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Mitochondrial-derived Peptide MOTS-c Improves Survival in Septic Mice
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ABSTRACT Objective: This study aimsto explore the effects of a mitochondrial-derived peptide MOTS-c treatmenton survival in
septic mice. Methods: Two models of sepsis were constructed, one due to lipopolysaccharide (LPS) and the other to cecal ligation and
puncture (CLP). The survival rate and pro-inflammatory cytokine levels were detected and compared in septic mice. The influence of
MOTS-c on LPS-induced NF-kB activation in macrophages was also analyzed by western-blot. Results: Compared to control group,
MOTS-c treatment increased the mice survival rate from 10% to 60% in LPS-induced model( P<0.05), and from 10% to 50% in CLP-in-
duced sepsis  (P<0.05 )separately. The levels of TNF-a and IL-6 in mice blood plasm were decreased in both two septic models by
ELISA analysis. Moreover, MOTS-c treatment reduced the TNF-a and IL-6 concentration in peritoneal fluid of CLP-induced septic mice
(P<0.05). Mechanically, the NF-kB activation was suppressed by MOTS-c in LPS challenged macrophages. Conclusions: Our data indi-
cated that MOTS-c could inhibit the activation of NF-kB and suppress the expression of pro-inflammatory cytokines, thus leading to in-
creased survival in septic mice.
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1.1 ##

MOTS-c IR WL s A= R A FlA . (HPLC A5l 4
J£)95%);LPS 1 [ Sigma A5 /N ANAEE F ELISA K5l
P& I GER gAY TRARA R ; /N E W40
RAW264.7 It [ 36 [F ATCC; /N4 1ML 35 0 1 A DU 275 A= T
TR PR 7 RPMI 1640 BrgE3k (880G /R BHE A FRA
A ) ; RIPA 240 F 38 22 KR F] 5 it RAY p65 Bk wime ik
p65 PR (p-p65) K actin HLIAIIG A _LifFE T AW TRARA
) 3 SRR o E AL P (Horseradish Peroxidase , HRP)FRric Hit S Ad
T A sigma 2] BERSSR RS A SEE UVP A H ;2T
BEMFARYIA [ TECAN A #], 8 JE (1 SPF 4% C57BL/6 /)
Rl [ 28 R RS s
1.2 MOTS-c j&¥7 %t LPS F R HBRF /M RN EFEH N LI
12,1 REh¥IRSE 8 AT CS7TBL/6 /NRIL 40
e MBRAREFENL M 4 240 1)PBS 40 (TE % % I84H );2)10 mg/kg
B LPS 20 (LPS 2H);3) 874,10 mg/kg f¥) LPS + 5 mg/kg
MOTS-c 2 ;4)i857 4, I8 f 13 4 10 mg/kg 1) LPS + 15 mg/kg
MOTS-c 4.

122 LPS S M/NEIREERBES 1 ARSLKRAH LPS
JE s T 5 SRR AR A A, F PBS 28 WBCKE LPS i il g 2
mg/mL VR % PBS 2141, Ay 3 240/ BL A B0 s i 5 2
mg/mL ¥ LPS, {FEHHAF R 0.2 mL/ HUNER, i FHZ 52 R 10
mg/kg, IEH X FRALIRIT4 T 0.2 mL/ J/NRAY PBS, R 417E
T LPS J5 1 /NS, JE R S MOTS-¢ RIAYT -

1.2.3 WMZIEHR 12 /BB e/ NRA IGO0, F52E
TR, FHEIRUT AR/ BUEFE SRR bR /D RUETEER (% )=
R/ N RAFEEL R/ N RSB 100%,

1.3 MOTS-c i&f7 3T E5IAE L FFLA (Cecal Ligation Puncture )
BEMREENRNETERZMEE

131 R RsyE 8 ikt CSTBLG6 /NdL 40 2,
FIRRTEREAL N 4 41 DIRFARI A, B RTINS I
B E, A HAGE;2) FEngsilafLF AR A (CLP
#1);3) JBYT4,CLP + 5 mg/kg MOTS-c 4 ;4 )CLP + 15 mg/kg
MOTS-c 4,

