉÍ��+.ǽł.ÎƀCƥÍ)�(
?�CǸɕ�"(Ą 3C)�Îƀ.ɑ³.
"9-�ðɺ§ĝ.ļĊ_QƁ)�ƩǄ»ĶCʎ�"ǲĪÎƀ.º: @!@ȉÍ�"(Ą 3C, H�
\bfȾ)�ǩǖ�s��«
ɺ§ĝ-�
(/���gƁ�ĭ,�,?-&@(_QƁ� 0*,?

ȓȫƁ�đÚ�"� ."9�ǲĪÎƀ/ǣ©Ǭ-Ė��,?¾ó�ɕ9=@"�6"�micro-droplet 
system)ȓȫ. cut-off-Òǜ�" 5,000_Q�s�)/�ðɺ§ĝ._QƁ/+.<�-,?.
�CĄǹ�"(Ą 3D)��ªʱʭʭʭª)�? UBE2D1ɺ§ĝ-�
(/��.�s�)/Æ¬.

91%-ņ"? 40ȓȫ� 0_QCǹ��*�ǹ�@"��@-Ī��SQSTM1; TMBIM6*
%
"ʦǩǖ�s�.ɺ§ĝ-�
(/�«
��gƁ-�
(:ǲĪÎƀ/Ȝů�@(
"(Ą 3C, ȕ
7ɫ7Ⱦʮ,2)�  



0

1

2

3

5000 10000 50000 100000 500000
reads

lo
g1
0(
ta
gs
)

gene
SQSTM1

TMBIM6

RPL36A

YTHDF2

UBE2D1

N
um

be
r o

f  
ta

g 
(lo

g1
0)

 

0�

1�

2�

3�

5,000� 10,000� 50,000� 100,000� 500,000�
(mapped reads per cell) �

0

1

2

3

5000 10000 50000 100000 500000
reads

lo
g1
0(
ta
gs
)

gene
SQSTM1

TMBIM6

RPL36A

YTHDF2

UBE2D1

SQSTM1 
 
TMBIM6 
 
RPL36A 
 
YTHDF2 
 
UBE2D1 

gene 

Gene Rank 
synthetic 

bulk  
(rpkm) 

number of cells with 0 tag per cell 
5,000  
reads 

10,000  
reads 

50,000  
reads 

100,000  
reads 

500,000V
reads 

SQSTM1 250 417.7 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 
TMBIM6 500 193.2 3 (7) 1 (2) 0 (0) 0 (0) 0 (0) 
RPL36A 1000 91.8 15 (34) 3 (7) 0 (0) 0 (0) 0 (0) 
YTHDF2 2500 27.1 30 (68) 16 (36) 0 (0) 1 (2) 0 (0) 
UBE2D1 5000 8.63 40 (91) 37 (84) 20 (45) 12 (27) 5 (11) 

relative divergence 
5,000 reads 10,000 reads 50,000 reads 100,000 reads 500,000 reads 

SQSTM1 0.45 0.44 0.37 0.34 0.34 
TMBIM6 0.61 0.51 0.27 0.28 0.25 
RPL36A 0.93 0.58 0.45 0.52 0.47 
YTHDF2 1.74 1.02 0.67 0.68 0.59 
UBE2D1 3.20 2.45 1.30 1.07 1.00 

C�



0 2 4 6 8 10 12

0
10

20
30

40

mapped tags per cell

fr
eq

ue
nc

y

0 2 4 6 8 10 12

0
10

20
30

40

mapped reads per cell
fre

qu
en

cy

SQSTM1�

0 2 4 6 8 10 12

0
10

20
30

40

mapped reads per cell

fre
qu

en
cy

0 2 4 6 8 10 12

0
10

20
30

40

mapped reads per cell

fre
qu

en
cy

RPL36A�TMBIM6�

YTHDF2�

0 2 4 6 8 10 12

0
10

20
30

40

mapped reads per cell

fre
qu

en
cy

UBE2D1�

0 2 4 6 8 10 12

0
10

20
30

40

mapped tags per cell

fre
qu

en
cy

five genes�

mapped reads per cell �

mapped reads per cell �

mapped reads per cell �

mapped reads per cell �

mapped reads per cell �

fr
eq

ue
nc

y 
�

fr
eq

ue
nc

y 
�

fr
eq

ue
nc

y 
�

fr
eq

ue
nc

y 
�

fr
eq

ue
nc

y 
�

mapped reads per cell �

fr
eq

ue
nc

y 
�

D�



 

図３：個別の遺伝子に関する各プラットフォームでの発現情報 
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異なる scRNA-seq のデータセットにより示唆される細胞の状態 
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図３：個別の遺伝子に関する各プラットフォームでの発現情報 
(E) ȩȮ�DȓȫƢ.PCA�127ɺ§ĝ.ǩǖśĎ-č'��micro-chamber systemʪ�ʫ*micro-droplet 

system(�)�=.ȓȫC @!@ PCA-<>P�Z_��Q�"� 

(F) PC9ȓȫ.ȓȫöƕ.ŷģ�n�fwbr* PCA�micro-chamber system:�* micro-droplet system:

�� 

(G) ȇ�ªȓȫCǜ
" MAPK/ERKmZIJH.îɆà�micro-chamber system:�* micro-droplet 

system:�� 

 

 
  



 

micro-chamber system のデータセットによるmicro-droplet system の欠損値推定 
� micro-droplet system-�
(�ƮǸ)�?îȬŗ��?ɺ§ĝǩǖśĎ-&
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(�micro-droplet 
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図 4: micro-chamber system データセットによるmicro-droplet system データセットの推
定 
(A)�ǃȌł.Îķ�ǲʊ´Ɓ(x-axis)*ɺ§ĝƁ(y-axis)�ðǲʊ´Ɓ-��?×ñ(ɡ)CĄ�-Ɏɩ�

(B)ŷģº*Ĥǃºʉ.(x-axis) *Ȁȉɺ§ĝƁ(y-axis). (C) ƫżºŷģ.ƥɐ�ɺ§ĝǩǖ(x-axis)*

ǲʊ´Ɓ(y-axis).ʊ´. R>0.5.ɺ§ĝ and validated samples >5 are shown (421 genes)�l�Pǩǖ�

s�>-0.5 (log10 rpkm))�?ɺ§ĝ-Ī�(.ɬ©ǱȠ)/�r=0.74.ǲʊ�Ŏ=@" (D)ʰɺ§ĝ

-��?ƩǄà�@"ŷģº(x-axis)*ƩǄà�@"Ĥǃº(y-axis) .ǲʊ�ƴɨ."9�Ǣ,?ºC

0-1-ƩǄà�Æ(.ȓȫ-Ī�?oF^�ǲʊ´Ɓ(ʩ)*Ą�.ă7.�.ȓȫ.7-Ī�(.o

F^�ǲʊ´Ɓ(ʕ) CĄ�-ǹ�"�Ą�-Ɏɩ�@"Ĥǃº/T�f���μ.e�_\bfǞ

ƛ)�?�ƩǄà�@"ZR��-�
( 0.8* 0.4-ǲņ�?Ĥǃº (log10 PPM) /Ą�-Ɏɩ

(ɡ). 

  



 

表４：MAPK パスウェイの遺伝子の発現レベルの推定 

MAPK gene Predictive precisions 
Partially predictive 

precisions 
Proportion of samples 

PAK6   -0.12 0.7 30% 

SPRED2 -0.16 0.69 3% 

MKNK2  -0.03 0.59 16% 

MAP2K1 0.03 0.49 3% 

EEF2K -0.22 0.4 53% 

ETS1 -0.19 0.39 42% 

IRS1 0.06 0.47 16% 

  



 

1.3 考察 
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(âÎ,Ȍł).ɺ§ĝǩǖɌǃ�îȬ��,B$f
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(/�·�.ɺ§ĝǩǖɌǃȌł-ǣü�Ʊ%"� �)�micro-droplet systeme�_-&


(·Ñ.ɺ§ĝ.ǩǖe�_.șɌŷģ�îȬ)�?�.ƥɍCȼ%"�LASSO-<?Ɋƞ.ȗƟ�
ʦǩǖɺ§ĝ-&
(�ģ.ŷģȌł�Ŏ=@":..�«ǩǖɺ§ĝ-&
(/²Ǎ*�(� 

.ŷģ/Ăʔ)�%"� 

 
� £�.ȗƟ�=�·�.e�_\bf/ @!@-ąƔ.ÒǊ�ğĈ�?:..�äǒ)/âÎ

,f��ZP�rf�y�<1ȓȫNl�Ǖ.�Ɔ.ɉǊ)�âÎ-Ȍł).ʦ
 scRNA-SeqɊƞ

Cȼ��*/Ăʔ)�%"�ǖǑ. scRNA-seqr�bfpL�yCǜ
(�<>ɔȓ,ɊƞCȼ�
-/�V�r�-<>ƆƷCɹŪ�?œɃŗ;�śĎĠǬ�?
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(
?śĎCɀ�œɃŗ��?*ȥ�=@?� 
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 micro-chamber system.7-<?Ɋƞ:ƔÞ,ŤƲ*,>
�?*ȥ�=@?� 

 
� Ĥʥ½�=.Fr��a*�(/�ȓȫƁ.əƂ��&.ŤƲ*�(ȥ�=@?�micro-droplet 
system)/�ɏģîȬ,ȓȫƁ� 1,000ȓȫ�= 5,000ȓȫ)�?�micro-droplet system)/�
�Hq���.əƂ�6*9(ȼB@?"9���gCɂƁ.ȓȫ�ę
ñ�ǑŠ-,?�Ɋƞ.
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第二章：『データセットの相互補完と生物学的意義の検証』 
 
2.1 実験方法 
モジュールに基づく一細胞解析 
RmbR�Y.“WGCNA(Weight co-related gene network analysis)”C°ǜ��Èǩǖjbf��
P{Y~��.ƧȋCȼ,%"�micro-chambere�_\bf. PC9ȓȫ�T�f���μ(44ȓ
ȫ)* DMSOμ(22ȓȫ)�ñɌ 66ȓȫ�=�5RPKM£�.ǩǖʂCů&ɺ§ĝ� 5000£�)�

?ȓȫCʎè�"�Ŏ=@" 61ȓȫ.ɺ§ĝǩǖe�_Cǜ
(�71.{Y~��C®Ţ�"�
 @!@.{Y~��-&
(MEº(module eigengene)CȉÍ�"�{Y~���*.ǐőCɑ
³�?"9-�{Y~��-ô6@?ɺ§ĝ-&
( GOɊƞCȼ,%"�òƨ-� .þǾ.ȓ

ȫƢ-�
(:WGCNA-<?Èǩǖjbf��P{Y~��ɊƞCȼ%"� 

 
生存曲線による解析 
TCGA.e�_\bfCɊƞ�?"9-�TCGAȩȮ�D(TCGA lung adenocarcinoma, 
TCGA-LUAD). RNA-seq v2e�_*ȰŁśĎC NCI Genomic Data Common�=
TCGA-Assembler v2.0.1(2017/03/09-`I���g)ÅŤ�" 46��@=.e�_.�$ 506Ǧ±

