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1.  
ₒ ≤ ₓ ◄ꜞ♥ⱴ♩כ♦☻ (systemic lupus erhthematosus; SLE)│⁸ ╛

☻ⱪכꜟ⁸ ⌂≥─ ⌂ ≤⁸ ⌂ ─ ╩ ≤∆

╢ ≢№╢⁹SLE─ │ 1 ▬fi♃כⱨ▼꜡fi─ ≤∕╣

⌐ ℮ T ─ fiכ꜡◒ , ─ B , DNA ╩│∂

╘≤∆╢ , ─ , ─ ⌂≥⅜ ╩ ⇔

╩⅝√∆≤ ⅎ╠╣⁸∕╣∙╣─ ⌐⅔™≡ ⅔╟┘ ⅜

⌐ ∆╢↓≤⅜ ↕╣≡™╢⅜⁸ ⌂ │™╕∞⌐ ⌂ ⅜

™⁹ 
T │ ─ ⌐⅔™≡ ╩ ⇔⁸SLE ⌐╙ ⌂

╩ ∫≡™╢⁹↓╣╕≢⌐╙T ─◦◓♫ꜟ ⌐≈™≡ ↄ─ ⅜⌂↕╣≡™

╢⅜⁸⌂⅛≢╙ SLE T ≢│ IL-2 ─ ╛⁸DNA methyltransferase 1 
(DNMT1) ⌐≤╙⌂℮ DNA─ ⱷ♅ꜟ ⅜ ─ ≤⌂╢↓≤⅜

↕╣≡™╢⁹ 
T ⌐⅔™≡ Ras ≢№╢ RasGRP1│ Ras-MAPK ─ ╩ ⇔

≡ IL-2╛ DNMT1─ ╩ ∆╢⁹RasGRP1 ⱴ►☻≢│ꜟכⱪ☻ ╩

╗ ⌂ ╩ ∆╢↓≤⅜ ╠╣≡⅔╡⁸╕√RASGRP1│ SLE─
─ ≈≤⇔≡ ↕╣≡™╢⁹ ≢│⁸SLE T ⌐⅔™≡

exon 11╩ ∆╢ alternatively-spliced RasGRP1 (RasGRP1-AS) ⅜ ⌐ ⇔⁸↓

─☻ⱪꜝ▬◦fi◓ ⅜ RasGRP1 ≤ ∆╢↓≤╩ ⇔√⁹∕↓≢

RasGRP1☻ⱪꜝ▬◦fi◓ ╩ ⇔√ Ras/MAPK ─ ⅜ SLE T ⌐⅔

↑╢ ─ ≤ ⅎ⁸↓─ RasGRP1 ☻ⱪꜝ▬◦fi◓ ─ⱷ◌♬☼ⱶ⌐

⇔√⁹ SLE T ⌐⅔™≡⁸☻ⱪꜝ▬◦fi◓ ⌐ ⌂SR ─ ≈≢

№╢ serine/arginine-rich splicing factor 1 (SRSF1)─ ⅜ ⇔≡⅔╡⁸CD3z─☻ⱪꜝ

▬◦fi◓ ╩ ⇔≡⁸ ≤ ∆╢↓≤⅜ ╩☻כⱬ♃כ♦⁹√╣↕ ™√

⌐╟╡⁸SRSF1≤RasGRP1-exon 11 RNA─ ⅜ ↕╣√↓≤⅛╠⁸ ≢│

SLE T ⌐⅔↑╢RasGRP1☻ⱪꜝ▬◦fi◓ ≤SRSF1≤─ ⌐≈™≡

⇔√⁹ 
ₒ SxLE ⁸ T ─CD3 whole T ⌐⅔™≡⁸SRSF1, RasGRP1 
wild type (RasGRP1-WT), DNMT1─mRNA ╩ ⇔√⁹ ™≡T ◘Ⱪ☿

♇♩⌐⅔↑╢RasGRP1☻ⱪꜝ▬◦fi◓ ─ ╩ ∆╢√╘⁸ ⅔╟┘SLE
CD4 T ◘Ⱪ☿♇♩↔≤⌐ RasGRP1-WT, -AS─mRNA ╩ ⇔

√⁹╕√ SRSF1≤ RasGRP1-exon11 RNA≤─ ╩ oligonucleotide-pulldown assay≢
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⇔√⁹↕╠⌐ T ⌐⅔↑╢ SRSF1─ⱡ♇◒♄►fi⁸SLE T ⌐

⅔↑╢ SRSF1─ ╩ ™⁸RasGRP1☻ⱪꜝ▬◦fi◓╛RasGRP1 ⌐ ⅎ

╢ ╩⁸RasGRP1-WT⁸-AS─mRNA ⁸RasGRP1 ╩ ∆╢↓≤

≢ ⇔√⁹↕╠⌐ ⁸SLE T ⌐⅔™≡ RasGRP1-WT╩ ⇔⁸

CD3, CD28 ≢─ IL-2, DNMT1─ ╩ ⇔√⁹╕√ SRSF1 ⌐

∆╢◒꜡ⱴ♅fi ⌐╟╡ SRSF1≤ RasGRP1 promoter≤─ ╩ ⇔√⁹

↕╠⌐ T ⌐⅔↑╢ SRSF1 ─ ╩ ∆╢√╘⁸ ⌐⅔™≡

─№╢ Sam 68, miR-10─ ╩ ⁸SLE T ≢ ⇔√⁹ 
ₒ ₓSLE T ≢│ SRSF1─ │ ≤ ═ ⌐ ⇔≡⅔╡⁸

SLE ≢│ ─ SLE ≤ ⇔≡ SRSF1 ─ ⅜╟╡ ≢

№∫√⁹ T ⌐⅔™≡ SRSF1, RasGRP1-WT mRNA ─ │ ╘⌂⅛

∫√⅜⁸SLE T ⌐⅔™≡│ SRSF1, RasGRP1-WT, DNMT1─mRNA │

™⌐ ─ ╩ ⇔√⁹ ⁸SLE ≤╙⌐ CD4 T ◘Ⱪ☿♇♩ ≢

RasGRP1-WT ╛RasGRP1-AS/-WT ⌐ ⌂ │ ╘⌂⅛∫√⁹Oligonucleotide 
pulldown assay⌐╟╡SRSF1│RasGRP1-exon11 RNA≤ ∆╢↓≤⅜ ↕╣√⁹

T ⌐⅔↑╢SRSF1─ⱡ♇◒♄►fi⌐╟╡RasGRP1-WT⌐ ∆╢RasGRP1-
AS ─ ⅜ ⇔ RasGRP1 │ ⇔√⁹ SLE T ⌐⅔↑╢

SRSF1 ─ ⌐╟╡ RasGRP1 ─ │ ⇔⁸RasGRP1-AS ─ │

⇔√⁹↕╠⌐ SLE T ⌐⅔↑╢RasGRP1-WT─ ⌐╟╡CD3, CD28
≢─ IL-2, DNMT1 │ ⌐ ⇔√⁹◒꜡ⱴ♅fi ⌐╟╡ SRSF1≤

RasGRP1 promoter≤─ │ ≢⅝⌂⅛∫√⁹╕√ Sam 68│T ⌐⅔™≡

≢⅝∏⁸SLE T ⌐⅔↑╢miR-10a, b─ │ T ⌐⅔↑╢

≤ ╩ ╘⌂⅛∫√⁹ 
ₒ ₓT ⌐⅔™≡ SRSF1│ RasGRP1─☻ⱪꜝ▬◦fi◓ ╩ ⇔≡⅔╡⁸

SLE ⌐⅔↑╢ RasGRP1☻ⱪꜝ▬◦fi◓ │ ─ T ◘Ⱪ☿♇♩⌐⅔↑╢

≢│⌂ↄ CD4 T ◘Ⱪ☿♇♩⌐ ⇔≡ ╘╠╣╢ ≢№∫√⁹SLE
T ⌐⅔™≡ SRSF1 ─ ⅜⁸RasGRP1─☻ⱪꜝ▬◦fi◓ ╩ ⇔≡

RasGRP1─ ⁸Ras/MAPK ─ ╩ ⅝ ↓⇔⁸IL-2 ⁸DNA
─ⱷ♅ꜟ ≤™∫√T ⌐⅔↑╢ ─ ≤⌂╡ ╢⁹SRSF1─

│ SLE⌐⅔↑╢ T ⌂ ╡⌂≥♩♇◕כ♃ ╢⅜⁸ ≢ SLE
T ⌐⅔↑╢ ⱷ◌♬☼ⱶ│ ╠⅛⌐⌂∫≡⅔╠∏⁸ ↕╠⌂╢

⅜ ≢№╢⁹ 
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2.  
─⅔╟┘ ≢ ⇔√ │ ─ ╡≢№╢  

ACR American College of Rheumatology 
APC Allophycocyanin 
BAFF B cell Activating Factor 
BILAG British Isles Lupus Assessment Group 
BSA bovine serum albumin 
crRNA crispr RNA 
Cy Cyanine 
DNMT1 DNA methyltransferase 1  
FcRɔ ɔ chain of the Fc receptor 
FITC fluorescein isothiocyanate 
EULAR European leafue Against Rheumatism 
Gfi1 growth factor independence 1 
GWAS genome wide association study 
IFN Interferon 
IL Interleukin 
NETs Neutrophil Extracellular Traps  
OR Odds Ratio 
PBS phosphate buffered saline 
pDC plasmacytoid dendritic cells 
PE Phycoerythrin 
PerCP peridinin chlorophyll protein 
PI Propidium Iodide 
PP1 protein phosphatase 1 
PSL Prednisolone 
RA  rheumatoid arthoritis 
RasGRP1-AS alternatively-spliced RasGRP1 
RasGRP1-WT wild-type RasGRP1 
siRNA small interfering RNA 
SLE systemic lupus erythematosus  
SNP single nucleotide polymorphism 
SLEDAI-2K Systemic Lupus Erythematosus Disease Activity Index 2000  
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SRSF1 serine/arginine-rich splicing factor 1 
Syk  spreen thyrosine kinase 
TCR T cell receptor 
TBS tris-buffered saline 
Tfh folicullar helper T cell 
Th0 naiive T cell 
Th1 T helper type 1 cell 
Treg regulatory T cell 
TNFa Tumor necrosing factor a 
V450 violet 450 
ZAP-70 z-associted protein-70 
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3.  
◄ꜞ♥ⱴ♩כ♦☻ (systemic lupus erythematosus: SLE) │ , DNA

, Sm ⌂≥─ ⌂ ⅔╟┘ ─ ⌐ ≠↑╠╣⁸

─ ⌐ ∆╢ ─ ≢№╢⁹SLE─ ╛

│ ⌐ ⌂∫≡⅔╡⁸∕─ ╙ ⌐╦√╢(Lisnevskaia et al., 2014; 
Yazdany and Dall'Era, 2013)⁹ 

SLE─ ≢│⁸ ⌐ ⅎ⁸ , ►▬ꜟ☻ , ⱱꜟ⸗fi, , 
⌂≥─ ⅜ ╦╡⁸ ⌂ ┼─ ⅜ ∆╢≤ ⅎ╠╣≡™╢⁹

T ─ fiכ꜡◒ , ─ B , DNA ╩│∂╘≤∆

╢ , ─ , ─ ⌂≥⅜ ╩ ⇔⁸

╩⅝√∆⁹∕─ SLE─ ⌐ ⌂ ╩ √∆ ≤⇔≡⁸I ▬fi♃כⱨ

▼꜡fi (IFN) ≢№╢ IFNŬ ─  (pDC) ⅛╠─ ⅜ ↕╣

≡™╢(Elkon and Wiedeman, 2012; Ronnblom and Elkon, 2010)⁹∕⇔≡⁸SLE ≢│↓

─ IFN ⅜ ⇔≡™╢(Baechler et al., 2003; Baechler et al., 2004)⁹IFNŬ
⌐╟╡ ╛ⱴ◒꜡ⱨ□כ☺⅛╠─B cell Activating Factor (BAFF) ─ (Vincent 
et al., 2014)╛◄ⱨ▼◒♃כT ─ ⅜ ↓╢⁹╕√⁸SLE≢│ T ⌐⅔↑╢

◦◓♫ꜟ ╙ ↄ ↕╣≡™╢(Crispin et al., 2008)⁹↕╠⌐⁸ ╩ ╗

⌐╟╡NETosis╩ ↓⇔√ ⅛╠Neutrophil Extracellular Traps (NETs) ⅜
↕╣⁸SLE ─ ⌐ ∆╢↓≤╙ ↕╣≡™╢(Garcia-Romo et al., 2011; 

Lande et al., 2011)⁹↓╣╠─ ⌐⁸ , ⅜ ⌐ ╖ ℮↓≤≢

⅜ ↕╣≡™╢⁹ 
↓─╟℮⌂ ⌂ ─ ╦╢ ⅜ ↕╣≡™╢╙──⁸ ⌐ ⇔

≡│⁸ ☻♥꜡▬♪╛ ⌂≥ ⅜♩♇◕כ♃ ∏⇔╙ ≢⌂

™ ⅜ ™╠╣≡⅝√⁹ ≢│T , B , BAFF(Furie et al., 2011), 
IFNŬ(Kirou and Gkrouzman, 2013)╩ ≤⇔√ ⅜ ╦╣≡⅝≡™╢⅜⁸

─ ╛◄fi♪ⱳ▬fi♩ ─ ⇔↕⅛╠⁸↓╣╕≢⌐ BAFF ≢№╢

belimumab⅜ ⌐ ╢⌐≤≥╕∫≡™╢⁹SLE─ heterogeneity≤™℮ ─√

╘⁸ ⌐⅔↑╢ ⌂ , │ ∑∏⁸ ⌐

∆╢ │ ⌂ↄ⌂™⁹ 
≢│ SLE ─ ─ ⌂ ─ ≈╩ ∂≡™╢ T ─ ◦

◓♫ꜟ ⌐ ⇔⁸ √⌂ ─♩♇◕כ♃ ╩ ≤⇔≡⁸ ╩ ∫√⁹  
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4. 

