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[ Abstract] Objective To investigate the regulatory effects of activated endoplasmic reticulum stress ( ERS) and
unfolded protein response (UPR) on the immune behavior of the stressed muscle fibers in inflammatory environments
induced by interferon-y(IFN-y). Methods The myogenic precursor cells (MPCs) of C57 BL/6 mice cultured in vitro
were differentiated into multinucleated myogenic tubes by horse serum and then to set up: 1. Control group; 2. IFN-y
group; 3. Tunicamycin group; 4. Thapsigargin group; 5. IFN-y and 4-phenylbutyrate (4-PBA) combined treatment group;
6. IFN-y, TG and 4-PBA combined treatment group; 7. IFN-y and 4u8c combined treatment group; 8. IFN-y, TG and
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4u8c combined treatment group; 9. IFN-y and GSK2606414 combined treatment group; 10. [FN-y, TG and GSK2606414
combined treatment group. The level of myokines gene was detected by Real-time PCR. The expression of UPR key
molecules including eukaryotic intiatio factor 2o ( elF2a ), inositol requrring enzyme la (IREla) and activating
transcription factor 6( ATF6) in muscle fibers was observed by immunofluorescence. Western blotting was used to detect
immune molecules related to muscle cells, myokines and key molecules of UPR. Luminex analyzed the levels of pro-
inflammatory myokines in muscle fibers. Results The expression of H-2K” | H2-Ea, Toll like receptor 3( TLR3) , p-elF2a
and p-IREla were up-regulated in IFN-y induced inflammatory environment. The expression of H-2K”, H2-Ea, TLR3 and
myokines in the group with UPR inhibitor 4-PBA was down-regulated compared with IFN-y group, and the expression of
these molecules in the group with IREla specific inhibitor 4p8c was down-regulated compared with the IFN-y group. The
addition of protein kinase R-like endoplasmic eticulum ( PERK) specific inhibitor GSK2606414 showed no significant
change. Conclusion In IFN-y induced inflammatory environment, the UPR-IREla pathway activates and inhibits the

synthesis of muscle fiber immune-related molecules, which further inhibits the muscle fiber mediated immune response and
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facilitates muscle regeneration.
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AN B PN IR D s S B N B M R AT
HHRLE, KNI R (endoplasmic reticulum
stress, ER Stress, ERS) , b 7H 5 240 it )07 8%, Pk 52 N o
M i &, 4 r & 8 1 X W ( unfolded  protein
responses, UPR) iV i 3 1, W58 & B, UPR 19 2))
REZHE, BRAZGEATI R DI RESD , BE -5 e K S e FI o it
23 ARG, BN 2 5 B LB E
A AR R RTT LA R R AR RSB R
FAIHT— B Be——RAEW], LA 4E N IR UPR 275875
SENE R 52 Mol HAB 52 1 ke = AHOCHF 9T . PRI
AR S 56 5 o A Hb S5 5 43 B T 2 3R -y (interferon-y,
IFN-y) P52 E 22 2 ARSI 75 0 JLET 2 P I
ERS, i i i 25 PEAR {1 UPR B0 {5 53 | IR 44
THEILR) UPR 38 B0 LA 4E e 7o 4, AR
il LIRS 114 A BE AR R e 0 403 1 B i UL S
AR YT B

AR

1. MNRIFAE AR R 7 L R S B 4018

L1 /B AR RN B Ay 5 B 35 595 oAk . 2 )
DAFESCHR[ ST, CS7BL/6 FLEL[2~5 d i, 19 A
T BERN R 2 S s i ol 3 THIE 5 SCXK
(1)2016-0041 ], {1 JC T # DA U0/ ) Bl 1 P i
U, A DRI R AR A0, ) P 22 W0 R 22 B 2 4
JL, DA T AR B D AR N BB WL T 48 B ( myogenic
precursor cells, MPCs) ,37 C .5%CO, ¥53% 24 h, N
B Z RN, T DMEM s 29 1
M, AkEE5 55 72 h,

SR S A SR JEL AR A i 2 A5 S MPCs, 25 A
KICHRL 6], 1 F AR X & 8 11 7 (paired box 7,
Pax7) £ Vi FEHiAAK (1 :200, Abcam /23 7, ab187339)
BEFT IR 24 h B IEACAIIRIE s 5 %E MPCs 173

