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⅜╪─ ⌐ ∆╢ ─ ╩ ⇔≡ ⅜

╪ H1703 ─◕ⱡⱶ ╩ ™⁸ꜚⱦ◐♅fiꜞ●כ♀≢№╢

BIRC3 ─ E358X ╩ ⇔√⁹BIRC3 E358X │ ╩

∆╢⅜⁸∕╣│ BIR ♪ⱷ▬fi─ ≢ꜚⱦ◐♅fiꜞ●כ♀⅜ ∆

╢↓≤⌐╟╢╙─≢№╢↓≤⁸╕√∕─ │ NF-əB ⌐╟

╠⌂™↓≤⅜ ↕╣√⁹╕√⁸BIRC3 ─ꜚⱦ◐♅fiꜞ●כ♀

│⅜╪ ┘╟⅔☻כⱬ♃כ♦ ─ ⌐ ↄ─ ⅜№╡⁸∕

╣╠─ ↄ⅜ ⌐ ╩ ≈↓≤╙ ⇔√⁹↕╠⌐ ∂

IAP ⱨ□Ⱶꜞכ≢ꜚⱦ◐♅fiꜞ●כ♀ ╩ ≈ BIRC2≢╙ ─

⅜№╡⁸ ⌐╟╡ BIRC3≤ ⌐ ╩ ≈↓≤⅜

↕╣⁸BIRC ⱨ□Ⱶꜞכ⅜ ⌐╟∫≡ ⌂⅜╪

≤⌂╢↓≤╩ ╠⅛⌐⇔√⁹  
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epidermal growth factor EGFR  

anaplastic lymphoma kinase ALK  

ret pro-oncogene RET  

receptor tyrosine kinase1ROS1  

echinoderm microtubule associated protein-like 4 EML4  
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Dulbeccoôs modified Eagleôs medium: Nutrient Mixture F12DMEM/F12  
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single nucleotide polymorphism SNP  

baculoviral inhibitors of apoptosis repeat-containing BIRC  

inhibitor of apoptosis IAP  
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nuclear factor əBNF-kB  

NF-əB inducing kinase NIK  
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short hairpin RNA shRNA  

really interesting new gene RING  

cellular-i nhibitors of apoptosis proteins c-IAPs  

mitogen activated protein kinaseMAPK  

inhibitor of NF-əB IəB 

IəB kinaseIKK  

NF-əB essential modulatorNEMO  

receptor interacting protein 1 RIP1  

second mitochondria-derived activator of caspasesSmac  
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⅜╪│ ⅜ ╩ ╗ ─⅜╪ ─ 1 ≢№╡⁸∕─ ⌂

ↄ≤╙ 80 ⅜ ⅜╪⁸ ⅜╪⁸ ⅜╪╟╡⌂╢

⅜╪⌐ ↕╣╢⁹ ⅜╪─ ─ ↄ│ ⌐ ≈⅛╡⁸∕─ 5

│ 20%╩ ╢ 1 ⁹ ⅜╪│ ⌐│ ⱪꜝ

♅♫ ⅜╪ ⌐ ─ 1 ╩ ⅎ√ 2 ⌐╟╢ ⅜ ╦╣╢⅜

─ │ 1 ⌐∆⅞⌂™⁹  

⅜╪│ ₁⌂◕ⱡⱶ Ⱨ◕ⱡⱶ◄ה ─ ─ ∂╢≤

ⅎ╠╣≡™╢⅜⁸ №╢ ─ ⅜╪⅜ epidermal growth 

factor EGFR 2 ⁸anaplastic lymphoma kinaseALK 3 ⁸ret pro-oncogene

RET 4 ╛ receptor tyrosine kinase1ROS1 5 ≤™∫√ ⌐

⌂ ╩ ∟⁸⅛≈∕╣╠─ ⅜ ⌐ ↄ ╦╢↓≤

⅜ ╠⅛⌐⌂∫√⁹↕╠⌐ EGFR◐♫כ♀╩ ≤∆╢◕ⱨ▫♅♬Ⱪ

▬꜠♇◘ ⅔╟┘◄ꜟ꜡♅♬Ⱪ ♃ꜟ☿Ᵽ ≤™∫√

♅꜡◦fi◐♫כ♀ ╩ ™√ │ EGFR ─

⅜╪ ⌐ ∆╢ ה ╩ ⌐ ⇔√ 6, 7 ⁹

╕√ ⌐ ALK ≢№╢◒ꜞ♂♅♬Ⱪ ꜞ◖כ◙ ╙

echinoderm microtubule associated protein-like 4 EML4 ≤ ALK ─

♃fiⱤ◒╩ ╖ ∆ EML4-ALK ┼ ─ ╩╙√╠⇔

≡™╢ 8 ⁹↓╣╠╩┤╕ⅎ╢≤⁸ ⅜╪⌐ ⌂ ╩



5 

 

⇔⁸∕─ ╩ ≤∆╢ ╩ ℮ ╩ ∆╢↓≤

⅜ ─⅜╪ ⌐⅔™≡ ╙ ≢№╢≤ ⅎ╠╣╢⁹  

⅜╪ ─◕ⱡⱶ DNA ⅔╟┘ mRNA ⱪ꜡ⱨ□▬ꜟ╩

⇔ ─∕╣≤ ∆╢↓≤│⁸ √⌂ ╩ ∆╢

≤⇔≡ ≢№╢≤ ↕╣╢⁹2000 ─ⱥ♩◕ⱡⱶ ─ ⅔╟

┘ ─כ◘fi◔כ◦ ≢ꜟכ◔☻™⌂≡≈⅛⁸╡╟⌐

╩ ℮↓≤⅜ ⌐⌂∫√⁹∆≢⌐↓╣╕≢⌐⁸⅜╪◕ⱡⱶ─

╩ ╢∆◓fi♬כꜞ◒☻⌐ ⌂ ≤⇔≡ International 

Cancer Genome ConsortiumICGC ⅜ 2008 ⌐ ⇔⁸50 ─⅜╪

⅛╠∕╣∙╣ 500 ─ ◄◒♁fi ☺꜡fi☻∆╢ⱪ◔כ◦ꜞ╩

▼◒♩⅜ ╦╣≡™╢⁹ ≢╙►▬ꜟ☻ ⌐ ∆╢ ⅜╪─

⅜ ╡ ≡╠╣⁸ ⅜╪ ☿fi♃כ⌂≥≢ ⅜ ╦╣≡™

╢⁹ ─ⱪ꜡☺▼◒♩≤⇔≡ ─ The Cancer Genome Atlas

TCGA ⅜№╢⁹╕√⁸1000 ─⅜╪ ─ DNA ⁸

DNA ◖ Ⱨ כ ⁸ RNA ╩ ⅔ ↓ ⌂ ℮ Cancer Cell Line 

Encyclopedia CCLE ≤™∫√ⱪ꜡☺▼◒♩⌂≥⅜№╡ ↄ ⅜

╦╣≡™╢⁹ ─☻fi◔כ◦╙≢ ה │ ╪≢⅔╡⁸

⌐│⅜╪ ─ ⌐ ⇔√ ⅛╠ כ◘fi◔כ◦

╩ ™≡ ₁⌂ ╩ ™ ↕╣√ ⌐ ∂√ ™╦╝╢

♪כⱷכꜝכ♥ ⅜ ╦╣╢↓≤╙ ↕╣╢≤↓╤≢№╢⁹  
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 ≢│╕∞ ↕╣≡™╢ ⌐ ⇔™

