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[ABSTRACT] BACKGROUND & OBJECTIVE: The differentially expressed
nuclear matrix proteins have great effects on canceration and regulation of
cell differentiation. This study was to explore the existence and distribution of
ribonucleoprotein hnRNP A2/B1 in nuclear matrix and its co-localization with
Actin and Prohibitin in human osteosarcoma MG-63 cells before and after
hexamethylene bisacetamide (HMBA) treatment. METHODS: The nuclear
matrix of MG-63 cells before and after treatment of HMBA were selectively
extracted. The expression and localization of hnRNP A2/B1 in nuclear matrix
were detected by 2-D PAGE, MALDI-TOF-MS,  Western blot, and
immunofluorescent staining. The co-localization of hnRNP A2/B1 with Actin
and Prohibitin was observed under laser scanning confocal microscope
(LSCM). RESULTS: hnRNP A2/B1 was detected in the component of
nuclear matrix proteins of MG-63 cells by Western blot and immunogold
staining and its expression was decreased after treatment of HMBA. hnRNP
A2/B1 was located in the nuclear matrix, and its expression was weakened
after HMBA treatment. hnRNP A2/B1 was co-localized with Actin or Prohibitin
in MG-63 cells, while the co-localization relationship was weakened during
differentiation of MG-63 cells. CONCLUSIONS: hnRNP A2/B1 is a kind of
nuclear matrix protein, and localizes in the nuclear matrix. The distribution
and expression of hnRNP A2/B1 and its co-localization with Actin and
Prohibitin play important roles during the differentiation of MG-63 cells.
KEYWORDS: hnRNP; Nuclear matrix; Osteosarcoma; MG-63 cell; Cell
differentiation
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1.1 ##

N BB AR MG-63 41 i I [ i DK 2 v [
A B ) O8O o BT hnRNP A2/B1 Hit ik
e H Santa Cruz A #), FBRATN Actin LK . FEHU R
IgG-TRITC . 31 IgG-FITC , FH1/h Bl 1gG-Cy3 1
WA R AR A A, /NPT A Prohibitin
YU F NeoMarkers 23 @, RPMI-1640 1537 3 4
Gibeo 7 A 7= iy, 37 A8 A8 I R BTN DU 2 5 A 4 T
FEAT A PR 5177 5 HMBA 14 H Sigma 23 7,

1.2 WIEFEFS S HLE

MG-63 41 i 15 3% T RPMI-1640 £5 328 h (N
T 15% RGN A 1L 100 u/ml 7 R R (100
pe/mL 8 £ 50 pg/mlL KR E & ,pH7.2), T
37°CH; IR o BOW B K300 240 M Ak AL 10 40 A% AR
RigRZE 24 h 5, i S Ab B AH 40 6 3 e % 5 mmol /L

HMBA W35 52 W, B 2~3 d ¥l — K, LG
#wH.
1.3 HEMEFEEHMRRELREERS &

M PR RS 2 RSOk [13 ], &k £k
4 10 55 3 B 7R Al ] 29% 8% 1 (TG T A
B ) F 4°CHi [ %E 30 min,0.1 mol/L PBS(pH7.4 )
Ve, T 0.2%7% i 5 e i P 4 4 20 min, 78
WAKEVE, BT, ZWHREW, hHERIEE R,
Olympus BH-2 A i {58 T~ WL <471 BEL
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2 N4 L A% A B 1 A O o 8 D i DO
Lt . MG-63 48 i PBS ¥k 2 W5, A 4 A
H A BOR 1 (CSK100, 10 mmol /L PIPES,pH6.8,
300 mmol/L i B¥ 100 mmol/L NaCl,3 mmol/L
MgCl,, 1 mmol/L EGTA,0.5% Triton X-100,1 mmol/L
PMSF) ,0°C & 10 min, 8.0 25 13, 0 A 40 i &
2R B T (CSK50,10 mmol /L PIPES, pH6.8 , 300
mmol /L Ji#¥ ,50 mmol/L NaCl,3 mmol/L MgCl,, 1
mmol/L  EGTA,0.5% Triton X-100,1 mmol/L
PMSF) , Ve 2 I, &0 LB B . RIE AL
CSK50 FiE il 19 % 300 U/mL DNase 1 193 4k 22 nr
WE WAL 30 min, & J5 & W A 1 mol/L
(NH,),S0, ZZWZH 0.25 mol/L, il 15 min,
B BIE, BRI PEDTTE M RIS B AR
BLA3,-80°CI A7 4 .
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b K G 1t 2 oy B Y0 ok B R B R 4 B BRO0F
PDQuest 8.0(Bio-Rad)#F17 . & [ 4 % & (A 17
TARER AL, AR R AR T 2 AR UE R
REREIWEAR, FEFEASATRIEAN
AN FEA S ERE R A, DLEBREAZN
R A 22 5 0 8 B SR IR OK 92, JF X hnRNP
A2/B1 H 1A BE R TR B AE Sy B K
1.6 ZEREAWRELEE