132 CLP ESM/MNRIRSERRES iAW ARp%E
B, HAYOK BEFHESR B BT LTRSS LR/ R
FFE S, IS LS B2 B 70 mg/kg MRV TE SRR, T 75 , 701 1E
PP REAT LS em VI, DL 4 SERESHLE B, S TLI0
KA, B 22 SqstE2m G 1 k. s B mic i AJE
JiE 1 A A G AR SERUE B TS | mL A 3K LA TS
AT, IR s i 5 MOTS-c 897 o /NEURRIRTE IR HatF &
oK RFARL/NRBEARITE LN, HRFARLHE
YIS EH M,

1.3.3 MEB/IR & 12 /NSRS IE T NRATIE O, ek
TR, IHEBUTN AR/ N RAEERIER  NRAEER (%)=
B2/ RAAEEL B/ RSB 100%,

1.4 /NFR I 3R T BE Be R M A ME A F ok EIE

LA ANRINSE BT T R i o % AR R 90 Wi /N
FUILFEF EDTA HLER ML , # & 30 min, 1500 rpm 4 ‘C B0
5 min, B2 112 , -80 CRIEIKEAFAFE

142 NRIEREER GRS 45T CLP AR AN 5 A [R] i
Vi) A5 A B/ IN R , T 2 B IS , SR TC PR R VR TR, i 4 PBS X
AN AT, A 2 WK AR VR, B Tk R
143 RMEEF TNF-o B IL-6 KKFEME R ELISA J5ik
F A2 28 LA PR F TNF-ou IL-6 597K, 330 B 35 1R 7
M7 20-30 min, TR S A, VA 2 = IR FHT I AN
48, BRI DFESES DR RRIREA VKA h I =
TR TR 5T 5 2 ) BRfEh iy i 45 470 & v W bRt 43501
i BE S 1000 pg/mL.500 pg/miL.250 pg/mL.125 pg/mL.62.5
pg/mL . 31.3 pg/mL.15.6 pg/mL i 7.8 pg/mL MIFRAEWR, 5 ;
3)1E# ELISA 1, i ic , LA 50 wL A% BER 5
S EAFLINA 50 WL FRAER SR FEAS T35 8 X IREL 5 5) = T
BICE 2 h {8 FL N AR, A 400 WL YEV, YRk 4 1K ;6) 5
FLAMA 100 wL TNF-a conjugate ¥, IL-6 conjugate;7 )% iR e
2 b, {5 H L IR , A 400 pL PRV TR, VEY 4 k5 8) A FLm
A 100 pL R, #EEACE 10-30 ming 9)&EFLANA 100 WL £
1BV, FERERRAY 450 nm Ab SEERUR G RE (BB Mk BEE .
1.5 MOTS-c 43234 B Ik 40 A 43 3 ¢ 14 B F F0 NF-«B &R
A
151 e  /DEE B RAW264.7 (5 A £ H
ATCC AR ZEARAF) A K X H0A KM, AR e Ak, 188, 7
MR EER 1% 10°4> /mL, %88 1 mL/ FLYREHFNE 6 fL
Barfr #hFE A 10 %I A LT 1) RPMI-1640 1537 5E % 2 mL {4
141,37 C 5% EARMEAA PG 3R % . W H , FIBHIA LPS
(1 mg/mL)FI MOTS-c (20 pg/mL 5% 50 wg/mL), 8 h fSUEE4H
MIEAT western-blot £, 24 h J5 WS ANIRE % 17 , ELISA Ky
248 i - KOF O vk ) )
1.52 KIEHHE  IHSLER AT AL 1) XFHIRZL;2)LPS 4]
(1 mg/mL);3)LPS(1 mg/mL)+ MOTS-c(20 pg/mL);4)LPS(1
mg/mL )+ MOTS-c (50 ug/mL )4,
1.5.3 western-blot #&i  LPS #li#% 8 h J5, 3 7%, il A RIPA
50K 24 A0, BCA Jr ikl g B VR o FEISCER O 2 FIRE
il A SDS-PAGE [ FHEGEWIR, Wh/K VA IR 5 min, ¥ 4]
FERJE K E ARSI A SDS-PAGE [ inkefL , vk, 551
A 5%MEREYI#Y ) PBS ZZ 0Pl 37 ‘CHFHA 1 h, —41 4 CHF
BK. KH,PBST Zerfii e 3 I, —3i 37 CH¥& 1 h,PB-
ST SR VEIR 3 ¥R, M
1.6 Gt