⅜╪─ ╩ ═╢ ≢ ╩כ◘fi◔כ◦ ™≡ ⅜

╪ H1703─◕ⱡⱶ DNA ─ ◄◒♁fi ≤ ₁─ ╪∞⅜╪

─ complementary DNA cDNA ─ ╩ ℮↓≤≤⇔

√⁹  
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≤  

ⱥ♩ HEK293⁸ ─ BOSC23Ɽ♇◔כ☺fi

◓ ⁸ ⅜╪ H1703₡9₢⁸  ⱴ►☻

NIH3T3 ≡ American Type Culture Collection │ Dulbeccoôs 

modified Eagleôs medium: Nutrient Mixture F12DMEM/F12  Invitrogen

⌐  10% vol/vol ─  ►◦ fetal bovine serum: FBS Invitrogen

≤ 2 mM L-◓ꜟ♃Ⱶfi Invitrogen ⅔╟┘ 100 units/ml Ɑ♬◦ꜞfi

Invitrogen ⁸100 ɛg/ml ☻♩꜠ⱪ♩ⱴ▬◦fi Invitrogen ╩ ⅎ√

≢ ⇔√⁹  

 

H1703 NIH 3T3 DNA cDNA  

◕ⱡⱶ DNA │ QIAamp DNA Mini Kit QIAGEN ⌐╟╡ ⇔√⁹  

cDNA │ RNeasy Mini column QIAGEN ⌐╟╡  RNA ╩ ⁸

○ꜞ◗ dT ╩ ╗ CDS primer II A Clontech ⁸∑↕ꜟכ♬▪╩

SMARTScribe ≢ 42ϴ⁸1 ↕∑ 1 cDNA

╩ ⇔√⁹↕╠⌐ SMART Clontech ⌐╟╢ PCR ≢

DNA ≤⇔√⁹  
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SureSelect◦☻♥ⱶ⌐╟╢ ◄◒♁fi ⁸cDNA ◐ꜗⱪ♅ꜗכ  

ⱥ♩─ ◄◒♁fi ╩ ∆╢√╘─ RNA ⱪ꜡כⱩ≤⇔≡

SureSelect Human All  Exon v4 Agilent Technologies ╩ ⇔√⁹╕√

ⱥ♩─ ⅜╪ 913 ☿ꜞfi☻꜠○♬fi◐♫כ♀╛♅꜡

◦fi◐♫⁸♀כ ⁸ ꜞfi ⌂≥ ─ cDNA ╩◐ꜗⱪ♅

⁸120╘√╢∆כꜗ ─ RNA ⱪ꜡כⱩ╩ ה ⇔√ Agilent 

Technologies₡10₢⁹◕ⱡⱶ DNA ⅔╟┘ cDNA ▫♥☻כ◖▪╩

♇◒♁ꜟⱦꜝ▬◙כ⌐╟∫≡ 100 bp⌐ ⇔√ ⁸∕╣∙╣

─ SureSelect◦☻♥ⱶ─ⱦ○♅fi RNA ⱪ꜡כⱩ≤ 65ϴ⁸24 ≢

Ɫ▬Ⱪꜞ♄▬☼⇔⁸∕─ RNA ⱪ꜡כⱩ⌐ ⇔√ DNA ╩☻♩

꜠ⱪ♩▪ⱦ☺fi ⱦכ☼⌐╟╡ ⇔√⁹  ↕╠⌐ ⇔√

DNA ╩Ɑ▪◄fi♪ ⌐╟╡ Il lumina Genome Analyzer II x

GAII x ╩ ™≡⁸ ⅛╠ 110 fi☻⇔√⁹◔כ◦≈∏  

 

◖fiⱧꜙכ♃כ⌐╟╢  

GAII x ⌐╟╡ ╠╣√ ╠⅛♃כ♦⌂ ─ꜟכ◖ ╩ ∆ Q

⌂≥╩ ⌐◒○ꜞ♥▫♅▼♇◒╩ ™⁸ ╩╖─♃כ♦⌂ ╡

⇔√⁹ ⌐ ╠╣√ ╩◕ⱡⱶ DNA │♃כ♦─ ◄◒♁fi

⌐⁸cDNA │♃כ♦─ cDNA ◐ꜗⱪ♅ꜗכ⌐ ™√ 913 ─

─ cDNA ⌐ⱴ♇ⱪ↕∑ ╩ ⇔√⁹  
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⇔√ ─ ≢ synonymous mutations╛₈1000 ◕

ⱡⱶⱪ꜡☺▼◒♩₉⌐ ↕╣≡™╢ ─ single 

nucleotide polymorphism: SNP│ ⇔⁸ non-synonymous 

mutations ─╖╩ ┘ ⇔√⁹  

 

ⱪꜝ☻Ⱶ♪  

Baculoviral inhibitors of apoptosis IAP repeat-containing BIRC 2⁸

BIRC3─ ⅔╟┘ BIRC3(E358X)─ cDNA │ PrimeSTAR HS DNA

ⱳꜞⱷꜝכ♀ Takara Bio ≤ ─ⱪꜝ▬ⱴכ╩ ™≡ H1703

⅛╠ RT-PCR ≢ ⇔√⁹  

BIRC2 full length cDNA  

5ô- GCTATCAAACAGTACTGTCACC-3 

5ô-AGCAGTGACACTACTCCCTTAG-3ô 

BIRC3 full  length cDNA  

5ô- CCCTTTTCTTCCCCATTCATTTC-3ô 

5ô-TGGCTTCATGTTCCCGGTATTA-3ô 

╠╣√ PCR │ pMXs ꜠♩꜡►▬ꜟ☻ⱬ◒♃כ

╟╡ ┼ ⇔√⁹  

∕─ ─ ⌐≈™≡│ BIRC3 H574A ─♪ⱷ▬fi ╩

⅝ ─ BIRC2 ╕√│ BIRC3 /pMXs ⱪꜝ☻Ⱶ♪╩ ≤⇔
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Quickchange Site-Directed Mutagenesis kit Stratagene ╩ ™≡

⇔√⁹ ─ ⌐ ⇔√ⱪꜝ▬ⱴכ │ 2 ⌐ ∆⁹BIRC3

H574A ─♪ⱷ▬fi │ BIRC3 H574A /pMXs ⱪꜝ☻Ⱶ

♪╩ ≤⇔ ⌐ Quickchange Site-Directed Mutagenesis kit ╩ ™≡

⇔√⁹ ⌐│ baculovirus IAP repeat BIR 1 ♪ⱷ▬fi

H574A/ȺBIR1 27 98 ▪Ⱶⱡ ⁸BIR2 ♪ⱷ▬fi

H574A/ȺBIR2 167 238 ▪Ⱶⱡ ⁸BIR3♪ⱷ▬fi

H574A/ȺBIR3 254 325 ▪Ⱶⱡ ⁸ubiquitin associated

UBA ♪ⱷ▬fi H574A/ȺUBA 377 424 ▪Ⱶⱡ

⁸caspase recruitment domains CARD ♪ⱷ▬fi H574A/

ȺCARD 439 528 ▪Ⱶⱡ ╩ ⇔√⁹ ⌐ ⇔√ⱪ

ꜝ▬ⱴכ│  

H574A/ȺBIR1 

5ô-CTAAATTCCGTTAACAACTTGGAAGCTACCTC-3ô 

5ô-CAAGTCGTATTTCAGTTCAAACGTGTTGGCGC-3ô 

H574A/ȺBIR2 

5ô-CAGCTTCAAGACACTTCAAGATACAC-3ô 

5ô-CATTGCACAGTGGTAGGAACTTCTC-3ô 

H574A/ȺBIR3 

5ô-ATTAAAGGACAGGAGTTCATCCGTC-3ô 
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5ô-CATGCTCAGATTAGAAACTGTGTATC-3ô 