-ʊ�(/ RNA-seq.e�_\bf*ȰŁśĎCòƏ-Ŏ?�*�)�"� 
RNA-seq.e�_\bf/�assayPlatform� “gene.normalized_RNAseq”)�>�cancerType � 
“LUAD”)�?:.CɹŪ�"�ǩǖ�s�/ log2 (expression + 1)2*ēź�"� @!@.ɺ§

ĝ-&
(� .ļĊǩǖʂ+ 0.5 s.d.£�-�?:.Cʦǩǖ� average - 0.5 s.d£�-�?:.
C«ǩǖ*ģȤ�"� 
ȰŁśĎ-ʊ�(/�cancerType � “LUAD”)�?:.-&
(�clinical patient file* follow-up 

fileC°ǜ�"�Nr��wH}�Ɋƞ/ R. “survival package”Cǜ
(ȼ,%"� 

  



 

2.2 結果 
モジュール発現レベルでの一細胞解析 
� £ʌ.Ɋƞ)/�SpGaiq-Ī�(şíŗ)�?*�@(
? PC9* II-18.ʯ&.ȓȫƢ
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図５： micro-chamber system データセットの micro-droplet system への写像 
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図５： micro-chamber system データセットの micro-droplet system への写像 
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図 6: TCGA-LUAD データセットによる生物学的意義の解明 
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micro-chamber 
(データ:◎, 細胞数:△)

micro-droplet 
(データ:△, 細胞数:◎)

R	package	
“WGCNA”

インプットとして利用

micro-chamber 
(データ:◎, 細胞数:△)

モジュールによるクラスタリング	
→外れ細胞の検出

モジュールによるクラスタリング	
→外れ細胞に該当する細胞群の検出

TCGAデータセット 
(臨床bulkデータセット)

生物学的な意義の検証	
→予後の違い

データセットの統合

“外れ細胞	s_062”

scRNA-seq

PC9細胞

“s_062相当”

micro-chamber	データセット	

micro-droplet	データセット

図S-1 : 本研究の総括 
一細胞RNA-seqのプラットフォームであるmicro-chamber systemとmicro-droplet systemはそれぞれデータセットに特徴が
あるが、一方のデータセットだけでは、希少な細胞の詳細な解析や集団における頻度の推定をすることは困難である。しかし、
互いのデータセットを組み合わせ、共発現ネットワーク解析を行うことで、がん抵抗性に関与する可能性が示唆される外れ細胞
を検出することを可能にした。 
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FigS1 
(A)  micro-chamber systemでの一細胞分離。 
(B)  micro-droplet systemでの一細胞分離。 
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Fig.S4　欠損値推定の評価 
LASSOによる欠損値推定の結果(x-axis)と実験での実測値(y-axis)の相関。各軸の値は標準化されており、
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Fig.S6　WGCGAによる各細胞株でのモジュールの抽出 
(A) PC9細胞でのモジュール抽出。細胞のクラスタリング(上)、powerの設定(中央)、モジュールの抽出
(下)。 



micro-chamber dataset 22913 genes/ 94 cells  
--> remove outlier cells  

 (s_265, s_281, s_282) 
--> remove low expression genes  

 (5rpkm> at least 1 cell) 
--> 13594 genes /  91 cells 

  (DMSO 47 cells, gefitinib 44 cells) 
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Fig.S6　WGCGAによる各細胞株でのモジュールの抽出 
(B) II-18細胞でのモジュール抽出。細胞のクラスタリング(上)、powerの設定(中央)、モジュールの抽出
(下)。 
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--> remove low expression genes  
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Fig.S6　WGCGAによる各細胞株でのモジュールの抽出 
(C) H1650細胞でのモジュール抽出。細胞のクラスタリング(上)、powerの設定(中央)、モジュールの抽
出(下)。 
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Fig.S6　WGCGAによる各細胞株でのモジュールの抽出 
(D) H1975細胞でのモジュール抽出。細胞のクラスタリング(上)、powerの設定(中央)、モジュールの抽
出(下)。 



micro-chamber dataset 22913 genes/ 94 cells  
M-> remove outlier cells  

 (s_428, s_458) 
--> remove low expression genes  

 (5rpkm> at least 1 cell) 
--> 14293 genes /  92 cells 

  (DMSO 47 cells, gefitinib 45 cells) 
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Fig.S6　WGCGAによる各細胞株でのモジュールの抽出 
(E) H2228細胞でのモジュール抽出。細胞のクラスタリング(上)、powerの設定(中央)、モジュールの抽
出(下)。 
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V�
V� Total raw reads Reads without PCR sisters % 

PC9 DMSO 127631437 86320712 68 

gefitinib 170913768 73809216 43 

II-18 DMSO 173605651 82652598 48 

gefitinib 164734523 98278555 60 

H1650 DMSO 100094271 68329141 68 

gefitinib 111008829 76768723 69 

H1975 DMSO 161777133 70871586 44 

gefitinib 173096952 115455843 67 

H2228 DMSO 176666104 96259797 54 

gefitinib 149011834 67743954 45 

V�
V� average 83649013 57 

Supplemental Tables�
�

Supplemental Table S1, PCR sisterH�"j���&hbj��LL�
�



group_id symbol cellular processes 
15780 VHL Transcription factor/regulator 
11582 GATA3 Transcription factor/regulator 
750 TSHZ3 Transcription factor/regulator 