A BAERAYIE £ f5fE2E (meanx SD) Fow, RH
GraphPad Prism 5 #7402 A0, AEAFZ LR A log-rank
O30T, AR LRI TR I 225007, ST IR EE P<0.05
hEFRAA GRS

2 R

2.1 MOTS-c i&¥7iR & LPS I SRR SE/NRNEER

C57BL/6 /NS FEST 10 mg/kg () LPS, 1 /hAf G, vE4T
AIFIFI ) MOTS-c 3697, I 1 B , 1E H % BRZL (BN 41
PBS 41) /NEUIE TG %K 100% ,LPS 41/NR 7 KAFE I RALH
10%, i MOTS-c ¥A¥7 4145 7 K/ RUIFEE 55 51 20%
(5 mg/kg MOTS-c) F1 60%( 15 mg/kg MOTS-c), 5 LPS ZHAH
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I, 15 mg/kg MOTS-c /377 REAS 1 35 425 LPS 5 T IRFEAE /N
LEATR(P<0.05)
2.2 MOTS-c j&friRm CLP B SRR SENRMETFE

N AL AU E T 3 X B b T AR
Rk AEAr ARG RNIA 2 iR, 5 CLP FARX AL L,

. -+ PBS
_ & LPS
2 100 o * LPS+MOTS-c (5mglkg)
P — -+ LPS+MOTS-c (15mg/kg)
e \ |
S 50 —
E 4 *
=3
»n —a

) 2 4 6

Time after LPS injection (days)
B | MOTS-c Xf LPS i SRRFE /MR A FF R IR
Fig.1 Effects of MOTS-c treatment on the survival of septic mice induced
by LPS
Note: n=10. *P<0.05, compared with LPS group.

2.3 MOTS-c {447 R Z M) LPS % S HI Bk H E R B/ R 1 32
FR R S M4 Bl B F B 7k R

B FORFRATHE— W5 M T4 MOTS-c 3657 X HREAE /)N
SUELA R . FefiTE e ELISA J5 94600 1 LPS i Sk
BEAE /)N B 1 3 A4 42 M 4l i Rl F TNF-o i1 IL-6 (97K °F-.
Nl 3A BN, LPS {4 2 h 5, ST IR AH L , MOTS-c J/@Y7 4
/NBRUIMLTE Y TNF-o K7 535 T, M\ 3.0 0.51 ng/mL ( LPS £
) F&Z 2.1+ 0.37 ng/mL (5 mg/kg MOTS-¢,P<0.05) Fil 1.5+

MOTS-c {GI7# /NI A AR 10%453 5112 = 5] 20%(5 mg/kg
MOTS-c)#1 50%( 15 mg/kg MOTS-c), i fiR F= AR XF HRZH /NEL 7
KNG FER 100%, Hit, #5258 B8, 15 mgkg MOTS-c 4
IT RS I R & CLP W5 IR e /D B AE £ 28 (P<0.05),

-

o

=3
y

-o- Sham

-« CLP

-¢- CLP+MOTS-c (5mg/kg)
& CLP+MOTS-c (15mg/kg)

>
>

>

Survival rate (%)
MD

2 4 6 8
Time after CLP (days)

