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HE  ZX 5 AR T EA1E 5 6 % F B X A a(nuclear localization signal retinoic acid
receptor alpha, NLS-RARa)% A2t -F- 4 42 & oo 5% (acute promyelocytic leukemia, APL)%8 i #kNB4
SACEY R0 B AL R IR PP A K B A ] A R K 2 F BR (all-trans retinoic acid, ATRA)#%-F 49 NB4
0 AT E M C/EBPB. CDI11bAep38ak & /i KT HI A 1% #% & /~-F 49 NLS-RARo L B it &34, it
— R %, 5 P i 5 Bh B E i R K RUF A MINLS-RARoxNB4 2m it o 14 47 & # C/EBPB. CDI11b
Fap38adk @ KT 49 % rh; 18] 4% % 7 K L 5 50 4 HTNLS-RARaL p38aky = 18] 2 & 455 &%, 9% 3L ILIE
S35 HNLS-RARa S p38aty 48 ZAE A . 45 R B, & 3 KJE A= 24 22 )R JE 49 ATRAME HENB4 28 e,
A B BT 4L E T p38a, ELp38atdiE i TALL 4 & H LAz S C/EBPRE L — 5K 4 & bk
A7 EMCD11bk A & f£ 2522 )R E ATRA(1 pmol/L)4L 22 F i 2 3% Z; NLS-RARaA 4| NB4 48 it ¢4
b, LR A EATRAG 644 T, NLS-RAReA7HINB4 8 it 69 514 5 T fp38aiE A48 %; NLS-
RARa5 p38afs £ % [ 3+ 7 4% ENLS-RARo5 p38afL 440 ZAEF . A5 4 R, U /EATRA
%3 BF, NLS-RARa5 p38a AL 448 ZAF A /& T ifp38ady & M 1t o I NB4 4 i 69 51k .
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Study of NLS-RARa on Differentiation Inhibition and Its
Mechanism of Human Leukemia Cell Line NB4
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('Central Laboratory of Yongchuan Hospital, Chongqing Medical University, Chongqing 402160, China;
2Key Laboratory of Laboratory Medical Diagnostics, Ministry of Education, Department of Laboratory Medicine,
Chongqing Medical University, Chongging 400016, China)

Abstract This paper is to investigate the effects of NLS-RARa on differentiation of human promyelocytic
leukemia cell line NB4 and its potential mechanisms. The expressions of myeloid differentiation markers, C/EBPJ
and CD11b, p38a induced by ATRA in NB4 cells were detected by Western blot. NLS-RARa was overexpressed
mediating by lentivirus and its efficiency of NLS-RARa overexpress, the expressions of myeloid differentiation
markers, C/EBPf and CD11b, p38a were detected by Western blot. The localization of NLS-RARa and its interaction with

p38a was analysed by indirect immunofluorescence assay and co-immunopreci-pitation assay, respectively. Our results
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demonstrated that the two ATRA concentrations (physiological [10 nmol/L] and pharmacological [1 umol/L] concen-
trations) that we investigated promoted differentiation and activated p38a in NB4 cells. Further, ATRA-induced
expression of the myeloid differentiation marker, C/EBPJ, was proportional to phosphorylated p38a (p-p38a).
We also observed a higher peak in the surface of myeloid differentiation marker, CD11b, following treatment
with pharmacological concentrations of ATRA (1 pmol/L). NLS-RARa also inhibited NB4 cell differentiation,
more importantly, this effect was related to downregulation of the active form of p38a in the presence of ATRA.
Finally, co-localization of NLS-RARa and p38a in three-dimensional space was confirmed, and we found that
NLS-RARa could interact with p38a directly. Taken together, these data indicated that NLS-RARa inhibited

ATRA-induced differentiation of NB4 cells by downregulating the active form of p38a via a direct interaction

with p38a.
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I, NLS-RARouxF APLAT i ) 4 11 73 A6 A T AT RE
NLS-RARoH p38afty AH B AF H K p38aidithAH 3¢

human acute promyelocytic leukemia; NLS-RARa; NB4 cells; ATRA; p38a
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1.1 ##