2425 EP300 Transcription factor/regulator 
14934 CTCF Transcription factor/regulator 
10569 TAF1 Transcription factor/regulator 
2057 TSHZ2 Transcription factor/regulator 
5925 RUNX1 Transcription factor/regulator 
15078 MECOM Transcription factor/regulator 
12139 TBX3 Transcription factor/regulator 
10387 SIN3A Transcription factor/regulator 
3514 WT1 Transcription factor/regulator 
5407 EIF4A2 Transcription factor/regulator 
4302 FOXA1 Transcription factor/regulator 
2703 PHF6 Transcription factor/regulator 
8619 CBFB Transcription factor/regulator 
17119 SOX9 Transcription factor/regulator 
11323 ELF3 Transcription factor/regulator 
9263 VEZF1 Transcription factor/regulator 
3535 CEBPA Transcription factor/regulator 
14411 FOXA2 Transcription factor/regulator 
14629 MLL3 Histone modifier 
2450 MLL2 Histone modifier 
6259 ARID1A Histone modifier 
4921 PBRM1 Histone modifier 
13212 SETD2 Histone modifier 
2495 NSD1 Histone modifier 
13785 SETBP1 Histone modifier 
3547 KDM5C Histone modifier 
6927 KDM6A Histone modifier 
8873 MLL4 Histone modifier 
15388 ARID5B Histone modifier 
12304 ASXL1 Histone modifier 
11980 EZH2 Histone modifier 
3772 TP53 Genome integrity 
14586 ATM Genome integrity 
2811 ATRX Genome integrity 

14757 BRCA2 Genome integrity 
7304 ATR Genome integrity 
552 STAG2 Genome integrity 

11636 BAP1 Genome integrity 
1909 BRCA1 Genome integrity 
8980 SMC1A Genome integrity 
14209 SMC3 Genome integrity 
8773 CHEK2 Genome integrity 
1402 RAD21 Genome integrity 
17511 ERCC2 Genome integrity 
17604 EGFR RTK signaling 
15676 FLT3 RTK signaling 
4528 EPHA3 RTK signaling 
18334 ERBB4 RTK signaling 
6865 PDGFRA RTK signaling 
3398 EPHB6 RTK signaling 
7547 FGFR2 RTK signaling 
11079 KIT RTK signaling 
15888 FGFR3 RTK signaling 
12210 CDKN2A Cell cycle 
11469 RB1 Cell cycle 
2739 CDK12 Cell cycle 
3326 CDKN1B Cell cycle 
5431 CCND1 Cell cycle 
10831 CDKN1A Cell cycle 
13024 CDKN2C Cell cycle 

group_id symbol cellular processes 
6698 KRAS MAPK signaling 
3380 NF1 MAPK signaling 
3091 MAP3K1 MAPK signaling 
2763 BRAF MAPK signaling 
21 NRAS MAPK signaling 
962 MAP2K4 MAPK signaling 
9160 MAPK8IP1 MAPK signaling 
6196 PIK3CA PI(3)K sigaling 
2176 PTEN PI(3)K sigaling 
7229 PIK3R1 PI(3)K sigaling 
4321 TLR4 PI(3)K sigaling 
5418 PIK3CG PI(3)K sigaling 
263 AKT1 PI(3)K sigaling 
1435 SMAD4 TGF-β signaling 
5665 TGFBR2 TGF-β signaling 
14533 ACVR1B TGF-β signaling 
9481 SMAD2 TGF-β signaling 
10005 ACVR2A TGF-β signaling 
8959 APC Wnt/β-catenin signaling 
15479 CTNNB1 Wnt/β-catenin signaling 
14569 AXIN2 Wnt/β-catenin signaling 
11268 TBL1XR1 Wnt/β-catenin signaling 
5016 SOX17 Wnt/β-catenin signaling 
7041 HIST1H1C Histone 
17525 H3F3C Histone 
2288 HIST1H2BD Histone 
17014 FBXW7 Proteolysis 
6619 KEAP1 Proteolysis 
7437 SPOP Proteolysis 
15136 U2AF1 Splicing 
10460 SF3B1 Splicing 
12086 PCBP1 Splicing 
8391 CDH1 HIPPO signaling 
4334 AJUBA HIPPO signaling 
966 DNMT3A DNA methylation 
6061 TET2 DNA methylation 
18428 IDH1 Metabolism 
3927 IDH2 Metabolism 
6922 NFE2L2 NFE2L 
12129 NFE2L3 NFE2L 
12950 PPP2R1A Protein phosphatase 
8706 PTPN11 Protein phosphatase 
3212 RPL22 Ribosome 
2557 RPL5 Ribosome 
11217 MTOR TOR signaling 
4039 STK11 TOR signaling 
12262 NAV3 Other 
14014 NOTCH1 Other 
13036 LRRK2 Other 
25173 MALAT1 Other 
7657 ARHGAP35 Other 
10485 POLQ Other 
2713 NCOR1 Other 
1777 USP9X Other 
1200 NPM1 Other 
7369 HGF Other 
12547 EPPK1 Other 
7760 AR Other 
2300 LIFR Other 
7322 PRX Other 
15580 CRIPAK Other 
12800 EGR3 Other 
5724 B4GALT3 Other 
25281 MIR142 Other 

Supplemental Table S2, �9<+jPCAiorz�����{i4Yc127SMGsE�����L�



Symbol gene name 

CCNE1 cyclin E1 

E2F1 E2F transcription factor 1 

CDC6 cell division cycle 6 

PCNA proliferating cell nuclear antigen 

RFC4 replication factor C (activator 1) 4, 37kDa 

DHFR dihydrofolate reductase 

RRM2 ribonucleotide reductase M2 

RAD51 RAD51 recombinase 

CDK1 cyclin-dependent kinase 1 

TOP2A topoisomerase (DNA) II alpha 170kDa 

CCNF cyclin F 

CCNA2 cyclin A2 

AURKA aurora kinase A 

BUB1 BUB1 mitotic checkpoint serine/threonine kinase 

CCNB1 cyclin B1 

PLK1 polo-like kinase 1 

PTTG1 pituitary tumor-transforming 1 

RAD21 RAD21 homolog (S. pombe) 

