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HE HHY:I8 T S- BAEA -N- Tak -DL- F B H:(SNAP) T B v 4 il J2 A AL 69 % vy B AUH o F7 3% - L RAW264.7 E o4 4 it o #F
FAF G, o H = G 3T AL SNAP 20 SNAP+PBA(4- 3 & T 82 )48, X A R B 7% . (30,100,300,400,500 wmol/L)#) SNAP =% 300
wmol/L SNAP+20 mmol/L PBA *} E & 4@ jfL# 47 -F 7/ 24 h, & JA RT-PCR %4 RAW264.7 E #% 40 it & & 454K 47 & 4 M1(iINOS,
CD86) . M2(Arg-I, MR) % CHOP mRNA #) £ i% , & J§ Western blot # A4 iNOS & ERS i % ¥ 48 %& & CHOP P-PERK #) %
ik, BR.57GR Ak, SNAP 28 iINOS.CD86 . CHOP mRNA #4 %3k 3487 2 M4%(P< 0.05), Arg-ImRNA %% ¥ 29 5(P<0.05), ™
MR mRNA %i& 4 & , 12 £ F L 43t 5 & L (P>0.05); 5 300 wmol/L SNAP 28 3t 45,300 wmol/L+PBA #8 iNOS,CHOP mRNA 34 %
% 2 E A (P>0.05),CD86 mRNA Ft%, Arg-I. MR mRNA ¥ 8] £ 4&(P<0.05), SNAP 21 CHOP.iNOS p-PERK & & % ik ¥ 9] 2%
FF R4 (P<0.05), 300 wmol/L SNAP+20 mmol/L PBA £85 300 pmol/L SNAP #8 b4 iNOS % & .p-PERK .CHOP % & % i 7 %
(P<0.05), £5it:NO T4bi@iE /R M R ALH 7k E L2 it e M1 B A 4k,
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Effect of S-nitroso-N-acetyl-DL-penicillamine (SNAP) on the Subtype
Differentiation of RAW264.7 Macrophages*
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ABSTRACT Objective: To investigate the effect and mechanism of SNAP on the subtype differentiation of RAW264.7
macrophages. Methods: RAW264.7 macrophages were plated in 12 wells plate as 10¥ml for 24 h before intervention of SNAP in
different concentration (30, 100, 300, 400 and 500 wmol/L) or 300 wmol/L SNAP+20 mmol/L PBA. Total RNA of cells were extracted
after intervention for 24 hours. The mRNA expression of phonetype marker iNOS, CD86 (as M1 phenotypes markers), MR, and
Arginase-1 (Arg-I) (as M2 phenotypes markers) were detected respectively by real time PCR. The protein expression of CHOP, p-PERK
were detected by western blotting. Results: Compared with the control group, the iNOS, CD86 and CHOP mRNA expression
significantly decreased(P<0.05), Arg-I mRNA expression increased, but no significant difference was found(P>0.05). Compared with 300
pmol/L SNAP group, no remarkable difference was found in iNOS, CHOP mRNA expression of 300 wmol/L+PBA group, but Arg-I, MR
mRNA expression both significantly decreased (P<0.05). The protein expression of CHOP, iNOS and p-PERK of SNAP group were all
significantly lower than those of the control group (P<0.05), compared with 300 wmol/L SNAP group, the protein expression of CHOP,
p-PERK, iNOS increased. Conclusion: SNAP could suppress macrophage differentiation to M1 subtype through endoplasmic reticulum
stress (ERS).
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A, Ho2E R AR R R B 2R BEE . I M1 E gEAR
i i A S A — %k A A B (inducible nitric oxide synthase, i-
NOS).CD86, iii M2 3y % [5i I 240 Jfa 31 25 335 H- 55 9% 32 14 (man-
nose receptor, MR) F5 &R [ (arginase-1, Arg-1)35P, AS[A] Y Y
5 I 4 X VA 200 L %) T2 Bl B BRE SR () 1 7 A AN () ) R i)
Bl PR IR e 2 A 28 93 A FT BRSBTS IR s e A A 1 v
TERE S W A5 BT LR P9 5 P 1 384 (endoplasmic reticulum stress,
ERS)HIE W4 i o3 A B DIRG9, 1 NO W] 5| & L W 2 i P J5
YRR ALY, ABFFEIE i WS¢ NO BER S- IWAKEE -N- L7k
-DL- % % & (S-nitroso-N-acetyl-DL-penicillamine , SNAP) X
RAW 264.7 E A5 kA7 54 iNOS .CD86(XE M1 WA
EEZH L) s MR | Arg-T(4E 58 M2 37 78 5 I 240 if )™ 9 f%. ERS 3 i
FAH G FH C/EBP [A]J5 3 (H (C/EBP homology protein, CHOP) |
IR A AUHE RNA OB 28 11 3 A ER (/i (Phosphorylation
protein kinase RNA (PKR)-like ER kinase, p-PERK) 3 ik F3 1,
B AERT NO X L W2 i S0 50 534k i el S G T BEAIL T, il
NUR RSl G e D oSN A S