L1l @mfe. BAZ@E#R  ANSZpRidn i e s
(APL)4H fU #RNB4. 1295 £ /1 ‘FNLS-RARaid % 1A
(RN - R 40 i 17 11995 48 R R LV-NLS-RAR0-NB4 .
ASC IR G 18 2 1 N H 400k 48 B 1 1T s 48 PR AR LV-
NC-NB4., 293T4i . E R EY) LIS FR pCMY-HA-
NLS-RARa. 235 ki pCM Y-Myc AU A2 243 K T 1
DHS5ad?) HH AR 52560 % AR A

112 E£ZiX#A  KiJENB4. LV-NLS-RARa-NB4.
LV-NC-NB44 Jifd [\) RPMI 16405 77 5 F1 i 4 i i
(FBS)I H 32 [E Gibco A 7 ; £57% 293 T4 ) DMEM
R FR 50 A 55 E Hyclone 2y w5 £ 7293 T4 i (1) i
A= 135 (FBS) I [ 5% [ Gibeo s ] ; T4 DNAE £ i |
Trizoli®k ] ATPCRi 7|PrimeSTARTMHS(Premix)1y
It H TaKaRa 2 w; ATRAJ H 36 [ESigma A 7; PRl
PE 1 VI BEXho TRINot 1 H 9 [EINEBA 7 ; % G4 i 7
LipoFiter ™4 [ HANBIO A #; Ji [ 71 £ Fl ks
ANFHIR T B H Promega A ] ; e Ht ARAR0Z b [
P AR Protein A/G PLUS-Agarose}s) i) [ Santa Cruz
ol RPTNBERR L p38aZ B (p-p38a) iy H 52
[EMillipore A w]; %4t N\ £ v B Hi/Ap38a. HA-Tag
PL AN BB B g B PiAAMyc-Tag. HA-Tagd%) I H
FECSTA #; %t AC/EBPB. CDI11b% 55 [ Hi 4
W b T R AR A R A W /N BT A B-actin
FLyE B BT AR HRPL TRITCHR I 1 111 26 BT HlgG.
HRP. FITCHrIL 1 L =Ei/ WIgG I | AL 2
S EEARERAF .

1.2 A

12.1 #@fg3Edc  NB4. LV-NLS-RARo-NB4. LV-
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NC-NB44H JL 1%k FH 75 10% 1624 137 (IRPMI 164085 7%
HE, 293 T4 3%k FH % 10% 1 4 1ML [F DMEME% 57 2
TE5% CO,. 37 °CHIAN M B5 F- 46 b 75 77, $51~3 d
PRI

1.2.2  Western blotik 42 ) g f2 F 49 & & Ji KT
LA A B R 1, BCAVEI AR A R . BLS0 pg
E AT ERE, 28%IFISDS-PAGE LK. H: . 5%
R AE Wk B 12 h, — 4 °CHF A 5, TBSTHEE?
K, BFR10 min, FHTBSYER10 min, —HU SR H
1 hJ&, Ve VLRI, ECLAL2: K6 70 #r
1.2.3  AAZ &K #pCMV-Myc-p38ak 14 i #2694
2 MR GenBank " E S [Mp3Sat K g i [X )7 471,
K HIPrimer Premier 5.08K F e vH s k514, L5
YJFH): 5'-TAA CTC GAG TAA TGT CTC AGG AGA
GGC CCA CGT-3'; Niff5|#)741: 5'-TAT TAA GCG
GCC GCT CAG GAC TCC ATC TCT TCT TGG-3', F
R 235843 53 93] 2 B 11 1 WX ho TRINot 11A B VA £
FIBETE ik SR E R A R A R, B
JrBER/N AT 083 bpe LA SV 1 11975 41 J RNB4IT)
cDNAHPCREM, 4147 4) A1p38alftiICDSIX . PCRIX
N4 95 °CTIAE IS min; 98 °CAZ1E10 s, 68.8 °C
IE K30 s, 72 °CHEH80 s, J29AMIGHE; #2572 °CHI4E
H15 min. [N R 4E: PrimeSTARTMHS(Premix)(5 pL)+
cDNAs(50 ng). p38ai5|#)(£70.5 pmol/L, 0.3 pL)F!
ddH,O0(3.7 pL). 334 77 M0 28 1% 1) Bt H A 5 Jsz vt 9k
G3HT, AR AT IR DI HLE 1 445 28 R 2l AR )
alifh J5, W) (Xho 1. Not 1) H 1 v BRI AR pCM V-
Mycid %, 44k )5 1 FT43E B2l 116 °CHEE L i
AR SZ S KB RDHS o, 2277100 pg/mL
BN B N A ARLB VAR KT 7, 03 H B o [ 40 1
TWARLBE: 7R TP 4k 2L 15 97 12~14 W $-I0UVRE, Jit
o 2 Bl L) AN P B A o