VEGFC vascular endothelial growth factor C 

CDKN3 cyclin-dependent kinase inhibitor 3 

Supplemental Table S3,細胞周期の解析に使用された遺伝子リスト 
(A) micro-chamber systemj9<�(j%�i
4_scE�� 



phase Symbol R 
G1/S ACD 0.2084462 
G1/S APEX2 0.2148424 
G1/S CCNE1 0.2663608 
G1/S CCNE2 0.3252323 
G1/S CDC6 0.3118351 
G1/S CDCA7L 0.2902344 
G1/S CHAF1A 0.2369656 
G1/S CLSPN 0.3776165 
G1/S E2F1 0.2836067 
G1/S GINS2 0.4020135 
G1/S GMNN 0.4269952 
G1/S INTS8 0.2561322 
G1/S LUC7L3 0.2050314 
G1/S MCM2 0.2240236 
G1/S MCM5 0.2868178 
G1/S MCM6 0.2503445 
G1/S NASP 0.3089949 
G1/S PCNA 0.5877051 
G1/S POLD3 0.2613784 
G1/S SLBP 0.5079985 
G1/S UNG 0.2762654 
S ASF1B 0.241012 
S CDC45 0.2327182 
S CENPM 0.2157942 
S ENOSF1 0.4931348 
S FEN1 0.2346011 
S GCLM 0.2522648 
S H1F0 0.2029316 
S HIST1H4C 0.36078 
S RRM2 0.3137284 
S RSRC2 0.2007431 
S TOP2A 0.2312718 
S TYMS 0.4957512 
S UBE2T 0.3587391 
S ZWINT 0.4421044 

phase Symbol R 
G2/M ANLN 0.2723649 
G2/M AURKB 0.5321099 
G2/M BORA 0.2714558 
G2/M BUB3 0.2748968 
G2/M CCNA2 0.4965628 
G2/M CCNF 0.2104578 
G2/M CDCA2 0.2311073 
G2/M CDCA3 0.400363 
G2/M CDCA8 0.2783313 
G2/M CDK1 0.5821498 
G2/M CDKN2C 0.2262832 
G2/M CKAP2 0.3141243 
G2/M CKAP2L 0.2641564 
G2/M FAM83D 0.5195265 
G2/M GAS2L3 0.2245058 
G2/M H2AFX 0.2285597 
G2/M HJURP 0.4282288 
G2/M HMGB2 0.6292196 
G2/M KIF5B 0.3209594 
G2/M KIF20B 0.2873333 
G2/M KIF22 0.2844896 
G2/M KIF23 0.332756 
G2/M KIFC1 0.2672676 
G2/M KPNA2 0.6223326 
G2/M MAD2L1 0.2339825 
G2/M MALAT1 0.409941 
G2/M NDC80 0.3773631 
G2/M NUCKS1 0.2874382 
G2/M NUSAP1 0.4998711 
G2/M PIF1 0.2399757 
G2/M PSMD11 0.2376324 
G2/M PSRC1 0.3390074 
G2/M RCCD1 0.2086352 
G2/M SAP30 0.2066004 
G2/M SMC4 0.449287 
G2/M TOP2A 0.4822954 
G2/M TUBB 0.4278037 
G2/M TUBB4B 0.4368572 
G2/M UBE2C 0.6418814 

phase Symbol R 
M AKIRIN2 0.2031315 
M ANLN 0.2958071 
M ANP32B 0.2541205 
M ANP32E 0.255035 
M ARL6IP1 0.628574 
M AURKA 0.6092834 
M BIRC5 0.3754414 
M BUB1 0.2367238 
M CCNA2 0.5522542 
M CCNB2 0.5141196 
M CDC20 0.6619391 
M CDC25B 0.2580322 
M CDCA3 0.4926722 
M CENPA 0.476688 
M CENPE 0.4081029 
M CENPF 0.5463907 
M CKAP2 0.3407493 
M CKS1B 0.2007793 
M CKS2 0.49405 
M DEPDC1 0.475011 
M DEPDC1B 0.2824315 
M DLGAP5 0.2684237 
M DNAJA1 0.2247345 
M FAM64A 0.4000655 
M GAS2L3 0.229844 
M GTSE1 0.3815512 
M HMGB3 0.3296062 
M HMMR 0.525004 
M HN1 0.3157104 
M HSPA8 0.4904216 
M KIF2C 0.310216 
M KIF5B 0.3977087 
M KIF20B 0.3202733 
M LBR 0.2530543 
M MKI67 0.3967232 
M MZT1 0.2896028 
M NEK2 0.4019897 
M NUF2 0.407485 
M NUSAP1 0.5026313 
M PBK 0.2675716 
M PLK1 0.6684096 
M PRR11 0.2214031 
M RBM8A 0.2013137 
M SFPQ 0.2199022 
M SGOL2 0.4225035 
M SRSF3 0.2975546 
M TACC3 0.2837015 
M THRAP3 0.2032257 
M TPX2 0.5248069 
M TTK 0.2213745 
M TUBB4B 0.5222375 

M-G1 ANP32E 0.259491 
M-G1 CDKN3 0.47832 
M-G1 DKC1 0.2441299 
M-G1 DYNLL1 0.3258742 
M-G1 GRPEL1 0.2068026 
M-G1 HSPA8 0.4251107 
M-G1 ILF2 0.3342597 
M-G1 KIF5B 0.2619027 
M-G1 LYAR 0.2317684 
M-G1 MORF4L2 0.3570747 
M-G1 MRPS18B 0.2187978 
M-G1 NUCKS1 0.3798808 
M-G1 NUP37 0.2350708 
M-G1 PBK 0.2099027 
M-G1 PRC1 0.2334793 
M-G1 PTTG1 0.6069561 
M-G1 RAD21 0.258954 
M-G1 RAN 0.4816124 
M-G1 SRSF3 0.3415955 