2 MOTS-c 3} CLP FSHREAE/N R A TF R AR
Fig.2 Effects of MOTS-c treatment on the survival of septic mice
induced by CLP
Note: n=10. *P<0.05, compared with CLP group.

o

0.35 ng/mL (15 mg/kg MOTS-c, P<0.01), 3 H 23 HHIHRK
fi. LPS 4T 10 hJ5, /B i TNF-o K MO 124
0.15 ng/mL ( LPS Z1)B#% % 0.9 0.13 ng/mL (5 mg/kg MOTS-c)
F110.6x 0.12 ng/mL (15 mg/kg MOTS-¢, P<0.05), 5 TNF-a 2%
R, WK 3B 7R, LPS JEGF 2 /NRERT 10 /N, 5% BRZH
FHEG, MOTS-c 36720/ BRUMLTE 28 M H - TL-6 BY7KP-Ao i 2
TR, G5 B G 22 7 (P<0.05) , I H2 B S A5 fi

A _xx B -

_ = O LPs 100
T sl T B8 LPS+MOTS-c (5mglkg) — 80
) D LPS+MOTS-c (15mgkg) £
c o 60+
3 2 &
; * S 40-
R = =
[= 20

0 0-

2h 10h 2h 10h

Time after LPS injection (h)
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B 3 MOTS-c %f LPS i SRR EE /N R MM 3 2 2 1% & F # B0 20
Fig.3 Influences of MOTS-c treatment on the expressions of TNF-« and IL-6 in blood plasma of LPS-induced septic mice.

Note: Data are presented as mean + SD. n=3. *P< 0.05, *P<0.01, compared with LPS group.

2.4 MOTS-c 3497 RZ &K CLP 5 SRS AE SN R M %
T G B 5 i R R 1 2 L Kk R

FATIE ] ELISA 753543 5K T CLP 3531/ R AE
BRI MREVEI T TNF-o F1 IL-6 BV ANI&] 4A Fi1 4B
Jis, BIBEFLFEAARIG 6 h, /NI H Y TNF-o ¥ BE A
85.4+ 13.21 pg/mL (CLP X} HE41) 535l % = 61.2+ 13.55 pg/mL
(5 mg/kg MOTS-c) A1 48.5% 8.15 pg/mL (15 mg/kg MOTS-c, P
<0.05); 1M IL-6 [ MM 11.3% 2.94 ng/mL (CLP X} B 2 )43
B 9.1+ 2.15 ngmL (5 mgkg MOTS-c) #1 6.0 + 2.04
ng/mL (15 mg/kg MOTS-¢, P<0.05)., B4 FFLAR)G 24 h,
JNBUIMLE AR B TNF-o 3¢ M 110.4% 22.16 pg/mL (CLP Xif B8
ZH) 4> IR 77.5% 16.32 pg/mL (5 mg/kg MOTS-¢) il 39.2+
8.06 pg/mL (15 mg/kg MOTS-c, P<0.01); i il 3% o IL-6 [k BiF

NI 6.1+ 2.03 ng/mL (CLP Xt BE2H )43 5% = 3.2+ 1.09 ng/mL
(5 mg/kg MOTS-c) #12.7¢ 1.04 ng/mL (15 mg/kg MOTS-c,
P<0.05),