W R RIBME A A, S8, A DTT
YA AN B TN S N TN & HE
J& , 38 i ReFlexTM 1M % MALDI-TOF Jf i 1%
(Bruke 2% W ) 3J B i 25 1 A9 JIK 48 S0 (PMF) &8k .
B 28 57 B 8 flexAnalysis #E47 AR PR | 3 Bk 22
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T 12.5% B9 R T M TR G o B IS, 4% Tk 4n FHERRIE

B, B AR WOE & T R AT R O
SDS-PAGE HL ¥k . HL ¥k 45 oI5 DL T 3500 4 7%
¥ %] PVDF Jii (Millipore ) | 1l 7 £1 4% (4 46 I 3
BERR VT HE , PVDF B LA 5% BSA % i I3
B 1.5 h, LA hnRNP A2/B1(1:1000 ) it 14 i #¢
W, EIRMEE 2 ho A BUR S A Ak P | (HRP)
FRic B9 ¥, FEHE 1 h, ECL b2 & ek
WA & AT A, BRI R . DL 5%BSA
B —PU/E R BI M XTI . LL B-actin /E B N S
1
1.8 hnRNP A2/B1 Y% & 5 L 4R1E

B R BEOZH MG-63 4 g Fl 42 5 mmol/L 1Y
HMBA 4b3 5 d ()40 fa 4 Fp 20 5% 7 |, 4k 8285 5%
2~3 d JEHCH , BL PBS Pk 2 WK, ok £ M il B A S
Jo-H R 47 4 R 48, PBS YRk, TE 4% 2 5 F I v [
7€ 10 min, F& 0.5% Triton X-100 f#) PBS(TPBS)
EPE 2 R, IR 5 min, 5%BSA EE B 1 h, 435
i 30 L 1 000 f% % B 19 hnRNP A2/B1 Bk,
Z 3 30 min, B A 4°CHKAE PR E K . TPBS #ik %
BV 3 W, TN FITC #Ric i —HoM B, R,
37°CH¥ A 30 min, TPBS ¥ . 90% H i /PBS & 1,
PL 5%BSA A —HUAEFIPEXS IR
1.9 HAEREBRMNEHEANHEENEE

¥ MG-63 41 g f14: 5 mmol/L HMBA 4b # 5
d B4R B 3% A b 4k SR B 3R 2~3 d e Bl
KA M 7, PBS e, & 30 min, 4% % K
FH % o [ 72 10 min, TTBS #0% . 5% BSA = i £ 4]
1 h, k5% BSA FCifil —HifE W (hnRNP A2/BI
i B¢ 1000 15 , Actin 1 Prohibitin 4% % B¢ 200 175 ),
Wl bR iC B R 4 A . hnRNP A2/BI +Actin,
hnRNP A2/B1+Prohibitin, % il 40 wL A8 K — Hi 7
W 2P R b, 4°CHEE % ; TTBS Ik . LA 5%11)
BSA e il 46 5 20 & ) Z—HiAE W (hnRNP A2/B1
PLag o ne Y ge bl FITC #7450, Actin DL 4T 8 5¢
J6 4 kL TRITC #F 17 #5 i , Prohibitin 47T 4 DA £ 4 %
G RE Cy3 Anic ). 45 HL 30 wL AH R4 A 1 e
ERBIME 3 A -, SR &% F 30 min, B A
ACUKF % E 3 h, TPBS ¥k ,90% H il /PBS #f
h,TCS-SP2 MP I 3ot L B 48 B i W &840
HE