H574A/ȺUBA 

5ô-CTAGCAACTGGAGAGAATTATAGAC-3ô 

5ô-CATGATTGCATCTTCTGAATGGTC-3ô 

H574A/ȺCARD 

5ô-CAACAGGACATAAAATATATTCCCACAG -3ô 

5ô- TTTCCTCAGTTGCTCTTTCTCTCTCCTC- 3ô 

⌐ NIH3T3 ⅛╠ⱴ►☻ Nuclear Factor ə B NF-əB  inducing 

kinase NIK ─ cDNA ╩ ─ⱪꜝ▬ⱴכ╩ ™≡ RT-PCR ≢ ⁸

pMXs꜠♩꜡►▬ꜟ☻ⱬ◒♃כ┼ ⇔√⁹  

NIK full length cDNA 

5ô- CACTCGCTTGTTTGAGGACAAC-3ô 

5ô- GTGCAGACTCATCCAGCATCTC-3ô 

⌂⅔⁸BIRC3-MALT1 ─ cDNA │Ɑfi◦ꜟⱣ♬▪ ─

Xiaolu Yang ╟╡ ╩™√∞™√⁹  

 

3T3 focus formation assay⌂╠┘⌐♯כ♪ⱴ►☻≢─ ─

 

BOSC23 1.8×10
6 ╩ 6 cm─ ⱪ꜠כ♩⌐ ⇔

√ 24 ⌐ pMXs ⌐ ╖ ╪∞ cDNA ⱪꜝ☻Ⱶ♪ 2 ɛg╩Ɽ♇◔כ
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☺fi◓ ⱪꜝ☻Ⱶ♪ pGP 0.5 ɛg + pE-eco 0.5 ɛg⁸≤╙⌐ Takara Bio

≤ ⌐ Lipofectamine Reagent Invitrogen 18 ɛl ╩ ™≡ ⇔√⁹

2 ─ ╩►▬ꜟ☻ ≤⇔≡ ⇔⁸polybrene Sigma

╩ 4 ɛg/ml ─ ≢ ⁸NIH3T3 5×10
5 ⌐ ↕∑√⁹

2 ⌐⁸DMEM/F12 ⌐ 5 % ⅔╟┘ 100 units/mlⱭ♬◦ꜞ

fi⁸100 ɛg/ml☻♩꜠ⱪ♩ⱴ▬◦fi╩ ⇔√ ⌐ ⇔≡↕╠⌐ 2

╩ ↑ ⱨ◊כ◌☻─ ╩ ⇔√⁹╕√⁸ ∂

NIH3T3 5×10
5 ─☻►ⱴ♪כ♯╩ ⌐ 4 ◌ ∏≈ ⇔

35 ⇔≡ ─ ╩ ⅛╘√⁹  

 

ꜟ◦ⱨ▼ꜝכ♀▪♇☿▬  

nuclear factor əBNF-kB ◦◓♫ꜟ ─ ╩ ∆╢ ≢ⱱ

♃ꜟꜟ◦ⱨ▼ꜝכ♀╩ ™√ NF-kB ꜠ⱳכ♃כⱪꜝ☻Ⱶ♪ Stratagene

╩ ⇔√⁹ ╩ ∆╢√╘─꜠♬ꜝꜟ◦ⱨ▼ꜝכ♀

⌐│ⱪ꜡⸗כ♃כ ╩ √⌂™ pGL-4.70 Promega ╩ ⇔√⁹  

HEK293T ╩ 6 ►▼ꜟⱪ꜠כ♩⌐ 5 × 10
5

/►▼ꜟ≢╕⅝⁸

Lipofectamine╩ ⇔≡♩ꜝfi☻ⱨ▼◒◦ꜛfi⇔√⁹ ⱪꜝ☻Ⱶ♪

450 ng ⁸꜠ⱳכ♃כⱪꜝ☻Ⱶ♪ 150 ng ⅔╟┘ pGL-4.70 150 ng

╩ OPTI-MEMI Invitrogen ≢ ⇔⁸ ⌐ ⇔√⁹24

⌐ ╩ ⇔⁸↕╠⌐ 24 5 × Passive Lysis Buffer
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Promega ╩ ™≡ ╩ ⇔√⁹ ╩ⱪ꜡♩◖כꜟ⌐

∫≡ Luciferase Assay ReagentPromega ≤ ⇔⁸Plate Reader ARVO 

X3 PerkinElmer ╩ ⇔≡ ⇔√⁹  

 

NIK shRNA NIH 3T3 ─  

 ⱴ►☻ NF-əB-inducing kinase NIK ╩ ≤∆╢ short hairpin RNA

shRNA ╩ ∆╢√╘⌐

5ô-CCGGAGAGAGCCTGTCCGCCGACGTGTGCTGTCCGTCGGTGGACG

GGCTCTTTCCTTTTTG-3ô 

╩ pLKO.1 puro Addgene ꜠fi♅►▬ꜟ☻ⱬ◒♃כ⌐ ⇔√⁹

BOSC23 1.8×10
6 ╩ 6 cm─ ⱪ꜠כ♩⌐ ⇔√

24 ⌐ pLKO.1⌐ ╩ ╖ ╪∞ⱪꜝ☻Ⱶ♪ 2 ɛg╕√│◖

fi♩꜡כꜟ ─ scramble-sh⅜ ╖ ╕╣√ pLKO-scramble Addgene

╩Ɽ♇◔כ☺fi◓ ⱪꜝ☻Ⱶ♪ pMDLg/pRRE 0.4 ɛg + pRSVReV 0.4 

ɛg + pLP/VSVG 0.2 ɛg⁸ ≡ Takara Bio≤ ⌐ Lipofectamine Reagent 18 

ɛl ╩ ™≡ ⇔√⁹ 2 ─ ╩►▬ꜟ☻ ≤⇔≡

⇔⁸polybrene╩ 4 ɛg/ml ─ ≢ ⁸NIH3T3 5×10
5 ⌐

↕∑√⁹ 2 ⌐Ⱨꜙכ꜡ⱴ▬◦fi Invitrogen 1 ɛg/ml╩

ⅎ↕╠⌐ 2 ⇔ ╩ ⇔√ NIK-shRNA ─

╩ NIK -sh-3T3⁸scramble-sh─ ╩ Ctl-sh-3T3≤
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∆╢ ⁹  

 

►◄☻♃fiⱩ꜡♇♩  

⇔√ NIK -sh-3T3⁸Ctl-sh-3T3⁸╕√│ ─ NIH3T3 ⌐ ⇔

≡꜠♩꜡►▬ꜟ☻╩ ™≡ ╩ ∫√⁹48 ⁸ ╩

NP-40 lysis buffer 50 mM Tris-HCl pH 7.4 ⁸150 mM NaCl⁸1 mM NaF⁸

1 mM Na3VO4⁸1 mM PMSF⁸▪ⱪ꜡♅♬fi ☿ꜞfiⱪ꜡♥▪כ♀

⁸1 % NP-40 ≢ ⇔√⁹ ╩ 7.5 %▪◒ꜞꜟ▪Ⱶ♪◕ꜟ

≢ ⇔⁸☿Ⱶ♪ꜝ▬ ≢ⱳꜞⱨ♇ ⱦ♬ꜞ♦fi PVDF

ⱷfiⱩ꜠fi Millipore ⌐Ⱪ꜡♇♩⇔√⁹ ⌐ NIK

#4994, Cell Signaling technology⁸ ⌐ Anti -Rabbit-IgG GE 

Healthcare ╩ ⇔⁸ SuperSignal West Femto Maximum Sensitivity 

Substrate Thermo Scientific ≤ ↕∑⁸ ImageQuant LAS4010 GE 

Healthcare⌐╟╡Ᵽfi♪╩ ⇔√⁹╕√⁸ ⌐ ⌐ BIRC3

#3130, Cell Signaling technology⁸ ⌐ Anti -Rabbit-IgG GE 

Healthcare ╩ ⇔Ᵽfi♪╩ ⇔√⁹  
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1 ⱪꜝ☻Ⱶ♪ ⌐ ⇔√ⱪꜝ▬ⱴכ  