Supplemental Table S3,細胞周期の解析に使用された遺伝子リスト 
(P) micro-droplet systemj9<�(j%�i
4_scE�� 



gene symbol NCBI gene id 
CENPA NM_001042426,NM_001809 
SGOL2 NM_001160033,NM_001160046,NM_152524 
CKAP2L NM_001304361,NM_152515 
RAD21 NM_006265 
CNTRL NM_007018 

STIL 
NM_001048166,NM_001282936,NM_001282937,NM_001282938,NM_001282
939,NM_003035 

POLH NM_001291969,NM_001291970,NM_006502 
GPSM2 NM_013296 
TTK NM_001166691,NM_003318 
NUF2 NM_031423,NM_145697 
LARGE NM_004737,NM_133642 
HMMR NM_001142556,NM_001142557,NM_012484,NM_012485 
KIFC1 NM_002263 
AURKA NM_003600,NM_198433,NM_198434,NM_198435,NM_198436,NM_198437 
BUB1 NM_001278616,NM_001278617,NM_004336 
PIF1 NM_001286496,NM_001286497,NM_001286499,NM_025049 
TROAP NM_001100620,NM_001278324,NM_005480 
TRAIP NM_005879 
IFNAR1 NM_000629 
DEPDC1 NM_001114120,NM_017779 
SPDL1 NM_017785 
NCAPG NM_022346 
ERN2 NM_033266 
KNSTRN NM_001142761,NM_001142762,NM_033286 
CKAP2 NM_001098525,NM_001286686,NM_001286687,NM_018204 
FAM72B NM_001100910 
CENPE NM_001286734,NM_001813 
HACD4 NM_001010915 
KIF14 NM_014875 
CDC25C NM_001287582,NM_001287583,NM_001790,NM_022809 
CDCA2 NM_152562 
RNF26 NM_032015 
PSRC1 NM_001005290,NM_001032291,NM_032636 
GAS2L3 NM_001303130,NM_001303131,NM_174942 
KIF15 NM_020242 
ESPL1 NM_012291 
AURKAPS1 NR_001587 
HMMR-AS1 NR_109892 

Supplemental Table S4,  PC9j����� “lightsteelblue1” 
(A) PC9 j�����“lightsteelblue1”j��� 

rank enrichmentP BonferoniP termID termOntology termName 
1 6.42E-16 9.45E-12 GO:0022402 BP cell cycle process 
2 4.05E-15 5.95E-11 GO:0000278 BP mitotic cell cycle 
3 4.81E-15 7.08E-11 GO:0007067 BP mitotic nuclear division 
4 5.98E-15 8.79E-11 GO:0007059 BP chromosome segregation 
5 6.21E-15 9.13E-11 GO:0051301 BP cell division 
6 2.80E-13 4.12E-09 GO:0007049 BP cell cycle 
7 4.95E-12 7.28E-08 GO:0007017 BP microtubule-based process 
8 7.64E-12 1.12E-07 GO:0000819 BP sister chromatid segregation 
9 4.02E-11 5.91E-07 GO:0005819 CC spindle 
10 1.68E-10 2.47E-06 GO:0015630 CC microtubule cytoskeleton 

(B) �����“lightsteelblue1”iZ]rGO>)j:* 



Gene Symbol NCBI gene id 
COG3 NM_031431 
ZNF845 NM_138374 
PLD1 NM_001130081,NM_002662 
DUSP1 NM_004417 
RGCC NM_014059 
TRIM52 NM_032765 
HMOX1 NM_002133 

PITX2 
NM_000325,NM_001204397,NM_001204398,NM_00120439
9,NM_153426,NM_153427 

GDPD1 NM_001165993,NM_001165994,NM_182569 
RNF2 NM_007212 
WDR78 NM_024763,NM_207014 
JMY NM_152405 
ELF1 NM_001145353,NM_172373 

NAV2 
NM_001111018,NM_001111019,NM_001244963,NM_145117
,NM_182964 

ASAP3 NM_001143778,NM_017707 
ASB7 NM_024708,NM_198243 
ATXN7 NM_000333,NM_001128149,NM_001177387 
PSG8 NM_001130167,NM_001130168,NM_182707 
PARP16 NM_017851 
ACTG1 NM_001199954,NM_001614 
PRR34 NM_018280 
SNAI2 NM_003068 
C19orf73 NM_018111 
CCDC153 NM_001145018 

TFEB 
NM_001167827,NM_001271943,NM_001271944,NM_00127
1945,NM_007162 

GSDMB 
NM_001042471,NM_001165958,NM_001165959,NM_01853
0 

GTDC1 
NM_001006636,NM_001164629,NM_001284233,NM_00128
4234,NM_001284235,NM_001284238,NM_024659 

TMEM14C NM_001165258,NM_016462 
RAB42 NM_001193532,NM_152304 
THBD NM_000361 
KPNA5 NM_002269 
PLCE1 NM_001165979,NM_001288989,NM_016341 
CFHR1 NM_002113 
KBTBD6 NM_152903 
KRTAP2-1 NM_001123387 
OSTM1 NM_014028 
CSRP3 NM_003476 
HDAC10 NM_001159286,NM_032019 

SYTL3 
NM_001009991,NM_001242384,NM_001242394,NM_00124
2395 

ATF3 
NM_001030287,NM_001040619,NM_001206484,NM_00120
6486,NM_001206488,NM_001674 

ARHGEF37 NM_001001669 
ANO8 NM_020959 
HIST1H2AI NM_003509 
CFP NM_001145252,NM_002621 
EPM2AIP1 NM_014805 
SAMD4A NM_001161576,NM_001161577,NM_015589 
KRTAP2-4 NM_033184 
KRTAP2-2 NM_033032 
TSSK2 NM_053006 
PTGER4 NM_000958 
CCNT1 NM_001240,NM_001277842 
FAM209A NM_001012971 

