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[ Abstract ] Background and objective The EML4-ALK fusion gene is a newly discovered driver gene of non-
small cell lung cancer and exhibits special clinical and pathological features. The JAK-STAT signaling pathway, an important
downstream signaling pathway of EML4-ALK, is aberrantly sustained and activated in EML4-ALK-positive lung cancer cells
fusion gene, but the underlying reason remains unknown. The suppressor of cytokine signaling (SOCS) is a negative regula-
tory factor that mainly inhibits the proliferation, differentiation, and induction of apoptotic cells by inhibiting the JAK-STAT
signaling pathway. The aberrant methylation of the SOCS gene leads to inactivation of tumors and abnormal activation of the
JAK2-STAT signaling pathway. The aim of this study is to investigate the methylation status of the SOCS3 promoter in EML4-
ALK-positive H2228 cells and lung cancer tissues. Methods The methylation status of the SOCS3 promoter in EML4-ALK-
positive H2228 lung cancer cells and lung cancer tissues was detected by methylation-specific PCR (MSP) analysis and veri-
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fied by DNA sequencing. The expression levels of SOCS3 in H2228 cells were detected by Western blot and Real-time PCR
analyses after treatment with the DNA methyltransferase inhibitor 5'-Aza-dC. Results MSP and DNA sequencing assay results
indicated the presence of SOCS3 promoter methylation in H2228 cells as well as in three cases of seven EML4-ALK-positive
lung cancer tissues. The expression level of SOCS3 significantly increased in H2228 cells after 5-Aza-dC treatment. Conclu-
sion The aerrant methylation of the SOCS3 promoter region in EML4-ALK (+) H2228 cells and lung cancer tissues may be
significantly involved in the pathogenesis of EML4-ALK-positive lung cancer.

[ Key words ] Lung neoplasms; Echinoderm microtubule-associated-protein-like 4 (EML4); Anaplastic lymphoma
kinase (ALK); Suppressor of cytokine signaling 3 (SOCS3); DNA methylation
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1.1 4ff PR R = EANES ANSCLCA MMk H2228 41 i,
AS49Z LI FATCC . AIEF fili b B2 4 fiBEAS-2 B4
f . N HERG B 1 4 HER 293 41 it i K S B K 2
BERE, R IO OO AT 5 7 B ALK B R R
SIS EPNE Y SN SN S U i P SR R N 18
RMPI1640 HIDMEMFFREE | JIG A IfIL i & Trizol il
Life Technologies/z_\\ﬂ ( Carlsbad, CA, USA ) ; SEHfo¢GE
HEPCRIA & . Premix Ex TaqHotstart Versionlld [ Takara
/] (Dalian, China ) 5 2550 &0 H Promega/z}ﬁj
( Madison, WI, USA ) ; QIAampDNA Mini KitFlEpiTect
Bisulfite KitJJ [ Qiagen’/A 7] ( Hilden, Germany ) ; HJEH;
FEWEFM I S - B -2 - I (5°-Aza-dC ) T4 H Sigma-
Aldrich2> H) (Kansas, Missouri, USA) .
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1.2 AR IR R 25 Ab BE BRHEER293 40 i H 2 10% i
M3 ( fetal bovine serum, FBS ) IDMEM ( dulbecco's
modified eagle medium ) BigE, HAhduuigsi &
10%FBSHJRPMI-164035 7 5k . A AIHE IR T 10 cm¥ S5
M, 37 °C. $%CO, AN EF-HH, 0.25%/BRE
-EDTA ( ethylenediamine tetracetic acid ) WAL, Frf
SEIG PR XU E KA. 57-Aza-dCIE T H L AKX
( dimethyl sulphoxide, DMSO ) ¥ H', 10 umoL/LAb3H6
Lt ani (REfL2x10540pE ) , BB AL, abFE
72h,
1.3 4 M DNASEHL 2 & 4414 QlAamp DNA
Mini Kiti5e B A BRI TDNAFEEL, DNASREUS BAgbEH
VKRIMIDNAZERE , I SN T T E .
1.4 HIEALFEFPEPCR (methylation-specific PCR, MSP )
1.4.1 B DNA AR R £8 15 1 73 51| 800 ng DNAFZHR
EpiTect Bisulfite Kit (QINGEN) A UL T AR R £ b
H, W AEPCRAY kAT, AbFRZ54: 99 °C, S min, 60 °C.
25 min, 99 °C. § min, 60 °C. 85 min, 99°C. § min, 60 °C.
175 min, fie)5E20 *CAE 24 ho 4L DNA 20 °C
PRAE# ], TR S PCRAMIT.
1.4.2 MSP-PCRY M HI™ 1 (1) B 46 AL B 20 ng DNA AR
W HAT IR 3+ H i Bei 1 . RS A PCRIL, H—
Y PCRE|HIF51)M: SOCS3-F 5-GATTYGAGGGGGTTTAG
TTTTAAGGA-3', SOCS3-R §-CCACTACCCCAAAAACCC
TCTCCTAA-3', Wi #&/FH: 95°C. Smin, 95°C. 30s,
60°C.30s, 72°C. 30s, WEMFIEPCR, B MHIFEIF0.S
°C, L4MEH; P20 MEHAI9S °C. 305, S3°C. 305,
72°C. 30s. 5 "4EPCREU uL&—4PCR™ ) WA AIE
T3, WS IFSIN: M-F 5-GGAGATITTAGGT
TITCGGAATATITC-3', M-R$-CCCCCGAAACTACCTAA
ACGCCG-3', FEHEALG YT YA U-F $-GITGGAGATIT
TAGGITTTTGGAATATI'TIT-3', U-R S-AAACCCCCAAAA
CTACCTAAACACCA-3', JXhZ&fF: 95°C. § min, 95°C.
30s, 55°C. 305, 72°C. 30s, 30/ MEH; 72 °C. S min, 4 °C
TRAE. ¥ HG 220 B B LUK HEA T2, IR IR DIRGE
IR AR ) B X B
1.4.3 WHREL Y FRPCRI=W2 ik alifb s, 2t
AR A mI I, AR B A7 s i RO H 3R 43t
SOCS3H: K i3 5+ H Bk K-
1.5 Real-time PCR Trizoli & I HEHLS'-Aza-dCAL PR it B
RNA, 4Nt EUERD, DReverse Transcriptase Kit
( Promega ) #42 ug RNASFE H,cDNA. 20 ng cDNA ML