sl 4C F 4D FoR , BB ASHLRIG 6 h, /)N R IR B
HP Y TNF-o ¥ B8 ML 180.5+ 50.86 pg/10° £l (CLP X & 4%
2 80.7+ 20.24 pg/10° 4 g (15 mg/kg MOTS-c,P<0.05); H %
45 LR J5 24 h, TNF-o ¥ £ JA 106.9 = 25.72 pe/10° 41 g
(CLP XtHRZH)/ % 47.3 £ 5.12 pg/10° 4111 (15 mg/kg MOTS-c,
P<0.01), MOTS-c JAY74H 1L-6 [k it S B 8 25 1 A
6 h 5, N 11.4% 2.17 ng/10° 41 g (CLP Xf IR ZH)[E = 4.9+
1.02 ng/10° 4 AL (15 mg/kg MOTS-c, P<0.05);24 h J5, M\ 4.1+
0.52 ng/10° 4fiffil (CLP XffR4]) F#Z 1.8+ 0.44 ng/10° 4 (15
mg/kg MOTS-c, P<0.05),
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Fig.4 MOTS-c treatment suppressed TNF-« and IL-6 levels in blood plasma and peritoneal lavage of CLP-induced septic mice.
Note: Data are presented as mean £ SD. n=3. *P<0.05, *P<0.01, compared with LPS group.
2.5 MOTS-c & i #%] NF-«B &4 T8 5 16 40 Bl ¢ 1 B F 1Y A .
Pt 3

T I 200 2 e 2 i /) SO s 200w 2 e TR ) e AR Bk
R AT RS MMM K — 24 T MOTS-c %t LPS #il#
E’JEH%QHEH@ PR F 43I B2 IR, 25 AN SA TR, MOTS-¢
LbEAF TNFa (3¢ M 336.6% 29.56 pg/mL [#Z 176.7+ 22.12
pg/mL, ifi IL-6 ¥k B M\ 686.3% 56.22 pg/mL [4 % 357.3+
37.15 pg/mL, I BA GEit422 7 (P<0.05),
e TRAT S — ARV MOTS-¢ S fH 24 RBZ FEAR R LA
T (7K, western-blot J7 kil T MOTS-c X LPS Fil3 i E
W2 A h NF-kB A3 RAEAF 5@ B A2 m . aniEl 5B TR,
LPS HJFHED L1 p65 (Ser 536) I IkKB Y @R fL /K F-, T
MOTS-c | & & 0 7 3 Fp L RAEA . AT 45 3 100 i1
MOTS-c AJREiE ] NF-xB AT FIRIE IR Tk
3 P
FRHERE (D4R S A BR B 4 B Ife 4 B MR, th ) S BEE AE
WA Bdis NBET R 5B SRR o e B i 7 Pl o % PG B P T Ja
Yeg e, HOWEEMLH IR R B 4 SR 2 B Pk Y SR8 B R AE IR
STl M ERAE m AU T RGN R . WIRME AR R, B R
28 20 i 2 T PSS U 0 A2 A B85 3l TR D A P DA
AR, WG AN PN TS S, BOR B R
(TNF-a IL-1B IL-6 55 ) AT B A 0 St A e e ) i
W, A PN AR g R 46 S K A2 A, R BRI e . IRZ,
o5k " A X ", RPN A8 RN (5 AL 2 21
FVE A E AR, PRI, A0 A B A SR SR L MR AR AR
P G RE T 2 IR YT B 1) TR LSRG
AR Rk DNA BILZAD 37 AN E AL, A4 2 Ff rRNA
22 Fift tRNA FIRG s A 5 P01 13 FhZ2 KOS SR, 5%
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w
*

Relative to control
(fold change)

o
|

cytokines by inhibiting

NF-kB activation in macrophages stimulated with LPS.