Muscle fiber; Endoplasmic reticulum stress; Unfolded protein response; Inositol requiring

PR i FH A LA A 5 2 (myogenin ) £ 58
BEPTIAR (1:500, Santa Cruz 23 7, sc-576) . SRPL ILER
5 1 H 5% ( myosin heavy chain, MyHC) £ 73 FEHT {4
(1:500, Bioss, bs-10904R ) # 5 %S il 2% 5 1fiL i 434k
FEFF 72 h BOAIHEIE F,
1.2 SEB oy AL B O A IFN-y 75 S LET 4 |
PGSR LA A 7 Rk LA & UPR JA 31
UL, K AN o 205125 T RH VAL BRUS Ak 22 35 37 24 h Al
48h, A SR ME 1 R, Hb KER
(tunicamycin, TM ) | % % N ( thapsigargin, TG ) &
ERS B35 ; 4-78 3L T PR (4-phenylbutyrate ,4-PBA )
i UPR #1055 ; 4p8c A L BE 75 3K A F (inositol-
requiring enzyme 1 alpha, IRE1a) #1i]5] ; GSK2606414
RER P R R PN IRL ( protein kinase RNA-like
endoplasmic reticulum kinase, PERK) #Iil5],
2. BBEWSAMT UPR EE1ER

K25 2L AN 2 4% 22 B RE [ 5E 10 min , PBS {if
YeJR R 29%BSA ZE £ 30 min, MG UPR JH
EN M IREla 2 s BEHTUIR (1:500, Novus A
H], NB100-2324SS) ; Spiiihlie fb BRI N T 2a
( phosphorylated
p-elF2a) ( phospho Ser51) £ 3¢ B BT K (1:200,
Abcam 2% Hl, ab32157); Bl HU 9% £ B 5 W ¥
(activating transcription factor 6, ATF6) 5. 55 B H &
(5 g/L, Novus 2> 7, NBP1-402568S ) 5 75 %iF HE 4 |
IFN-y 21 ' T™M DL TG ZLH)ARAEIE F 4 CREF ISR,
FREEOCIE T YL ZH : Cy3 FRid il E BT R G
(1:500, ¥ 38 25 KA W HOR A IR 22 W], A0S16)
Alexa Fluor 488 Fric ILZFEHT/M IgG (1:500, g
BRAEYHARGBRA R, A0428 ) LI FITC Fric i
UMK TG (1:500, EHEEE 7= RAEYHEARA R F],
A0568) |;Olympus BX51 % A8 g

eukaryotic initiatio factor 2o,
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Table 1  Group and treatment
il k¥
groups treatment
Xif i 2H ( control group) AAGAT AR 2L B (untreated )
L2y 4
T%% V4 IFN-y (60 mg/L,R&D,485-MI-100)
interferon-y (IFN-y) group
KEFRA

tunicamycin (TM) group

FHE M

thapsigargin (TG) group

IFN-y+4-PBA Bt Ab 346

IFN-vy and 4-PBA combined treatment group
IFN-y+TG+4-PBA B4 Ab 8 4H

IFN-y,TG and 4-PBA combined treatment group
IFN-y+4p8c LA AL FRA

IFN-vy and 4u8c¢ combined treatment group
IFN-y+TG+4p8c B4 AL FRZH

IFN-y,TG and 4pu8c combined treatment group
IFN-y+GSK2606414 B4 AbHH£H

IFN-y and GSK2606414 combined treatment group
IFN-y+TG+GSK2606414 B4 Ak B4

IFN-y,TG and GSK2606414 combined treatment group

TM(1 g/L, Santa Cruz, 11089-65-9)

TG(0. 2mmol/L, Santa Cruz, 67526-95-8)

IFN-y,4-PBA( 10 mmol/L, Selleck, $3592)

IFN-y,TG,4-PBA

TFN-y,4w8¢ (50 mmol/L, Selleck, S7272)

TFN-y, TG ,4p8c

IFN-y, GSK2606414 (1 mmol/L, Selleck, S7307)