Xt AR 2] MG-63 41 Jifs 5 HMBA b R 20 21 it $12 B
1) 4% 3 5 2 (Rl L Pk ¥ EE A 3 kA 1, HMBA
Ab 3 A B S5 R 1R ) F K R M g FE R B, A% R R
FEHEE AL S 4-7 4> T 10~100 ku 2
], LA 40 ku #1100 ku =[] & (4 7 5 5 ; HMBA
Aab 3 A B SO B 11U In) R OB v S, e i B
A A O 3 AR BB B (ST R R
JF T %58 (1) hnRNP A2/B1 8 11) . #% 3 5 & 1 oW
] H 3k B % ) Melanie 44 % 22 5 8 (1 50 AH X &
BTN, SREN ST EALANSETIRT 2
it WE1,
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Figure 1 Expression of nuclear matrix proteins in MG-63
cells before and after HMBA treatment on 2-D PAGE gels
A: pl 4-7, silver staining.
B: Enlarged maps of changed expression of hnRNP A2/B1, pl 8-10,

silver staining.

2.2 MALDI-TOF-MS Rt & E &R

X5 o ST W) 25 S 3k B M s i 4T MALDI-
TOF-MS [t i 43 #r 3k 15 Ik 48 80 B 3% (& 2), &
MASCOT % 4i 1 2 i) 2 J5 15 21 1) %6 7 45 5 . NCBI
BAE E A S5 0N gild504447 , 4r T84 36 041
u, S RN 8.67, B AKE: Ry 8 A, I 91 7 55 % N
37%.,
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Figure 2 Peptide mass fingerprinting (PMF) of S7 protein

2.3 KAMBEH hnRNP A2/B1 EHIRIE

N A HT hnRNP A2/B1 M9 H0 4R XF 42 SDS-PAGE
IE I R FE O AT SR A N AR A kO R
(ECL) #4728 f5 , 7£ 47 F & 37 ku Ml iz 15 2] —
M — K, M IR R S B I
HMBA 4b B 20 (%) % 47 A 5t g ik 4, &os &
HMBA % 5 4t B 5, hnRNP A2/B1 3k & W i [4
I CIE 3, B X HE A oA A T 2] 28 1 454 . s
B-actin (42 ku 4b) BYFRILTELL 5 HY MG-63
20 B A% L b T B AR Ak

L

42 | Paiarpin

AT (RN

B 3 hnRNP A2/B1 £ MG-63 4 B #% & L M R X
Figure 3 Expression of hnRNP A2/B1 in the nuclear matrix
of MG-63 cells
Lane 1: untreated MG-63 cells; lane 2: HMBA-treated MG-63

cells.

2.4 hnRNP A2/B1 # MG-63 4H i #% & &R - ¥ 8]
FHERG FMEAMFAFKIE

JCEE N PR S A MR B R — A
A7 AT A A | 5 A S AU £F 4R 4% A1
JoT DX 35 R DL AR A I T R SR 4E AR R
SIS IR et 26 0k T O ik 1 AN B i 2 Ak R 2 AT
W A R T G — R - A 2D
(B 4T de A 22, XF BR 2 MG-63 40 i v 40 Jifd J5 52 3T A%
SF J2 8] B £ 4 e (0 B0 TR v [R) 27 Ak 3 R B8 i
TE 20 M BT 30 2 XM 70 | 3 A AN 345 5 78 HMBA 4b 3
2 AN TR v A Y e R R T R A AR A R B AT Al
JE (1 4),

FHHT hnRNP A2/B1 04T & X HMBA 4b i #if
Ji MG-63 41 Jf i £ M i £ B 5 4800 g 2 ok e
&, bric LA FITC, 28 3 Ml 42 )5 19 MG-63 4t il
¥ HE - b 6] 27 4k & 45 %P hnRNP A2/B1 & FH
R E D B N BoR a7, MR
7~ hnRNP A2/B1 78 MG-63 41l i A% 3 i - v [a] £F
4 R G0 FR B KRR, T A A% N %2 B
hnRNP A2/B1 B4k 6550, NGNS, )R
X IR AT A e O (K SA) . T FE 4 HMBA 5% %
A A PR TS 9 MG-63 4 i 4% JE it - v [a] 41 4k R 40
1, hnRNP A2/B1 (199 565 B 3 MG-63 41 Jf1 55,
TR RS L AUA RO (K
5B).
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Figure 4 Nuclear matrix-intermediate filaments (NM-IF) system in MG-63 cells observed under light microscope
(Coomassie brilliant blue x400)

A: The distribution of nuclear matrix-intermediate filaments in MG-63 cells is irregular.

