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[ Abstract |
damage in M2-type macrophages and elucidate the regulatory role of protein phosphatase 2A (PP2A) in the

Objective To investigate the effects of fructose exposure on mitochondrial oxidative

process using its specific activator ABL127, an inhibitor of protein phosphatase methylesterase-1 (PPME-1).
Methods
MO (conventional culture), M2 (treated with 20 ng/mL IL-4 for 24 h), and M2+Fru groups (IL-4 plus 0. 04,
0.20, 1.00, or 5.00 mmol/L. fructose). Cell viability was assessed with CCK-8 assay. Number of

(D Immortalized mouse bone marrow-derived macrophages Ana-1 were subjected and grouped into

mitochondria, total and mitochondrial levels of reactive oxygen species (ROS), and mitochondrial membrane
potential (AWM) were measured using fluorescent probes. Total and demethylated PP2Ac protein levels were
detected by Western blotting. 2 Ana-1 cells were also divided into MO, M2, M2+Fru (20 ng/mL IL-4+5. 00
mmol/L fructose, 24 h), and M2+Fru+ABL127 (20 ng/mL IL.-4+5. 00 mmol/L fructose+1. 00 pmol/L. ABL127,
24 h) to investigate PP2A-mediated mechanisms. Numbers of mitochondria and lysosomes, ROS level, and
AVM were detected via fluorescence assays. Expression of mitophagy-related proteins, PTEN induced
putative kinase 1 (PINK1), P62, microtubule-associated protein light chain 3 (LC3), and voltage-dependent
anion channel (VDAC) was evaluated by Western blotting, and the mRNA levels of M2 markers, found in
(D Compared

with the M2 group, fructose treatment at a concentration ranging from 0. 04 to 5. 00 mmol/L. showed no effect

inflammatory zone 1 (Fizz1), arginase-1(Arg-1),and TGFBweremeasuredusingRT-qPCR. Results

on cell viability in M2 macrophages, but increased total ROS level in a dose-dependent manner (P<0. 05).
Fructose of 5. 00 mmol/L resulted in significantly elevated mitochondrial ROS and mitochondrial quantity
(P<0.05), reduced AWM (P<0. 05), up-regulated demethylated-PP2Ac (P<0. 05), and no changed total-
PP2Ac protein level. 2 Compared with the M2 + Fru group, the addition of ABL127 led to decreased number
of mitochondria but increased number of lysosomes (P<0.01), up-regulation of PINK1, LC3 I and VDAC
proteins, down-regulation of P62 (P<0. 05), reduced total and mitochondrial ROS levels, and enhanced AYM
(P<0.01). The mRNA expression of Fizzl, Arg-1, and TGF8 was notably decreased in the M2+Fru group than
the M2 group (P<0. 05), and the levels were rescued by ABL127 treatment (P<0. 05). Conclusion Fructose
induces PP2Ac¢ demethylation and then mitochondrial oxidative damage in M2-type macrophages. PP2A
activation promotes mitophagy and reverses fructose-induced damage.

[Key words | fructose; macrophages; mitophagy; oxidative stress; protein phosphatase 2A
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ARG 2 H AR . e IE M PPME-1 415
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P S AT H AR AT, Hod it e B AL B i bt A AR OC
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A T Y M2 R [ 2 A TR, R SRR X e A A
PRAR A 14 B2 M), I B ABL127 145 (1) PP2A 16 P 7E 51
i A7 AS A NES % R Ne =R CA VAT ONE 7 K NS NG IV (AT

1 #REFZE

1.1 S3dbi 5 XA

A A/ B B R TR L I 4 AR (Ana-1) 1 15
o 2 g L TR 3% R ) (R R 2 57 2 240 ML /%8 s RPMIT 1640
FrFR A B S Gibeo 23 F) s D-AUME 20 i 1 78 e 7
R R & (CCK-8 1) 1 A RIE L B EWHARA RA
A 5 /N B 20 A 3R 4 (interferon-4, 1L-4) 14 H 38
MedChemExpress N ABLI27 WA | 2 Sigma N
PTEN %% 5 3 % 1 (PTEN induced putative kinase 1,
PINKD) Ht A . PP2Ac &8 H (total-PP2Ac) L2 25 H 2
PP2Ac (demethylated—PPZAc YHUAR I 1 55 [ Santa Cruz
N RBUUE A 2 1 82 4% 3 (microtubule-associated
protein 1 light chain 3, LC3)FUIA | F W BE 4 IE ) P62
(sequestosome 1,SQSTM1/P62) LA | Hi FE ARSI B 25
F il ii (voltage-dependent anion channel, VDAC) $T &
b H 52 [# Cell Signaling Technology 2% 7 ; HUAR i & 1k