IFN-y,TG,GSK2606414

3. Western blotting 1l 525 5> F3RiA K UPR HI/23h

PRI A AN MR 1, B S L RRZE vl
IR A, 100 °C Jn# S min, SR BCA %0 &
MEAWRE, A EAWREE 5 o/L #1147 SDS-
PAGE BEZHLVK, 120V HUK B 2 H & H 505,90V
YR 15555 PVDF JE 2% BSA HH J5 18 . /N
Pt Toll FEZAK 3( Toll-like receptors 3, TLR3) PRI RE
Prik (1:1000, Novus 2~ F], NBP2-24875), i
FHL A E A K 1 (major histocompatibility
complex I ,MHC I ) ZFEHifk (H-2K", 1:1000,
Abcam /A7), ab93364) , /NPT EEH LA MR
A 1 ( major histocompatibility complex I, MHC
Il ) (H2-Ea, 1:400, Santa Cruz 2\ #), sc-32247),
Bt IREla 2 FCREHTIA (1 :2000, Novus A A,
NB100-2324SS) , %4t p-elF2a( phospho Ser51) £ 7%
BEHLIR (1:500, Abcam A H, ab32157), /NPT
elF20 FATTREHTIA (1:1000, Abcam 2\, ab5369) ,
INEHT ATF6 B0 FE TR (5 ¢/L, Novus 24,
NBP1-40256SS ), #¥i GAPDH B vifE4iik (1 :
5000, i FRFEAE R A BR A F], FD0063 )4 °C I
B, TBST EHEE K H HRP ARic i E P4 1eG
(1:5000, bt ZEEAYPHA R R, SE134) |
PR TG (1:2000, It 5t Z3EE AW RHE A PR
AlL,SE131) P IR E 2 h, 3 S fb 2 KOk
( ECL) #2371 ( Applygen Technological 23 7] ) MEE
A, Image J v1.42 B r KEE, 5
GAPDH SR AN F A5,
4. Luminex #& i AL 28 f& & F B9 5 b

X HE 2H R 8 K AL PR 2R K% 3R Ak 5 ILEF 4

24 h/48 h Jm SRR I IR US NG I Y A 5 SR
FLgk 22 5597 12 h, Mg B3, 10 000 r/min L
10 min, HC ¥, RH Luminex xMap technology with
Bio-Rad Bio-Plex 200 apparatus ( Bio-Rad Laboratories
Nl , H-Wayen, China) s3Hr4ifia e+, EALA I %
s RS A, I P 7 455 0 OB 40
FEIR - (eotaxin) 4 20 ffL 5 7% 30138 K1 ( granulocyte
colony stimulating factor, G-CSF) . F I 2Jf] g 4 7%
¥ A F ( macrophage colony stimulating factor, GM-
CSF) A 4 fi /i~ & 10 (interleukin-10, TL-10) | TL-12
(p40) . IL-12 ( p70) . IL-17A | IL-1a, IL-1B, 1L-2,
IL-3, IL-4 IL-5 1L-6, IL-9, S B 40 i fL 2 1 1
( monocyte chemoattractant protein-1, MCP-1) | 5 40
Ml 28 iE 85 H 1o ( macrophage inflammatory protein 1o,
MIP-1a) . EL Wi 40 Jfd & iE &5 1 18 ( macrophage
inflammatory protein 18, MIP-1B) WE% T 4933k
A3 W B9 3 P U8 9 2K (regulated upon  activation
normal T cell expressed and secreted, RANTES) 1
JEIRFEIA T o (tumor necrosis factor-a, TNF-a)

5. Real-time PCR # il Al 28 ff1 & F B = 3&

K H Trizol I FREASZH S RNA, R ) itk
1T Real-time PCR, UL GAPDH SN ZBREEH, 435Il Ks
M IL-18 . IL-6, MCP-1, MIP-l1a 5 HAYIEH, NS
KGNk 2 B,

6. FiITFESH

ST SPSS 20. 0 43 Hr SC 5 s, 3
PORER I R 22 (2 s) Rom , 4IH] LU AR
77 2453 M7 ( One-Way ANOVA) LA M S REAS ¢ K656
P<0.05 £ EFHAG 7 E L,
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Table 2 PCR Primers

JEA SFEHI(5—3")
genes primer sequence(5’—3’)
IL-1B 1E X514 (sense primer) ;: CACCTTTTGACAGTGATGAG