M, 5ABISYBR Green Master Mix ( ABI) MAHMN T |¥ITR
A, B TSERYEE HPCRIY Applied Biosystems 7900HT
Fast Real-Time PCR System instrument and software ( Applied
Biosystems, USA ) EfTReal-time PCRJZIV o S 4544 95
°C, 20s; 40MPCRIFFR (95°C. 1055 60°C., 205s; 72°C., 10s) »
PIPGKAE N NS IR, RALBREAVE R I T, BdiR
FH2-28eT Y\ 740 H, ACT=CT-CT (PGK) , AACT=ACT
(24h, 48h, 72h) -ACT (0h) (H2228, A549,
H460, B2B) B2,

1.6 & APEENE (Western blot ) RIPAZL A A 41 i 25
FIZT, BCAILIIW Y, 55xSDS-PAGEZ [12% thil 7t
1R5), 100 °CE W10 minffi 7B , H30 gt M1 B4
i R, #HATSDS-RINAIEIZEER ( SDS-PAGE ) HLJK,
100 VA% 65 min . S%JBLAEA- WA IxTBST 1 & iR EH 411 h,
A BHLASOCS3 i EHTIA, 1:500% K, 4 °CiFR i
o MHRPHRICH ZHT, ZEiPFEE1h, BEBLR,

1.7 GeiteF)sid FHSPSS 21,058 H 4k kA 14007, TRl —
200 i 2R PR 2L [ LR TP A Y B0 B, P<0.0S Ry 25 57
EEN =-9'8

2 R

2.1 SOC3JH8)FIXCpGE) &R MSP5 )ik it i
USUCHKE 15 A SOCS3 DNAJS 37 3 41 - 3k BUR
T FiE2,000 bp, T 13 MethPrimerE £k 43 # W) 3 A1l
Methyl Primer Expressv 1O/ T iX B P8I ICPG RS, R
FHFRUE: BREEXT>300, GC>50%, MEAH /AL >0.6.