SLE T ⌐⅔↑╢ 

◦◓♫ꜟ ⌐ ∆╢  

 

4.1  
 
SLE─ ⌐│ ─ ╡ ⌐ ⅜ ╦╢↓≤≢⁸ T
⅜ ה ⇔⁸ ↕╣√B ⌐╟╡ ⌂ ⅜ ↕╣⁸

№╢™│ ≤ ⌐╟╢ ⅜ , ╩ ⅝ ↓

⇔⁸ ╩ ∆╢⁹ 
 T │ ─ ⌐⅔™≡ ╩ ⇔⁸SLE ⌐╙ ⌂

╩ ∫≡™╢⁹SLE⌐⅔↑╢T ─ ⌐≈™≡│ ↄ─ ⅜ ╦╣≡⅝√⁹

T cell receptor (TCR) ╩ ⇔√ ⌐ ∆╢ ─ ⁸ Ca2+▬○fi ─

⌐╟╡⁸ ◦◓♫ꜟ ⌐ ∆╢ ꜞfi ─ ⅜ ⅝ ↓↕╣

≡™╢⁹CD3z ─☻ⱪꜝ▬☻ ⌂≥⌐╟╢ ⅜ ↓╡(Liossis et al., 1998; 
Nambiar et al., 2001)⁸ ↓╣⌐ ∆═ↄ FcRɔ (ɔ chain of the Fc receptor)⅜ ⇔(Duriagin 
et al., 2006; Enyedy et al., 2001)⁸ ─ T ◦◓♫ꜟ⌐⅔↑╢ ZAP-70 (z-associted 
protein) ─⅛╦╡⌐ Syk (spreen thyrosine kinase) ⅜ ↕╣╢⁹╕√⁸ ≢№

╢ⱥ▪ꜟ꜡fi CD44─ ─ ╙ ⇔≡⅔╡⁸ ┼─T
─ ╛ ╩ ↕∑⁸ ⌐ ⇔≡™╢(Crispin et al., 2007; Crispin et al., 
2008)⁹ ⌐⁸ ◦◓♫ꜟ⌐ ⅜ ∂⁸Ca2+▬○fi- calcineurin ─ ⌐№╢

NFAT (nuclear factor of activated T cells) ─ ⅜ ↓╡(Crispin et al., 2008)⁸∕─
⌐╙ IL-2 ╩ ∆╢ PP2A ─ (Katsiari et al., 2005), CaMKIV ─ , 
CREB/CREM ratio ╙ ↕╣≡™╢(Crispin et al., 2008)⁹∕─ T ⌐⅔↑╢

IL-2 ≤ IL-17─ ⁸T ◘Ⱪ☿♇♩─ ⁸B ─ ⌂

╩ ⇔ ┼ ∆╢↓≤⅜ ↕╣≡™╢⁹ 
≢⁸ Ras/MAPK ─ ╙ SLE T ⌐⅔↑╢◦◓♫ꜟ ─ ≈

≤⇔≡ ≢№╢⁹Ras/MAPK ⌐ ⅝ ⅝⁸Erk ─ ⅔╟┘∕─ ≢№

╢AP-1─ ⅜⅔↓╡⁸IL-2 ─ (Moulton and Tsokos, 2015)⌂╠┘⌐DNA─
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ⱷ♅ꜟ ⌐ ─ ≢№╢ DNA methyltransferase 1 (DNMT1) ─ ⅜ ∆

╢(Pan et al., 2010)⁹SLE T ≢│ ⌂DNA─ ⱷ♅ꜟ ⅜ ╘╠╣╢⅜

(Richardson et al., 1992)⁸ ≢╙ ITGAL (CD11a), perforin (PRF1), TNFSF7 (CD70)╛
CD40LG (CD40L)⌂≥─ autoimmune-related genes≤ ┌╣╢ ─ DNA─ ⱷ♅ꜟ

⅜ ≢№╢↓≤⅜ ↕╣≡™╢(Kaplan et al., 2004; Lu et al., 2007; Oelke et al., 2004; 
Richardson et al., 1992)⁹ⱴ►☻⌐⅔™≡ 5-Azacitizine (5-AZA)╩ ™≡DNMT1 ╩

℮≤ ─ ⱷ♅ꜟ ╩ ⇔√ ⌂ ⅜ ↕╣⁸lupus ╩ ∆

╢↓≤⅜ ╠╣≡™╢(Oelke et al., 2004; Richardson et al., 1992)⁹╕√⁸procainamide╛
hydralazine⌐╟╢ ☻ⱪכꜟ ≢╙DNMT1 ─ ╩ ⇔≡ ─

ⱷ♅ꜟ ⅜ ╘╠╣╢↓≤⅜ ╠╣≡™╢(Cornacchia et al., 1988)⁹ 
∆⌂╦∟⁸Ras/MAPK ─ ─ ≤⇔≡ ∂╢DNMT1 ╩ ⇔

√ autoimmune-related genes─ⱷ♅ꜟ ─ ⅜ SLE T ⌐⅔↑╢

⅔╟┘ SLE ⌐ ⅝⌂ ╩ ∂≡™╢≤ ⅎ╠╣╢⁹ 
─ⱪ│⁸Rasכꜟ◓ ≢№╢ RasGRP1⌐ ⇔ ╩ ∫≡⅝√⁹

RasGRP1│ RasGRPⱨ□Ⱶꜞכ─ ≈≢ T ⌐ ⌐ ⇔≡™╢⁹T ⁸

⌐ ⌐⅔↑╢ negative selection⌐⅔™≡ ≢№╡⁸RasGRP1 ⱴ►☻⌐

⅔™≡⁸single positive T ⅜ ∆╢↓≤⁸ ≢│ autoimmune lymphoproliferative 
disorder╩ ∆╢↓≤⅜ ↕╣≡™╢(Dower et al., 2000; Priatel et al., 2002; Roose et al., 
2005)⁹╕√B (Coughlin et al., 2005)╛NK (Lee et al., 2009)⌂≥≢─ ╙

↕╣⁸↕╠⌐RasGRP1╩ ⇔√ⱥ♩≢│T, B, NK ─ , , 
⌐╟╡ ╩ ∆╢↓≤⅜ ↕╣√(Salzer et al., 2016)⁹╕√Ras ♪ⱷ▬fi

─ ⅛ ─Ⱬ♥꜡ ╩ ∑ ≈ⱥ♩≢ autoimmune lymphoproliferative disorder ─

╩ ⇔√ ╙ ↕╣≡⅔╡(Mao et al., 2017)⁸RasGRP1≤ ≤─

⅜ ↕╣≡™╢⁹ 
↕╠⌐ ─▪☺▪ ─Genome wide association study (GWAS)⌐⅔™≡RASGRP1│

─ ≈≤⇔≡ ↕╣√(Sun et al., 2016)⁹ 
☻▬ꜝⱪ≢│↓╣╕≢⌐⁸RasGRP1─☻ⱪכꜟ◓ ⅜ SLE T ⌐

⅔™≡ ⌐ ≢№╢↓≤⁸⅔╟┘ ꜠ⱬꜟ╙ ⇔≡™╢↓≤╩ ⇔

√(Yasuda et al., 2007)⁹SLE T ≢│RasGRP1─ ₁⌂☻ⱪꜝ▬☻Ᵽꜞ▪fi♩

⅜ ╘╠╣╢⅜⁸ ⌐ exon11╩ ∆╢ alternatively-spliced RasGRP1 (RasGRP1-AS)⅜
⌐ ╘╠╣⁸RasGRP1-AS ⌐ ℮wild-type RasGRP1 (RasGRP1-WT)─
⅜⁸Ras/MAPK ─ ─ ≤ ⅎ╠╣√ (Figure 1)⁹ 
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Figure 1. SLE T ⌐⅔↑╢RasGRP1☻ⱪꜝ▬◦fi◓ ≤Ras/MAPK
─  
SLE T ≢│RasGRP1☻ⱪꜝ▬◦fi◓ ⌐ ℮RasGRP1-AS─ ⁸

RasGRP1-WT─ ⌐ ™RasGRP1 ⅜ ⇔⁸Ras/MAPK ─

╩ ⇔≡DNMT1, IL2 ⅜ ∆╢⁹DNMT1 │⁸DNA─ ⱷ♅ꜟ ╩

⇔≡ autoimmune related genes─ ─ ╩ ∆╢⁹ 
 

 
│⁸SLE T ⌐⅔↑╢☻ⱪꜝ▬◦fi◓ ╩ ∆╢№╠√⌂ ─

╩ ╢═ↄ⁸RasGRP1─ ⌐⅔™≡ exon 11╩ ∆╢ ⅜ ↓╢ ╩

⇔√⁹SLE T ⌐⅔™≡ CD3z─☻ⱪꜝ▬◦fi◓ ⅜∆≢⌐ ↕╣≡™╢

⅜⁸SR ─ ≈≢№╢ serine/arginine-rich splicing factor 1 (SRSF1) ⅜CD3 z─☻ⱪꜝ

▬◦fi◓╩ ∆╢ ≤⇔≡ ↕╣√(Moulton et al., 2015; Moulton and Tsokos, 
2010)⁹ ─ SLE ⌐⅔™≡⁸SLE T ≢│ ⌐ SRSF1 ⅜ ⇔≡

⅔╡⁸╕√ ─ SLE ⌐⅔™≡∕─ │ ≢№∫√(Moulton et al., 
2013)⁹ ™↓≤⌐⁸ ☻כⱬ♃כ♦─ ESEfinder ( http://rulai.cshl.edu/cgi-
bin/tools/ESE3/esefinder.cgi?process=home )╩ ™≡ ╩ ∫√≤↓╤⁸RasGRP1-
exon11 RNA│ SRSF1≤─ ⅜ ↕╣╢ ╩ ⇔≡™√ (Figure 2)⁹ 
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Figure 2. RasGRP1-exon 11 RNA≤ SR ≤─  
-ESEfinder ( http://rulai.cshl.edu/cgi☻כ═♃כ♦─

bin/tools/ESE3/esefinder.cgi?process=home )╩ ™≡RasGRP1-eoxn 11 RNA≤ SR
≤─ ╩ ⇔√⁹ ⌐ binding score╩⁸ ⌐RasGRP1-exon 11 RNA─
╩ ⇔√⁹SRSF1─ ╩ ─ ◓ꜝⱨ≢ ⇔√⁹ 

 
 
∕─√╘ │⁸T ≢│CD3z≤ ⌐RasGRP1⌐⅔™≡╙ SRSF1⅜☻ⱪꜝ▬◦
fi◓ ╩ ⇔≡⅔╡⁸SLE T ≢│ SRSF1 ─ ⅜RasGRP1─☻ⱪ
ꜝ▬◦fi◓ ╩ ⅝ ↓∆ ╩ ⅎ⁸∕─ ╩ ∆╢√╘⌐ ╩ ∫√⁹ 
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4.2  

SLE T ⌐⅔↑╢RasGRP1☻ⱪꜝ▬◦fi◓ ≤SRSF1 ≤─ ╩

∆╢⁹ 
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4.3 SLE T ⌐⅔↑╢  

 

4.3.1  

 
45 ─ SLE ⁸18 ─ ⅔╟┘ ◖fi♩꜡כꜟ≤⇔≡ 11 ─ ꜞ

►ⱴ♅(Rheumatoid Arthritis: RA) ╩ ≤⇔√⁹SLE─ │▪ⱷꜞ◌ꜞ►ⱴ♅

 (American College of Rheumatology; ACR) ─ 1997 (Hochberg, 1997; 
Tan et al., 1982)╩ ™≡ ∫√⁹RA─ │ACR / ꜞ►ⱴ♅  (European 
leafue Against Rheumatism: EULAR) ꜞ►ⱴ♅ 2010(Aletaha et al., 2010)╩
™≡ ∫√⁹SLE─ │ Systemic Lupus Erythematosus Disease Activity 

Index 2000 (SLEDAI-2K) (Gladman et al., 2000)⅔╟┘British Isles Lupus Assessment Group 
(BILAG) (Yee et al., 2009)╩ ™≡ ∫√ 