JZ X 5% (anti-sense primer) : CACAATGAGTGATACTGCCT
IL-6 1E X 5|4#) (sense primer) : GGTCTTCTGGAGTACCATAG

JZ X5 |#) (anti-sense primer) : AGCTTATCTGTTAGGAGAGC
MCP-1 1E 514 (sense primer) ; AAGCTGTAGTTTTTGTCACC

5| %( anti-sense primer) : AATGTATGTCTGGACCCATT
MIP-1a 1E X 51#) (sense primer) ; CTGCCCTTGCTGTTCTTC

JZ X5 |#) (anti-sense primer) : CAAAGGCTGCTGGTTTCA
GAPDH 1E X 5% (sense primer) ;: CTCTGCTCCTCCCTGTTC

J2 L5 ( anti-sense primer) : CAATCTCCACTTTGCCACT

5 R

1. ERERALFHEEUR SN ENEE

PRI JEAC/ N S ALT 41 ML (MPCs) , 3557 24 h
Je BT AT O 2% B A UG BE AN i (TR 1A, g ROt
TR, KE /AN Pax7 235 B, 42 7R B2 B 41 i
EEA RNUEYER MPCs (& 1B) , 4k4E 1538 72 h
J& , e AR LS B 20 K 1) 2 A LA 1
M(E1C) , g rothric BN A bR B
PR EEE (MyHC) WL40 M AL SR (myogenin ) AJ
WAACIE NS (1D, 1E)
2. IFN-y B S F % iR SRE 5 FRIEFAHEE
FREM

X RBAM L, IFN-y A L40N MHC T 4> F

H-2K" MHC I 4F H2-Ea } TLR3 & /KB 3%
P& (&l 2A,2B) ,IL-1 IL-6 \MCP-1 RANTES MIP-la .
MIP-1B 85— ZR L 4 1 LA M X 28 1 K1 i 3
FIEE3)
3. IFN-y BiE AL 4 ERS, £V UPR 55
5% IRLHAIEE  IFN-y 20N elF2a IREla
HBEIR K- B3 LA, (2 ATF6 25 61k 0 i A8
L E 4A,4C, B 5); TM 4 Al TG 4 1 p-elF2a .
p-IREla & /K-35 3 B, Hd TG 4119 ATF6
EAARPEAE BE LR, HI, JRELscss b i TG
VB N5 X B s AL BR AR (1€ 4B ,4D,5)
4. NiEM UPR-IRElw {5 S1@ BT AL GREIhEE
5 X RRAUAH EE  IFN-y 41 #1 IFN-y TG BX A 4b 3
HIWLEF4E N p-elF2a p-IREla 25 FH/K P35 FiM,

1 ILT40H Pax7 KL MyHC | JULZR M AR R 2 A 23815 L

ABE BT UL 4N S48 4k AR N 100pwm ; B0 6 Y o, L@ ARIC Pax7, FHYELN ML K AVLT 41
J AR ROR 100 pm; CAEIE BB T, B IVE MIER 22224 3 RUR 50 pm; D E. S5O0 IR IC UL
SIS F (MyHC \myogenin) , FHEEZA A AT A 43 FE WL ; D. A7 RUR 50pum; E. F7RUR 100wm

Fig.1 Expression of Pax7 in myogenic precursor cells and MyHC and myogenin in myotubes

A, Under inverted microscope, morphological change of undifferentiated muscle stem cells, Bar=100 pum;

B, Immunofluorescent staining, green labeled Pax7, positive cells were myoblast stem cells, Bar=100 wm; C, Under

inverted microscope, morphological change of differentiated myotube, Bar=50 wm; D and E, Immunofluorescence labeled

myoblast differentiation related molecules ( MyHC and myogenin) , and the positive cells were differentiated myotubes,