  

BIRC2 (NM_001166) c.55_55delA p.K19fs*3
5'- CCCAGGTCCCTCGTATCAAAACATTAGAGTATAATGG-3'

5'-CCATTATACTCTAATGTTTTGATACGAGGGACCTGGG-3'

c.605C>G p.S202*
5'-CTTTTTTGTCACCATGAGAATTGGCAAGAGCTGG-3'

5'-CCAGCTCTTGCCAATTCTCATGGTGACAAAAAAG-3'

c.1012C>T p.R338*
5'-GGTGTGAGTTCTTGATATGAATGAAAGGCC-3'

5'-GGCCTTTCATTCATATCAAGAACTCACACC-3'

c.1082C>G p.S361*
5'-GAACAGCTGTTGTGAACTTCAGATACCACTGG-3'

5'-CCAGTGGTATCTGAAGTTCACAACAGCTGTTC-3'

c.1318_1319insA p.E442fs*10
5'-GCTGAAGATGAAAAAAAGAGAAGAGGAGAAGG-3'

5'-CCTTCTCCTCTTCTCTTTTTTTCATCTTCAGC-3'

c.1588G>T p.E530*
5'- CGGCCAACATCTTCAAAAACTGTCTAAAATAAATTGACTC-3'

5'-GAGTCAATTTATTTTAGACAGTTTTTGAAGATGTTGGCCG-3'

c.1702G>T p.E568*
5'-GGAGGTTGCAAGAATAACGAACTTGTAAAG-3'

5'-CTTTACAAGTTCGTTATTCTTGCAACCTCC-3'

BIRC3 (NM_001165) c.20G>T p.S7I
5'-CAT CAT ATT CTT ATC AAA TTT GAT GAA AAG CGC CAA CAC G-3'

5'-CGT GTT GGC GCT TTT CAT CAA ATT TGA TAA GAA TAT GAT G-3'

c.515G>T p.R172I
5'-CGA AAA TGC CAT ATT ACT TAC TTT TCA GAC-3'

5'-GTC TGA AAA GTA AGT AAT ATG GCA TTT TCG-3'

c.743C>G p.S248C
5'-GATACACAGTTTGTAATCTGAGCATGCAGACAC-3'

5'-GTGTCTGCATGCTCAGATTACAAACTGTGTATC-3'

c.832A>C p.S278R
5'-GCA GCT TGC ACG TGC GGG TTT TTA TTA TGT GGG-3'

5'-CCC ACA TAA TAA AAA CCC GCA CGT GCA AGC TGC-3'

c.890G>A p.G297D
5'-TTTGCTGTGATGATGGACTCAGGTGTTGGG-3'

5'-CCCAACACCTGAGTCCATCATCACAGCAAA-3'

c.956G>A p.C319Y
5'- GTGGTTTCCAAGGTATGAGTACTTGATAAG-3'

5'-CTTATCAAGTACTCATACCTTGGAAACCAC-3'

c.1101_1132del32 p.G367fs*6
5'-ATA CTC CTG TGA TTA ATG CTG CCG-3'

5'-CCA GGT TCA AAA TGG ATA ATT GAT G-3'

c.1102G>T p.E368*
5'-TTG AAC CTG GAT AAG ACC ATT CAG AAG ATG C-3'

5'-GCA TCT TCT GAA TGG TCT TAT CCA GGT TCA A-3'

c.1183_1352del170 p.V395fs*6
5'-AAT GGC ACT TTT TCA ACA TTT GAC-3'

5'-CAG GCT TCT ACT AAA GCC CAT TTC C-3'

c.1270G>T p.E424*
5'-CTC AAT GCA TAA GAT GAA ATA AGG GAA GAG GAG AG-3'

5'-CTC TCC TCT TCC CTT ATT TCA TCT TAT GCA TTG AG-3'

c.1279_1280insA p.I427fs*11
5'-GAA GAT GAA AAT AAG GGA AGA GGA GAG AG-3'

5'-CTC TCT CCT CTT CCC TTA TTT TCA TCT TC-3'

c.1283_1287delGGGAA p.R428fs*8
5'-CTCAATGCAGAAGATGAAATAAGAGGAGAGAGAAAGAGC-3'

5'- GCTCTTTCTCTCTCCTCTTATTTCATCTTCTGCATTGAG-3'

c.1463C>T p.R448Q
5'-TAT TAT TAA TCC AGA AGA ATA GAA TGG CAC-3'

5'-GTG CCA TTC TAT TCT TCT GGA TTA ATA ATA-3'

c.1414G>A p.G472R
5'-CCT GGA TAG TCT ACT AAC TGC CAG AAT TAT TAA TG-3'

5'-CAT TAA TAA TTC TGG CAG TTA GTA GAC TAT CCA GG-3'

c.1463C>T p.T488M
5'-CAG AAG ACA CAG ATG TCT TTA CAA GCA AGA G-3'

5'-CTC TTG CTT GTA AAG ACA TCT GTG TCT TCT G-3'

c.1607C>G p.T536R
5'-ATATTCCCAGAGAAGATGTTTCAGATCTACCAGTGG-3'

5'-CCACTGGTAGATCTGAAACATCTTCTCTGGGAATAT-3'

c.1606delA p.T536fs*32
5'-GGA CAT AAA ATA TAT TCC CCA GAA GAT GTT TCA G-3'

5'-CTG AAA CAT CTT CTG GGG AAT ATA TTT TAT GTC C-3'

c.1636G>T p.E546*
5'-GATCTACCAGTGGAATAACAATTGCGGAG-3'

5'-CTCCGCAATTGTTATTCCACTGGTAGATC-3'

c.1638_1639insA p.Q547fs*12
5'-CCA GTG GAA GAA ACA ATT GCG GAG ACT AC-3'

5'-GTA GTC TCC GCA ATT GTT TCT TCC ACT GG-3'

c.1639delC p.Q547fs*21
5'-CTACCAGTGGAAGAAAATTGCGGAGACTAC-3'

5'-GTAGTCTCCGCAATTTTCTTCCACTGGTAG-3'

c.1663_1666delAGAA p.R555fs*12
5'-CAT GTA AAG TGT GTA TGG ACA AAG-3'

5'-TTC TTC TTG TAG TCT CCG CAA TTG-3'

c.1690G>T p.E564*
5'-GTGTGTATGGACAAATAAGTGTCCATAGTG-3'

5'-CACTATGGACACTTATTTGTCCATACACAC-3'
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H1703 ─◕ⱡⱶ  