│Ⱬꜟ◦fi◐ ≤ ─ ⌐ ∫≡ ⇔⁸

─  ( : 012-0020) ╩ ≡ ∫√⁹ 
 

4.3.2  
  

╟╡ ⇔√ 10ml╟╡⁸RosetteSep T cell enrichment cocktail 
(StemCell Technologies)≤LymphocyteSeparation Medium (Corning)╩ ™≡ ⱪ꜡♩

⌐ꜟכ◖ ∂≡T ╩ ⇔√⁹ T ─ ⅜ 95% ≢№╢↓≤╩

Phycoerythrin (PE) CD3  (eBioscience)╩ ™≡⁸FACS Calibur flow 
cytometer (BD Biosciences)⌐≡ ⇔√⁹ ⇔√T ⅛╠RNeasy Mini Kit 
(Qiagen)╩ ™≡RNA╩ ⇔⁸Super Script VILO cDNA Synthesis Kit (Invitrogen Life 
Technologies)╩ ™≡ cDNA╩ ⇔√⁹ ╠╣√ cDNA╩RasGRP1⁸SRSF1⁸
DNMT1⁸GAPDH ⌂ⱪꜝ▬ⱴכ (RasGRP1: assay identifier Hs00183347_m1⁸ 
DNMT1: assay identifier Hs00154749_m1⁸SRSF1: assay identifier Hs00199471_m1⁸
GAPDH: assay identifier Hs02758991_g1) (Applied Biosystems)╩ ™≡ABI PRISM 7500 
Sequence Detection System (Applied Biosystems) ≢  (95ϴ, 10 ) ⁸95ϴ≢
15 ⁸60ϴ≢ 1 ╩ 1◘▬◒ꜟ≤⇔≡ 40◘▬◒ꜟ ⇔√⁹ ◘fiⱪꜟ─mRNA
─ ╩GAPDH mRNA ≢ ⁸ ─ ◘fiⱪꜟ 1 ╩
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≤⇔≡ᴅᴅCT ⌐╟╢ ╩ ∫√⁹RasGRP1│ exon11╩ ⇔≡™⌂™

RasGRP1-WT╩ ∆╢√╘⁸Ᵽꜞ▪fi♩≢ ∆╢RasGRP1 exon11╩ ∆╢

ⱪꜝ▬ⱴכ╩ ⇔√ (figure 3)⁹ 
 
 

 

Figure 3. RasGRP1-WT ⱪꜝ▬ⱴכ─  
exon 11 ⌐ⱪꜝ▬ⱴכ╩ ⇔(Forwoardⱪꜝ▬ⱴכ╩ P1⁸Reverseⱪꜝ▬ⱴכ╩P2
≢ ⇔√)⁸RasGRP1-AS╩ ∑∏RasGRP1-WT─╖╩ ∆╢ ⱪꜝ▬ⱴכ

≤⇔√⁹ 

 

4.3.3  

  
SLE ≤ ⌐⅔↑╢ (ᴅᴅCT )─ │⁸Unpaired t-

test ⌐╟╡ ∫√⁹╕√⁸ ─ ⌐≈™≡│⁸Kolmogorov-Smirnov
╩ ™≡ ⅜№╢↓≤╩ ⇔⁸Pearson─ ⌐╟╡ ⇔√⁹ 

 
 

4.3.4  

 
4.3.4.1  
 

╩Table 1⌐ ∆⁹ ⁸SLE ⁸RA ─  (
)│∕╣∙╣ 35 (31-48) ⁸27 (25-31) ⁸33 (26-42) ≢№∫√⁹SLE ─

SLEDAI-2K⁸BILAG☻◖▪─  ( ) │∕╣∙╣ 2 (2-4)⁸1 (0-1)≢№∫
√⁹SLE 45 35  (77.8%)≢ ⌐ Prednisolone (PSL)╩ ↕╣

≡⅔╡⁸PSL ─  ( ) │ 7 (4-11) mg/ ≢№∫√⁹17 (28.9%)



15 
 

≢ ⅜ ↕╣⅔╡⁸∕─ │ tacrolimus 13 , azathioprine 2 , 
mycophenolate mofetil 1 , cyclophosphamide 1  methotrexate 1 ≢№∫√⁹ 
 
 
Table1  

 
 
4.3.4.2 T ⌐⅔↑╢  
 
 SLE T ⌐⅔↑╢ SRSF1─mRNA │ ≤ ⇔≡ ⌐ ⇔

≡™√ (Figure 4)⁹ 

 
Healthy 
(n = 18) 

SLE 
(n = 45) 

RA 
(n=11) 

 
 (  / )   2 / 16 4/ 41 0 / 8 
,  ( ) 27 (25 – 31) 35 (31 – 48) 33 (26 – 42) 

 (%) N/A 10 (22%) 2 (18.2%) 
Disease activity 
  SLEDAI-2K,  ( ) N/A 2 (2 – 4) N/A 
  BILAG index, median ( ) N/A 1 (0 – 4) N/A 
Treatment 
  prednisolone (%) 
    (mg/ ),  ( ) 

N/A 
35 (77.8%) 6 (54.5%) 

7 (3-11) 1 (0-5) 
  tacrolimus (%) N/A 13 (28.9%) - 
  azathioprine (%) N/A 2 (4.4%) - 
  mycophenolate mofetil (%) N/A 1 (2.2%) - 
  cyclophosphamide (%) N/A 1 (2.2%) - 
  Methotrexate (%) N/A 1 (2.2%) 6 (54.5%) 
  Biologics (%) N/A - 8 (72.7%) 
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Figure 4. T ⌐⅔↑╢ SRSF1 mRNA ─  

(Healthy)⁸SLE ⁸RA T ⌐⅔↑╢ SRSF1 mRNA ╩ ⇔

│♃כ♦⁹√ ± ≢ ⇔√⁹**: p<0.01, n.s; not significant, t-test 
 
 
╕√ SLE  (BILAG index☻◖▪ 1 )≤ SLE  (BILAG 
index☻◖▪ 0 )╩ ∆╢≤ SLE ⌐⅔™≡ ⌐ SRSF1 ⅜ ≢

№∫√ (Figure 5)⁹ 
 

 
Figure 5. SLE─ ≤ SRSF1 ⌐≈™≡─  
BILAG index⅜ 1 ─ SLE≤BILAG index 0─ SLE T ⌐

⅔↑╢ SRSF1 mRNA ╩ │♃כ♦⁹√⇔ ± ≢ ⇔√⁹*: 
p<0.05, t-test. 
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SLE ⌐⅔↑╢ SRSF1╩BILAG◖fiⱳכⱠfi♩ ⌐ ⇔√≤↓╤⁸™∏╣─

⌐⅔™≡╙ ╩ ∆╢ SLE ⌐⅔™≡ SRSF1 ⅜ ∆╢

╩ ╘√ (Figure 6)⁹ 

 
Figure 6. ↔≤─ ≤ SRSF1 ≤─  
BILAG ⌐╟╢ ◖fiⱳΊⱠfi♩⌐⅔↑╢ ≤ SRSF1 ≤─

╩ ⇔√⁹BILAG categoty A: ⁸B: ⁸C: ⁸D: ⁸E:
⌂⇔ 
 
 
 
↕╠⌐ SRSF1⁸DNMT1⁸RasGRP1-WT─ ─ ╩ ⇔√≤↓╤ ⌐⅔™

≡│RasGRP1-WT≤DNMT1─╖⅜ ╩ ╘√(Figure 7) ≢⁸SLE ≢│

SRSF1⁸RasGRP1-WT⁸DMMT1│ ™⌐ ⌂ ─ ╩ ╘√ (Figure 8)⁹ 
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Figure 7. T ⌐⅔↑╢ SRSF1⁸RasGRP1-WT⁸DNMT1 ─  
T ⌐⅔™≡SRSF1, RasGRP1-WT, DNMT1 mRNA ─∕╣∙╣─

╩ ⇔√⁹ 

  

 

 
Figure 8. SLE T ⌐⅔↑╢ SRSF1⁸RasGRP1-WT⁸DNMT1 ─  
SLE T ⌐⅔™≡ SRSF1, RasGRP1-WT, DNMT1 mRNA ─∕╣∙╣─

╩ ⇔√⁹ 
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4.4  / SLE T ◘Ⱪ☿♇♩⌐⅔↑╢

RasGRP1  

 

4.4.1 ≤  

 
7 ⅔╟┘ SLE 6 ╟╡ 20ml╩ ⇔⁸Lyphocyte Separating 

Medium (Corning)╩ ™≡⁸ ⌐╟╡ ╩ ⇔√⁹ ╠╣√

╩ Fluorescein isothiocyanate (FITC) CD3 ⁸Violet 450 
(V450) CD3 , peridinin chlorophyll protein-cyanine 5.5 (PerCP-Cy5.5)
CD4 , PE CCR6 ⁸PE CD25 ⁸PE-cyanine 7 (PE-Cy7) 

CCR7 ⁸PE-Cy7 CXCR5 , allophycocyanin (APC) CXCR3
⁸APC CD127 , APC-cyanine 7(APC-Cy7) CD45RA╩ ™≡∕╣∙╣

⇔√⁹CD4 T ◘Ⱪ☿♇♩╩ (Maecker et al., 2012; Miyara et al., 2009; 
Morita et al., 2011)⌐ ≠⅝Table 2 ─╟℮⌐ ⇔⁸BD FACSAria™ II flow cytometer
╩ ⱩTכ▬♫≡™  (Th0)⁸T helper type1  (Th1)⁸Th2⁸Th17⁸ T

 (follicular helper T cell; Tfh)⁸ T  (regulatory T cell; Treg)⌐ ♥כ♁⁸⇔

▫fi◓⌐╟╡∕╣∙╣─CD4 T ◘Ⱪ☿♇♩↔≤⌐ ⇔√⁹ 
 

Table 2. ⱴכ◌כ╩ ™√◘Ⱪ☿♇♩  
 
 
 
 
 
 
 
 
 
 
 

 

CD4 T  
◘Ⱪ☿♇♩ 

ⱴכ◌כ 

Th0 CD3+CD4+CCR7+CD45RA+ 

Th1 CD3+CD4+CD45RA-CXCR5-CXCR3+CCR6- 

Th2 CD3+CD4+CD45RA-CXCR5-CXCR3-CCR6- 

Th17 CD3+CD4+CD45RA-CXCR5-CXCR3-CCR6+ 

Tfh CD3+CD4+ CD45RA- CXCR5+ 

Treg CD3+CD4+CD25+CD127low 



20 
 

⇔√ ⅛╠Quick-RNA Micro-Prep (Zymo Research)╩ ™≡RNA╩ ⇔⁸

SuperScript VILO (Invitrogen)╩ ™≡ ⇔ cDNA╩ ⇔√⁹ ╠╣√ cDNA╩
RasGRP1-WT⁸RasGRP1-AS⁸Cyclophilin A ⱪꜝ▬ⱴכ⅔╟┘SYBR Green 
Real-Time PCR Master Mixes (Applied Biosystems) ╩ ™≡ABI PRISM 7500 Sequence 
Detection System (Applied Biosystems) ≢  (95ϴ, 10 ) ⁸95ϴ≢ 15 ⁸

60ϴ≢ 1 ╩ 1◘▬◒ꜟ≤⇔≡ 45◘▬◒ꜟ ⇔√⁹ ◘fiⱪꜟ─mRNA─
╩Cyclophilin A mRNA ≢ ⁸ ─Th0◘fiⱪꜟ 1 ╩ ≤⇔

≡ᴅᴅCT ⌐╟╢ ╩ ∫√⁹RasGRP1-WT⅔╟┘RasGRP1-AS╩ ⌐

∆╢√╘⁸RasGRP1-WTⱪꜝ▬ⱴכ│ exon 11 ⌐ ⇔⁸RasGRP1-ASⱪꜝ▬
ⱴכ│ exon 10 ⌐ Forward ⱪꜝ▬ⱴכ╩ ⇔⁸exon 10, 12 ⌐Reverse ⱪ
ꜝ▬ⱴכ╩ ⇔√ (Figure 9)⁹ ⇔√ⱪꜝ▬ⱴכ ╩Table3⌐ ∆⁹ 
 

 

Figure 9. RasGRP1ⱪꜝ▬ⱴכ  
RasGRP1-WT ⱪꜝ▬ⱴכ≤⇔≡ exon 11 ┼ Foword, Reverseⱪꜝ▬ⱴכ╩
⇔(P1, P2)⁸RasGRP1-ASⱪꜝ▬ⱴכ≤⇔≡ exon 10 ⌐ Forwordⱪꜝ▬ⱴכ╩ 

(P3)⁸exon 10, 12 ⌐Reverseⱪꜝ▬ⱴכ (P4)╩ ⇔√⁹ 
 
Table 3 ⱪꜝ▬ⱴכ  

 (5’>3’) 

Cyclosphilin A 
Forword: 5’-TTCATCTGCACTGCCAAGAC-3’ 

Reverse: 5’-TCGAGTTGTCCACAG TCAGC-3’ 

RasGRP1-WT 
Forword: 5’-GGACTGGGCTTCTGGAGTGT-3’ 

Reverse: 5’-CCACCATCCTCTGGACGTGT-3’ 

RasGRP1-AS 
Forword: 5’-CCCACCCTTGGAGGCTAACA-3’ 

Reverse: 5’-GTTCTTGAAGACAGATGGAGCTCTG-3’ 
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4.4.2  

 
 ⅔╟┘ SLE ≤╙⌐⁸◘Ⱪ☿♇♩ ≢─RasGRP1-WT mRNA⁸RasGRP1-
AS/-WT ⌐ │ ╘⌂⅛∫√ (Figure 10)⁹ 

 
Figuer 10. ⁸SLE T ◘Ⱪ☿♇♩⌐⅔↑╢RasGRP1-WT mRNA

 
(Healthy, n=7), SLE  (n=6)⌐⅔↑╢ T ◘Ⱪ☿♇♩─ RasGRP1-WT 

mRNA ╩ │♃כ♦⁹√⇔ ± ≢ ⇔√⁹ 
 
 

≢ ≤ SLE ≢─ RasGRP1-WT, AS ─ ╩◘Ⱪ☿♇♩ ⌐ ∆╢

≤™∏╣─◘Ⱪ☿♇♩⌐⅔™≡╙ RasGRP1-WT │ SLE ≢ ∆╢ ⅜№

╡⁸ RasGRP1-AS/-WT │ ╩╙∫≡ ⇔≡™√ (Figure 11)⁹ 
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Figuer 11. ⁸SLE T ◘Ⱪ☿♇♩⌐⅔↑╢RasGRP1-AS/-WT  
(Healthy, n=7), SLE  (n=6)⌐⅔↑╢ T ◘Ⱪ☿♇♩─RasGRP1-AS

≤ RasGRP1-WT mRNA ≤─ ╩ │♃כ♦⁹√⇔ ± ≢ ⇔

√⁹*: p<0.05, **: p < 0.01, t-test. 
 