EL I RSOCS3JH 3 FHICP G K 545 bp, 1 T871
bp-1,415 bp. ﬁﬁMethyl Primer Expressv Lo PCR
519,

2.2 MSPE K 4 A A0 il 98z i gg 4 2R soCs3a sl 1
FEARRAS HEB7 1 EMLA4- ALK BHPE i 8 5 2 i 98 4 20
EML4-ALK FF 1 g 20 i H2228 . EML4-ALKBH 4 i 4
MiAS49 . HEK-2934Hf1. AJGELAHMIAIDNA, L E
BRARER AL IR, RH AR MERE ((C ) Bk A8 ohy IR g g
(U) , WA EmERE (C) A2, 4 LiRZ B
fig Eh b B S I DNAFIMSPS [ 14 3, KA IISOCS3JH 3l
F XA RIS . 1T 7R MSPAS SR B /R H2228 41 fifd |

AS49ZE . HEK-29341M . HA6OLH L Fn7 {51 g 2 4L Hp )
3151SOCS3 /A 8 7~ X AFAEA Al 2 B2 () F 4k, BEAS-2B4H
JiL K N i B 2H 2R A L e AN EAE SO CS 3 2l IX iy H K
0. PCRIYIZDNAMNF 4347, 1ESESOCS3H 8+ IX.
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FAAEDNAHIEAL (1&12)

2.3 WILEERS RGN HIH S -Aza-dCAL B,  FiHSOCS3%ik
H T R DNAH HAE X SOCS3 R IR F I,
FATH W I EE AL WP 1 5 - R A -2 - WA (5°-Aza-
dC) AbEE RGN, LA10 um/FLIESEAE BRI R 4072 h
Ja o R RNAMIZE 1, FReal-time PCR M Western blot
Kl SOCS3FRIRAKF- 1AL E AL, LADMSOAN LA Ny
YRR, ZEREOR, SXTREAMEL, AS4941i fIH2228
L SOCS3MRIX AT A BIR G, 4 alddm 74.97
fi5 (P<0.05) F13.66 (P<0.05) f%. WMi7EBEAS-2B4H Ll
H4604f }fl Hf*SOCS3 Y2 1A M AZ AL AN fib 1 22 R B Ry B AIG
(E3) . #b—H 0 1T Western blotJe5eF 2= H AL A 31 5
SOCS3EKIKKF-HAAL, 458 HReal-time PCREE R — 2
(Kl4) .

3 g
SOCS3JE 4 MLANTAK-STATAS 53 & 17 2 i 15 25 1
Z—, HAT LU STATIOBERR £k K — B AR TE B

aCE BRI T AR A B IR Ak A 17 1) 8 15 JAK-STAT 38 1%
AT A0 ) 2 L P e S48 5 A oy AR eio242s] . SOCS T fE S

S0CSs3

ALK (+)

ALK () B

ooooo

S0CS3

SFHOLATJAK-STATIE P& I fE I Z I8 2%, 15 2+
SEw A JESOCS3 TN BE S 1Y T Z ML

SOCSFKIE ST H 5Lk A Z R s Pl & B,
e . . BTSUMRE . B SRR, Lhan, HAM
2238 F S E E PCRAFIE N3l 1) 7 ik R B 1 21
SOCS3WFIMIEF IEH 1LY, - HLm b 55 51w /)N
FSOCS3FE[, (H1FSOCS3XISTAT3I il VR TH 22
STAT3FFELIEAfL , BT AR T /E B Z 3%, 30
Y5 e & A VR a3, TEBH T8 e &
HAISOCSIFRIB IR 5 Y e A=A 0,

FATHIBFFEUE SE/EEML4-ALK B 20 ifi H2228 K2 343
EML4-ALK PP S8 35 s 20 2L A AE SO CS3 A iy 5 HY
Ak, B W IEALBEHDHI ]S -Aza-dCAL B AEAEmRNAJK P
M AACEIEINSOCS3M R, MSP A RN T 43 #r 2
— RS S TR A AR SR R R, fE b
TR A SOCS3 I Fe ik 32 57 1 FR Ak

H TSOCSHE [ATENE &AL e e, BIfEC &
2B 2K SOCSZR AR s M TR IR ITA o, IF
BUAS T —Emdk, tan, AFsEis oty v 13k
J7 TG SOCS 5 5 FHJARH il 7] A 255 2 Bb B FHJ AR Bl
PR RO BT s KimSE00233022 38 R B SOCS 11

B 1 MSP77 i il Az 40 B dk % EMLA-ALKPBR [ i
77777 EHERPSOCSIEE BN FREMLKS, M: BE{L
D R U ERELER

Fig 1 MSP assay for SOCS3 promoter in different

lung cancer cell lines and EML4-ALK (+) lung

cancer tissues. M: methylated-specific; U:

unmethylated-specific.

2 H22284K3SOCS3 B &N FMSP A /5 i 38 iE
Fig 2 The MSP result of SOCS3 promotor were
verified by DNA sequencing in H2228 cells
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