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Pimecrolimus Impaired Mitochondrion and Induced

Mitophagy via AMPK Signaling Pathway
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Joint Academy of Biotechnology and Medicine of High-throughput Molecular Drug Discovery Center, Tianjin 300457, China,
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Abstract Autophagy is a ubiquitous phenomenon in eukaryotes, which maintains the homeostasis of
cells by degrading the misfolded and aging proteins or damaged organelles. It has been reported that calcineurin
regulates autophagy, but its molecular mechanism has not been elucidated. It was reported that calcineurin
inhibitors pimecrolimus induced autophagy via AMPK [adenosine 5’-monophosphate (AMP)-activated protein
kinase] signaling pathway. Further study showed that pimecrolimus impaired mitochondrion and downregulated
mitochondrial membrane gene Tim23 (mitochondrial inner membrane translocase complex, subunit 23) and
this effect was inhibited by the autophagy inhibitor 3-MA (3-methyladenine) or stable knock down of AMPK
expression. These results indicate that calcineurin inhibitor pimecrolimus regulates mitophagy via AMPK signaling
pathway. The molecular mechanism of how calcineurin regulates mitophagy has been elucidated.
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H Roche/~ 7] .
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WAGE, 2.5%% [ 5E 1 h, Y1) Hl(Lecia EM UC6)
VIR, BER A AR 2 IR B WG 5, 7E3& ST LB N
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G418 1 N4t fifa 35 77 Jik o 155 I 4H M 1 ], BRE o0 e o,
o 40 B 5 A N BB K 1) 5 2% (PeCon A ], AN A
A S TN3T °Cy 5% COL 3 41 B T4 3l F 0k

Pimecrolimus
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©

Pimecrolimus - +

-
o LC3-1I

W e B-actin

A: 10 pmol/L 0.1 mmol/LE 1 mmol/L ¥ IC 35 7g 5 =] Ab RN 4 h, FHHTLCIPiAA, F 4N Sz D e [ g A% H A8 1k, 38t ot S R 4
BJa ot AR S H TS0, 2005130/, *P<0.05, **P<0.01, 55X HRALELE:; B: 1 mmol/LIJIEE vl 55 7] AL FRAN A4 h, 41 G 9 ek
A BEAA AR AL, AR R=10 um; C: 1 mmol/LAYIGE v 5 =] A FE4H 4 h, FHLC3HiRiE i Western bloths MIINRK 2 i - LC3-TFILC3-114E [ F /K 1

421k, B-actiny N 2.

A: NRK cells were treated with or without 10 pmol/L, 0.1 mmol/L or 1 mmol/L pimecrolimus for 4 h, respectively, stained with an anti-LC3 antibody, then

observed under confocal microscopy. The numbers of autophagosome were quantified. At least 30 cells were counted. *P<0.05, **P<0.01 compared to

control group; B: NRK cells were treated with or without I mmol/L pimecrolimus for 4 h and stained with anti-LC3 antibody, then observed under confocal

microscopy. Scale bars=10 um; C: cells either cultured in nutrient-rich medium for 4 h, or cultured under 1 mmol/L pimecrolimus treatment for 4 h, then

harvested and subjected by Western blot analysis with anti-LC3 antibody. B-actin was served as loading control.
Bl LEFEREMNRKAM S B4R E

Fig.1 Pimecrolimus increases the number of autophagosome in NRK cells
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LC3F1Ds-red-mitoH #% 44177 ANRK 4L, 24 hj5
HATHRLACFE, FIL IR AR
1.3 Seitoth

K. FlGraphPad Prism 5% {4 4b 22, %% ¥ % H
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A: 1 mmol/LIH VLS5 5 55 w] b B & %3k [ WA AT 4 b 1c 28 [ADFCP1-GFPAN A b, W54 4240 i DFCP 1-GFP AR AL H 178 4k, b R=10 pm;
B: AK B AR RS H MgEtH a5 28, 203301, *+P<0.01, 53R HEL.
A: GFP-DFCP1 NRK cells were treated for 4 h with or without 1 mmol/L pimecrolimus, and imaged by confocal microscopy. Scale bars=10 pm; B:

1 mmol/LAE 2 H & H W2 H (BI1A). 4 fess
POLLE R IR, 1 mmol/LUTSE by 5] i [ M A%k H 44
Z(E1B). Western blotZ A 1% B, 1 mmol/LIL 3 v
FEH] A B F L3-S LC3-14E A 7 EL il (B1C).
22 RERZRFSEERBIFN~E
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Al RS S B W, F847H 1 mmol/LIK) T 2E 7 55 =] A4k
HGFP-DFCP1 NRK4H ffi4 h. 3% 41 ffa 45 3 %R, UL
3¢ b, B E] i H WA AT AR (omegasome) F1 %Y H 18 £ (K
2A). Giih g AR, VT3 v 5] A FRZH (1) [ WA A
A% B bEx R ZH 2 (P<0.01, E12B).
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NEGUE UL F S F] 2 R 2 15 3 | g, DA E
oK AE T s 5 T B, FRATA T mmol/Li L
3 70 5 A Ab FEINRK Y il . Western blot4h H 3 B,
1 mmol/L ) It 3£ ¢ 5 5] A 5 MmTOR [ 7% 14 (K3 A
A1EI3B), 1H 42 mAMPK ol i 5517247 75 52 IR fi
1% 1k K S (BI3C AT EI3D), 8 sk 7% 4 A 0 & 300, 1L

Pimecrolimus

)

Pimecrolimus

cells from Figure A were quantified for the number of omegasomes. At least 30 cells were counted. **P<0.01 compared to control group.
B2 CxmEFMRFNRKYM T BUERRE B 8

Fig.2 Pimecrolimus increases the number of omegasome formation in NRK cells
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Lysosoensor DND189

A: 1 mmol/LIFJILZE 50 5 R A FENRK YA MI2. 4. 8. 12, 24 hJi, FHHIS6KMIp-SE6K (1 H 1Ak Ml S6K MIp-S6K 2 17K “F (1138 1k, B: % FImage pro-
plus 6.0 X A GE i1 B S 63 AR 4k C: 1 mmol/LIFIIE 3 7 24 5] A EENRK AN 24 h, 5T AMPKoflp-172 Thr AMPK el HifA 4 Il AMPK o
Filp-172 Thr AMPKaZE [17K-F#7284k; D: K HImage pro-plus 6.0%FCEIGEiT 43 Hr i (¥ 76 25 84K E: 1 mmol/LIYVC 3 5a 5 m) kb B AR g L VA
PRARIC 2K [ Lamp L -pmcherry 41 g4 h, WS35 40 i H A B R/ N AR 4k, F5R=10 um; F: K Image pro-plus 6.0%F A B G0 i1 70 BT it B4 /N AR
1k, B HT304N 41, G: 1 mmol/LAYIESE 7 55 5] AL HENRK 41 fii4 h, lysosensor DND 189%4£%10 minii, It =AM AL 73BT 2 i P 2% 6 5 1% 1 A8 1k
H: 1 mmol/LJVLSE T 5 7] AL TENRK A4 b, HIHTP62 I B-actin A HTLAAS MIP624E H /K1 1224k«

A: NRK cells were incubated with 1 mmol/L pimecrolimus for the indicated time and total cell extracts were immunoblotted with antibodies against
S6K and phospho-70 S6K; B: 10D (integrate optical density) of Figure 3A were analyzed by Image pro-plus 6.0; C: NRK cells were incubated with
1 mmol/L pimecrolimus for 4 h and total cell extracts were immunoblotted with antibodies against AMPKa and phospho-172 Thr AMPKa; D: 10D
(integrate optical density) of Figure 3C were analyzed by Image pro-plus 6.0; E: Lampl-pmcherry NRK cells were incubated for 4 h with 1 mmol/L
pimecrolimus and imaged by confocal microscopy, scale bar=10 um; F: lysosomal size was analyzed with Image pro-plus 6.0 software, at least 30
cells were analyzed; G: representative fluorescent pictures of NRK cells exposed for 10 min to 1 pmol/L lysosensor DND-189 after 4 h pimecrolimus
treatment; H: NRK cells were incubated with 1 mmol/L pimecrolimus for 4 h and total cell extracts were immunoblotted with antibodies against P62
and B-actin.