 

4.4.3  

 
 ⌐╟╡⁸RasGRP1─☻ⱪꜝ▬◦fi◓ ⌐≈™≡│⁸ ⌂ↄ≤╙№╢

─ subset─╖⌐ ╘╠╣╢ ≢│⌂ↄ⁸CD4 T ⌐⅔™≡ ⇔≡╖╠╣╢

≤ ⅎ╠╣√⁹T ⌐⅔↑╢ ⌐ ⇔≡⁸ⱥ♩T │⁸whole T ╩ ™

≡╙ ╠╣╢ │ ╠╣≡⅔╡⁸ ─ ⌐╙ ⅝≢№╢↓≤⅛╠⁸╕∏│

T ─ ⌂ cell line≢№╢ Jurkat E6-1 ( Jurkat) ╩ ™≡ ╩ ℮

≤⇔√⁹ 
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4.5  Jurakat ╩ ™√ SRSF1ⱡ♇◒♄►fi  

 

4.5.1  

 
─ Jurkat ╩ 1♩ꜝfi☻ⱨ▼◒◦ꜛfi √╡ 5x106 ⇔⁸R-

Buffer 100mL⅔╟┘ 2 ─ SRSF1 small interfering RNA (siRNA) 
(Hs_SRSF1_1⁸Hs_SRSF1_5)(QUIAGEN) №╢™│◖fi♩꜡כꜟ siRNA ( 30 
pmol/L) ╩ ⅎNeon Transfection System (Thermo Fisher Scientigic) ╩ ™≡◄꜠◒♩꜡

ⱳ꜠כ◦ꜛfi ⌐╟╢♩ꜝfi☻ⱨ▼◒◦ꜛfi╩ ⇔√⁹SRSF1 siRNA─
target ╩ table 4⌐ ∆⁹ 

 
Table 4. SRSF1 siRNA─ target sequence 
siRNA target sequence 

Hs_SFRS1_1 CAGTATTGACCTTATACTAAA 
Hs_SFRS1_5 ATCCAACAAGATAGAGTATAA 

 
 
♩ꜝfi☻ⱨ▼◒◦ꜛfi ⁸ │ ╘√RPMIⱷ♦▫►ⱶ≢ ⇔√⁹♩ꜝfi☻ⱨ

▼◒◦ꜛfi⅛╠ 24 ⁸48 ⌐ ╩ ⇔⁸ ─ ≢RNA╩ ⇔⁸

⌐╟╡ cDNA ╩ ∫√⁹ ╠╣√ cDNA⌐ ⇔≡RasGRP1-WT⁸
SRSF1⁸GAPDH ╩ Taqman MGB Probe╩ ™≡Realtime qPCR ⌐╟╡

mRNA ╩ ⇔√⁹ 
╕√ ⇔√ │ protease inhibitor (Sigma) ─ cell lysis buffer (Wako) ≢
╩ ™⁸15 ⁸15 ⇔√ ─ ╩ ⇔√⁹ ⇔√

⌐♪♦◦ꜟ ♫♩ꜞ►ⱶ (sodium dodecyl sulfate: SDS) ╩ ⅎ 95ϴ≢ 5
⇔√⁹ ⌐ 4-12% ◓ꜝ♦▫◄fi♩▪◒ꜞꜟ▪Ⱶ♪◕ (ꜟBio-Rad) ╩ ™≡⁸◘fiⱪ

ꜟ ─ ╩ ↕∑√⁹∕─ ⁸polyvinylidene difluoride (PVDF) ⱷfiⱩ꜠fi 
(Bio-Rad)⌐ ╩ ⇔⁸☻◐ⱶⱵꜟ◒≢Ⱪ꜡♇◐fi◓╩ ∫√⁹Solution 1 
(Toyobo) ≢ 1000 ⇔√ ╩ 4 ≢ ↕∑⁸ ⁸ ╩

↕∑√⁹ ⌐│AmerishamTM ECLTM Western Blotting Detection Reagents (GE 
Healthcare)╩ ⇔√⁹ ≤⇔≡ⱴ►☻ ⱥ♩ SRSF1 ⁸Ɑꜟ○◐◦♄כ♀



24 
 

♩כ◗ ⱴ►☻ IgG  (Invitrogen) ⁸ꜝⱦ♇♩ ⱥ♩RasGRP1 ⁸Ɑꜟ○◐◦

♀כ♄ ♩כ◗ ꜝⱦ♇♩ IgG  (Santa Cruz) ⁸Ɑꜟ○◐◦♄כ♀ ⱴ►☻

ⱥ♩b-actin  (SIGMA-Aldrich) ╩ ⇔√⁹ 
 
 

4.5.2 Jurkat ⌐⅔↑╢♩ꜝfi☻ⱨ▼◒◦ꜛfi ─  

 

 Neon Transfection System (Thermo Fisher Scientific)⌐│⁸◄꜠◒♩꜡ⱳ꜠כ◦ꜛfi
─ ⌐ ⇔≡⁸24 ─ⱪ꜡◓ꜝⱶ⅜ ↕╣≡™╢⁹Jurakt ⌐ ⇔

≡ ╙ ⌐♩ꜝfi☻ⱨ▼◒◦ꜛfi⅜ ⌂ ╩ ∆╢√╘⁸Jurkat
⌐ ⇔≡ pmaxGFPⱬ◒♃כ (Thermo Fisher Scientific) ╩ ─ ≢ 24 ⌐⅔

™≡♩ꜝfi☻ⱨ▼◒◦ꜛfi⇔⁸48 ⌐ ╩ ⇔Propidium Iodide (PI) ⇔

√ FACS Calibur flow cytometer (BD Biosciences) ⌐≡⁸ ╛GFP ─

╩ ⇔√ (Figure 12)⁹ 

 
Figure 12. Jurakt ⌐ ∆╢♩ꜝfi☻ⱨ▼◒◦ꜛfi  
Neon Transfection System ─  (1-24)╩ ™≡ Jurkat ⌐GFP ⱬ◒♃כ

╩♩ꜝfi☻ⱨ▼◒◦ꜛfi⇔⁸ⱨ꜡כ◘▬♩ⱷ♩ꜞכ╩ ™≡ ⁸ ─

GFP ╩ ⇔√ (n=1)⁹ 
 
 

Jurkat │ ─ ╘≡ ™ ≢№╡⁸SRSF1ⱡ♇◒▪►♩ ⌐⅔™≡│
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♩ꜝfi☻ⱨ▼◒◦ꜛfi ⌐ ─╖⅜ ⌐ ⇔ⱡ♇◒♄►fi ╩ ↕∑

╢↓≤⅜ ↕╣√√╘⁸ ─GFP ⅜ ™ ⅜ ╕⇔™≤

ⅎ⁸ 20╩ Jurkat ⌐ ∆╢♩ꜝfi☻ⱨ▼◒◦ꜛfi ≤⇔≡ ⇔√⁹ 
 

4.5.3  

 
Jurkat ⌐ ⇔≡ SRSF1 siRNA╩ ™≡ Neon Transfection System╩ ™

≡ 20≢◄꜠◒♩꜡ⱳ꜠כ◦ꜛfi╩ ⇔√⁹♩ꜝfi☻ⱨ▼◒◦ꜛfi 24 ─

SRSF1 ─ ─ ╩ ⇔√≤↓╤ mRNA ꜠ⱬꜟ≢─ ⅜ ≢№╡

(Figure 13)⁹►◄☻♃fiⱩ꜡♇♩ ⌐⅔™≡╙ SRSF1 ╙ ╩ ╘⌂⅛

∫√⁹ 
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Figure 13. Jurkat ⌐⅔↑╢ siRNA╩ ™√ SRSF1ⱡ♇◒♄►fi 
 2 ─ SRSF1 siRNA╩∕╣∙╣ Jurkat ⌐♩ꜝfi☻ⱨ▼◒◦ꜛfi⇔√

(siSRSF1_1, siSRSF1_2)≤◖fi♩꜡כꜟ siRNA (siCT)⌐⅔↑╢ SRSF1 mRNA
(n=3)⁹♦כ♃│ ± ≢ ⇔√⁹ 
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4.5.4  

 
SRSF1─ ╩ ∆╢√╘⌐│ⱡ♇◒♄►fi ─ ⅜ ≤ ⅎ╠╣√⁹

ⱡ♇◒♄►fi ─ ≤⇔≡ Jurkat ┼─ siRNA─ ⅜ ™ ⁸

♩ꜝfi☻ⱨ▼◒◦ꜛfi ⌐ ⇔√ Jurkat ⅜ ╕≢⌐╟╡ ⌐

⇔ⱡ♇◒♄►fi ╩ ∟ ⇔≡⇔╕℮ ╩ ⅎ√⁹∕↓≢ Jurkat ⌐ ⇔≡⁸

╩№↑≡ 2 ♩ꜝfi☻ⱨ▼◒◦ꜛfi╩ ∆╢↓≤≢⁸siRNA ─ ⅔

╟┘ Jurkat ─ ─ ⅜ ╠╣╢─≢│⌂™⅛≤ ⅎ√⁹ 
 

4.5.5 -  

 
 Jurkat ⌐ ⇔≡ ─ ╡◖fi♩꜡כꜟ siRNA (siCT)⅔╟┘ SRSF1
siRNA ╩ ™≡♩ꜝfi☻ⱨ▼◒◦ꜛfi╩ ⇔⁸48 ⌐ ╩ ⇔√ ≢

⌐ ∂ siRNA─♩ꜝfi☻ⱨ▼◒◦ꜛfi╩ ⇔√⁹2 ─♩ꜝfi☻ⱨ▼◒◦

ꜛfi⅛╠ 24, 48 ⌐⁸ ╩ ⇔Realtime qPCR ⌂╠┘⌐►◄☻♃fiⱩ꜡♇

♩⌐╟╡mRNA⁸ ╩ ⇔√⁹ 
 

4.5.6 -  

 
 Jurkat ⌐ ⇔≡ 2 ♩ꜝfi☻ⱨ▼◒◦ꜛfi╩ ∆╢↓≤≢SRSF1─ⱡ♇◒♄
►fi │mRNA⁸ ꜠ⱬꜟ≤╙⌐ ⌂ ╩ ╘√(Figure 14)⁹ 
 
 

 
 
Figure 14. SRSF1ⱡ♇◒♄►fi Jurkat ⌐⅔↑╢mRNA ─  

 A 
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A. ─ⱡ♇◒♄►fi⅛╠ 24⁸48 ─ SRSF1 mRNA  
B. ─ⱡ♇◒♄►fi⅛╠ 24⁸48 ─RasGRP1-WT mRNA  
│♃כ♦ ± ≢ ⇔√⁹*: p < 0.05, t-test. 
 