ⱥ♩─◕ⱡⱶ│ ╡ ⇔ ╛▬fi♩꜡fi⁸◄◒♁fi≢ ↕╣≡

⅔╡⁸♃fiⱤ◒╩◖כ♪∆╢◄◒♁fi │╦∏⅛ 1.5% ⌐ ⅞⌂

™ 1 ⁹∕↓≢ ₁│ ⌂ ≢ ╩ ∆╢√╘⌐

Agilent ─ SureSelect◦☻♥ⱶ╩ ⇔≡⁸ ◄◒♁fi⅔╟┘

cDNA ╩ ╟ↄ ⇔√ ≢ ╩ ∫√ 2 ⁹  

⌐│ ⅜╪─ H1703 ╟╡ ⇔√◕ⱡⱶ

DNA ⅛╠│ ◄◒♁fi ╩ ⇔⁸cDNA ⅛╠│ ⅜╪⌐ ∆╢

913 ─ ₡10₢─ cDNA ╩◐ꜗⱪ♅ꜗכ⇔≡ GAIIx ◦☻♥ⱶ

╩◓fi◦fi◄◒כ◦╢╟⌐ ∫√⁹  

∕─ ⁸◄◒♁fi ⅔╟┘ cDNA ∕╣∙╣ 3.6 Gbp⅔╟┘

2.9 Gbp─ ╩ ♪כꜞ╠╣↓⁹√ ⅛╠ ╩ ∆

╢√╘⁸ ─◖fiⱧꜙכ♃כⱤ▬ⱪꜝ▬fi╩ ⇔≡ ╩

∫√ 3 ⁹∕─ ⁸ ⌐ ∆╢ ≤⇔≡ 42 ─

⌐ 44─ ⅜ ↕╣√ 2 ⁹  
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1 ⱥ♩◕ⱡⱶ─  

ⱥ♩◕ⱡⱶ─ ─ │ ╡ ⇔ ≢⇔╘╠╣≡⅔╡⁸♃fiⱤ

♪כ◖◒ ─◘▬☼│ 20 % ≢№╢⁹⇔⅛╙⁸∕─ ≢

⌐ RNA ≤⇔≡ ↕╣╢◄◒♁fi │╦∏⅛ 1.5 %╒≥≢№

╢⁹  
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2 SureSelect◦☻♥ⱶ⌐╟╢◦כ◔fi☻◐ꜗⱪ♅ꜗכ  

№╠⅛∂╘◐ꜗⱪ♅ꜗכ⇔√™ ⌐ ∆╢ RNA ⱪ꜡כⱩ╩ⱦ○

♅fi ⇔√ ≢ ⇔≡⅔ↄ⁹DNA ╩ ⇔√ ⁸ ⇔⁸

RNA ⱪ꜡כⱩ≤Ɫ▬Ⱪꜞ♄▬☼↕∑╢⁹∕─ ☻♩꜠ⱪ♩▪ⱦ☺fi

ⱦכ☼≢ RNA ⱪ꜡כⱩהDNA ╩ ∆╢⁹  



19 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

3 Ɽ▬ⱪꜝ▬fi  

GAIIx ⌐╟╡ ╠╣√ ⌂ ∏╕⁸│♃כ♦ bowtie2⌐╟╡ⱥ♩◕

ⱡⱶ ⌐ⱴ♇ⱪ↕╣╢⁹∕─ ◒○ꜞ♥▫♅▼♇◒╩ ╗ⱨ▫ꜟ♃כ

⌐ ∆⁹↓─ ⁸◐ꜗⱪ♅ꜗכ ≤ⱴ♇♅↕∑Ⱶ☻ⱴ♇♅⅜№

╢⅛ ∆╢⁹ ╕∫√Ⱶ☻ⱴ♇♅─℮∟◌Ᵽ꜠♇☺ 10⅛≈Ⱶ☻ⱴ

♇♅ 20 %─ ╩╖√∆ ╩ ⁹1000 ◕ⱡⱶⱪ꜡☺▼◒♩

≢ ↕╣≡™╢ SNP╩ ╡ ↄ⁹∕⇔≡∕─Ⱶ☻ⱴ♇♅⅜▪Ⱶⱡ

╩ ↓∆ ╩ ≤∆╢⁹  

 

 



20 

 

 

 

2 H1703─  

◕ⱡⱶ DNA gDNA ⁸cDNA ⌐ 2─Ɽ▬ⱪꜝ▬fi⌐ ™ 20⁸

20%╩ ≤⇔≡ ╩ ⇔√⁹ ⌐ ⇔≡

↕╣√ ╩ ⌐ ∆⁹  

 

 

 

