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[ Abstract ] Background and objective Delta-Likel (DLL1) can combine with Notch receptor and activate the
Notch signal pathway, then made a decision to cell differentiation and regulate the development of many tissues. It is proved that
DLL1 was highly correlated with tumor’growth and differentiation, our previously study showed that DLL1 was associated with
MDR in small cell lung cancer (SCLC). The aim of this study is to furtherly investigate the role of DLLI gene in small cell lung
multi-drug resistance. Methods Firstly, the analysis of qRT-PCR and Western blot were used to study differential expression of
DLLI1 from mRNA and protein levels in both the H69 and H69AR cell lines. Then, we developed a stably DDL1 overexpressing
H69AR-eGFP-DLLI1 subline, by transfection with DLL1-pIRES2-EGFP. Moreover, the sensitivities of cells to chemotherapy
drugs such as ADM, DDP, VP-16 were detected by CCKS8 assay. The change of cell cycle and apoptosis rate were detected by
flow cytometry. Results The expression of DLL1 was significantly decreased in H69AR cells than that in the H69 cells. The
sensitivities of H69AR cells to chemotherapy drugs were increased when up-regulated the expression of DLL1, enforced DLL1
expression increased cell apoptosis and the cell cycle arrest in G,/G, and S phase in H69AR cells, the expression of downstream
genes HESI and HEY1 were increased after transfected with DLL1-pIRES2-EGFP. Conclusion Our results suggest that over-
expression of DLLI in small cell lung cancer may increase the sensitivity of cells to chemotherapeutic agents. DLLI influence
drug resistance of small cell lung cancer through activating transcription of downstream genes HESI and HEY1.
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DLLI ( Delta-Likel ) Jy Sy A&, J& TDSL
( Delta, Serrate, Lag-2 ) &[5 0%, AZEDLLIZEHEN T
Yt fk6q27, 421:3.04 kb, ORF4ifiL723 N SLMR, =&
B HESI Y Notch () I FLIA Z —, B 5 Notch Z IR 25 &%
{fNotch 5 518 #%, e AMisr i nia, 2 5iEr 24
AU EH . DLLIFAIIE N XIS S E37Z R IE MR 7
454, fIDLLLIZ AN, J0E Noteh (538 [ it A 4
f4E R B IR RGE DLL LS IR i R K 204k
IR G, (HDLL X I i 24 77 TR R AR A0, e
FESCLCH 24 7 1)1 FH E T N A3 2R D AH DG 1 41l - 3%
TR A3 2o PR R 3 R X SCLCTi 25 4l iR H69AR A1
Mt 25 A I H69 121, S22 LK i1 743 #r, 45 K IWH69AR
2R rP £ DLLILE AL, 131 RE R ™, 1,252
SRR FRIE B, AR B AE PR IEDLLI/ESCLCHUR
YRR HO9 R Z 25T 2 R HOOARH 235, U H ik xf
SCLCALS T 25 Uk K A At RS 8 T 52

1 RS TE

1.1 KL pIRES2-EGFPURL , B2 25 40 18 A SL 5
FEARAF . ANSCLCHURAN R (H69 ) FIIL B2z % iif
Zitk (H69AR) ¥l H R EATCC, AR i .
RPMI-16403% 55 50 H SE[E Gibeo A H] 5 AR . BiT2s 25 Al
WHEIA T A WS A 1) s CCR8 M Tl & [
B AR 5 1EEDNAG AN & . REMHE R
(PCR) ia{jf| £ . DNA maker, DNAZEAKIAT &, FTkL
PN & . P SN & BRI N VTG SE I 3 K%
EHEAEYNE] EEFE{Z{KLipOfetamine 200001 H Invitrogen/A\
Al RPN ESUADLLIIG H 32 [E Santa Cruz/AF];
Hro =i B DU FEAEY) A,

1.2 Jyyk

1.2.1 SEH G E EPCRMTDLLL M B AL mRNA
Fik HRIBUAN AP Y R R N A HE AT 30 5 S R S N 26 Ot E
HPCR,, fif FHSYBRIZM] 3 £ 2 Wik ) £ (Takara) X 5
6 AT R ZH 20 i H i DL L 13 R R H R i S DR G 3 58
753875 Real-time PCRJZ W A 85 43 #17E ABI PRESM
75005 I 5 1t S WA E5E B, 5190 Takara 28 vl G Ao
DLLI Forward: AGGGTGTGATGACCAACATGGA;
DLL1 Reverse: ATCGGATGCACTCATCGCAGTA;
HES 1 Forward: AAAGACGGCCTCTGAGCAC; HES1