 

≢SRSF1ⱡ♇◒♄►fi Jurkat ⌐⅔™≡RasGRP1-WT─mRNA ⅔╟

┘RasGRP1 ⌐ ⌂ │ ╘⌂⅛∫√(Figure 15)⁹ 
 

 
 
Figure 15. SRSF1ⱡ♇◒♄►fi Jurkat ⌐⅔↑╢ ─  

─♩ꜝfi☻ⱨ▼◒◦ꜛfi⅛╠ 24⁸48 ─ RasGRP1, SRSF1, b-actin
⁹ │ 3 ⇔⁸∕─ ╩♃כ♦ ∆⁹ 

 

 

  



28 
 

4.6  Jurakat ╩ ™√ SRSF1⁸SRSF2 ⱡ♇◒

♄►fi  
 

4.6.1  

 
─ Jurkat ⌐⅔↑╢ SRSF1ⱡ♇◒♄►fi ⌐⅔™≡ SRSF1 ⌐╙

╦╠∏ ₁⅜ ≤⇔√RasGRP1─ ╩ ╘⌂⅛∫√⁹ ─ ≈≤⇔

≡ ─ SR protein⌐╟╢ ⅜ ™≡™╢ ╩ ⇔√⁹ ⌐☻כⱬ♃כ♦─

⅔™≡ SRSF1≤ ⌐RasGRP1─ exon11⌐ ⅜ ↕╣╢ SR ≤⇔≡

SRSF2⅜ →╠╣√ (Figure 16)⁹ 
 

 
 
Figure 16. RasGRP1-exon11≤ ⅜ ↕╣╢ SR  
-ESEfinder ( http://rulai.cshl.edu/cgi☻כⱬ♃כ♦
bin/tools/ESE3/esefinder.cgi?process=home )╩ ™√RasGRP1 exon11≤─ ⅜ ↕

╣╢ SR ─ ⁹SRSF1╩ ─ ◓ꜝⱨ≢⁸SRSF2╩ ─ ◓ꜝⱨ≢ ∆⁹ 
 
 
SRSF2─ ╩ SRSF1ⱡ♇◒♄►fi Jurkat ≢ ⇔√≤↓╤⁸SRSF2 mRNA
─ ╩ ╘√ (Figure 17)⁹∕─√╘⁸SRSF2⅜ SRSF1ⱡ♇◒♄►fi ⌐

SRSF1─ ╩ ⇔≡™╢ ╩ ⅎ⁸ ╩ ⌐ⱡ♇◒♄►fi∆╢↓≤≤

⇔√⁹ 
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Figure 17. SRSF1ⱡ♇◒♄►fi Jurkat ⌐⅔↑╢⁸SRSF1, SRSF2 mRNA
─  
SRSF1 siRNA╩♩ꜝfi☻ⱨ▼◒◦ꜛfi⇔ 24 ─ SRSF1, SRSF2 mRNA
╩Realtime qPCR ≢ ⇔√⁹ 

 

4.6.2  

 
4.6.1⌐ ─ ╡ Jurkat ⅔╟┘◖fi♩꜡כꜟ siRNA (siCT)⅔╟┘ SRSF1

siRNA⁸SRSF2 siRNA(Hs_SRSF2_1, Hs_SRSF2_2)(QIAGEN)╩ ╖ ╦∑

(siSRSF1,2_1: siSRSF1_1 + siSRSF2_1⁸siSRSF1.2_2: siSRSF1_5 + siSRSF2_2) Neon 
Transfection system╩ ™≡◄꜠◒♩꜡ⱳ꜠כ◦ꜛfi ╩ ∫√⁹ ─ 4.5.5 ≤

⌐⁸Jurkat ⌐ ⇔≡ 0, 48 ─ 2 ♩ꜝfi☻ⱨ▼◒◦ꜛfi╩ ™⁸2
─♩ꜝfi☻ⱨ▼◒◦ꜛfi⅛╠ 24, 48 ─mRNA⁸ ꜠ⱬꜟ╩Realtime qPCR
⅔╟┘►◄☻♃fiⱩ꜡♇♩⌐╟╡ ⇔√⁹SRSF1⁸SRSF2│ ⅜ ⇔≡⅔

╡ ─ⱷfiⱩ꜠fi≢─ ╩ ∫√⁹SRSF2 ⌐ ∆╢ ≤⇔≡ anti-SC35 antibody 
(abcam)╩ ⇔√⁹ 
 
 

4.6.3  

 
 Jurkat ⌐⅔↑╢SRSF1, SRSF2 ⱡ♇◒♄►fi⌐╟╡mRNA⁸ ꜠ⱬꜟ≢

SRSF1, SRSF2─ ⅜ ⇔√↓≤╩ ⇔√⅜ (Figure 17)⁸RasGRP1-WT mRNA
⁸RasGRP1 ─ │ ╘⌂⅛∫√ (Figure 18)⁹ 
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Figure 17. SRSF1, SRSF2 ⱡ♇◒♄►fi Jurkat ⌐⅔↑╢mRNA  
SRSF1, SRSF2 siRNA╩ ♩ꜝfi☻ⱨ▼◒◦ꜛfi⇔ ╠╣√SRSF1, SRSF2
ⱡ♇◒♄►fi Jurkat ⌐⅔↑╢SRSF1, SRSF2, RasGRP1-WT─ ⁹ 
 
 

 
 
Figure 18. SRSF1, SRSF2 ⱡ♇◒♄►fi Jurkat ⌐⅔↑╢  
SRSF1, SRSF2 siRNA╩ ♩ꜝfi☻ⱨ▼◒◦ꜛfi⇔ ╠╣√SRSF1, SRSF2
ⱡ♇◒♄►fi Jurkat ⌐⅔↑╢SRSF1, SRSF2, RasGRP1-WT─ ⁹ 
 
 

4.6.4  
  

Jurkat ╩ ™√ SRSF1ⱡ♇◒♄►fi⅔╟┘ SRSF1⁸SRSF2 ⱡ♇◒♄►fi⌐

╟╡RasGRP1☻ⱪꜝ▬◦fi◓╩ ⇔√RasGRP1 ┼─ ╩ ∆╢↓≤│
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≢№∫√⁹ ≤⇔≡⁸ ─ⱡ♇◒♄►fi ≢│ ⌂ SRSF1, SRSF2─
⅜ ↕╣⌂™ ⁸transient ⌂ⱡ♇◒♄►fi≢│ ⅜ ≢№╢

⁸◄꜠◒♩꜡ⱳ꜠כ◦ꜛfi ⌐╟╡ ─ ⅜ ∆╢↓≤⅜Ras ╩ ╘√

⌐ ∆╢ ⁸RasGRP1 mRNA─ ╩ ↕∑╢╟℮⌂ ≢⌂↑

╣┌☻ⱪꜝ▬◦fi◓ ⅜ ≢⅝⌂™ ╩ ⅎ√⁹∕↓≢ Jurkat┼─ ₁⌂◘

▬♩◌▬fi⁸T ⌐╟╡ SRSF1╛ RasGRP1 ╩ ⇔⁸ ⌐

⅔↑╢ √⌂ ╩ ∆╢↓≤⁸ⱡ♇◒♄►fi ─ ≢SRSF1 ╩

∆╢ ╩ ∆╢↓≤⁸SRSF1─ⱡ♇◒▪►♩ cell line╩ ╢↓≤⌐╟╡⁸

╩ ≢⅝╢ ╩ ⇔√⁹ 
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4.7  Jurakat ⌐ ∆╢◘▬♩◌▬fi  
 

4.7.1  

  
Jurakat ╩ 1 well √╡ 1x106 ≤⇔⁸Interferon a (IFNa), Tumor necrosing factor 

a(TNFa)⁸Interleukin-6 (IL-6)╩ ⇔√ RPMI ⱷ♦▫►ⱶ≢ 24 48  (IFNa─╖

72 ╙ ) ⌐ ╩ ⇔⁸SRSF1, RasGRP1-WT─mRNAה
╩ ≤ ⌐ SYBR Green ⌐╟╢Realtime aPCR⌐╟╡ ⇔√⁹ 

 

4.7.2  

 IFN ⌐╟╡ SRSF1, RasGRP1≤╙⌐mRNA ─ ─ ╩ ╘√(Figure 
19, 20)⁹ 
 

 

Figure 19. IFNa ⌐╟╢ Jurkat ⌐⅔↑╢ SRSF1 mRNA ─  
IFNa 24, 48, 72 ─ SRSF1 mRNA  (n=3)⁹ 
│♃כ♦ ± ≢ ⇔√⁹*: p < 0.05, t-test. 
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Figure 20. IFNa ⌐╟╢ Jurkat ⌐⅔↑╢RasGRP1-WT mRNA ─  
IFNa 24, 48, 72 ─RasGRP1-WT mRNA  (n=3)⁹ 
│♃כ♦ ± ≢ ⇔√⁹*: p < 0.05, t-test. 
 
 

≢ IFN ⌐╟╡SRSF1, RasGRP1≤╙⌐ │ ⅝ↄ ╩ ╘⌂⅛

∫√(Figure 21)⁹ 
 

 

 

 
 
 
Figure 21. IFNa ⌐╟╢ Jurkat ⌐⅔↑╢ SRSF1⁸RasGRP1-WT  
IFNa 24, 48, 72 ─ SRSF1⁸  (n=3)⁹►◄☻♃fiⱩ꜡♇♩│ 3
─℮∟ ╩♃כ♦⌂ ⇔√⁹╕√ 3 ─ ⌐⅔↑╢ actin≢ ⇔√ SRSF1, 
RasGRP1─ band density─ ╩ │♃כ♦⁹√⇔ ± ≢ ⇔√⁹ 
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╕√TNF-⅔╟┘ IL-6─ ≢│ SRSF1, RasGRP1≤╙⌐ ⌂mRNA ─

│ ╘⌂⅛∫√ (Figure 22)⁹ 
 

 
Figure 22. TNF-a, IL-6 ⌐╟╢ Jurkat ⌐⅔↑╢ mRNA ─  

TNF-a, IL-6⌐╟╢ 24, 48 ─ SRSF1, RasGRP1-WT mRNA  (n=3)⁹ 
│♃כ♦ ± ≢ ⇔√⁹ 
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4.8  Jurakat ⌐ ∆╢ T  
 

4.8.1  

  
Jurkat ╩ 1 well№√╡ 5 x105 ⇔⁸ ⱥ♩CD3  2 mg/mL(BioXcell)
№╢™│ ⱥ♩CD3  2mg/nL⅔╟┘ ⱥ♩CD28  2 mg/mL (BioLegend)╩
⇔√RPMIⱷ♦▫►ⱶ≢ ⇔⁸1, 3, 6 ⌐ ⇔⁸RasGRP1-WT⁸RasGRP1-

AS, IL-2─mRNA ⌂╠┘⌐RasGRP1-AS/-WT ╩ ⇔√⁹ 
 

4.8.2  

 CD3 ⅔╟┘CD3+CD28 ™∏╣⌐⅔™≡╙ ⅛╠ IL-2─ ⌂

╩ ╘√⁹RasGRP1 ⌐≈™≡│ 3,6 ≢│RasGRP1-WT─ ⌂

╩ ╘√⁹RasGRP1-WT/-AS ⌐≈™≡│ 3 ⌐╛╛ ╩ ╘√⅜⁸6
≢│ ⌂ │ ╘⌂⅛∫√ (Figure 23)⁹ 
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4.11.3  

  
control RNA ╩ ™≡ ⇔√ ≢│ SRSF1 ⅜ ↕╣⌂™─⌐ ⇔≡⁸

RasGRP1-exon11 RNA╩ ™≡ ⇔√ ⌐⅔™≡SRSF1⅜ ↄ ↕╣√(Figure 
30A)⁹band density─ ⌐⅔™≡⁸RasGRP1-exon11 ─ ⅜ ⌐⁸SRSF1 ╩

ↄ ⇔√ (Fig 30B)⁹ ⌐╟╡RasGRP1-exon 11 RNA≤ SRSF1 ≤─ ⅜

↕╣√⁹ 
 

 
 
Figure 30. Oligonucleotide pulldown assay 
A. ◖fi♩꜡כꜟ RNA⅔╟┘ RasGRP1-exon11 RNA╩ ™≡ ∫√ pulldown ─

⌐⅔↑╢ SRSF1 ╩►◄☻♃fiⱩ꜡♇♩⌐╟╡ ⇔√⁹3 ⇔√

─ ╩♃כ♦ ∆⁹ B. pulldown ─ SRSF1─ band density╩ control ≤RasGRP1-
exon11 RNA ≢ ⇔√ (n=3)⁹♦כ♃│ ± ≢ ⇔√⁹**: p<0.01, t-test 
 
  

A B 
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4.12 T ⌐⅔↑╢ ceramide  
 

4.12.1  

  
─ ≢ Jurkat ⌐⅔™≡ ⇔√ ceramide ╩ⱥ♩T ⌐⅔™≡

∆╢↓≤≤⇔√⁹ ⅛╠ ╩ ™ ≤ ─ ≢ negative selection ⌐
╟╡CD3 T ╩ ⇔√⁹1x106 ─ ╩⁸ceramide (20mM, 30mM, 40mM) 
⇔√ PRMI≢ 24 ⇔√ ⁸ ╩ ⇔RNA╩ ⇔√ ⁸

≢ cDNA╩ ⇔√⁹ 
 ╠╣√ cDNA ╩ ™≡⁸RasGRP1 ─☻ⱪꜝ▬◦fi◓ ⅜ ∆╢⅛⁸

conventional PCR≤ ⁸⌂╠┘⌐ SYBR Green ⌐╟╢Realtime qPCR⌐╟╡
⇔√⁹conventional PCR ⌐ ™╢ RasGRP1 ─ⱪꜝ▬ⱴכ│ RasGRP1-WT ⅔╟┘