1.2.4 BRETEEZ  EYRETRE293 TN M FlRy B 438 1)
RE R ML, 4293 T4 il & & 1A £160%~80% i 47

JRURLE e o TORLA G2 5 44 i LipoFiter ™(HANBIO)
FEYR AU . k48 b, WAE293 TN HE T F—
S, BRI RNA SR BUE AR 1 .

1.2.5 1848 % 9% % 5 3 WLENLS-RARoF=p38aty
Zla kA RS E A2 IINLS-RARa %
I5 FFLV-NLS-RARa-NB44f ki, 250, PBSI ¥E3
o OIS T AN ML e AR T SR B B, RERY
T J& F4% 1) H 88 [& 5220 min, 7 HIPBSYE3 M. i
N0.1% Triton7 55 40 215 min LA 3% 0 40 /i i (1) i
FEVE, 10% 1102 35 P I35 5 130 min 5 3 A e HT A
p38a(1:100; CST, 9218, USA)Z e Hi AR /N BT A
HA-tag(1:100; CST, 2367, USA)¥L 7 Hiik4 °Cig &
R WA H1(1:200; It 2 S AEYHE AR R
AF]): TRITCHR L L Pt flgG FITCARIC 1L
P/ lIgG, 37 °CHF A1 hjaPBSIE YE3iE. i AN 10%
[IDAPI(ZE 2= K AE W) R BEGT T 5 155 min £ H
PBSIH Ut 13, f¢ o 1 70%[ H i i, & T 0GR
FEDOE ST F A%, PBSIEVENIINE] 45 min/i .
1.2.6 %&£ 5 3 I iENLS-RARaF=p380 4
A EAEF X & JRORLEE Y1 dRPAE293 T4 i T
BEARA10 em P35I 0L, A7 40 MG B8 3 70% 0 1
ITHEY. SZIGrAL By C=41, AN L L B &
18 R pCMV-Myc-p38afil % pCMV-HA T fi, B
CW 41 A8 3 7 e T A% 3 38 TR pCMV-Myc-p38afil
pCMV-HA-NLS-RARa. %% 4448 h/Ji i 4 4 i, PBS
YE33 J5 I T00 WLAH B 2R AR BORN 7 WL Ak TG0 1 771
PMSF(E = K), # = 24#30 sf5 & vk 10 min, 20,
FEAS 256 2 B 95 T34 1.5 mLIEPE
43 44 Ainput(60 pL). /) F/Aedt AlgG(300 pL)Fl
N AR BT ARARMyc-Tag(360 uL). Inputik (445
HIN5%[SDS-PAGE b 22 ti i, 4R J5 25 55 minfk
fre5 e oAb 8z 1A o In AAH N ¥1gG anti-RARo/
anti-Myc-Tag(2 pg)f54 °CH 56, T\ Protein A/G
PLUS-Agarose4k 454 585 h, B0, 2 B, F1500 uL