Reverse;: GGTGCTTCACAGTCATTTCCA; HEY1 Forward:
CATGAAGAGAGCTCACCCAGA; HEY1 Reverse:
CGCCGAACTCAAGTTTCC; NZMGAPDH |5 1#1 N
$-GGAAGGACTCATGACCACAGTCC-3', Fiia | hs-TC
GCTGTI'GAAGTCAGAGGAGACC-3', ik 55 2 W S PCR
Z AR G, DADLLL R R A R TS 195k A 7
PCRY 4, PCRZ v 7E SR 8 fSPCR I WAY b Ef 7. 3ukih
N7 SIS AR R 2 A RQ=2 4 (Y b A 43T
1.2.2 72} RIKpIRES2-EGFP-DLL1 Y 4% Yy Ko A2 % YL 4 ifd
PRI OFYRTIR, R E L HOOARZN M- 14k
AR AR, A 20916 4 I3 A RPMI-16402 ifg 5 77
W, AR YL H % o 60%-80% ; (FE 4> JC A 11
Eppendoffi& /1, 43 5l%51 uL&4lifbiY ik pLEGFP-N1-DLL1
(VRFEL pg/uL ) A1 uL&fifbiy SR pLEGFP-N1 ( V¢ fE
1 pg/uL ) 28 #ARTR, A FS0 L LML Tht A R W
Opti-MEMBEATH RS . 1RS), TSI KARB, 15—
Eppendofff& 1, ##4 uL Lipofectamine™ 20001100 uLfY JG
M5 TTCHi A R Opti-MEMIFA T RE LTRSS, il U R
C. 7S minPPKGAFISO L C, BAFISO yL CIRA], ZEiE#FHE
20 min; QFRFHIME], FEREFAR P ITHEO AR M FH JC 1
IRPMI-164035 TR PERR3 UK, IIA400 uLTC I35 Tohi A
FHIOpti-MEME;F 4L ;. @HAC, BCIRAYINTH69AR
LRI, REORESE SRR, HRGYSEST
YL, 37°C. S%COMFE; D6 higW 278, ¥
S L BT B A B SRR R4 2K, A 209 15 44 I35 1 TG
PUAE R IURPMI-164055 S AR S5 5% . e ea8 hfF ot ik
T ™ ARSI, KL iR s @552 K AN di
L8BAR, IEH AR R s (D3RG A7 Hede Ji 75 i ik
W (400 pg/mL ) FJG418F10%Ji5 2 L7 RPMI-1640%%
FRELHA TSR, @3JE R TFIE BB M B4 i v PR ETE
Jei . AW A5 W WO s 2 PRV A R 35 7%, O 3 Bk
G418 (200 pg/mL ) [REFREY KIEF .

1.2.3 Western blot/ T DLL1:E £ ik U EEH,
BCAWLEEHE R, FFLHPIMFESO pgEH, 410%SDS-
PAGEJ5, M #4 2 PVDFEJE, 5%BSA/TBST % /11 h,
IASHTADLLLFERE (1:200 ) 7, 4 °CidiX . TBST
BUE3, H HRPARICHY FHT ARG (1:5,000) B 7, 212
h, TBSTIEPE3VK, ECLAGIN, K= HEJE10 s-10 min, G52,
1.2.4 CCK8LAa 2y Pyfstt =M% (DDP) | 2t
LA (VP-16) FFsiR (ADM ) 3RbIT 2591 3k
VAR, TR FhEL YL A b 43 A 00145 | 0.14% . 14%
FLOME M H = Wk BE AT 25, BP0 B — VR
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VAT AL BATERTIRA . (UmAIA 24, & 41
EEAL; FAEEA: UNMERERE, 4N ER L.