RasGRP1-AS╩ ⌐ ∆╢╙─≤RasGRP1-AS╩ ⌐ ∆╢ⱪꜝ▬ⱴכ╩

⇔√ (Table 7)⁹ 
 
Table 7. conventional PCR⌐ ⇔√ⱪꜝ▬ⱴכ 

 (5’>3’) 
ⱪꜝ▬ⱴכ

 
Product length 

RasGRP1-
WT, -AS 

F: TGGGTGTGCATCTCAAGGAC 

R: TGACAGTTCATCCCGCAGTC 

exon 9 

exon 14 

WT 676 

AS 571 

RasGRP1-
AS 

F: CCACAGAGCTCCATCTGTCTT 

R: TCTGTGGGAGCTACTGGGTT 

exon 10-12 

exon 14 
341 

CD3 zeta 
F: CAGCCAGGGGATTTCCACCACTCAAAG 

R: CCCTAGTACATTGACGGGTTTTTCCTG 

3’-UTR 

3’-UTR 

WT 876 

AS 315 

GAPDH 
F: TGGACTATCATATGCTTACC 

R: AAACTCGCCTTCGTTGAGTTCGAG - 

exon1 

exon2 
416 

 
 
╕√ ⌐ ceramide≢∆≢⌐Ᵽꜞ▪fi♩⅜ ∆╢↓≤⅜ ↕╣≡™╢ CD3z⌐≈

™≡╙ ceramide ─ positive control≤⇔≡ ∆╢↓≤≤⇔√⁹ⱪꜝ▬ⱴכ─

─√╘⁸SLE T ⁸ T ⅔╟┘ Jurkat ⅛╠ ╠╣√ cDNA╩
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4.12.2  

  
ceramide  (30mM)╩ ∫√T ⌐⅔™≡⁸CD3z─Ᵽꜞ▪fi♩(CD3 zeta-AS)⅜
∆╢↓≤╩ ⇔√⅜⁸RasGRP1⌐≈™≡│ conventional PCR⅔╟┘ ≢

│RasGRP1-AS─ │ ≢⅝⌂⅛∫√ (Figure 32)⁹ 

 
 
Figure 32. ceramide ╩ ∫√T ⌐⅔↑╢RasGRP1 mRNA ─conventional 
PCR⅔╟┘ ⌐╟╢  
ceramide ⅛╠ 24 ─ T ─ cDNA ╩ ™≡⁸CD3z, RasGRP1 exon9-14, 
RasGRP1-AS, GAPDH╩∕╣∙╣─ⱪꜝ▬ⱴכ≢ PCR╩ ™⁸PCR ╩ ⌐

╟╡ ⇔√⁹ 
 
 
Realtime qPCR⌐⅔™≡ ceramide 30mM ≢│RasGRP1-WT, -AS≤╙⌐ ⅜

∆╢ ⅜№╡⁸ceramide 40mM ≢│╛╛ RasGRP-AS/-WT ⅜ ∆╢

╩ ╘√⅜⁸ ≢─ ⅜ ⅝ↄ RasGRP1 ─☻ⱪꜝ▬◦fi◓┼─ ╩ ∆╢

↓≤⅜ ≢№∫√ (Figure 33)⁹ 
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4.13 T ⌐⅔↑╢ SRSF1ⱡ♇◒♄►fi  

 

4.13.1  

  
⅛╠ ⇔√ 20ml ╟╡⁸ ─ ≢T ╩ ⇔√⁹1 Reaction

√╡ 5x106 ─T ⌐Nucleofector 100ɡL, siRNA╩ ⇔⁸ 
Amaxa Nucleofectoer System (Lonza)╩ ™≡⁸U-014ⱪ꜡◓ꜝⱶ≢♩ꜝfi☻ⱨ▼◒◦ꜛ
fi╩ ∫√⁹Jurkat╩ ™√ ⌐⅔™≡⁸ ∆╢ siRNA⌐ ⌐ ╩ ⅎ╢

○ⱨ♃כ◕♇♩ ⅜⌂™↓≤╩ ⇔√√╘⁸siRNA ⌐≈™≡│◖fi♩꜡כꜟ  
(siControl)≢│◖fi♩꜡כꜟ siRNA (  60 pmol/L)╩ ⇔⁸SRSF1ⱡ♇◒♄►fi

 (siSRSF1)≢│⁸ ─ 2 ─SRSF1 siRNA ╩ ⇔≡ ⇔√ (∕
╣∙╣ 30 pmol/L)⁹♩ꜝfi☻ⱨ▼◒◦ꜛfi 10% FBS ╡RPMIⱷ♦▫►
ⱶ╩ ™≡ 12 well plate≢ 24⅛╠ 48 ⇔√⁹24 ─ SRSF1⁸RasGRP1-
WT⁸RasGRP1-AS⁸Cyclophilin A ─mRNA ╩ SYBER Green ⌐╟╢Realtime 
qPCR≢⁸48 ─ ╩►◄☻♃fiⱩ꜡♇♩⌐╟╡ ⇔√⁹Realtime qPCR
⌐│ ─ⱪꜝ▬ⱴכ╩ ™√ (Table 8)⁹ 
 
Table 8. ⱪꜝ▬ⱴכ  

 (5’>3’) 

Cyclosphilin A 
Forword: 5’-TTCATCTGCACTGCCAAGAC-3’ 

Reverse: 5’-TCGAGTTGTCCACAG TCAGC-3’ 

RasGRP1-WT 
Forword: 5’-GGACTGGGCTTCTGGAGTGT-3’ 

Reverse: 5’-CCACCATCCTCTGGACGTGT-3’ 

RasGRP1-AS 
Forword: 5’-CCCACCCTTGGAGGCTAACA-3’ 

Reverse: 5’-GTTCTTGAAGACAGATGGAGCTCTG-3’ 

SRSF1 
Forword: 5’- TCTCTGGACTGCCTCCAAGT -3’ 

Reverse: 5’- GGCTTCTGCTACGACTACGG -3’ 
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4.13.2  

  
T ⌐⅔™≡ SRSF1ⱡ♇◒♄►fi⌐╟╡RasGRP1-WT─ │ ⌐

⇔⁸ ⌐RasGRP1-AS/-WT─ ╩ ╘√(Figure 33)⁹ 
 

 

Figure 33. SRSF1ⱡ♇◒♄►fiT ⌐⅔↑╢mRNA ─  
A: SRSF1 mRNA  
B: RasGRP1-WT mRNA  
C: RasGRP1-AS/-WT  
│♃כ♦ ± ≢ ⇔√ (n=6)⁹*: p<0.05, **: p<0.01, ***: p<0.001, t-test 

 
 

⌐⅔™≡╙SRSF1ⱡ♇◒♄►fiT ⌐⅔™≡RasGRP1 │

⇔√ (Figure 34)⁹ 

 

Figure 34. SRSF1ⱡ♇◒♄►fiT ⌐⅔↑╢ ─  
SRSF1, RasGRP1─►◄☻♃fiⱩ꜡♇♩⌂╠┘⌐SRSF1, RasGRP1 ⌐≈™≡b-actin

A B C 
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4.14 SLE T ⌐⅔↑╢ SRSF1  

 

4.14.1  

  

⅛╠ ⇔√ 20ml ╟╡⁸ ─ ≢T ╩ ⇔√⁹1 Reaction
√╡ 5x106 ─T ⌐Nucleofector 100ɡL⅔╟┘ 2.5 mg─ pcDNA3.1 emptyⱬ◒
│™╢№(pcDNA) כ♃ SRSF1 expression ⱬ◒♃כ (pc SRSF1)╩ ⅎ⁸Amaxa 
Nucleofectoer System (Lonza)╩ ™≡⁸U-014ⱪ꜡◓ꜝⱶ≢ transfection╩ ∫√⁹⌂⅔

pcDNA, pcSRSF1ⱬ◒♃כ│ VR. Moulton⅛╠ ╩ ↑√⁹♩ꜝfi☻ⱨ▼◒◦ꜛfi

10% FBS ╡RPMIⱷ♦▫►ⱶ╩ ™≡ 12 well plate≢ 24⅛╠ 48 ⇔

√⁹24 ─ SRSF1⁸RasGRP1-WT⁸RasGRP1-AS⁸Cyclophilin A ─mRNA
╩ SYBER Green ⌐╟╢ Realtime qPCR≢⁸48 ─ ╩►◄☻♃fiⱩ

꜡♇♩⌐╟╡ ⇔√⁹ 

 

4.14.2  

  
SLE T ⌐⅔↑╢SRSF1─ ⌐╟╡RasGRP1-WT mRNA │

⇔⁸RasGRP1-AS/-WT │ ⇔√ (Figure 35)⁹ 
 

 

 
Figure 35. SRSF1 T ⌐⅔↑╢mRNA ─  
A: SRSF1 mRNA  

A B C 
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B: RasGRP1-WT mRNA  
C: RasGRP1-AS/-WT  
│♃כ♦ ± ≢ ⇔√ (n=5)⁹**: p<0.01, t-test 
.  
 

꜠ⱬꜟ≢╙SRSF1 ⌐╟╡RasGRP1 │ ⇔√ (Figure 36)⁹ 
 

 

 
Figure 36. SRSF1 T ⌐⅔↑╢ ─  
SRSF1, RasGRP1─►◄☻♃fiⱩ꜡♇♩⌂╠┘⌐SRSF1, RasGRP1 ⌐≈™≡b-actin
⌐╟╡ ⇔√ band density ╩ │♃כ♦⁹∆ ± ≢ ⇔√ 
(n=5)⁹**: p<0.01, t-test 
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4.15 /SLE T ⌐⅔↑╢RasGRP1

 
 

4.15.1  

 ─ ╡ T ≢│ RasGRP1 ╩ ⇔√ Ras-MAPK ─ ⌐╟╡ IL-2, 
DNMT1─ ╩ ⇔≡™╢↓≤⅜ ╠╣≡™╢⁹RasGRP1-WT─ ╩ ↕∑

╢↓≤≢ SLE ⌐⅔↑╢ IL-2⁸DNMT1 ⅜ ∆╢⅛≥℮⅛╩ ∆╢↓≤≤

⇔√⁹ 
 

4.15.2  

 5 ─ ⅔╟┘ 5 ─ SLE T ╩ ⇔⁸1 Reaction √╡ 5x106

─T ⌐Nucleofector 100ɡL⅔╟┘ 2.5 mg─ pcDNA3.1 emptyⱬ◒♃כ (pcDNA)№
╢™│RasGRP1-WT expressionⱬ◒♃כ (pcRasGRP1-WT)╩ ⅎ⁸Amaxa Nucleofectoer 
System (Lonza)╩ ™≡⁸U-014ⱪ꜡◓ꜝⱶ≢ transfection╩ ∫√⁹⌂⅔ pcRasGRP1-
WTⱬ◒♃כ│ ⅛╠─ (Yasuda et al., 2007)≢ ⇔√╙─╩ ⇔√⁹♩

ꜝfi☻ⱨ▼◒◦ꜛfi 10% FBS ╡RPMIⱷ♦▫►ⱶ╩ ™≡ 12 well plate≢ 45
⇔√⁹45 ⌐ ⱥ♩CD3  (2 mg/mL)⁸ ⱥ♩CD28  (2 mg/mL)

╩ fi◓⇔√48 well plate≢3▫♥כ◖⌐ ⇔⁸ ╩ ⇔√⁹IL-2, DNMT1
─mRNA ╩ SYBER Green ⌐╟╢Realtime qPCR≢⁸48 ─

╩►◄☻♃fiⱩ꜡♇♩⌐╟╡ ⇔√⁹PCR⌐│ ─ⱪꜝ▬ⱴכ╩ ™√ (Table 9)⁹ 
 
Table 9. ⱪꜝ▬ⱴכ  

 (5’>3’) 

Cyclophilin A 
Forword: 5’-TTCATCTGCACTGCCAAGAC-3’ 

Reverse: 5’-TCGAGTTGTCCACAG TCAGC-3’ 

IL-2 
Forword: 5’- CTCAAACCTCTGGAGGAAGTGC -3’ 

Reverse: 5’- TCAAGTCAGTGTTGAGATGATGCT -3’ 

DNMT1 
Forword: 5’- CCCATCCTCAGGGACCACAT -3’ 

Reverse: 5’- GGAGGACCCACCTTCCACG -3’ 
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4.15.3  

 
 ─T ⌐⅔™≡RasGRP1-WT─ ≢│CD3, CD28 ⌐╟╡◖

fi♩꜡כꜟ ≤ ⇔≡ ⌐ IL-2 ╩ ╘╢⅜ DNMT1 │ ⇔⌂

⅛∫√⁹ ≢ SLE T ⌐⅔™≡RasGRP1-WT─ ≢│◖fi♩꜡כ

ꜟ ≤ ⇔ IL-2, DNMT1≤╙⌐ ⌐ ⅜ ⇔√ (Figure 37)⁹ 
 

 
 

 
 
Figure 37. /SLE T ⌐⅔↑╢ RasGRP1-WT ⌐╟╢ T

∆╢  
A. T  (n=5) ⌐⅔↑╢ RasGRP1-WT ≤◖fi♩꜡כꜟ ─  
B. SLE T  (n=5) ⌐⅔↑╢RasGRP1-WT ≤◖fi♩꜡כꜟ ─ ⁹

│♃כ♦ ± ≢ ⇔√⁹*: p<0.05, ***: p<0.001. t-test. 
 