F1 REHIMIERKHE
Table 1 Groups of co-immunoprecipitation assay

415 P Hiibiv v IgGHHk IPHLIA JISEAIREN
Group Plasmids of cotransfection Species of IgG IP antibody IB antibody
A pCMV-Myc-p38a, pPCMV-HA Rabbit anti-RARa anti-Myc-Tag
B pCMV-Myc-p38a, pPCMV-HA-NLS-RARa Rabbit anti-RARa anti-Myc-Tag
C pCMV-Myc-p38a, pPCMV-HA-NLS-RARa Mouse anti-Myc-Tag anti-HA-Tag

IP: G i 1B: FufE Bk,
IP: immunoprecipitation; IB: immunoblotting.
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(o4 PR R i Lok 7338, 77 3, 25 uL SDS-
PAGE(Q2x)_FFZE M J5 23965 min/5 0RA7 2% -

1.2.7 “itF ot TSR ER3IR, tHE
TORE DA IS Behn e 72 2R, K FHSPSS 17.01E47 i 2%
PEZE 3 HT . P<0.058 /51 P2 5, P<0.015%
N R

2 H#R
2.1 ATRAIFESZHINB4LAE 7 14 (R i3 p38a ki 1t
4 e U HE T R(ATRA)E A AR APLAN g 431k
1258, R, FeATT ] 2B R P i ATRA(10 nmol/L)
R PR FE (I ATRA(1 umol/L) 2> 5 AL FE A APLZ g
FRNB4, [F]B 2 825 U6 AL AN T4 Ar] b 22 R 42
X (I T FIDMSOAL #) . 3 dJE HEHUAN i &L 2
4, Western blot# il s p38a Al fif 2 1k p38au(p-p38a)
KT BA KA 2R o3 A A5 i B 1 C/EBPRI O, i R R
I 434 br B ICD b8 R ik K (E1A) .
EITAT A H, 5 B e B 21 (L FIDMSO4b #) A1 L,

(A) kDa 1 2 3 4

170 _ CDl11b
45 “ C/EBPP
40 -??” p38a

43 s e - (i

©

B3 Blank

of p-p38a

Relative protein expression

(E)

EE Blank

(=}

Relative protein expression
of CD11b

E= Negative control
E ATRA (10 nmol/L)
o ATRA (1 pmol/L)

P Bl B [ ATRA#E 1 NB44H i (1) % 1R 1k p38ak
1. C/EBPPFICDI11biE FRIAH I, 2RI 4t
i X, B A p38aMIC/EBPRAE [ /K 170 AE #i ik
% FIATRA(10 nmol/L) F ik i £, CD11b% [
JKF-AE 25 BRI B R ATRA(1 pmol/L) F R IAH £ 1
P38t I K T4 1) 2 e 4t 24 7 e
2.2 NLS-RARGHNFINB4ZAAEE) 531k

AU H I O 4R AIE 5, NLS-RARaBEE HE &t
PE LR 095 40 B ARHL60. NB4M44E, FIHIHL60
AP R T PR ZENLS-RARa X NB44H il 5y
I, AR 12 9% B /1 F'NLS-RARa/ENB4
41 Jo(fiv 4 A LV-NLS-RARa-NB4) 7 it % i5(K2A),
Western blotf Il 41 il 73 ¥ 4% 2 #)C/EBPBHICD11b
FES A R IE AT (EI2B). MR B T E5 5, 7
FRAS[R]He BE (R ATR A AL FENBA4H g I, CD11bAE 25 3
WPEEATRA(L pmol/L) T £k k% . FERICD11b
S g5 i PRI O3 A R bR A5 4, DRt JRATIiE— 28
FHATRA(1 pmol/L)kt FELV-NLS-RARa-NB44 fit f¢

(B)

EE Blank

Bz Negative control
£ ATRA (10 nmol/L)
m ATRA (1 pmol/L)

Relative protein expression
of p38a

D)

13 2 Blank

E= Negative control
E ATRA (10 nmol/L)
mn ATRA (1 pmol/L)

of C/EBPf
o =
n o

Relative protein expression

(=]

B2 Negative control
E3 ATRA (10 nmol/L)
m ATRA (1 pmol/L)

A: AN[FFIZE A FENBAN 72 hiT, Western blot73 BT 2 FTRIA KT, 1 2% FOM AL 2: B0 JEZA [ — WA (DMSO) Ak #1]; 3: ATRA(10 nmol/L)4k
PR ; 4: ATRA(1 pmol/L)AFEZH; B~E: ABI I3 40 #T, *P<0.05, *+P<0.01.