1 MR 575

L1 4 E5RF

RAW 264.7 B B W0 3 o R 2B L 0%,
B DMEM 15375 2 3¢ [E HyCLone 23 1) 7 & o B0 A G 4R L W
AT UZH AW A BRAF . SNAP PBA ¥l [ 3¢ [F Sigma
Nl JEEEW E € Gibeo A H], /MR B-Actin iINOS CD86
MR Arg-1 CHOP 5| #y34) il K% 5 AE I8 2 R A5 o RNA 42
B 3% 5% SYBR@ Premix Ex Tap™II (Tli RNaseH Plus)) Ity
TREFEEDIAFN AT bt/ R NOS2 Z ik —di(sc-650).
P\ P-PERK £ il —H1 (sc-32577). 4/, GADD 153

(CHOP)(sc-575) Z mifE—4i3W A Santa 23], HRP FRic 1L
P — P A Raygene 23] o HARHIYY Jyift 1l 1= 43 Hr 4k
R
12 %

YIS S 40 B RAW 264.7 E A HE T in A
10 %t 45 M35 1975 DMEM s trh, R EE o Adm ot
0.22 wm JEMEIT IEFR T AU 100 U/ml 55 £ 1 100 U/ml (4E T
#.,37 C 5% CO, BB AN 1G 7%, 2-3 UG b TR EUE KW
RAW 264.7 AU 5085 . SC00 504 : (148 (AN B4 . 8 b
FiH;(2) AFEMEE SNAP 4. 43 JlfiA 30.100.300,400,500
wmol/L fj SNAP 1 F 24 /i ; (3)PBA T Fi4: it H 20
mmol/L ] PBA i 24 h 5, T/ A 300 wmol/L () SNAP
F 24 hio,
1.3 #¥¢EE PCR #&ill CD163 MR,CD86,iNOS,CHOP mR-
NA KIFiE

RLHIEFEHE A BN 1 mL Trizol RNA $2 UK 7, $ih
VLI A3 VESEHL RNA % T DEPC 23K, A% R 52414
BT AR , B 78 A A RNA {95 12t S 40 (A260/A280) |
T SR ) G R BB AT L S, RONER R 10 L,
RNA -y 500 ng, e i 5420 37 C (15 min, 85 C Kk 58, X [
59, W2 pL cDNA SR SYBR I % G2tk HIE#HATY
W YIET T I 1, PR G R : — M E3F 95 C

105340 PMER,95 C (55,60 T 31s, L5 AT MR

0T, USRI 2R S B — AN PCR SR =) Y
PR, B ROV E 2 A~E fL. T Real-time PCR 5255 5 /0
T 3 K, Real-time PCR G4y Mok 22208 A A Ct= 4
A Ct( HIEH - R IR Co- X HAEA Ct( BERA Ct-
BRI CY),

% 1 RT-PCR FrAI5I# 55
Table 1 Primer sequences of RT-PCR

BHER LiERS TRl YIBKE

Target gene Upstream sequences Downstream sequences Length(bp)
iNOS GCTGAACTTGAGCGAGGA ACTCAGTGCCAGAAGCTGGA 185
CD86 TGACCGTTGTGTGTGTTCTGGA GCCACAGTAACTGAAGCTGTAA 130
Argl TCTGGGAATCTGCATGG TACACGATGTCTTTGGCAGATA 125
MR TTCATCTTCGGGCCTTTG GACCACTCCTGCTGCTTTAG 178
CHOP CACGCACATCCCAAAG GACCACTCTGTTTCCGTTTC 114
B-Actin CATCCGTAAAGACCTCTATGCCAAC ATGGAGCCACCGATCCACC 171

1.4 Western blotting R #&il) CHOP,INOS,P-PERK EHHIF X

WA 2L AL, 45 PBS PRI =K, AR (1 24 4 4m
Mo, ByK L 1h,F 4°C 12000 rpm 50> 20 min, 3FLTT3E. H
BCA i 7 8 FE ik o B 100 pg 25 A THE A Zohild, 7206 5
3R B, 6% SDS- BT M BRI AT L ik 43 2
ERRE . 5% WRRA-WAE I 1h J5 , 43 53 A—$i, 4 C ik . PBST
VEME 10 minx 3 WK, I AR i S AL By bR ic 9 — 40, = IR
F 1 h,PBST P 15 minx 3 K, LT WEST PICO M4
B, R, A, KRR R R A o BEICBUR R G IR K
U B I8 SR P Tmaged B4 T R BE 53T o