Bar=50 pm in D and Bar=100 pm in E
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Jf H IFN-y TG I A& 40 B 2H 4 4 o8 hn e 2 (&
6A,6B) ; 7£ LR WAL FLfly b7 i UPR il 50 4-2%
3T 12 (4-phenylbutyrate , 4-PBA ) ( Bl IFN-vy , 4p.8c
G AL FRZH DL K TFN-y | TG 4p8c BE G AL FRA ) | |
R KR IR 8T 1 (& 6A,6B)  [A]ET,
LI LT e G AH OC 5T &I, IFN-y AR IR
WLEF4E ) H-2K"  H2-Ea & TLR3 By 3&1k LA, SR
IFN-y TG Bk A0 320 1 35 1 R 38 KF- 48 IFN-y 41
BT 8 (& 6A, 6B) 3 7E I iR P 4 L w8 in
4-PBA, H-2K" H2-Ea M TLR3 & 1 A9 F # #a #wk
SEARFIE (E 6A,6B) , ILAh, 5 IFN-y 414, IFN-
v.TG BEA Ab BRAL 134 43 F 3 P KSE T 18, IFN-y
4-PBA BESALHRAL L K TFN-y TG 4-PBA BE& Ab 3
AHE L (K 7).,

VA5 ) 255 11 LB >K T 1 (inositol requiring
enzyme 1,IRE1) B FI¥4TF R FE P 5T 34 ( protein
kinase RNA-like
PERK) F1 7% 1k % 5% [+ 6 (activating transcription
factor 6, ATF6) /5 3 42 ML UPR 3 %, Ay 21 K
UPR S A0 ILEF 2 5 58 470 J& 248 . UPR-PERK/

endoplasmic  reticulum  kinase,

24h

48 h

H-2K®

H2-Ea

TLR3

BEAMNREE
Relative expression of protein

GAPDH e 2 A
X IFN-y X IFN-y
control control

elF2a, i /& UPR-IREla i %, AT 0E — 4 K H
IREla $1#i]5) 4u8c . PERK #l1]5] GSK2606414 4>
SIBHWT UPR-IRE1a M UPR-PERK/elF2a il %, 5
IFN-y ZH AH ., IFN-y  4u8c I & &b B0 2H L 2F 4 N
H-2K" | H2-Ea J TLR3 # FH/KF 3% L iE (1K 8A,
8C), SRIMi, IFN-y, GSK2606414 B4 4b ¥ 46 L) Kz
IFN-y .\ TG , GSK2606414 A AbHL2 f1) bR 8 1 &
KK IFN-y A BRI AR HE , AN B S h2e 2 5 (A
8B,8D) .

W
1. MR UPR-IRElw {5 5@ B &M LA RE &
BAITH
FRATTHT AR UE ST, BB 1 LS 30 1 50 WL g
# (cardiotoxin, CTX) , 7] 15 4 405 B &% LI ZH 2L
elF2a } IREloa #36 . AIRITILEF4E N elF2a K
IRE Lo 0% MHAE R, AR 92536 R AR A1 85 5% LT
ML THE— PR, g KB, TE IFN-y 1531
RIEIEET LA 25 3R 3k — R 5 i LA A IR 5~ LA
KALHE MHC T MHC IT Al TLR3 76 N %850 T, iX

®

EA %
control

B3 IFN-y

1.5

24 h

* 53k EEd

1.0

0.5

H-2K®

H-2K*  H2-Ea  TLR3 H2-Ea  TLR3

&2 TFN-y 55 M SOE PR BT ILEF 24 i 431 H-2KP (H2-Fa & TLR3 A HFRE
A. Western blotting KM LS 455 43 T H-2K® H2-Ea & TLR3 & [ Ay %k ;B EL, BEE AAR T ik DL B R E K AR/

GAPDH JKE(HFEIR ; #* P<0.01, * P<0.05

Fig.2 Expression of immune molecules H-2K" |, H2-Ea and TLR3 in the environment of inflammation induced by IFN-y

A, Western blotting detected the expression of immune molecules H-2K”, H2-Ea and TLR3; B, Statistical graph, the relative protein

expression level was expressed as gray value of target protein/GAPDH; = P<0.01, * P<0. 05

6o control

50 [
40
30 [
20 |

10F

m

[0 IFN-y

it

Lo

0

> ocf ef AO a0 A0 4
207 AL Wt AT
AR CaR\S \\V'\"L\V«‘L W

IS

0 P R oA AT AR D O
VTN AW . -
MRS \\\\Q@%“\« o

[l 3 IFN-y 755 0 S E A 45 i LA L DRl 7 19 2 5k

Fig.3 Expression of myokines in the environment of inflammation induced by TFN-y
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p-IRE1a p-IRE1a