A: Western blot analysis of the expressions of protein in NB4 cells treated with different factors for 72 h; 1: blank group; 2: negative control group
(dimethylsulfoxide [DMSO]-treated); 3: the ATRA (10 nmol/L) treatment group; 4: ATRA (1 pmol/L) treatment group; B-E: the statistical analysis of

picture A; *P<0.05, ¥**P<0.01.

El1 NB4£Ra 5 1L FNp38eiE 14 BIFE K2 4

Fig.1 The correlation analysis between differentiation and activation of p38a of NB4 cells
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HOG R ZH 41 M . Western blothsr I 40 i /3 Ax bn 75 4 C/
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0 IR A A SRR
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1k, H8ANLS-RARaSG | [FINBALN i 73 A4 52 402 75 5
p38aulfvE P AR AR 2 BRI, FRATTRT 4 2.2 4 %
4 R [P p38ots 11 5T A 9 12 A p38a i 1 i (p-p38a)
JKV- 14T Western blotfs il . 45 R 2R, LA LH
ATRA(1 pmol/L)Ab BE4H 1, 7543 2H Hhp38ath [ /K F
RIS E X, R MATRA(L pmol/L)AL BE 41
M5 LR, 5 B 4141 B, LV-NLS-RARo-NB441] iy
# [¥Ip-p38ath [ RIA /KT [ H 2% 7 i 2 (13)

2.4 NLS-RAReZE B FRFp38aiE B RAENB4LA AR
zs (8] HE L

R 21895 55 F INLS-RARa/ENB44 ity it
FIEILV-NLS-RARo-NB44H i, K 1] 42 s ¢ e
S W ZENLS-RARa(anti-HA-Tag/FITC) Fl p38a(anti-
p38a/TRITC)) 2% 1] 3 7(&l4). 1 & M %2 Hi, FITC
Fric FUNLS-RARo( £ (2) I TRITCHR IC FIp38a( 4L )
KB AE 41 k% N R IE(DAPIRZ S 5 (1), b & 2 )5
B 5 I B (B 0 . X UL, {ENBA4H g FINLS-
RARoMp38a [ A7 BARFET, AE e AT IS
2.5 NLS-RARoEH R 5p38e BB REFEEE(EA

Ik SANLS-RARafE 1l HINB44H i 1) 4 4, H
TEATRALEAE I, X AP0 4 5 K i p-p38ask F
5%, IF HAFNBA4H Jitl FNLS-RARa A p38afE £F S
SEANT, DRk, FRATTEE— 5 R e e JLUTIE SRR
NLS-RARoMIp38ast A7 7E HAEAH HAEH KR H
BISE H, LLS e SLyiie Bt YU 8 M AH A 1) 1eG
A kg W3 of R, AN B G My e 25 i pCM V-p3 805t i

& &
& & & S
I § S <&
ogo %%y 000 QXV g <~‘°° Qy
& Nt XL 4
s SN XSS
w F&L ® FEL © F&e
kDa kDa ~ kDa ¥ ~ N
55 #=  NLS-RARa 170 5 CDI11b

43 w— f-actin

43 wmp e @& 0 iy

(D)

Relative protein expression
of C/EBPB

45 SRS C/EBPP

43 > " e [-actin

Relative protein expression
of CD11b

&
RO SES
¢
{Z;\c\:é\) \‘b&' &@ Qg%o
éz?o < A3 6(9 &
S
SET Y

A: ANFEZINLS-RARa: FI 4R IL; B: ANFEIZICD11b. C/EBPREE [ 1)K i%; C: ARAIZLATRA(1 pmol/L)4b ¥ j5CD11b. C/EBPREE [ 11 %14

Blank4l: NB44I g AT &b £1; Negative control4l: NB44I Jig Lk e

CD11b. C/EBPRER[IMMRIES A, *P<0.05, **P<0.01.