1.5 iG55 h

SR H SPSS 18.0 TG4, i SR H x+ s &
N, SEBSEAR L] FLBOR FH AR AR SRS € K50, PREAS t 4G
IR 55, BMA T 2 R5FEER A Cochran & Cox %,
P P<0.05 22 A Geita s o

2 #R

2.1 SNAP % PBA 3t RAW264.7 B L& 40 i 4 R S B9 2500
FRYEUE T WX RAW 264.7 #4703 24 h 5, Wik
BT AN A0 A KRS - 25 PR PR ZH 1 W Al R T 265 DA 2R (R



REYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol14 NO.31 NOV.2014

- 6041 -

%, 500 umol/LSNAP L {71 HO A MLIR A B 2 , 15 1 3 B
FRAET WML, WiBERESBE5S . T /1Nl SNAP K

300 wmol/L SNAP+20 mmol/L PBA Tl 41 1 40 7715 25 , 2
FARZSBIEH B FRH 00T I TR Z BB (E 1),

1 SNAP J PBA ¥ RAW264.7 B I 4 il 2 4R 25 1 2201
Fig. 1 Effect of SNAP and PBA on the growth and morphology of RAW264.7 macrophages
iE:abic d fARIHFEXTERL.30,100,300,500 wmol/L SNAP FHiZH, e 4 300 wmol/L SNAP+20 mmol/L PBA £2
BIEER A (10% ),
Note: Picture a was the blank control group, b was 30 wmol/L SNAP intervention group,c was 100 wmol/L SNAP
intervention group, d was 300 wmol/L SNAP intervention group, f was 500 wmol/L SNAP intervention group, e was 300
pmol/L SNAP +20 mmol/L PBA group electron micrograph(10x ).

2.2 SNAP % PBA ¥ RAW264.7 E % £H g iNOS.CD86,
Arg-1 MR mRNA FRiZRI2200

AN[RIHe B SNAP AE T RAW 264.7 B4R 24 h )5, H:
iNOS.CD86 mRNA 1) 335 ¥ W] i ik T 25 111 X IR 41 (P<0.05);
Arg-I mRNA ik 5 3 45 1 5 R ZH (P<0.05), H. 300 pmol/L
SNAP ZhHff5 H T3 5 B & s MR mRNA R3k 5, (H2: 57 TT5E
P52 L (P>0.05), 300 pmol/L SNAP Fl 20 mmol/L PBA £
T RAW 264.7 FL AN 24 h Ji5, H iNOS mRNA 3k 5 300
wmol/L SNAP il Lt # TG i A8 fk ,CD86 mRNA ik i
FHE (P<0.05),Arg-I MR mRNA #3535 AL (P<0.05)(&
2),
2.3 SNAP ¥ PBA Xf RAW264.7 E I 20 il CHOP mRNA &3k

AR B SNAP(30,100,300,400,500 wmol/L)SNAP £ fi
T RAW264.7 EIE4N 24 h )5, H: CHOP mRNA ik ¥jizs
o0 B ZH B | R (P<0.05);300 pmol/L SNAP il 20 mmol/L
PBA EFI T RAW264.7 EW4Hfifl )5, H CHOP mRNA F£ik5
300 pmol/L SNAP i 45 Jo A i 2 5:(P>0.05) (] 3).
2.4 SNAP 1 PBA X RAW264.7 E I 48 ffi }§ CHOP.iNOS,
p-PERK & B & EHFM

525 o0k B LU A, AN RV B2 (30,100,300 wmol/L)SNAP
41 CHOP ,p-PERK \iNOS % [ &5 W] PR, 22 A Ge it
7 Y (P<0.05),PBA 4 CHOP .iNOS.p-PERK 7 [ 335 ToH] i
A5 £,(P<0.05) ;300 wmol/L SNAP+20 mmol/L PBA 41 iNOS 7 .
p-PERK .CHOP 7& [ % A #% 300 wmol/L SNAP 4 i} 2 14 i
(P<0.05).