B: The distribution of nuclear matrix-intermediate filaments in MG-63 cells is relatively regular after HMBA treatment.

A

5 WHREBHER hnRNP A2/Bl £ MG-63 AREZER-PEIFLERERHFRIE
Figure 5 Expression of hnRNP A2/B1 in the NM-IF system of MG-63 cells observed under fluorescence microscope (x200)
A: The expression of hnRNP A2/B1 in the NM-IF system of MG-63 cells is relatively strong.
B: The expression of hnRNP A2/B1 in the NM-IF system of MG-63 cells is relatively weak after HMBA treatment.

2.5 hnRNP A2/B1 5 Actin L & Prohibitin 7£
MG-63 R B EL KX R

FH hnRNP A2/B1 #it 4 43 5 Fl Actin DA K&
Prohibitin TR XF 24 &, XF MG-63 4l g #E 17 XL
P 9 G YL {5 hnRNP A2/B1 $i 14 DL &% 1696 )l 4y
KL FITC Frig, Actin PAZT €8 2¢ 5% 44 kL TRITC #5ig ,
Prohibitin $T{A& DA£L (58 6 4L Bl Cy3 brid . Ot
5 4 B A 85 WL EE hnRNP A2/B1 73 51 5 3 Ff
B 7= e A B B N 1 B Sy e o R
t,
2.5.1 hnRNP A2/B1 5 Actin £ MG-63 41} N 11
B R OB R AU A A5 R R

MG-63 Zi il Py , 18 % hnRNP A2/B1 ) 4 {6, %56 )t 3
B R O A A A A% X IR, R X O R
R Actin 1Y 1 €8 5 D' 7 4N i 5 1 4 A% N 3
Sy 40T X R, & S 7R hnRNP A2/B1
TE AN MR M T 5 Actin AL @ MR (K 6A~
C), 24 HMBA 4 PRJ5 , 3% hnRNP A2/B1 A4kt
PEICM TS, AR R ] DL RCR A A i 2 AR ER
Actin [ ZL 65 6 7E 4 A% F 20 0 5 DX 46 b 52 AR
O3, LR AN S & NP R WA 2 (8] i AL
FE A OC RIS (K 6D~F)

2.5.2  hnRNP A2/B1 5 Prohibitin 7£ MG-63 4 Jifi
W E G R MEE4LE R R |, Prohibitin %
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I ARTE MG-63 4 N, 41 i 98 e B £ 6
5, SRR U A AT A /b S O O B R A
RO A AE A M P s hnRNP A2/B1 FEZAE4E T MG-
63 AAAZ N, R JE AR SR, B INACR B
7~ Prohibitin A1 hnRNP A2/B1 7£ 40 il 4% A A TR i
FENKF (K 6G~1), 4 HMBA 45  MG-63 41
KA A0 B 5t A 0] T3] Prohibitin AYZL (4,545, 41 i@

1 N 96 B8 55 B I /D R IR Dt s R 1 5
SETRHEAY A, A I P BT R AL B B
AR ZR AR 2 A1 A 4 BT ST A RS 1 IX 3, % 8,5 Ol
JEE VRS | E A0 P B 43 A TC B 0 A A AE T
YN HfIA% N . Prohibitin #1 hnRNP A2/B1 Y& &4 53
i 7% ,hnRNP A2/B1 #il Prohibitin 7£ 41 Ji 4% 77 78 4%
553 E A C R (B 6)~L)

6 HAHEEER hnRNP A2/B1 5 Actin . Prohibitin 89 3£ & fi % % (x400)
Figure 6 Co-locolization of hnRNP A2/B1 with Actin and Prohibitin in MG-63 cells before and after treatment of

HMBA observed under laser scanning confocal microscope (x400)

A: hnRNP A2/B1 is strongly expressed in nuclei of MG-63 cells.

B: Actin is strongly expressed in cytoplasm of MG-63 cells.

C: hnRNP A2/BI1 and Actin are co-localized in karyotheca of MG-63 cells.
: hnRNP A2/B1 is weakly expressed in nuclei of MG-63 cells after HMBA treatment.

=)

: hnRNP A2/B1 is strongly expressed in nuclei of MG-63 cells.

o e B e = = e B B )

: Actin is mostly expressed in cytoplasm and karyoplasm of MG-63 cells after HMBA treatment.
: Co-localization of hnRNP A2/B1 and Actin in MG-63 cells is weakened after HMBA treatment.