IRE1a | IRE1o

p-elF2a p-elF2a

elF2a elF2a

ATF6 ATF6

GAPDH 4 A GAPDH
pap:ct IFN-y gl IFN-y | IFN-y TM TG

control control control
B3 x| E=3 IFN-y

control
48 h

FEAMENEEE
Relative expression of protein

| ]
3r * 25
——
l*ﬁ
2.0
3 3 T
< 2} & 5
w [
© g 1° &
3 8 Q
o L 10 i
= 1F ¢ =
o [oX <C
05
0 0
E OIFNoy TM TG B IFNy TM TG XH IFNy TM TG
control control control

K4 TFN-y BRGNS NLEF4E ERS #3% , 7 174 UPR-IRE1a ,UPR-PERK/p-elF2a {5 5

A. Western blotting R A2 4 Fl#5 FWLEF 4 ERS 2 UPR #7% ; B. Western blotting i /R ERS i35 T™M 1§
TG ift—2 FIMANMIA p-elF2e p-IRE1ac Fll ATF6 8 13834 5 C.I8 A B9GEHHL, 8F BRAOAR T ik i DL H A9 & K
JEAH/ GAPDH JBE fE B AR Ak H A 8 (UK AR R 8 (U E (R, o P<0. 015 D& B MZETHIEL, 8
JE YRR R ik B LA H A3 IR B B/ GAPDH. R BE (A sl IR 1k H 19 2 1R BE (B R B B AL 3 IR (B LU (3R
/R # P<0.05, #% P<0.01

Fig.4 In the environment of inflammation induced by IFN-y, intracellular ERS are activated and upregulated UPR-
IREla, UPR-PERK/P-EIF2a

A, Western blotting detected the activation of ERS and UPR induced by pro-inflammatory stimulation; B, Western
blotting showed that ERS inducers TM or TG further up-regulated the expression of p-EIF2 «, p-IREl a and ATF6;
C, The statistical graph of Fig.A, the relative protein expression level was expressed as gray value of target protein/
GAPDH or phosphorylated (P)/Not phosphorylation, compared with the control group, #*#* P<0.01; D, The statistical
graph of Fig.C, the relative protein expression level was expressed as gray value of target protein/GAPDH or

phosphorylated (P)/Not phosphorylation, compared with the control group, * P<0.05, #* P<0. 01
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P-IRE1a/DAPI

50um

/DAPI

P-elF2a./DAPI

50pm

K5 Sesd Y A IFN-y 7551 S AE FRbE

50um

FiRUR 50pm

A. XTHEYL; B. IFN-y4H; C. TM 4; D. TG 4

Fig.5

50pm

PERK/p-elF2a were activated and upregulated Bar=50 pm

IFN-y -
G -
4-PBA -

A, Control group; B, IFN-y group; C, TM group;
+ + + +
- + - +

p- |RE1u| -

._......-,-.._!J

IRE10. | g ~“"|
pelF2e[ - e —— | B
eIF2a|——-——-'--| %
CAPDH | e s s s e | Pﬁ
L D ——
HOK [ e e o |
HoEa o e ——
H2-Ea
c 20
;@ *
5 —
m& 15k —————
g2 (e T
%é 1.0 F
Hﬂg 05}
k]
€ o
IFN-y - + + + +
G - -+ -+
4-PBA - - - + +

P16 UPR {5538 #% I LA0 N Sz 2 g
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Fig.6 UPR signal pathway down-regulates myocyte immune function

B, The statistical

the relative protein expression level was expressed as gray value of target protein/ GAPDH or phosphorylated/not

## P<0.01, * P<0.05
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Fig.8 The activated endogenous UPR-IREla arm down-regulates the immune function of muscle cells

A, Western blotting detected the protein levels of immune molecular proteins in muscle fibers treated with IREla inhibitor 4u8c; B, Western
blotting detected the protein levels of immune molecular proteins in muscle fibers treated with PERK inhibitor GSK2606414; C. The statistical
graph of Fig.A | the relative protein expression level was expressed as gray value of target protein/GAPDH; Compared with the INF-y group,
# P<0.05, ## P<0.01; D, The statistical graph of Fig.B, the relative protein expression level was expressed as gray value of target protein/

GAPDH or phosphorylated (P)/not phosphorylation; Compared with the INF-y group, * P<0.05, #* P<0.01, ns, Not statistically significant
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