7599 1%; LV-NLS-RARa4: NB44H f /L LV-NLS-RARa. D+ E: R[4l

A: the expressions of NLS-RARa in different groups; B: the expressions of CD11b, C/EBP in different groups; C: the expressions of CD11b, C/EBPS
in different groups after treating with ATRA(1 umol/L). Blank group: non-manipulated NB4 cells; Negative control group: NB4 cells infected with len-
tivirus only; LV-NLS-RARa group: NB4 cells infected with NLS-RARa-lentivirus; D,E: the statistical analysis of CD11b, C/EBP in different groups;

*P<0.05, ¥**P<0.01.

[El2 NLS-RARo3INB44H AR 5 14 B9 501
Fig.2 Effects of NLS-RARuw on differentiation of NB4 cells
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&S B (©)
ha
~ LT = g
(A) S &8 218
§&eds / /
S & L %‘? = g
&G Fs o 5 8
¥ F&5 = !
¥ N 3 3
F L I < g £
kDa g ac
38 | e m———— D-P380l 0 2
0 . E— 2 2

43 - - & g e e [-actin

A: AFEI41p38a. p-p38atk [ /K B: p38at A Fi/K V-4t El; C: p-p38atk FIF/K- I 4E it K, **P<0.01.
A: the protein levels of p38a, p-p38a in different groups; B: the statistical analysis of p38a in different groups; C: the statistical analysis of p-p38a in
different groups; **P<0.01.
El3 NLS-RARaxiNB44H A p380E B Bk F Y00
Fig.3 Effects of NLS-RARa on p38a protein level of NB4 cells

(A) (B) ©
(D) (E) (F)

A: NLS-RARa/ENBAAH g (19 4% 0] G475 B: p38arENBA il h 1) 2= W) 2 47, C: NB44H % 4s; D: A, CHEGIE; E: By CRLGEL F: AL BRLGE.
A: the localization of NLS-RARa in NB4 cells; B: the localization of p38a in NB4 cells; C: nuclear staining of NB4 cells; D: merged by A and C; E:
merged by B and C; F: merged by A and B.
El4 NLS-RARoZE H Fiifp38aE B F7ENBAZH R - #9 =S 8] T LML 2E(100%)
Fig.4 Observation of the localization of NLS-RARa and p38a in NB4 cells (100x%)

A
(A) Input P (B) Input 1P ©) Input g
- IB: Myc - IB: Myc IB: HA
HA  Myc IgG Anti-RARa "HA  Myc IgG Anti-RARa Myc  HA IgG Anti-Myc
«—Myc - |
- Mo . g

A, B: RARaHUA R REVITENLS-RAR0, Western blotfillp38a(itiMychr2s); C: Mychr 2 LA e it p38a, Western blotf MINLS-RARa(ii7HA
Fr%). Western blotZy AT Fokz i 4418 i (input) o
A,B: NLS-RARa was immunoprecipitated by anti-RARa and p38a (an Myc-tagged version) was detected by Western blot; C: p38a was immunoprecip-
itated by anti-Myc-Tag and NLS-RARa (an HA-tagged version) was detected by Western blot. The cotransfection of plasmids (input) was determineded
with Western blot analysis.
El5 NLS-RARoZE A RHp38atE AR EIERA
Fig.5 Interaction analysis of NLS-RARe and p38a



800

BRI -

i, RARaHLAAA BEILPTIEP38a(iif Mychr %, [K]5A),
U L JeHABRZS IR pCMV-NLS-RARoJFUR FlTMyc
b 25 IiIpCMV-p38aiit i I, RARadL 14 A fiE 3L i i
p38a(iiMychr 25, KI5B), Ui Wip38asid # 5% Y % ik
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