▪Ⱶⱡ ♪כꜞ ♪כꜞ ♪כꜞ ♪כꜞ

AGRN Q1889X 27 27 100 137 137 100

AKAP13 Q93X 169 72 42.6036 231 86 37.2294

ALKBH8 D316E 261 137 52.4904 379 179 47.2296

ALS2 Q866L 29 17 58.6207 420 203 48.3333

AQR A451S 71 33 46.4789 1277 578 45.2623

ARHGAP32 R1594S 99 42 42.4242 52 29 55.7692

ARHGAP5 G787R 191 191 100 1056 1056 100

ASPM R1729L 672 383 56.994 1380 825 59.7826

BIRC3 E358X 297 124 41.7508 977 263 26.9191

CDH2 R561L 276 109 39.4928 2574 759 29.4872

CHD6 Q774H 102 34 33.3333 119 119 100

CHUK S263C 56 56 100 1709 473 27.677

CPNE7 P633S 377 104 27.5862 44 17 38.6364

CREBBP W1434C 76 38 50 1149 576 50.1305

CREBBP N2137S 132 64 48.4848 36 16 44.4444

DFNB31 A88D 75 75 100 82 82 100

EP300 A1437V 331 99 29.9094 4583 1511 32.9697

FANCD2 V97I 21 13 61.9048 618 354 57.2816

GTF3C4 A490T 87 87 100 341 341 100

HSPA4 P189L 167 68 40.7186 5041 1443 28.6253

LATS2 D1078Y 48 48 100 217 217 100

LRBA R1317L 97 97 100 195 195 100

MBD3 R82L 55 55 100 68 68 100

NCOA6 L1839F 623 208 33.3868 651 198 30.4147

PCDH10 T846K 82 82 100 437 437 100

PDCD6IP G185W 323 194 60.0619 1076 689 64.0335

PHF17 D14G 386 386 100 200 200 100

PLCL2 N679K 121 57 47.1074 41 13 31.7073

POM121 A570V 74 16 21.6216 362 120 33.1492

PRC1 A261P 145 72 49.6552 396 209 52.7778

RALGPS1 V520A 256 256 100 44 44 100

RNASEL H314R 85 21 24.7059 362 85 23.4807

ROBO1 D1060V 222 222 100 161 161 100

ROBO1 D1060Y 222 222 100 161 161 100

SPAG9 S238C 383 324 84.5953 1527 1252 81.9908

STARD7 R154L 25 12 48 1266 659 52.0537

TAF4B P114T 158 104 65.8228 411 242 58.8808

TMEM9B S164N 69 69 100 595 594 99.8319

TNKS H859R 159 159 100 244 244 100

TRIM68 L476V 29 29 100 149 149 100

UBR5 S1626G 161 103 63.9752 120 73 60.8333

USP9X G233W 225 225 100 5359 5359 100

UTRN M3113V 310 95 30.6452 1544 496 32.1244

VPS8 M368L 682 555 81.3783 290 234 80.6897

cDNAgDNA
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BIRC3 E358X ─  

 ╕∏ ₁│↓╣╠─ ─ ♀כ♫◐╠⅛ 2 ⅔╟┘⅜╪ ⅜

╦╣╢ 6 ─ cDNA ╩ ⇔ 3T3 focus formation assay⌐╟╡☻◒ꜞכ

♬fi◓╩ ∫√⁹∕─ ∕╣╠─ ≢ ⁸ⱨ◊כ◌☻╩ ⇔

≤ ≤≢ ╩ ╘√─⅜ BIRC3 cDNA GenBank accession 

number: NM_001165  ─ 3867 ─◓▪♬fi G ⅜♅Ⱶfi T ┼

≤ ⇔⁸∕─ 358 ─◖♪fi⅜◓ꜟ♃Ⱶfi E ⅛╠ ◖

♪fi X ⌐ ∆╢╙─≢№∫√ BIRC3E358X ⁹↓─ │ cDNA⁸

◕ⱡⱶ DNA ─◐ꜗⱧꜝꜞכ◦כ◔fi◘כ ≢╙ ↕╣√ 4 ⁹  

₁⅜ ╩ ⇔√ BIRC3│ inhibitors of apoptosis IAP 

proteins─ ≢№╢⁹IAP ⱨ□Ⱶꜞכ│ ⌂ↄ≤╙ ─ BIR

♪ⱷ▬fi╩ ≈♃fiⱤ◒≤ ↕╣⁸ ↄ─⅜╪ ≢ ⇔▪ⱳ

─☻◦כ♩ ╩ ⇔≡⅜╪─ ┘ ─ ⌐ ╦∫≡™╢

≤↕╣≡™╢ 11 ⁹╕√⁸ ─ IAP │ really interesting new geneRING

♪ⱷ▬fi⌐╟╢ꜚⱦ◐♅fiꜞ●כ♀ ╙ ≈↓≤⅜ ╠╣≡™╢⁹

⌐ cellular-i nhibitor of apoptosis proteins c-IAPs: BIRC2הBIRC3╕√

│ c-IAP1הc-IAP2 ≤╙ ─ RING ♪ⱷ▬fi│ ⌐ NF-əB ─◦

◓♫ꜟ ╩ ⇔≡™╢╒⅛ mitogen activated protein kinaseMAPK

⌐╙ ∆╢↓≤⅜ ╠╣≡™╢ 12 ⁹c-IAPs⅜∕─ ⌐

⌂ ╩ √∆ NF-əB │ ה ⁸ ⁸ ⁸
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≤™∫√ ₁⌂ ╩ ⇔≡™╢ 13 ⁹╕√⁸ c-IAPs

─ ╛ ◖ Ⱨ כ ─ ⅜ ⁸ Waldenstromôs 

macroglobulinemia⁸ ⱱ☺◐fiꜞfiⱤ ⁸ ꜞfiⱤ ⌂≥─

≢╖╠╣╢↓≤⅜ ↕╣≡™╢ 14-19 ⁹ ⁸ ↄ

─⅜╪≢ BIRC3─ ⅜ ⇔≡™╢↓≤╙ ╠╣≡™╢ 11 ⁹ ₁

│ ⅛╠ BIRC3(E358X)⅜ H1703 ─ ⅜╪⌐ ∆╢

⌐≈™≡↕╠⌐ ⇔√⁹  
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4 BIRC3 E358X ─  

⅜╪ H1703─ cDNA ⅔╟┘◕ⱡⱶ DNA ╩ GAIIx ≢◦

≡∫╟⌐≥↓√⇔☻fi◔כ ↕╣√ BIRC3(E358X) │

BIRC3 cDNA ─ 3867 ─ ₈G ◓▪♬fi ₉⅜₈A ▪♦♬fi ₉

⌐ ∆╢ │⁸H1703─ cDNA⁸◕ⱡⱶ DNA ╩◐ꜗⱧꜝꜞכ◦

≢≥↓╢↑⅛⌐☻fi◔כ ↕╣√⁹  
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3T3 focus formation assay⅔╟┘♯כ♪ⱴ►☻≢─ ─  

BIRC3│ 3 ─ BIR♪ⱷ▬fi⅔╟┘∕╣∙╣ ─ UBA⁸CARD⁸

RING ♪ⱷ▬fi≢ ↕╣╢⁹ 5≢ ↕╣╢╟℮⌐⁸BIRC3 E358X

≢│↓─℮∟ BIR ♪ⱷ▬fi ─ ≡⅜ ∆╢↓≤⌐⌂╢⁹

BIRC3 E358X ─⅜╪ ┼─ ╩ ═╢√╘⌐ ─ BIRC3

≤ BIRC3 E358X ╩ pMXs ꜠♩꜡►▬ꜟ☻ⱬ◒♃כ┼ כ♯⁸⇔

♪ⱴ►☻⌐╟╢ ╩ ∫√⁹∕─ ™↓≤⌐⁸

─ BIRC3 ⌐☻►ⱴ♪כ♯│ ╩ ⇔⌂⅛∫√⅜⁸ BIRC3

E358X ─≢☻►ⱴ♪כ♯│ ╙ ⇔ ⅜№╢↓≤⅜

↕╣√ 6A,B ⁹  

⌐ BIRC3─ꜚⱦ◐♅fiꜞ●כ♀ ⅜ ⌐ ╦╢ ╩

∆╢ ≢⁸ꜚ ⱦ◐♅fiꜞ●כ♀ ⌐ ─▪Ⱶⱡ ≢№╢ 574

─ⱥ☻♅☺fi╩▪ꜝ♬fi┼≤ ⇔√ BIRC3─ꜞ●כ♀

BIRC3(H574A) ╩ ⇔ ─ ╩ ∫√ 5 ⁹

™↓≤⌐ BIRC3 H574A ⌐⅔™≡╙ BIRC3 E358X ≤ ⌐

ⱨ◊כ◌☻─ ─≢☻►ⱴ♪כ♯┘╟⅔ ⅜ ↕

╣√ 6A,B ⁹⌂⅔⁸↓─≤⅝ ↕∑√♃fiⱤ◒─ ⌐ ⅝

⌂ ⅜⌂™↓≤╩►◄☻♃fiⱩ꜡♇♩≢ ⇔√ 6C ⁹  

↕╠⌐↓─ BIRC3 H574A ─ ⌐ ─♪ⱷ▬fi⅜ ⅎ╢

╩ ═╢ ≢ BIRC3 H574A ─ ♪ⱷ▬fi ╩



25 

 

⇔ 3T3 focus formation assay╩ ∫√⁹∕─ ⁸BIR2⁸UBA⁸CARD

─ ♪ⱷ▬fi╩ ↕∑≡╙ ⌐ ∆╢ │ ╠╣⌂⅛∫

√⅜ BIR3♪ⱷ▬fi─ ≢│ ⱨ◊כ◌☻─ ⅜ ⇔⁸BIR1

♪ⱷ▬fi─ ≢│ ⱨ◊כ◌☻│ ↄ╖╠╣⌂⅛∫√ 7 ⁹ 

 

 

 

 

 

 

 

 

 

5 BIRC3 ♃fiⱤ◒─ ≤  

BIRC3│ 3≈─ BIR ♪ⱷ▬fi≤ ≈∏≈─ UBA ♪ⱷ▬fi⁸CARD♪

ⱷ▬fi⁸RING ♪ⱷ▬fi⅜№╢⁹H1703─◕ⱡⱶ ─ ↕╣√

E358X │ BIR3♪ⱷ▬fi≤ UBA ♪ⱷ▬fi─ ≢─ⱡfi☿fi☻

≢ ╡ BIR3 ♪ⱷ▬fi╟╡ C ⌐ ∆╢ 3≈♪ⱷ▬fi─ ⅜

╦╣╢⁹  
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6 BIRC3 ─  

A, Ⱪꜝfi◒ⱬ◒♃כ Mock ⌂╠┘⌐⁸BIRC3─ Wild -type ⁸

E358X №╢™│ ꜚⱦ◐♅fiꜞ●כ♀ H574A

cDNA ╩ pMXs ꜠♩꜡►▬ꜟ☻ⱪꜝ☻Ⱶ♪⌐ ⇔⁸NIH3T3 ⌐

↕∑ 14 ⇔ ⱨ◊כ◌☻─ כⱣꜟכ◔☻⁹√⇔╩

│ 100 ɛm⁹  

 

B, A≤ ∂ NIH 3T3 ⌐☻►ⱴ♪כ♯╩ ⇔ 35 ⇔√

≤↓╤≢ ─ ╩ ⇔√⁹ ─┼☻►ⱴ♪כ♯⌐ NIH3T3

≤⁸∕─℮∟ ◌ ⌐ ⅜ ↕╣√⅛╩ /

≢ ∆⁹  

 