KB, ZRiR DNA Zifith rRNA FEIK N AR REAS 5% 5% B8 ) — Lt



DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine Vol19 NO.15 AUG.2019

- 2843 -

SEIK, BT 24 D LR AR PR AR, o e e — A
22 ASEEERR A A IR humanin, A% AL T 16S R84
RNA Fifib X ], EA BT 300 S AR AR RN, B
i Lee 55 X ARIE T —Fi 1 16 A2 FEHR 41 1 A SR 4k T IR
MOTS-c, J 45 X {7 T 128 # #% & RNA Zi i X P4 5 o
MOTS-c #3315 AMP JE AL i (AMP-activated protein
kinase , AMPK )3 {8 &) 45 40 i Fr) A6, 2 717 94t /2 /0 B Py IR 23 3%
HURPEIEB7 IEAERES . FRATTHE SN ER VIR AR 3 0/ N BB TBAL
BRI RS R, MOTS-c J697 X8 R EA I ER, Hbl
T T MOTS-¢ XJ 8 A F «B Z K3 1k A F BC A& (receptor
activator of nuclear factor-kB ligand, RANKL ) 175 it i ‘B 41 Jfg
TR IHIER o 53 5b— A58 /N HGE , MOTS-c i GBS @
it TGF-B/Smad il B4R & R[] 7o 5T T~ 40 B 1) ) 20 B 231
PETTACE S BB, X 5IATMEE R —B 28, BHf MOTS-c
FESAE N AR FR e, A5 208 . ASRRSEAE LPS Hi CLP
5 5 (1) T o e B E AR Y b B B, — P T A 2ok 1 St R K
MOTS-c figfi i 242 = e A /N BRI A= 7725, LML) Al g2
SN NF-xB {646, JETM 6] TNF-o IL-6 28 5 PE R T4 5300

MeBRAE AR A, A A ) S R N TS Y
9 SRR, T ST HE 20 (LPS) J B I 45 L 2E FLAR (CLP) S5 -
o, RE 2 M (LPS ) 1 5T M E I 25 FL 27 LR (CLP ) & P Fh i
PITEAR 7 s o LPS VE I 2 0 FH S 7 A AL G S S DR (4
e, I SR S R RS LPS SRiE R A K A S A
B PR RAE SN, S TR e REAE & AE 1) SR AE S B
CLP J5 5 A6 i MerEAE AR R | LR S B A I s 7 22 il
JR AR YL 5 NG B, T34 B Pk 98 0E RN, 34 1 & 8 Sk e =
WE o RS S R REE AR PR AR AT AR R R
L, WA Ry PP e S BB 09 A bmafe , o7 Pt )™
17 o AEARTSE T, AT e el 4 g LPS F1 CLP 75 S0 i Ff ik
FRRE/INGUBERY, WL%% T MOTS-c XA IR TR . 45 %
W, FEPREREIH  MOTS-c @Y7 #F REAS & 8 /N R AR A7
B, BEFOR, AT — LRI T MOTS-¢ KR TER B ]
REMLH o AR 51 IR TRl 45 5% /R , MOTS-c REf% B 35 il /)
FRUACN TNF-o FI IL-6 H7K-F-, $275 FAi T, MOTS-c m A 2 it
FAALG /IS B AR P 3 8 A4 s IR 4 PR 7 %) 7K ST 0 T A 810 ) Jie i
NP YER

PO g A LA M LA [ 338 R R 0 1) S B4 L, 2
FEAE FE B I B IR A LSS B 9 S g S AR P ) R i EE A
FH o AERG R 155 4 e s 3 1 s =00 3244 (A Toll
FEZ AR )R B ELEL AR (G LPS 45 ), 43 = 7K - B A2 9 44 40 i P
F TNF-q, IL-1, IL-6, IL-12, IL-23 A1 NO 45, %AR {2 % . 2
S SR P , A5 Th QRN PR o e RERE /N BRI IS Hh i)
505 20 Bl 2 2 R PE R 7 TNF-o | IL-6 Fl IL-18 55 [ f F 22K
JRUo SCERARE , LPS figfis il i 5 B 43R 1E 1Y TLR4 52 {k
FEAER, s EE R0 AT -88(myeloid differentiation factor-88,
MyDS88 ) #6111 {5 538 5 , = B 22 24 )73 AL B 1 (mitogen-acti-
vated protein, MAP) i . IxB ¥ (IKK) BEfRfL, EmRik
NF-kB A#%, & #4048 1 4t K- (TNF-ou IL-6 55 ) 1R 3%
JERY, PR, AT — 2R T IKKB F p65 BIBERR LK, 25
R, MOTS-c fefEIHI IKKB F1 NF-«B p65 W@k, ix 5

ZHTSCHRRE — 2 P, FRATHYIESE R BT, MOTS-c X s
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