  

A B 
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4.16 RasGRP1-AS─  
 

4.16.1  

  
T ⌐⅔↑╢RasGRP1-WT≤RasGRP1-AS─ ─ ╩ ∆╢√╘⁸

─ T ⌐ pcDNA─ empty vector⅔╟┘ RasGRP1-WT⁸RasGRP1-AS─ ⱬ◒♃

╣∙╣⧵╩כ ⇔⁸CD3, CD28 ≢─ IL-2─ ╩ ⇔√⁹

─ 20ml╟╡T ╩ ⇔⁸3 ⌐ ↑⁸1x106 √╡ 0.5 mg─ⱬ◒♃כ
≤Nucleofector 100ml (Lonza)╩ ⅎAmaxa Transfection System─U-016ⱪ꜡◓ꜝⱶ⌐╟
╡◄꜠◒♩꜡ⱳ꜠כ◦ꜛfi ⌐╟╡♩ꜝfi☻ⱨ▼◒◦ꜛfi╩ ∫√⁹♩ꜝfi☻ⱨ▼◒

◦ꜛfi ╛⅛⌐ ╩ ⇔ 10% FBS ╡RPMI≢ ⇔√⁹♩ꜝfi☻ⱨ▼◒◦ꜛ

fi⅛╠ 45 ⌐ ╩ ⇔⁸ ⱥ♩ CD3 (2mg/mL)⁸ ⱥ♩ CD28
(2mg/mL)╩ √⇔◓fi▫♥כ◖╘ well ≢ ╩ ∫√⁹ 3 ⌐ ╩

⇔⁸ ─ ≢mRNA ╩ ⇔√⁹ 
 

4.16.2  

 RasGRP1-WT, -AS ╩ ⇔√ T │™∏╣╙◖fi♩꜡כꜟ ≤ ⇔≡

⌐ IL-2 ─ ╩╖≤╘√⁹╕√ RasGRP1-AS ╩ ⇔√ T ≢│

RasGRP1-WT╩ ⇔√T ≤ ⇔ │ ╘⌂™╙──⁸IL-2 ⅜

∆╢ ╩ ╘√ (Figure 38)⁹ 

 

Figure 38. RasGRP1-WT, -AS T ⌐⅔↑╢CD3, CD28 ≢─ IL-2
─  
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T ⌐ ⇔≡ RasGRP1-WT, -AS ⱬ◒♃כ⅔╟┘ emptyⱬ◒♃כ╩∕╣
∙╣♩ꜝfi☻ⱨ▼◒◦ꜛfi⇔⁸45 ⌐CD3, CD28 ╩ ™⁸3 ─mRNA

╩ │♃כ♦⁹√⇔ ± ≢ ⇔√⁹*: p<0.05, **: p<0.01. t-test 
 
 

4.16.3  

 ⌐⅔™≡RasGRP1-AS ⌐⅔™≡╙IL-2─ ╩ ╘√↓≤⅛╠⁸

RasGRP1-AS⌐⅔™≡╙Ras/MAPK ⅜№╢≤ ⅎ╠╣√⁹⇔⅛⇔ ≢

│⁸RasGRP1-WT╩ ₁ ∆╢ ╩ ⇔≡™╢↓≤⅛╠⁸RasGRP1-AS ≢

─ ─ │ ≤ ⅎ╠╣╢⁹∕─√╘ │ RasGRP1 ⱡ♇◒▪►♩☿ꜟꜝ▬
fi⌐ ∆╢RasGRP1-AS─ ╩ ∆╢ ⅜№╢⁹ 
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4.17 SRSF1 ⌐╟╢◒꜡ⱴ♅fi  
 

4.17.1  

─ ╡ T ⌐⅔↑╢ SRSF1─ⱡ♇◒♄►fi≢ RasGRP1-AS⅜ ⌐

⇔ RasGRP1-WT ⅜ ⇔⁸SRSF1 ⌐╟╡ RasGRP1-AS⅜ ⌐

⇔ RasGRP1-WT ⅜ ⇔√⁹∕↓≢ SRSF1⅜☻ⱪꜝ▬◦fi◓ ─ ∞↑≢

│⌂ↄ⁸ RasGRP1 ─ⱪ꜡⸗כ♃כ ⌐ ∆╢↓≤≢ ╩ ∫≡™╢

╩ ∆╢√╘ SRSF1⌐╟╢◒꜡ⱴ♅fi ╩ ⇔ RasGRP1ⱪ꜡⸗כ
כ♃ ≤─ ╩ ∆╢↓≤≤⇔√⁹ 
 

4.17.2  

 Jurkat ⌐ ─ ≢ Flag♃◓ ⅝ SRSF1 ⱬ◒♃כ╩ ⇔ 24
⌐ ╩ ⇔√⁹◒꜡ⱴ♅fi │ Thermo Fisher Scientific ─ Chromatin 

Immunoprecipiation Assay kit╩ ™≡⁸ ⱥ♩SRSF1  (Invitrogen)⁸ FLAG  
(Thermo Fisher Scientific)⅔╟┘ positive control≤⇔≡ ⱥ☻♩fi ⁸negative control
≤⇔≡ⱥ♩ IgG ╩ ™⁸ⱪ꜡♩◖כꜟ ╡ ⇔√⁹ 
RasGRP1 ─ promoter ≤⇔≡ (Zhang et al., 2018b)≤⇔≡ ↕╣≡™╢  
(RasGRP1 promoter 1≤∆╢) ⅔╟┘  Eukaryotic Promoter Database ☻כⱬ♃כ♦─
(https://epd.vital-it.ch/index.php)≢ ↕╣√  (RasGRP1 promoter 2 ≤∆╢) ╩
∆╢↓≤≤⇔ⱪꜝ▬ⱴכ╩ ⇔√⁹↕╠⌐RasGRP1 intron 1╩ ≤∆╢ⱪꜝ▬ⱴ

≡⇔≥כⱪꜝ▬ⱴꜟכ꜡♩fi◖╩כ ⇔√ (Table 10)⁹ 
 
Table 10. ◒꜡ⱴ♅fi ⌐ ⇔√ⱪꜝ▬ⱴכ  

 (5’>3’) 

RasGRP1 promoter 1 
Forword: 5’- CATCAGCGTGTCAGGTGGTT -3’ 

Reverse: 5’- GCACCGCAGGCACAAACTT -3’ 

RasGRP1 promoter 2 
Forword: 5’- CATCCTCAGACATCCGCCAA -3’ 

Reverse: 5’- CTCACTCACTGGGTCTAAGGC -3’ 

RasGRP1 intron 
Forword: 5’- AGTCTTGCCTCTGCCATTCC -3’ 

Reverse: 5’- TCAGGGTTGCAACTAGTGCTC -3’ 
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ⱥ☻♩fi ≢◒꜡ⱴ♅fi ⇔√DNA⌐ ⇔≡RLP 30 gene╩positive control
≤⇔≡ PCR╩ ∫√⁹ 
 PCR─ ≤⇔≡ SYBR Green─Realtime PCR╩ ™ ⌐╟╡% input╩
⇔√⁹ 

 % Input=2% x 2(Ct 2%input sample-Ct IPsample) 
 
 

4.17.3  

  
FLAG ⅝ SRSF1╩ ⇔√ Jurkat ⌐ ⇔≡⁸ ⱥ☻♩fi ≢◒꜡ⱴ♅

fi ╩ ⇔√ ⌐⅔™≡│⁸RPL 30  % input 0.5 ⅜ ╠╣≡™√

⅜⁸FLAG ⌂╠┘⌐ SRSF1 ╩ ™≡◒꜡ⱴ♅fi ╩ ⇔√ ≢

│⁸RasGRP1 promoter1, 2⅔╟┘RasGRP1 intron™∏╣⌐⅔™≡╙⁸PCR≢─ │

≢⅝⌂⅛∫√⁹ ⌐⅔™≡ SRSF1≤ RasGRP1 promoter─ │ ↕╣⌂⅛∫

√⁹ 
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4.18 T ⌐⅔↑╢ SRSF1 ⌐ ∆╢  
 

4.18.1  

  
─ ⌐⅔™≡⁸╦╣╦╣│T ⌐⅔™≡ SRSF1⅜RasGRP1─☻ⱪꜝ▬◦

fi◓ ╩ ⇔≡⅔╡⁸SLE T ⌐⅔™≡ SRSF1 ─ ⅜⁸RasGRP1
─☻ⱪꜝ▬◦fi◓ ╩ ⇔√ ⌐╟╡ IL-2 ⁸DNMT1 ╩⅝

√∆↓≤╩ ⇔√⁹ 
 SLE T ⌐⅔™≡ SRSF1 ⅜ ∆╢ ≤⇔≡⁸SLE T ⌐⅔

™≡ SRSF1 ─ ubiquitination ─ ⅜ ⇔≡™╢ ⅜ ↕╣≡™╢╙──

(Moulton et al., 2014)⁸∕─ ⌐≈™≡│ ⌂ ⅜ ™⁹ 
 ≢ ─ ⌐⅔™≡⁸SRSF1─ ╩ ℮ ⅜ ╠⅛⌐⌂∫≡™

╢⁹ ⌐⅔™≡RNA ≢№╢ Sam68 (Src-associated in mitosis, 68 
kDa)⅜ SRSF1─ ╩ ⇔≡™╢↓≤⅜ ↕╣√(Zhang et al., 2009)⁹╕√ ⌐

⌐⅔™≡miR-10⅜ SRSF1─ ⌐⅛⅛╦∫≡™╢≤ ↕╣√

(Chen et al., 2017)⁹ 
 ∕↓≢ │SLE T ⌐⅔↑╢Sam68╛miR-10─ ╩ ∆╢↓≤≤⇔

√⁹ 
 

4.18.2  

 
7 ⅔╟┘ SLE 14 ⅛╠T ╩ ─ ≢ ⇔√⁹RNeasy mini 

kit, miRNeasy Mini kit⅔╟┘RNeasy MinElute Cleanup Kit (QIAGEN)╩ ⇔≡ⱪ꜡♩

ꜟכ◖ ╡ small RNA ⅔╟┘ large RNA ╩∕╣∙╣ ₁⌐ ⇔√⁹large RNA │
SuperScript VILO (Thermo Fisher Scientific)╩ ™≡ ⌐╟╡ cDNA ╩ ⇔

Sam68 ╩ SYBER Green ⌐╟╢Realtime qPCR╩ ⇔√⁹ 
small RNA│ house keeping genes≤⇔≡RNU48⅔╟┘ miRNA≤⇔≡miR10-a, 

b ⌂ⱪꜝ▬ⱴכ╩ ™≡ ╩ ™⁸ ╠╣√ cDNA⌐ ⇔≡Taqman MGB 
Probe⌐╟╢Realtime qPCR ≢ ╩ ⇔√⁹ 
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4.18.3  

 
 ⁸SLE T ™∏╣⌐⅔™≡╙Sam68─ │ ≢⅝⌂⅛∫√⁹

miR-10a, 10b ⌐≈™≡│ ≤ SLE ⌐⅔™≡ ⌐ ⌂ │ ╘⌂⅛

∫√ (Figure 39, 40)⁹ 

 

 
Figure 39. ⅔╟┘ SLE T ⌐⅔↑╢miR-10a ─  
A. ⁸SLE T ⌐⅔↑╢miR-10a  
B. ⅔╟┘ SLE ⌐⅔↑╢ miR-10a ─ │♃כ♦⁸ ±

≢ ⇔√⁹ 
 
 

 
Figure 40. ⅔╟┘ SLE T ⌐⅔↑╢miR-10b ─  
A. ⁸SLE T ⌐⅔↑╢miR-10b  
B. ⅔╟┘ SLE ⌐⅔↑╢miR-10b ─ │♃כ♦⁸ ±

≢ ⇔√⁹ 

A B 

A B 
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4.19 ◄ꜞ♥ⱴ♩כ♦☻ ⌐⅔↑╢ RASGRP1 

single nucleotide polymorphisms─  

 

4.19.1  

  
ⱥ♩◕ⱡⱶⱪ꜡☺▼◒♩⅜ 2003 ⌐ ⇔≡ ⁸ ─ Single 

Nucleotide Polymorphism SNPs ╩ SNP▪꜠▬⌂≥─ √⌂♥◒ⱡ꜡☺כ⌐╟∫≡◕

ⱡⱶ ≢ ═╠╣╢╟℮⌐⌂∫√⁹∕↓≢ ⌐ ∆╢ SNPs ⌂≥─
╩ ◕ⱡⱶ ⌐╦√∫≡ ∆╢◕ⱡⱶ꞉▬♪ Genome-Wide 
Association Study GWAS ⅜ ₁ ⌐ ⇔≡ ↕╣⁸∆≢⌐⁸ ↄ─ ⌐⅔™