C, A ≤ ∂ NIH3T3 ╟╡ ╩ ⇔►◄☻♃fiⱩ꜡

♇♩≢ BIRC3─ ╩ ═√⁹  

A  

B 

C 

 

 

M
o

c
k
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Blot :  BIRC3 

Blot :  ɓ actin 
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7 BIRC3 H574A ≢ RING ─♪ⱷ▬fi─ ┼─

 

BIRC3(H574A)⁸H574A/ȺBIR1⁸H574A/ȺBIR2⁸H574A/ȺBIR3⁸H574A/

ȺUBA⁸H574A/ȺCARD cDNA╩ pMXsⱪꜝ☻Ⱶ♪⌐ ⇔≡ NIH3T3

⌐ ↕∑ 14 ⌐ ⱨ◊כ◌☻─ ꜟכ◔☻⁹√⇔╩

Ᵽכ│ 100 ɡm⁹  

 

  

H574A H574A/ȹBIR1 H574A/ȹBIR2 

H574A/ȹBIR3 H574A/ȹUBA H574A/ȹCARD 
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BIRC3 ─ ≤ NF-əB  

NF-əB│ canonical≤ non-canonical─ ≈─ ⌐╟╡ ↕╣

╢ 20,21 ⁹Canonical ⌐⅔™≡│ inhibitor of NF-əB IəB⅜ IəB 

kinase IKK ɓ⁸NF-əB essential modulatorNEMO ⁸receptor interacting 

protein RIP 1 ╩ ╗ ⌐╟╡ꜞfi ╩ ↑⁸∕╣⌐ ⅝ ⅝

RelA/p50─ ⅜ ⇔ ─ ╩ ℮⁹ ⁸

non-canonical ─ │ NIK ≤ IKKŬ─ ⌐ ⇔∕╣⌐

⅝ ™≡ p100⅜ p52┼≤ ╩℮↑╢⁹ ∂√ p52│ RelB≤

╩ ⇔ ┼ ⇔⁸ ─ ╩ ℮⁹c-IAPs │

RIP1≤ NIK ╩ꜚⱦ◐♅fi ∆╢↓≤≢ canonical ─ ∞↑≢

⌂ↄ non-canonical ─ ⌐ ╦∫≡™╢↓≤⅜ ╠╣≡™╢

22,23,24 ⁹BIRC3 H574A ⅔╟┘ BIRC3-MALT1 ♃fiⱤ◒⅜

NF-əB─ ⌐╟╡ⱴ►☻─ B ≤ NIH3T3 ╩∕╣∙╣

↕∑╢↓≤⅜ ↕╣≡™╢ 25,26 ⁹ ₁│ BIRC3 ─

≤ NF-əB ≤─ ╩ ═╢√╘⌐⁸ ⅔╟┘♪

ⱷ▬fi ╩ ╗ ─ BIRC3╩ HEK293 ⌐ ↕

∑ NF-əB꜠ ⱳכ♃כ▪♇☿▬╩ ∫√⁹∕─ ™↓≤⌐⁸

BIRC3 E358X ⅜ BIRC3≤ ═≡ NF-əB ⌐ ╩ ╓↕

⌂™↓≤⅜╦⅛∫√⁹ BIRC3 H574A │ ─ ╡ ⌐ NF-əB

╩ ⇔√⁹BIRC3 H574A ╩Ᵽ♇◒Ⱳכfi≤⇔≡ ⌐ ♪ⱷ
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▬fi╩ ↕∑√ ≢│ BIR2 ⅔╟┘ CARD ♪ⱷ▬fi─

│ NF-əB ⌐ ⅝⌂ ╩ ⅎ⌂™⅜ BIR3≤ UBA ♪ⱷ▬fi╩

↕∑╢≤ ⅝ↄ ⅜ ⅜╡⁸BIR1 ♪ⱷ▬fi─ ≢│ NF-əB─

⅜ ⌐ ⇔√⁹BIRC3 H574A ⌐⅔™≡ UBA ♪ⱷ▬fi─ ⅜

⌐ ╩ ⅎ⌂™ ≢ NF-əB─ ╩╒╓ ∟ ⇔≡

⇔╕℮↓≤⅛╠ BIRC3─ ≤ NF-əB │ ⌐│

⇔≡™⌂™↓≤⅜ ↕╣√ 8 ⁹  

⇔⅛⇔⁸ ─ NIK ⌐ ⅜№╢↓≤ 27 ≤ BIRC3

─ꜚⱦ◐♅fiꜞ●כ♀ ⅜ NF-əB─ canonical ╩ ∆╢

≢ non-canonical ╩ ∆╢↓≤╩ ⅎ╢≤⁸BIRC3 E358X

⌐⅔™≡│ canonical ─ ≤ non-canonical ─ ─

⅜ ⇔⁸ ≤ ╦╠⌂™ ─ NF-əB ⌐⌂∫≡™╢↓≤╙

ⅎ╠╣╢⁹ ─ non-canonical ─ ⅜ ╩ ⇔

≡™╢ ╩ ∆╢√╘⁸NIK ╩ ≤∆╢ shRNA ╩ ⌐

∆╢ NIH3T3 ╩ ⇔∕─ ≢ focus formation assay╩ ℮↓

≤≤⇔√⁹ⱴ►☻ NIK ─ shRNA №╢™│ control-shRNA─ ╩ ╖

╪∞꜠fi♅►▬ꜟ☻ⱬ◒♃כ╩ ↕∑ ╩ ⇔

NIK -sh-3T3 Ctl-sh-3T3ה ⁸NIK ♃fiⱤ◒─ ╩►◄

☻♃fiⱩ꜡♇♩≢ ⇔√ 9A ╕√⁸NIK -sh-3T3 ≢│ⱴ►☻

NIK ─꜠♩꜡►▬ꜟ☻ⱬ◒♃כ╩ ↕∑√ ─ ⅜ ↕
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╣╢↓≤╙ ⇔√ 9B ⁹↓╣╠─ NIH3T3 ⅔╟┘ ─

NIH3T3 ⌐⁸↕╠⌐ ⱬ◒♃כ Mock ⁸ ─ BIRC3⁸BIRC3

E358X №╢™│ BIRC3 H574A ╩ ∆╢꜠♩꜡►▬ꜟ☻─™

∏╣⅛╩ ↕∑ focus formation assay╩ ∫√⁹∕─ ⁸NIK -sh-3T3

≢╙ BIRC3 E358X ⁸BIRC3 H574A ─ ⌐╟╡ Ctl-sh-3T3

⌐ↄ╠═ ⅝↕│ ↕ↄ ╙ ⌂™╙── ⱨ◊כ◌☻⅜

↕╣√ 10 ⁹  

 

 

8 BIRC3 ─ NF-əB  

HEK293 ⌐ BIRC3─ Wild -type ⁸E358X ⁸BIRC3(H574A)⁸ 

H574A/ȺBIR1⁸H574A/ȺBIR2⁸H574A/ȺBIR3⁸H574A/ȺUBA⁸H574A/

ȺCARD ─™∏╣⅛─ ⱪꜝ☻Ⱶ♪№╢™│ ⱬ◒♃כ Mock ╩

NF-əB꜠ ⱳכ♃כⱪꜝ☻Ⱶ♪ ⱱ♃ꜟꜟ◦ⱨ▼ꜝכ♀ ⁸pGL4.70 ꜠

♬ꜝꜟ◦ⱨ▼ꜝכ♀ ≤ ⌐♩ꜝfi☻ⱨ▼◒◦ꜛfi⇔√⁹◓ꜝⱨ│∕

╣∙╣─◘fiⱪꜟ─ⱱ♃ꜟꜟ◦ⱨ▼ꜝכ♀ ╩꜠♬ꜝꜟ◦ⱨ▼ꜝכ

♀ ≢ ⇔√ ± ╩ ∆⁹ │ ⁸ │

ⱨ◊כ◌☻╩ ⇔√ ⁸ │ ⇔⌂⅛∫√ ╩

∆⁹  



31 

 