PIEFFL3x10° A Al 4R T 96 FLET TR AR, A FLIINA 200 uL
BESR; ANMGRE IS, K 3R LYY 25 W4 A [l ik B in A
HALANNE, ARSLH FLEEFR24 by AL BT & RO ) CCK8
W20 uL, 37°C, S%CO, F4k£H550.5 h-4 h5, &K I-H;
Fro HEFR4SO nmfH, TEBGER S A A bl 2 £ L%
W fl, MR LA ISE (AT ) MFI51E,

VA& AL Y A AE 3R LT 25 AN R IR BE R IO AA TG 2325

A 2= (LI A -2 XS RRALADE ) / (BT RR
HAME-25 AR IR AME ) x100%., A 3K, HCOE-H
B, DAANMEAATE RN h, 25k B X BOh Rl VR 2 xF
B, IR EIESR 3R IC A

1.2.5 AP TR XPECE KA AL 4x10°/FLEERD
6fLt b 37 "CH5FR48 hy WA, PBSYER2IK; 4
Jifd i L F 100 uL 7% Annexin V-FITCHI0.5 ug PIFYZE 4 2% i
# (10 mM HEPES pH7.4; 0.15 M NaCl; 5 mM KCl; 1 mM
MgCl,; 1.8 mM CaCl, ) H; OGN E 15 min; fill A400
uLZS G IR A LA ST

1.2.6 2 Al A I OGBSO R A A, FHO.25% Bk ER
FIEF10.029% EDTAJH AL AL, PBSYE2UK, F75% L EEUK
W E24 h, SRIE FH & 1%BSAIKPBS FE /MR AT e 2k, PI
e J5 HEA T A AN 2 1 Cell Quest 3R 437 2% 2H
0 R R A E 240 B 0 45 P AR T A L 81

L3 Geiteedrid i HISPSS 13. 058 k43, R H ek g5
5{One-way ANOVAKG I, P<0.05K 2555 HA G751 Lo

2.1 DLLI7EfUEAR (H69 ) FIiifZ5kk (H69AR ) Hrfh2:
SRk WEAFTR, qRT-PCRESIR I 7mH69ARAN Utk
HDLL1 mRNARIABHOOAMIFEAL, 2ZFHARI¥E
X (P=0.003) , Western blotZ} Hth i /R 7E i 2 FRH69AR

% 1 LiADLLIMRIZEHMATERNEIL (%, Mean£SD, n=5)

FAYDLL1AR [ 1 2B B BURPRH69 W] i &AL ( [&11B,
P<0.001 ) . j#iIPIRES2-EGFP-DLLI [ JAH69AR fift £k
PDLL1fg 5k E2F R, H69ARS HI#% YL PIRES2-
EGFP-NC (A ) J4PIRES2-EGFP-DLL1 (B) /548 h, i
19 B ML H A YR 1k80% ([&2A, [E2B)
QRT-PCRFIWestern blotf il % PIRES2-EGFP-DLL1J55 ,
DLLI7EmRNAFIE F1/KF B3 (K2C, KE2D,
P=0.004) , ZFHAGIFE L, $&RidRIEDLLIER
E MR HE69AR-e GFP-DLLIFY UL . 4t i X Ak 7 254
BUSE AR AL . W3R, CCR8AG I i /s HEOARKS I
1 (DDP) , f#&ZE (ADM) J 22T (VP-16) IC,
(BRI PR HO9MS 5, $2/RHE69ARXIIT 254 i) i jek
PEFEAR (EI3A, P=0.009) . il i ¥4 YL PIRES2-EGFP-DLL1
FIHH69ARZH Ik P DLLIAY R N5, X HEZH (H69AR
JtH69AR-PIRES2-EGFP-NC) #H . 41 fi % DDP, ADM
VP-16 [ U B 3, 22 7 B AT Ge it 2% 8 L (KI3B,
P=0.016) .

2.2 HMEPT-HMAR L R EI4PTR, i A B
AREM B R, FIWDLLIRE)S, HOOL 1% (7.294+
0.389) % ([€l4A) , HOOARAIA I T-%H (1.954+0.088) %
(E14B) , HOOARMIH T I AR TH69, MLl Z (7] 2 7
HAG T 2¢ 25 X (P<0.001) . iiH69AR%4 YL PIRES2-EGFP-
DLL1 (K4D) J5 8T (17.202+0.872) %#iH69ARZH K
HYLPIRES2-EGEP-NC (2.112+0.222) % ( [£]4C) £H B i 3t
L 25 HAGEE X (P<0.001) . 458 42/R -JHDLL1
B ITHE9AR 4RI T

2.3 AR AR AR AR I B, He9ZH 4
M SR EZELAG,/G A (EISA) , HE69ARAHIEG,/M
WAgnps 2 (KISB) , HE69ARMG,/ M4 il B & % H69
RS 2, Az M2 S B AR X (P<0.01) .
MH69ARE; YL PIRES2-EGFP-DLL1 ( [&ISD ) J5 4 fitd & 15
G,/ G K S0 il A H69ARZH J7 % YL PIRES2-EGFP-NC
(KESC) MBI (P<0.001) . £5HR4E/R FiHDLLI