≡ ⅜ ↕╣≡™╢⁹ 
 SLE ≢│▪☺▪ ─ 10000 ╩ ⅎ╢ ╩ ≤⇔≡ ╦╣√ GWAS ⌐╟╡
RASGRP1 ─ SNP ≢№╢ rs12900339-G ⅜ ▪꜠ꜟ≤⇔≡ ↕╣√

(Maecker et al., 2012)⁹╕√RASGRP1 ⌐≈™≡│⁸▪☺▪ ☻ⱪכꜟ ╩

≤⇔√GWAS⌐╟╡⁸ │ ╠╣≡™⌂™╙── rs7170151≤ ≤─

⅜ ↕╣≡™╢(Zhou et al., 2016)⁹╕√ ≤─ ≢│ rs8032939│
ꜞ►ⱴ♅≤ rs8043085│ 1 ≤─ ⅜ ↕╣≡™╢(the NHGRI-EBI GWAS 
Catalog: https://www.ebi.ac.uk/gwas/home)⁹ 
 ≢ SLE ⌐│∕─ ╛ ⌂≥ ⌂ ╩ ∆╢⌐╙ ╦

╠∏⁸ ₁─ SNP ⅜≥─╟℮⌂ ≤ ∆╢⌐≈™≡─ │ ╘≡ ⌂

™⁹∕↓≢ ₁│ SLE ⌐⅔™≡ ∆╢ 4≈─ SNP⅜ SLE─ ≤

∆╢⅛⁸╕√ SLE ⌐⅔↑╢ ─ ╛ ≥♃כ♦ SNP≤─ ⅜№╢

⅛ ∆╢↓≤≤⇔√⁹ 
 

4.19.2 ≤  

 
 ─ ─ ╠╣√ SLE 250 ⅛╠ 10 ml╩ ™⁸♪♫◒▬

♇◒ II (☿ꜟ◘▬◄fi☻)╩ ™≡DNA╩ ⇔√⁹ ⇔√DNA│ SNP
⌂TaqMan SNP Genotyping Assay (Thermo Fisher Scientific)╩ ™≡ ∫√⁹ כ♦

♃≤⇔≡ Tohoku Medical Megabank Organization ⌐╟╡ ☻כⱬ♃כ♦╢™≡╣↕

https://www.ebi.ac.uk/gwas/home
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Integrative Japanese Genome Variation Databae (https://ijgvd.megabank.tohoku.ac.jp/) ─

3554 ╩♃כ♦ꜟ꜠▪─ ⇔√⁹ ╠╣√ SNP▪꜠ꜟ ╩ ≤ SLE ≢

⇔⁸ ┼─ ╩ ∆╢≤≤╙⌐⁸SLE ⌐⅔™≡⁸ ⌐ ∆

 ( , , , , , , , 
ꜞfiⱤ , , , , , DNA )─ ≤

▪꜠ꜟ ≤─ ╩ ⇔√⁹ 
│ ─ ╩ ≡ ╩ ∫√⁹ │∕╣∙╣─

allele№╢™│ genotype≤⁸ ╛ ─ ╩◌▬ 2 ╩ ™≡ ™⁸

⌐ ⇔≡Bonferroni ╩ ∫√⁹ 
 

4.19.3  

 SLE 250 ─ ╩Table 11 ∆⁹ 
 
Table 11. SLE ─  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
∆╢ 4≈─ SNP⌐≈™≡ SLE ≤ ⌐⅔™≡ ⇔√ ⁸SLE

─ ≤ SNP≤─ │ ╘╠╣⌂⅛∫√ (Table 12)⁹ 

 n=250 

 141 (56.4%) 

 89 (35.6%) 

 119 (47.6%) 

 71 (28.4%) 

 168 (67.2%) 

 53 (21.2%) 

 131 (52.4%) 

ꜞfiⱤ  183 (73.2%) 

 32 (12.8%) 

 77 (30.8%) 

 144 (57.6%) 

 53 (21.2%) 

DNA  232 (89.2%) 

https://ijgvd.megabank.tohoku.ac.jp/
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4.19.4  

 ≢│ ─ n ⅜ ╘≡ ⌂™↓≤╙№╡™∏╣─ SNP ⌐⅔™≡╙ SLE
≤─ │ ╘╠╣⌂⅛∫√⅜⁸ ≤ rs12900339-GG genotype≤─

⅜ ↕╣√⁹ 
 ≢ ⌐⅔™≡ SNP⌐⅔↑╢ expression Quantitative Trait Locus (eQTL) 
│ ╠⅛≢│⌂ↄ⁸∕╣∙╣─SNP─ ⌐≈™≡│ ≢⅝≡™⌂™⁹ ─♦

☻כⱬ♃כ GTEx (https://gtexportal.org/home/)╩ ™╢≤⁸ ⌐⅔™≡│ ⌂≥

─ ─ ⌐⅔™≡│ rs12900339─ eQTL ⅜ ↕╣≡⅔╡⁸ │ ⌐

⌐⅔↑╢ SNP─eQTL ╛Ras ┼─ ⌐≈™≡╙ ⌐⅔™

≡ ∆╢ ⅜№╢⁹  
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5.  

  
 ≢ │⁸T ⌐⅔™≡ SRSF1⅜ RasGRP1☻ⱪꜝ▬◦fi◓ ╩ ⇔≡

⅔╡⁸SLE T ⌐⅔↑╢ SRSF1 ─ ⅜☻ⱪꜝ▬◦fi◓ ╩ ⇔

RasGRP1 ─ ╩ ⅝ ↓∆↓≤╩ ╘≡ ⇔√⁹ 
 ↓╣╕≢⌐RasGRP1─ ╩ ∆╢ ≤⇔≡⁸ ⌐⅔↑╢ growth factor 
independence 1 (Gfi1) (de la Luz Sierra et al., 2010)⁸ ⌐⅔↑╢ Sp-1(Zhang et 
al., 2018a)⁸T ⌐⅔↑╢miR-21(Pan et al., 2010)⅜ ↕╣≡⅝√⅜⁸↓╣╠│

№╢™│ ≤⇔≡ RasGRP1 ╩ ∆╢ ≢№╢ ⁸☻ⱪꜝ▬◦fi

◓≤─ │ ↕╣≡⅔╠∏⁸SLE T ⌐⅔↑╢ RasGRP1 ╩ ⇔

╢ ≢│⌂⅛∫√⁹ 
 SRSF1│ ↄ─ ─☻ⱪꜝ▬◦fi◓╩ ∆╢ SR ─ ≈≤⇔≡ ↕╣⁸

SLE T ⌐⅔™≡╙T ≢№╢CD3z─☻ⱪꜝ▬◦fi◓

╩ ⇔√ ⌐ ≢№╢↓≤⅜∆≢⌐ ↕╣≡™╢(Moulton and Tsokos, 2015)⁹ 
─ ≢│ ≢─ (Moulton et al., 2013)≤ ⌐ SLE T

⌐⅔™≡╙⁸SRSF1 mRNA │ ⇔≡⅔╡⁸ SLE T ⌐⅔™

≡∕─ │ ≢№∫√⁹╕√ SRSF1 ≤ SLE ⌐⅔↑╢ ≤

─ │↓╣╕≢ ╠⅛≤↕╣≡™⌂⅛∫√⅜⁸ ─ ⌐╟╡ BILAG ≢ ↕

╣╢™∏╣─ ◖fiⱳכⱠfi♩⌐⅔™≡╙⁸ ─ ╩ ∆╢ T
≢ SRSF1 ⅜ ∆╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

 ╕√ T ⌐⅔™≡ SRSF1, RasGRP1-WT mRNA ─ ╩ ╘⌂⅛∫

√⅜⁸SLE T ⌐⅔™≡ SRSF1, RasGRP1-WT, DNMT1─ │ ™⌐ ─

╩ ⇔≡™√⁹↕╠⌐ SLE ⌐⅔™≡ T ◘Ⱪ☿♇♩⌐⅔™≡ ⌐

RasGRP1-AS/-WT ⅜ ⇔≡™√⁹ 
 ↓─↓≤⅛╠ SLE T ⌐⅔↑╢ SRSF1 │ ╩ ⅎ≡ ∆╢

↓≤⁸ ─ ≤─ │⌂ↄ ─ SLE ⌐⅔™≡ SRSF1 ⅜

∆╢↓≤⁸RasGRP1☻ⱪꜝ▬◦fi◓ ⅜ ─T ◘Ⱪ☿♇♩⌐⅔↓╢ ≢│

⌂ↄ⁸ ⌂ↄ≤╙CD4 T ⌐│ ⇔≡ ↓╢ ≢№╢↓≤⁸ ≤ SLE
T ⌐⅔™≡ RasGRP1 ─ⱷ◌♬☼ⱶ⅜ ⌂∫≡⅔╡⁸SLE ≢│

SRSF1 ⅜RasGRP1─ ╩ ∆╢ ⌂ ≢№╢↓≤⅜ ↕╣√⁹ 
 ↕╠⌐ ₁│ SRSF1⅜RasGRP1-exon 11 RNA≤ ∆╢↓≤⁸ T
⌐⅔↑╢ SRSF1ⱡ♇◒♄►fi≢RasGRP1☻ⱪꜝ▬◦fi◓ ⅜ ↕╣⁸SLE
T ⌐⅔↑╢ SRSF1─ ⌐╟╡☻ⱪꜝ▬◦fi◓ ⅜ ↕╣⁸RasGRP1
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6.  

 
SLE T ⌐⅔™≡ SRSF1 │RasGRP1─☻ⱪꜝ▬◦fi◓ ╩ ⇔≡

SLE─ ⌐ ╦╢T ─ ≤⌂╡ ╢⁹
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7.  
  

│ ⅜ ה  

⌐ ─ ╩╕≤╘√╙─≢∆⁹ ⁸ ⌐│ ≤

⇔≡ ─ ─ ╩ ⅎ≡™√∞⅝⁸∕─ ⌐№√∫≡ ⁸ ╩™√

∞⅝╕⇔√⁹↓↓⌐ ─ ╩ ⇔╕∆⁹ 
ⱪכꜟ◓ ⌐│ ─ ⌐№√╡⁸ ⁸ ⅛

≈ ⌐ ⁸ ⌂ ╩™√∞⅝╕⇔√⁹↓↓⌐ ╟╡ ↄ ─ ╩ ⇔

╕∆⁹ 
Beth Israel Deaconess Medical Center─George C. Tsokos ⁸Vishali R. Moulton
⁸ ⌐│⁸ ┼─ ↑ ╣⌂╠┘⌐T ─ ה ╩

⌐↔ ™√∞⅝⁸ ─ ⅝⌂⅝∫⅛↑╩ ⅎ≡ ⅝╕⇔√⁹↓↓⌐ ↄ

─ ╩ ⇔╕∆⁹ 
⌐│ ─╖⌂╠∏ ⌐⅔↑╢ ╛

─ ≡ ⌂≥⁸ ≤⇔≡─ ⌂ ╩ ⅎ≡ ⅝╕⇔√⁹Olga Amengual
⁸ ⁸ ⌐│◌fiⱨ□꜠fi☻╩ ∂≡ ⌐ ⅝⌂ ╕⇔≤

↔ ╩™√∞⅝╕⇔√⁹ ⌐│ ┼─ ─╖⌂╠∏ ─

⇔↕╛ ─♩♇ⱪ ⌐⅔ ™∆╢ ╩ ↑≡™√∞⅝⁸ ⌐ ┼─⸗♅

ⱬכ◦ꜛfi╩ ╘≡ ⅝╕⇔√⁹↓↓⌐ ↄ ─ ╩ ⇔╕∆⁹ 
│⁸ ≤⇔≡ ⌐│ ≤⇔≡⁸╕√ ╙ ⌂ ≤⇔≡ ⌐

⅛™ ╕⇔≤ ⇔™ ╩™√∞⅝╕⇔√⁹ ⁸ ⁸

⌐│ ─ ⌂ ⌐≈™≡ ⌂↔ ╩ ╡╕⇔√⁹↓↓⌐

ↄ ─ ╩ ⇔╕∆⁹∕⇔≡ ∂ ╙≈™≡⇔≥ⱪכꜟ◓ ⅛™ ╕⇔╩ ⅎ

≡ↄ╣√ ⁸ ⌐╙ ™ ─ ╩ ⇔╕∆⁹ 
│ ─ revision ⌐ ⇔≡ ╙ ⌂ ≤⌂∫√ⱨ꜡כ◘▬♩ⱷ

כꜞ♩ ⌐≈™≡ ⌐ ⌐↔ ╩ ╡╕⇔√⁹ │ ⅜

⅝ ╕╢≤⅝⌂≥⁸ ⌐ ⅛™ ╩⅛↑≡™√∞⅝╕⇔√⁹ ⁸

Lee Wenshi ⁸ │™≈╙╟⅝ ─ ≤⌂∫≡ↄ╣╕⇔
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