A 

 
 

 

B 

 

 

 

 

9 NIK -shRNA NIH 3T3 ─  

A, ◖fi♩꜡כꜟ⅔╟┘ⱴ►☻ NIK╩ ≤∆╢ shRNA╩ pLKO.1puro

꜠fi♅►▬ꜟ☻ⱬ◒♃כ⌐ ⇔⁸ ⇔√꜠fi♅►▬ꜟ☻╩ NIH3T3

⌐ ↕∑√⁹2 ─Ⱨꜙכ꜡ⱴ▬◦fi≢ ╩ ⇔

√⁹ ⇔√ ⌐↕╠⌐⁸ ⱬ◒♃כ (Mock)╕√│ⱴ►☻ NIK ╩

⇔√ pMXs ╟╡ ⇔√꜠♩꜡►▬ꜟ☻╩ ↕∑√⁹∕─ 3

⌐ NIK ─ ╩►◄☻♃fiⱩ꜡♇♩≢ ⇔√⁹  

 

B, A≢ ╩ ∫√ ∂ NIH3T3╩ 14 ⌐ ⱨ◊כ◌☻

─ │כⱣꜟכ◔☻⁹√⇔╩ 100 ɛm⁹  
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10 NIK ⱡ♇◒♄►fi⌐╟╢ BIRC3 ꜚⱦ◐♅fiꜞ●כ♀

─  ┼─  

9A ≢ ⇔√ NIK -sh-3T3⁸Ctl-sh-3T3⅔╟┘ ─ NIH 3T3 ⌐

6 ≤ ⌐⇔≡ ⱬ◒♃כ Mock ⁸ BIRC3⁸BIRC3 E358X ⁸

BIRC3(H574A)─™∏╣⅛╩ ↕∑√⁹14 ⌐ ⱨ◊כ◌☻

─ ╩ │כⱣꜟכ◔☻⁹√∫ 100 ɛm⁹  
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BIRC3 ─∕─ ─ ─  

↕╕↨╕⌂⅜╪◕ⱡⱶ ☻כⱬ♃כ♦  

COSMIC http://cancer.sanger.ac.uk/cancergenome/projects/cosmic/ 

CCLE http://www.broadinstitute.org/ccle  

TCGA https://tcga-data.nci.nih.gov/tcga/tcgaHome2.jsp 

ICGC http://icgc.org ⅔╟┘ ─ ≢ BIRC3─ ╩

⇔√⁹∕─ 22─▪Ⱶⱡ 3⁸ 11 ≤ t(11;18)(q21;q21)

⌐╟╢ BIRC3-MALT1 ♃fiⱤ◒⅜ ↕╣√₡19₢⁹  

∕╣╠─ ╩ ═╢√╘⁸ ꜠♩꜡►▬ꜟ☻╩

⇔ NIH3T3 ⌐ ה ↕∑√⁹∆╢≤ꜚⱦ◐♅fiꜞ●כ♀

╩ ∫√╙─│ ≡ ╩ ∫≡⅔╡⁸RING♪ⱷ▬fi

─ ≢│ BIRC3 C319Y ─╖⌐ ╩ ╘√⁹∕─

─ ⌐│ ╩ ╘⌂⅛∫√ 12A ⁹C319Y │ BIR3

♪ⱷ▬fi─ ≤⇔≡ ≤ ⅎ╠╣╢ ▬○fi≤ ∆╢ ─

▪Ⱶⱡ ≢№╡₡17₢BIR3 ♪ⱷ▬fi─ ╩ ⇔ ╩

↓⇔≡™╢ ⅜ ↕╣√⁹⇔⅛⇔⁸ ╩ ∫√

⌐ ⇔≡ ↑≡ ╢╟⌐☻►ⱴ♪כ♯√⇔ ≢│ꜚⱦ◐

♅fiꜞ●כ♀ ╩ ℮ │ ≡ ╩ ⇔√─⌐ ⇔≡ BIRC3

C319Y │ ╩ ⇔⌂⅛∫√ 12B ⁹  

╕√ ⇔√ ≡⌐⅔™≡ NF-əBꜞ ⱳכ♃כ▪♇☿▬╙ ⇔√⁹
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∕─ UBA ♪ⱷ▬fi╩ ∟⁸⅛≈ꜚⱦ◐♅fiꜞ●כ♀ ≢│

BIRC3 H574A ≤ ⌐ NF-əB╩ ⇔√⅜ UBA ♪ⱷ▬fi≤

RING ♪ⱷ▬fi─ ╩ ℮╟℮⌂ ≢│ ≤ ─

╩ ╘╢─╖≢№╡⁸H574A─♪ⱷ▬fi ⅛╠ ╠

╣√ ≤ ⇔⌂⅛∫√⁹⌂⅔ RING ♪ⱷ▬fi≤ ⇔⌂™ │

NF-əB─ ⌐ ╩ ⅎ⌂⅛∫√ 13 ⁹  

 

 

 

 

 

 

☻כⱬ♃כ♦┘╟⅔ 3 ≢╖╠╣√ BIRC3 ─  

─ ⅔╟┘ ICGC⁸TCGA⁸COSMIC⁸CCLE⁸≢ BIRC3 ─

╩ ⇔√ ╩ 2012 10 ↓↓≢ ⇔√╙── ⌐

t(11;18)(q21;q21) ⌐╟╢ BIRC3-MALT1 ♃fiⱤ◒⅜ ╠╣≡™

╢⁹  

▪Ⱶⱡ
─

c.20G>T p.S7I COSMIC

c.515G>T p.R172I COSMIC

c.743C>G p.S248C COSMIC

c.832A>C p.S278R COSMIC

c.890G>A p.G297D Skin COSMIC

c.956G>A p.C319Y ꜞfiⱤ Rossi╠ (2011)

c.1072G>T p.E358X CCLE

c.1101_1132del32 p.G367fsX6 Rossi╠ (2011)

c.1102G>T p.E368X COSMIC

c.1183_1352del170 p.V395fsX6 Rossi╠ (2011)

c.1270G>T p.E424X Rossi╠ (2011)

c.1279_1280insA p.I427fsX11 Rossi╠ (2011)

c.1283_1287delGGGAA p.R428fsX8 ꜞfiⱤ Rossi╠ (2011)

c.1463C>T p.R448Q COSMIC

c.1414G>A p.G472R COSMIC

c.1463C>T p.T488M COSMIC

c.1607C>G p.T536R COSMIC

c.1606delA p.T536fsX32 Rossi╠ (2011)

c.1636G>T p.E546X ꜞfiⱤ Rossi╠ (2011)

c.1638_1639insA p.Q547fsX12 Rossi╠ (2011)

c.1639delC p.Q547fsX21 ꜞfiⱤ Rossi╠ (2011)

c.1663_1666delAGAA p.R555fsX12 Rossi╠ (2011)

c.1690G>T p.E564X ꜞfiⱤ Rossi╠ (2011)
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☻כⱬ♃כ♦┘╟⅔ 11 ≢╖╠╣√ BIRC3 ─  

2 ≢ ⇔√ ≤ BIRC3-MALT1 ─ ╩ ∆╢⁹

BIRC3-MALT1 │ ⅜ ⌂╢╙─⅜№╢⅜ ─

≢ ⇔√╙─╩ ∆⁹  
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