: Prohibitin is strongly expressed in nuclei and weakly expressed in cytoplasm of MG-63 cells.

: hnRNP A2/B1 and Prohibitin are strongly co-localized in nuclei of MG-63 cells.

: hnRNP A2/Bl1 is weakly expressed in nuclei of MG-63 cells after HMBA treatment.

: The expression of Prohibitin is weak in nuclei and relatively strong in cytoplasm of MG-63 cells after HMBA treatment.

;. Co-localization of hnRNP A2/B1 and Actin in nuclei of MG-63 cells is weakened after HMBA treatment.
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hnRNP A2/B1 J&2 —F 540K 04 DL K
BT A L UIAH OC R 4% o 1, IR A e b
hnRNP A2/B1 fE1E B A 5 1E & 40 MR 7 0 4 1 4
S (A G A 20 v g 5L S A v AN B, AR S
N FHIEREPER 2 . XU1a) BE LUk & 3 hnRNP A2/
Bl /A TR EALA b, REFOL R MM
L4578 hnRNP A2/B1 3% 5E i T MG-63 4
R S S = I N R I B Y = R S S
. BHEHEMIE LB hnRNP A2/B1 AU S5
mRNA i (1) 55 U] F1 240 i A% 5 40 B 55 (8] 490 5 1) iz
i 150 LR 20 38 53 Ak K i g B A A i
PERADO-71 SR 4T & hnRNP A2/B1 76 4% 3 Ik 1)
FEANLIC A AR WHGE . AUA SCERHIE o hnRNP U &
FIEER 3L O 77 6 9 55 RNA A 458 KR, [ )
F 5% % B, MG-63 41 s MIMGC80-3 41l ity £ 3k Jii
¥ hnRNP A2/B1 & H A7, #2785 hnRNP A2/
Bl W REJE — R A% B 4 00 AR ST 20
52 hnRNP A2/B1 B S5 0% — FiiZ JE B 85 11, H2E i
T A A L

hnRNP A2/B1 7E 9 40 Ji (1% 38 35 22 4k 5 48 ffd
S AR B VI A G o AHIF 58 X HL Pk 45 R 78 hnRNP
A2/B1 7E MG-63 4 ffd #% 2 57 20 43 v 3 35 /K F ¢
L 5T A Ak S LA KO BT AL, B
JoT B3 2% 58 45 SR ik — B UE S T hnRNP A2/B1 7
U5 S5 A M BB 4 Ay h R R, SO
{645 B 5% hnRNP A2/B1 5E 7 7 MG-63 4 i 1%
SER-rh AR g R G b, HAE MG-63 41 i A% g -
)£ 4 R e Gk KPR, AU A MR A o A
It B A AR 4], R XA fe ok e . 42 HMBA
7S LA B  hnRNP A2/B1 f 28 1K 55 % 8 41
5, EAZ P A O SO AEAE o TR A AR Y
1% BE 5T - v () 2 4 22 40 5 A AU HEF TE Y
SR R NG L A E e X A R N i
Wy B34 1F: Bt R S A RR B 2 1 2 43 i el e o0 Bt
78 22, hnRNP A2/B1 5 40 ffg 953 A28 % VI AH O, 2 Ff
iR 2 T, g R R g | L R R R e 4
MR 4 % BT hnRNP A2/B1 B %38 33, IF7E
Jiti 98 40 M9 b IE 52 hnRNP A2/B1 A9 38 3 2 &
hnRNP B1 _E i fir 8100, 8K A 5¢ hnRNP A2/B1
FE75 T 0 AT Ja 0% i 96 240 B A L ot I ) e 7 2 £k
B H AR WA E . AAESE T B hnRNP A2/B1
£ MG-63 41 i 73 ik i 8 v 235 K F i A8 4k 5 D) 1

i —%, #—PIUEL T hnRNP A2/B1 257
HMBA %55 MG-63 4il g 7 1k i 8 4%

hnRNP A2/B1 1Y 3% ik F H & £ 1 2l 22 XF
MG-63 41 i i 3 5 53 4k B A 5 252 e hnRNP
A2/B1 0 G138 i 5 A [A] (% o8 45 81 11 AH B H St (R
Z: 5 g 20 L5 5 o AR AR . AR T O SR R
£ I AR 45 R R 7E MG-63 4 i ;N hnRNP
A2/B1 75 40 Mo Z BB 3T 55 Actin A7 3858 7 X &,
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