B3 EXRERFSEEFBEAMPKIESER
Fig.3 Pimecrolimus induces autophagy and activates AMPK pathway
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Control Pimecrolimus

No. of autophagsome per cell
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Control Pimecrolimus

A: NRKAH % AshRNA AMPKFINC shRNA, HIHTAMPK 44K M AMPK & [ 57K F; B: 4118 %% 564 22 1 mmol/LIT3E 5e 55 =] 4b 34 h
ShRNA AMPKAI il 1 LC3F1B-actin [ HL ARG MILC3-TRILC3-1I/K - C: 3 ik 41 5% 2 YA M 281 mmol/LIC 32 5 5 7] 4b ¥4 h shRNA AMPK4I]
e B VEECH , F7R=10 pm; D: XFCIEI F AR H BT 55047, 24040 #3014

A: NRK cells were transfected with shRNA AMPK or NC shRNA, the protein level of AMPK were tested by Western blot. B: shRNA AMPK NRK
cells were incubated with 1 mmol/L pimecrolimus for 4 h and total cell extracts were immunoblotted with antibodies against LC3 and B-actin. C:
shRNA AMPK NRK cells were incubated with 1mmol/L pimecrolimus for 4 h and stained with an anti-LC3 antibody, then observed under confocal
microscopy, scale bars=10 pm. C: the number of autophagosome were quantified. n=30.

B4 LEEHFBITAMPKIS @55 ERE
Fig.4 Pimecrolimus induces autophagy via AMPK pathway
5 7L 5L ] AN 2 M T AR TR 25 K/ (EIBEATIAI3F) . T AR S B (B SARTEISB), I AL 1
Lysosensor DND189 ] LA FH A il 75 Bl 4% 11 12 il % 5528 Rk S s 47 B 45 38 hn (B SCATEISD) . Tim23 8
Lysosensor E 4 i P £ 2 5 5 i 58 U] 8 7= 1 1 e i, 5 AN RS VAL SR T i 22 51 e s = R I S0
SRR G5 RI, VLT m ANEMVAREIR &) [ 40 N Tim23 88 [ R KCF, ITA3-MAJGE, G
pHIE(EI3G). P62(sequestosome 1)Jy FIERS S BEMRIN) 3% 5 5 ) % 52 i 40 i 14 Tim23 8 11 5 /K (I SE A
R 2 —, TATHIEE SRR, 1 mmol/LIJILSE 7 52 ] KI5F). 1 mmol/LI# L 3& b 3£ w] 4k FEshRNA AMPK
FEANBEAE [ Wy 7 P A R SR IPO 27K - B (J&I3H) o NRK4H 14 h, 45 G % W, AMPKG A% 30 ] Tim23 7K
24 BURAMPKEREILE T ERIES BRI S R H(ESG). UL E g BB R, TG 2 BE i
shRNA AMPK i HL /7 51 FIShRNAFE ANRKAH  AMPK /(% 53 #5 5: 2hobi 4 1 W 11 4% 24

fitl )5, 48 Western blothar Il AMPK AR [ 5 7K - 1284, 45

KL, BN ARAMPKEE K (E14A) . Western blot4f 3 wig

A E ], SIRNARARAMPKRE B A BE 1 = LC3-11/ 5 e A 22 Bl R I8l A 12 4 Pt R P — 32 Ca™ /4% 1
LC3-1 & A 1 L (F4B)s 1 mmol/LIFIILSE 7 5 ] EEP 2R/ I ARRE AR . CaNJ iz
AbFEShRNA AMPKE{NC NRKZH i h, 4 ffl 4 9% 7% SATTHERN S AL T, 520 52Ca> 5 11
JERGI A B, shRNAREARAMPKFg 52 2 30 1) B W Bl HME TR R, JEE T ANE R R T A A
(F40), geit4s R B, B4 A PR AH 5 shRN AR [A] AR RN o 28R AR PR 48 2K (reactive oxygen

AMPKANFRZ WA % H 6 B 5B 2 S (K4D). species, ROS)/K T3 2, A Wi v B A4 JIsE - 1) 415 29
25 MERKRIFSFEATBELE T IEE B ATV DR B 5 e R G HE 1 1 (transient