Tab 1 The apoptosis rate of cells was assayed after transfected with eGFP-DLL1 or a negative control (NC) (%, Mean=£SD, n=5)

Group n Apoptosis rate F P
eGFP-DLL1 5 17.202£0.8724
NC 5 2.112%0.222

1056.897 <0.001
H69AR 5 1.954+0.088"
H69 5 7.294£0.389

*Compare with H69 group, The difference has stastistical significance, P<0.001;

ACompare with random group, The difference has stastistical significance, P<0.001.
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Notch 55 i 2 Ak b e BEOR ST 1) 20 -5 200 i )
M5 S SR, SN Sk SR T3 I,
TEMR IR IR K - HUARFR TR DL R AT 20 e 09 2 4
O R SR, 120 B Y SR O AN S S
A TR, R 5 R T 245 4 AR S S AR Sk i
FE R B Notch-1]12 Z ik T 2 R g 40, 1 1 4 vF
|z [A] 40 (epithelial-mesen chymal transition, EMT) |
JiiJeE 4B (cancer stem cells, CSC) & 7 el A8 FI 15 f3k
/NRNA (microRNAs, miRNA) 25k 12, S8R X £ il
I7 25 A BT 25 o I, Notch- 12 X 47 i g it 24 11

1 qRT-PCR#Western blotZEMRNAZKE (A) F1EHKE (B)
HMH69 R H69ARA M DLLIAIRIE. **P<0.01.

Fig 1 The expression of DLL1 mRNA (A) and protein (B) levels
were assessed by qRT-PCR and Western blot in H69 and H69AR
cells. **P<0.01.
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B 2 #HPIRES2-EGFP-DLLE FRiA B EiEDLL1AIZRIE. H69ARS Al 4E S PIRES2-EGFP-NC (A) R PIRES2-EGFP-DLL1 (B) /548 h, @@ %X BRUEMRH
WA, WIERPIRES2-EGFP-DLL1/E, ZEmRNAKE (C) FIZEAKE (D) #MEIDLLIEIRIE, K, 200X () ; RAERE, 200X (F) . **P<0.01.

Fig 2 eGFP-NC (negative vector) and eGFP-DLL1 overexpression plasmid

were transfected into H69 cells. At 48 h after transfection, uorescent

microscopy showed emission green uorescence to detect the transfection efficiency. (A) PIRES2-EGFP-NC; (B) PIRES2-EGFP-DLL1. The expression
of DLLT mRNA (C) and protein (D) after transfected with PIRES2-EGFP-DLL1. Left: Light microscopy, 200X; Right: Fluorescent microscopy, 200X.
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% 2 ZREDLLIRHE AR A HHESH (%, MeanXSD, n=3)
Tab 2 The cell cycles distribution were detected after transfected with eGFP-DLL1 or a negative control (NC) (%, Mean=*SD, n=3)

Cell cycle n Cell cycles distribution (%) F P
eGFP-DLL1 NC H69AR H69
G,-G, 3 46.27210.8024 22.60410.441 23.48410.544 66.27+0.802 2,938.186 <0.001
G,-M 3 23.076+0.425* 57.021£0.112 58.757%0.155 23.0761+0.425 1,213.429 <0.001
S 3 29.639+0.3814 20.476£0.472 18.697+0.169 9.639%£0.381 1,490.432 <0.001
*Compare with H69 group, The difference has stastistical significance, P<0.001;
ACompare with random group, The difference has stastistical significance, P<0.001.
A
250 B =1 H69AR
=1 He69 50, =3 H69AR-EGFP-NC
* B H69AR--EGFP-DLL1
2004 E= H69AR = L
2004
—= 150 +
£ . E 150
D
< 100 4 * SR
=4 J T
50 - _ r‘ 50
*
0 T T 0. -
ADM DDP VP-16 DDP

: L
ADM VP-16

3 G LT RIS IR T L. A CCK8HMH69FNH69ARY A X {L Fr 254 DDP. ADMREVP-16 KIS ; B : &1 ¥ #PIRES2-EGFP-DLLT LA
H69ARHDLLIFIRIL R, HAEXTDDP. ADMEVP-16RIER %A RN, *P<0.05,
Fig 3 The sensitivities of cells to chemotherapy drugs. A: The sensitivities of cells to chemotherapy drugs (ADM, DDP and VP-16) were measured
in H69 and H69AR cells; B: The sensitivities of cells to chemotherapy drugs (ADM, DDP and VP-16) were measured after H69AR cells transfected
with PIRES2-EGFP-DLL1 or mock by CCK-8 assay. DDP: cis-platinum; ADM: adriamycin; VP-16: etoposide; 1Cs, value: half maximal inhibitory

concentration.