SGK1 
NM_001143676,NM_001143677,NM_001143678,NM_00129
1995,NM_005627 

CCDC18 NM_206886 
GAS1 NM_002048 
TDRP NM_001256113,NM_175075 
RND3 NM_001254738,NM_005168 
RHOB NM_004040 
KRTAP2-3 NM_001165252 
CLEC2B NM_005127 
SLC22A20 NM_001004326 
SPTBN2 NM_006946 
TNFRSF10D NM_003840 
CDK18 NM_002596,NM_212502,NM_212503 
NFIL3 NM_001289999,NM_001290000,NM_005384 

Gene Symbol NCBI gene id 
HIST1H2AJ NM_021066 
TULP2 NM_003323 
SBNO2 NM_001100122,NM_014963 
ID4 NM_001546 
VAMP4 NM_001185127,NM_003762 
TMEM65 NM_194291 

TRPV4 
NM_001177428,NM_001177431,NM_001177433,NM_02
1625,NM_147204 

DCUN1D4 
NM_001040402,NM_001287755,NM_001287757,NM_0
15115 

WDSUB1 NM_001128212,NM_001128213,NM_152528 
PUS10 NM_144709 
AOC2 NM_001158,NM_009590 
PKP1 NM_000299,NM_001005337 
IL6 NM_000600 
LRRC69 NM_001129890 
SLC2A10 NM_030777 
COL17A1 NM_000494 
AMIGO3 NM_198722 
IFNE NM_176891 
ATP6AP1L NM_001017971 

RARA 
NM_000964,NM_001024809,NM_001145301,NM_0011
45302 

MYLIP NM_013262 

RNF38 
NM_022781,NM_194328,NM_194329,NM_194330,NM_
194332 

ANKRD65 NM_001145210,NM_001243535,NM_001243536 
SCRN3 NM_001193528,NM_024583 
GLP2R NM_004246 
SOCS6 NM_004232 
AQP11 NM_173039 
FBXO32 NM_001242463,NM_058229,NM_148177 
IRGQ NM_001007561 

MAST4 
NM_001164664,NM_001290226,NM_001290227,NM_0
01290228,NM_001297651,NM_015183,NM_198828 

IGIP NM_001007189 
ACAD10 NM_001136538,NM_025247 

ZNF248 
NM_001267597,NM_001267605,NM_001267606,NM_0
01267607,NM_021045 

GPR25 NM_005298 
ZFP36 NM_003407 
TRAPPC8 NM_014939 
UPRT NM_145052 
CELSR2 NM_001408 
FOXJ2 NM_018416 
TMEM81 NM_203376 
LOC100130331 NR_027247 
ZNF197-AS1 NR_046658 
LOC155060 NR_036573 
LINC00511 NR_033876 
LOC100126784 NR_015384 
LOC101927571 NR_110782 
MIR6792 NR_106850 
DKFZP434I0714 NR_033797 
LOC283440 NR_033958 
PPP1R26-AS1 NR_038969 
LOC100379224 NR_033341 
PAN3-AS1 NR_029383 
LOC101927267 NR_120449 
PIK3IP1-AS1 NR_110542 
LINC01006 NR_103858 
MIR6880 NR_106940 
MIR1231 NR_031599 
LOC102724000 NR_121615 
ACTG1P20 NR_033926 
AGBL5-AS1 NR_046730 

Supplemental Table S5,  PC9j����� “Tagenta” 
(A) PC9 j�����“magenta”j��� 



(B) �����“magenta”jGO>)j:*L 

rank enrichmentP BonferoniP termID termOntology termName 
1 9.01E-06 0.132589083 GO:0006959 BP humoral immune response 
2 0.00013173 1 GO:0002366 BP leukocyte activation involved in immune response 
3 0.000143901 1 GO:0002286 BP T cell activation involved in immune response 
4 0.000225331 1 GO:0050710 BP negative regulation of cytokine secretion 
5 0.000393841 1 GO:0045630 BP positive regulation of T-helper 2 cell differentiation 

6 0.000445651 1 GO:0001078 MF 

RNA polymerase II core promoter proximal region 
sequence-specific DNA binding transcription factor 

activity involved in negative regulation of 
transcription 

7 0.000463626 1 GO:0000982 MF 

RNA polymerase II core promoter proximal region 
sequence-specific DNA binding transcription factor 

activity 
8 0.000529063 1 GO:0008081 MF phosphoric diester hydrolase activity 
9 0.000548049 1 GO:0006956 BP complement activation 
10 0.000548049 1 GO:0042093 BP T-helper cell differentiation 



Gene symbol NCBI gene id 
CCNO NM_021147 
AKR1A1 NM_001202413,NM_001202414,NM_006066,NM_153326 
ATP6V0E1 NM_003945 
CDKN2B NM_004936,NM_078487 
ASAH1 NM_001127505,NM_004315,NM_177924 
CSF1 NM_000757,NM_172210,NM_172211,NM_172212 
SOX4 NM_003107 
HIST2H2BE NM_003528 
ALG1L NM_001015050,NM_001195223 
DSTN NM_001011546,NM_006870 
HLA-A NM_001242758,NM_002116 
BMF NM_001003940,NM_001003942,NM_001003943,NM_033503 
HIST1H2BD NM_021063,NM_138720 