1 mmol/LI# UL 2& v 25 7] 4 P Tom20-GFP NRK receptor potential mucolipin 1, TRPMLI1), i ¥ A
N4 h, 375 40 AT B B B A I 45 SR B, T SE W HICa* 4L, MM CaN, CaNidE it if 75 #4 5k K
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(E) 3MA . - s (F) 08
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-acti &
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Pimecrolimus = + = =
s P Tim23 0
(W e (-actin Pimecrolimus - + &
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A: 1 mmol/L VL3 3¢ 52w ab BRAS i ek M A FR0 8 F GFP-Tom2041 14 h, 3 4 MWL Z2 4y b 2 R (AT A5 O 484, B0 R=10 pm; B: 1 mmol/LFJ
UL 3 3 B ] AL FENRK A4 h, 37 5T B8 UUZE A0 o R A A5 R AZ 4K, B5R=500 nm; C: 1 mmol/L UL 3£ 5¢ 3 ] 4b B N GFP-LC3HIDs-red-
mito FINRK A4 h, FIEOEIE RN SR, Fr=10 um; D: Image JE 42 HT CE R 3L @ A7 Lh g, 200 B304 41, **P<0.001, S5 IR 2 LL 4 E:
1 mmol/L fYUL3E TS F] A0 mmol/L 3-MAZ) 5l AL FENRK 4 h, F Tim23474 K FH Western blot 77 V£ A Tim23 7K *7-; F: K filImage pro-plus
6.0Xf [EISEZE i 73 At BB B AR AL G: 1 mmol/LAIT 36 58 5w Ak FEL B 71 7 A i IR AMPK BINRK A L, Western blot77 46 I Tim23 /K,
B-actinff A 2.

A: the GFP-Tom20 cells were treated for 4 h with or without 1 mmol/L pimecrolimus, then imaged by confocal microscopy, scale bars=10 pm; B:
NRK cells were treated for 4 h with or without pimecrolimus, then imaged by transmission electron microscope (TEM), scale bars=500 nm; C: NRK
cells were transfected with GFP-LC3 and Ds-red-mito, then treated with or without pimecrolimus for 4 h and imaged by confocal microscopy,
scale bars=10 um; D: the overlap coefficency of GFP-LC3 puncta colocalizing with Dsred-mito per cell. At least 30 cells were examined for
1 mmol/L pimecrolimus treatment. These data were analyzed by Image J, **P<0.001 vs control group; E: NRK cells were treated for 4 h with
pimecrolimus or 1 mmol/L pimecrolimus plus 10 mmol/L 3-MA, total cell extracts were immunoblotted with antibodies against Tim23, B-actin
served as loading control; F: IOD (integrate optical density) of Figure SE were analyzed by Image pro-plus 6.0; G: wild type or stable knock
down of AMPK NRK cells were treated with 1 mmol/L pimecrolimus for 4 h, total cell extracts were immunoblotted with antibodies against
Tim23 and B-actin.

E5 MEXRRAFSERFEELE

Fig.5 Pimecrolimus induces mitophagy
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H W AT DA o 4 B P 52 408 2ok A 77 AR 1R i T ER,
XHEFFA RIS T EE . ROSE M &334
WDNAKERAZRE [ U A RIS, ik
RLARAZ K, I A R AR T 7, B 3L
AET: . DAL, X ST RE 5 B B 10 SRR I B
AR MR AR R . KN FRiX L
LRIE N R R A T 2 BE RS R A E
BE e Rk B VR REPT IR 2K AADNAR AR, 71 i
RERAERUR & ANZIRAT M50 DL A R B b B
TRAPAE IS0, BEFE R B, SRk B W oAk £ B
WER—Ff . 324 CRIA 2 MRS 50 A R
J BRI, tnPe2. W FL3h%) B W 52 {4 (autophagy
cargo receptor, NBR1). % ri# [ 52(nuclear dot
protein 52, NDP52), Nix/BNIP3L(BCL2 interacting
protein 3 like) #1 FUNDC1(FUN14 domain containing
D C-3ii B H A —MUBA(carboxy-terminal ubiquitin-
associated domain)% 1438, F BEf% [FLIR%: 7 5LC3/
ATGS B2 A8 TLAF FH ST S8 A5 2 1 B 4H i 25 00 %
PR, AR TR, VL 3K 5 S E S R RLA B
W A2 HiATP62 /KT, L3 v 3 w5 3 AR ik
W P RS TR A FE I 2 1 0T S BAR LA Rtk — 2
V. DLSE s 5] F T IRYT BOBRR, B WRAE RE
JS AN G b oA A A B R — T, 4 R
Y RAT IR 15 R 9% i S5 I R 9 E M9 1) — A EE 2 [
B Jy 7, R SCRESMR] SRE/INMA T B T 4H
PR 7 (e 55 . A BRI 3 WA LA S SEAE 5. A
WEFE 948 7~ 2R 5 8 8 70 1 ML) 338 B, JF
IR IAE B R 16 97 v B FBL 4 ik — 25 35
B

Bft—

JEGIE A K 52 A A B 2 B A L 3% S
= & it i KIGFP-LC3. Ds-red-mito. NC shRNA.
shRNA AMPKJiii #i PA } Tom20-GFP NRKF1DFCP1-

GFP NRK & 5 4H A ik
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