A

H69

H69-EGFP-NC

H69AR

H69-EGFP-DLL1

B 4 LiEDLL1ATERE 5 i = 40 A AR i i 48 B A T R B Mk
A:H69:B:H69AR; C:H69AR-EGFP-NC; D : H69AR-EGFP-
DLL1,

Fig 4 Cell apoptosis was assayed by flow cytometric
analysis after transfected with eGFP-DLL1 or a negative
control (NC). A: H69; B: H69AR; C: H69AR-EGFP-NC; D:
H69AR-EGFP-DLLI1.
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-
B

H69 H69AR

C

D 101304

H69AR-EGFP-DLL1

H69AR-EGFP-NC

B 5 EEDLLIRIE R R A 20 E B AY 4k, ATH69: B:H69AR; C:H69AR-EGFP-NC; D : H69AR-EGFP-DLL1.
Fig5 Cell cycles were assayed by flow cytometric analysis after transfected with eGFP-DLL1 or a negative control (NC). A: H69; B: H69AR; C: H69AR-

EGFP-NGC; D: H69AR-EGFP-DLL1.
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VRTERE S AT IR R W Notch 157 4 K HL e A delta-
like-1 (DLL1 ) FEMREMAL . 404k . HEFE M T A 4%
HEEMEM. B 7 sFh A Notchfit A&, 435
J&DLL1. Delta-like-3 ( DLL3 ) . Delta-like-4 ( DLL4 ) |

JAG1FIJAG2, DLLIFEAREFNESEH, J& TDSL ( Delta,
Serrate, Lag-2 ) R FIZKIGEM I, 1E W Notchfi 554 518
flikZ —, HRTC A A HREDLL AR
ek 240 B P 3 AE RN A A oAk . A ZEDLLIJE N & i T
Yt ff6q27, KEH3.04 kb, FLORF 4ifih723 % JE

‘B 5 NotchZ K455 UG Notch (5538 %, TR 4i M 43
I RZ AT, HS5EEFZHSMERETP,

DLLI AN X3 S B3 RIEHMFE R A5G, % R
ADLLLZ ZALFI N AR, BE A BTE Notch 5538 [ BT 220
(LA, Noteh 55 % 17 S 3 st 3 —HL il I 42 24
MR AL . SEBH T A R . BT RGE, MiR-34a
38 2L 30 ) A H T Notch i it /ADLL145{ % CD15"/CD133 il
R A0 L A T2 R B A IR 14401k . Huang 257 % B
TEFEE R R DLL1-Notch {5 518 % RE G 1K 52 TN i i 1)

Fig 6 The expression of DLL1 downstream genes HEST and HEY1 were
detected by qRT-PCR

RE, IR A K AR R BITEB 16 2R (5 2R A
JaH E A Notch AR DLL LAY 155 |6 Ieheg i ek A I 41
il R A

A DLL LS g i A B oAb 7 IR i R 3 %2
SR 122 35 LR R JHC s i ) 28 11 B3 o g T 245 1) 56 R AR
/b, 5 SCLCIHZ 24Tt 245 i A6 & B T T P A0 i 2 D0 AH 5C
38 o A SZ 6 7 BT 9 %S CL C it 24 40 it b i 0 4 i ik
S T T R B, HE9ARTHZ 4 ffl bk DLL1 /Y 32
RSB HUB AN RRHOOW BFAAR ™, N T — B It A 4%
B, F 738 HqRT-PCR FlIWestern blotJy i iE — 4 A FL K
R KA TSCLCHDLLIAY 6 1k, 45 5 A1 R
MIFRIR—E [FIRT, FRATAR & I, EHOOARAH M b rfr i e
PIRES2-EGFP-DLL1 | EIDLLIf{FE L5, Mg gu s ik sy
251 BOUBAE T A, i A AR I i s EIRDLLI
(IR e 20 IR T I S, 40 R BRI 7R G /G, 12
JRDLLIYSCLCIIM 2415, FRDLLISEH A rT LI
i SCLCTR 2 40 MUk 19 A7 BUSME:, DLLIA AT RERUAIAYT
SCLCHJEFR . {HIL EARMHLHI A FE T i — D05
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