TEAD2 
NM_001256658,NM_001256659,NM_001256660,NM_00125666
1,NM_001256662,NM_003598 

ANXA4 NM_001153 
GOLGA2 NM_004486 
MXD4 NM_006454 

TP53I11 
NM_001258320,NM_001258321,NM_001258322,NM_00125832
3,NM_001258324,NM_006034 

BRD2 
NM_001113182,NM_001199455,NM_001199456,NM_00129198
6,NM_005104 

CERS4 NM_024552 
HLA-C NM_001243042,NM_002117 
KDR NM_002253 
B2M NM_004048 
CORO1B NM_001018070,NM_020441 
CETN2 NM_004344 
MSMO1 NM_001017369,NM_006745 
EFNA1 NM_004428,NM_182685 
CEACAM3 NM_001277163,NM_001815 
BPHL NM_001302777,NM_004332 
ATP6V1G1 NM_004888 
EIF2AK1 NM_001134335,NM_014413 
PCGF3 NM_006315 
SMIM14 NM_174921 
SRSF8 NM_032102 
TMEM150A NM_001031738 
TMEM219 NM_001083613,NM_194280 
ICA1 NM_001136020,NM_001276478,NM_004968,NM_022307 
CLSTN3 NM_014718 
ERGIC3 NM_015966,NM_198398 
ITM2B NM_021999 
TMEM230 NM_001009923,NM_001009924,NM_001009925,NM_014145 
TMEM263 NM_152261 
YIPF3 NM_015388 
TMEM59 NM_004872 
SEC22B NM_004892 
CLDN4 NM_001305 
WBP1 NM_012477 
ARF4 NM_001660 
FAM114A1 NM_138389 
CEACAM5 NM_001291484,NM_004363 
LSS NM_001001438,NM_001145436,NM_001145437,NM_002340 
CHMP1B NM_020412 

FDFT1 

NM_001287742,NM_001287743,NM_001287744,NM_00128774
5,NM_001287747,NM_001287748,NM_001287749,NM_001287
750,NM_001287751,NM_001287756,NM_004462 

SDPR NM_004657 
GSTA4 NM_001512 
PERP NM_022121 
SLC5A2 NM_003041 
GPR110 NM_025048,NM_153840 
HLA-B NM_005514 
ERV3-1 NM_001007253 
SND1 NM_014390 
CCS NM_005125 
RNF144B NM_182757 
CCNG2 NM_004354 

Gene symbol NCBI gene id 

PLEKHB1 
NM_001130033,NM_001130034,NM_001130035,NM_001
130036,NM_021200 

HLA-F NM_001098478,NM_001098479,NM_018950 

SRI NM_001256891,NM_001256892,NM_003130,NM_198901 
TMED9 NM_017510 
PDCD4 NM_001199492,NM_014456,NM_145341 
SC5D NM_001024956,NM_006918 
BET1 NM_005868 

GOLGB1 
NM_001256486,NM_001256487,NM_001256488,NM_004
487 

TTC3 NM_001001894,NM_003316 
OAZ2 NM_001301302,NM_002537 
ELF3 NM_001114309,NM_004433 
SCARB2 NM_001204255,NM_005506 
IFT57 NM_018010 
ST13 NM_001278589,NM_003932 
LRIG1 NM_015541 
ATP6AP1 NM_001183 

ALDH3B1 
NM_000694,NM_001030010,NM_001161473,NM_001290
058,NM_001290059 

PELI1 NM_020651 
CREB3 NM_006368 
SQLE NM_003129 
COPA NM_001098398,NM_004371 
MIR205HG NM_001104548 
NICN1 NM_032316 
CBLB NM_170662 
UBE2R2 NM_017811 
MAGED1 NM_001005332,NM_001005333,NM_006986 
STEAP4 NM_001205315,NM_001205316,NM_024636 
KDELR1 NM_006801 

WIPI2 
NM_001033518,NM_001033519,NM_001033520,NM_001
278299,NM_015610,NM_016003 

HMGCS1 NM_001098272,NM_002130 
INSIG1 NM_005542,NM_198336,NM_198337 
HLA-G NM_002127 

GNAL 
NM_001142339,NM_001261443,NM_001261444,NM_182
978 

NARF NM_001038618,NM_001083608,NM_012336,NM_031968 
SCD NM_005063 

MOSPD3 
NM_001040097,NM_001040098,NM_001040099,NM_023
948 

KLHL24 NM_017644 
SMPDL3B NM_001009568,NM_001304579,NM_014474 
TKT NM_001064,NM_001135055,NM_001258028 
HBP1 NM_001244262,NM_012257 
CAPN1 NM_001198868,NM_001198869,NM_005186 
UBXN1 NM_001286077,NM_001286078,NM_015853 
PBXIP1 NM_020524 
DPP3 NM_001256670,NM_005700,NM_130443 
DNAJC4 NM_005528 

YPEL5 
NM_001127399,NM_001127400,NM_001127401,NM_016
061 

TMPRSS2 NM_001135099,NM_005656 
SEC24C NM_004922,NM_198597 
PARP14 NM_017554 
PPAPDC1B NM_001102559,NM_001102560,NM_032483 
LITAF NM_001136472,NM_001136473,NM_004862 
RPL4 NM_000968 
ST8SIA4 NM_005668,NM_175052 
C16orf58 NM_022744 
NIPSNAP1 NM_001202502,NM_003634 
PON2 NM_000305,NM_001018161 
LOC102723885 NR_120517 
LOC101927043 NR_110207,NR_110208 
CIRBP-AS1 NR_027271 
ZNF528-AS1 NR_125345 
MIR4800 NR_039964 
LOC440173 NR_027471 
HLA-J NR_024240 
HLA-H NR_001434 
ST13P4 NR_002183 
UGDH-AS1 NR_047679 
ZNRD1-AS1 NR_026751 
INO80B-WBP1 NR_037849 

Supplemental Table S6, II-189<L�����“red”j����
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