3 Wi

— AL AR T Yk I FH A Sl e R B Ak A R
LAY, 41 Martinet 25 1E52 NO 1] DL M4 ik 41
LR T T 68 St KRR BE B i U2, AR NO BB S LA R
SiE RS R B R, INOS BT LI A T N R SIA S R
B FERAE G pe P i M1 AR T DL i %k INOS
PR NO L AR TR KORBE IR A0 VR, Tl i 1 521
ZUHAG 19, NO BB PR, S S0 I Je 30 B 22 A9 1 M4 IR
s, FATHYSHAIERA NO R AL M1 B W4 W AU AR &5 4 iN-
0S.CD86 FyFik, I nI g N M2 F W40 i I T bR 254 Arg-1
(K, X AT RE S F G A0 i ) M 778 g 20 i o4k L 78

24 control
5. 3oumol/L SNAP

relative mRNA expression of iNOS, D86, Arg-1, MR

2 SNAP #1 PBA X RAW264.7 E Bk 4A A iNOS  Arg-1,CD86 . MR
mRNA FRiX IS0

Fig. 2 The effect of SNAP and PBA on the mRNA expression of iNOS,
Arg-1, CD86, MR in RAW264.7 macrophages

*EP<O0RREMBARBEREER, “WP<0.05"RRE
300 pmol/L SNAP FHALBEREER,

*Note: "*" indicated there was significant difference the compared with

the control group(P<0.05).(¥ "indicated there was significant difference

compared with 300 wmol/L SNAP intervention group(P<0.05).
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Fig. 3 The effect of SNAP and PBA on the mRNA expression of CHOP in
RAW264.7 macrophages
ERRSEEAXMNRARBEEHRHEER, P<0.05,
*Note:"*" indicated there was significant difference the compared with the
blank control group(P<0.05).
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relative protein expression of CHOP, iNOS, p-PERK
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5 SNAP #1 PBA ¥t RAW264.7 EREZRAR A CHOP.iNOS .p-PERK
BEAREHFM
Fig.5 The effect of SNAP and PBA on the protein expression of CHOP,

o©
o
|

iNOS and p-PERK in RAW264.7 macrophages
* 3 “Ye P<0.05” KR 5 300 pmol/L SNAP FHALBKEEEE R
*Note:"*" indicated there was significant difference the compared with the
control group(P<0.05).% "indicated there was significant difference

compared with 300 . mol/L SNAP intervention group(P<0.05).

AT SR AT A A 3k A S VR RS RAE R AR, (Rl 7T fig
FEM S K AR A

NO J& M1 E W40 e e it B2 v 4 i — Fh B ZE VR A
PR~ , Y I 4T A7 S Bt 0 RS 2 5 8 ) ML ST L 44k
i, 20 M P INOS 3k 18 i, L TKeE 2 R 5% 1k NO AU,
R, AE M2 RS R P Arg-T 23R8 i, Jen] 15 iNOS 3 4
LR , KRG 2R e Ak o 1 R i il NO A& i/, 1
SR 22 IR 2R F RS, FZR I 24k, 18 5 S DA G
19, INOS I Arg-1 43I AT FE 48 M1 M2 WE T 5 I 441 i () A

1 2.3 4 5 M+
CHOP — G —— 30KDe
Lot sl - 130KD-
PPERK - 125KD-
B-actin = eesee—e—-e——— .

4 ZHMM CHOPiNOS, p-PERK % A FKiAKF K ik ENiEss R
Fig. 4 CHOP, iNOS, p-PERK protein expressions in the RAW264.7
macrophages detected by Western blotting
* 1 AXTERZE .2 24 30 wmol/L SNAP 2H.3 25 100 pmol/L SNAP 4H.
4 24 300 wmol/L SNAP 2.5 25 300 wmol/L SNAP+20 mmol/L PBA F
T,

*Note:1 indicated control group, 2 was 30 wmol/L intervention group, 3
was 100 wmol/L intervention group, 4 was 300 wmol/L intervention
group. and 5 was 300 wmol/L SNAP and 20 mmol/L PBA intervention

group.

B T Assreuy (I RAESE NO A DL E 4] iNOS ¥ 1
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A ] INOS Wi P & #E 1 R B AR
PR P — M A AR, LB S B & A
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VLR AE B R, BB R B R AR N, HTREE 3 P
%5 137 2 155, Horb P-PERK A i 5o iR (b E0A% 2R Wyt ih A
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B AT 2 Sl kR R Ak 5 UTAE JC0S ), Z IS 4 3E NO 1]
VAAE A PR S5 0 7 S0 L 5 | e 4 B O 7029, 1717 2012 4 Jisu
Oh. A543 P4 J5it W 07 38 e A1 a0t 5 WA 4 i 1) M2 6 784 43 Ak G ML il
JEHED AT GEJ238 0 INK PPAR-y 5 6 A HE A P, 3RAT 1A 552
55 & B NO i 5 40 g 24 /N 5 e P 5 9 5 AR B 4
CHOP p-PERK &3k WA, 33 T B R P J5i 190 o 5 i st 1) 28 £k K%
RGN 4T S 18] p A 5020, TG NO I PR S 4 17 385 S 15 e 44T e I 284
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