W (horseradish peroxidase, HRP)#ric th2E3t /0 B ek
Pih 1gG . EVOS FL Auto 4= H sh 41 il 1% R 4t . iBright
CL750 ECL %1% & 5 W4 [ 35 [E Thermo Fisher Scientific
5 Al s BCA 8 A B i iR 6 M-MLV 386 5 530 &
4 B H A TaKaRa 2 &) ;SYBR®Green Master 1 2 75
TR AR W AT BRS )  RIPA 2L # W . B-Tubulin it
2,7 - R AT E L RIERET (DCFH-DA) |
LR A AL W R A (mitoSOX-Red) | £ R 1A 43 (0 5¢
Fe R EF (Mito-Tracker-Green ) | ¥4 i 1 21 {2, 5¢ YCHR &
(Lyso-Tracker-Red) K Z R {4 B o Ao Aor IR T (JC-1) 1)
H 3R = RAEYHARA PR A 5 TRIzol 24 i W 1 H
b KAR A AL B A FR A F] 5 SparK 10M 22 T 6 g b
U A Fifit: Tecan 23 7 ; 3 B LKA H 52 [ Bio-Rad
N ;LightCycler® 480 114 H %[ Roche 23] o
1.2 7k
1.2.1 SCHRAMIERTFR A Ana-14IIEZEZRIN10%
A LT SO (B2 100 1TU/mL B 100 wg/ml.)
(1 RPMI 1640 8535 5L A TIRSME SR JF4Ed5 T 37 C
fE L 5% COFREE AR . JO TR /K BiC B S WV A
FH o BUG T80 K Ana-1 40 i3 6x10° 57 2x10°
LR 6 FLAR Ik 96 FLAK , 70 R LT £ b BRAL - 51
B — MO (MG ) M2 4H(20. 00 ng/mL TL-4 kb F
24 h) M2+ JIE S0 Ak B 2] (20. 00 ng/mL 1L-4 Bt A
0. 04.0.20.1. 00 & 5. 00 mmol/L ML 24 h) ; 5256,
MOZH M2 2 M2+Fruf(20. 00 ng/mL IL-4+5. 00 mmol/L
L AL B 24 h) Bz M2+Fru+ABLI127 £H (20. 00 ng/mL
IL-4+5. 00 mmol/LAH+1. 00 wumol/L ABL127 40324 h),,
1.2.2  CCK-8 LRI 4 M4 48 15 4 Ana-1 4 ffd
FEFPF 96 FLAR , 282 1. 2. 1 SEEG AL B, R FH 40038 7 =X
[ 4% 4b B AL A & A 10% CCK-8 3% 7] i) RPMI 1640
K23 100 wl, 37 CTF#OLEF 2 he HZ Y6
it A ASCRSE T 45 FL WG ' BE [ OD (450) 1A, AP 40 i
T
1.2.3 DCFH-DA & mitoSOX-Red % #6140 g B A
R RARTAROS K Ana-1 20 L3 F0 T 96 FLHR
212, 1 LA FE S, {f ] 1xPBS ¥ DCFH-DA F1
mitoSOX Red #REMBERHE 11 000 ARFAG R, Bl B 2
B YR TR, BALINA 100 L e (5 TR , RO
B 30 min, H 1XPBS % 2 YK, 20 min N T 5 Y EEAR 1Y
FAE 396 nm L& I 610 nm &5 A I mitoSOX-
Red 21 (6,5 Y650 5 3 HR 4 488 nm i & P K 525 nm &
S K 5E DCFH-DA 24 (058 Y65 S5mE .
1.2.4  JC-TREHT L9 U PP S AR B F A3 AR 1k
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Ana-1 AR T 96 FLAR , 248 1. 2. 1 SLEG AL B
PR 50 Wl JC-1(200x) .8 mL4fi7K .2 mL JC-1 4 1,2%
VR (5%) LI L E JC-1 G 8 T AR, LA 100wl
Yot TAEW, BEOCHE T 30 min, 7EM EBACRET,
JC-1 TREH AR ML A JoT N SR A WAL B 0O R G A 5 Y
FEEHL A7 AR, SR ASUATE A E T R IR G a5
G EEFRA A AR PR 490 nm I & P K 530 nm & 5
PR 2 SR OG5 S 5R 3525 nm B AR K
590 nm A& S A E L1 @A VOUE S . IFTHRAL
/s 058 A5 5 o B A o 2k R IR A fh R B
EVOS FL Auto 4> H Zh 41l SR R G0 R 5 IC1IRET R A
(UNSER NS AL
1.2.5 Mito-Tracker-Green } Lyso-Tracker-Red ¥ 4t
For I 240 B b 1A B WA R Ana-1 4HAEHEFD T
96 fLHk , 28 1. 2. 1 SEHR AR RS , JC LK RPMI 1640 85 5%
FeZ: B 459 B Mito-Tracker-Green JZ Lyso-Tracker-
Red B84t , BFLINA 100 pL 44t TAERGHEIE F 30 min,
IXPBS Y 2 W T CREARSURAR A A K 577 nm
R 590 nm R A EHAADOCAT SR B, LU %
490 nm ., & G K 516 nm R LR ADE (S SR
J&, IR EVOS FL Auto 4= [ sh 4 il i (5 7 G R A2 4
JHfL PN R A R A 2 RS
1.2.6 Western blot A5 41 i PP2Ac 25 H 34k S 2
BR AWEACE FIRE Ana-1 4UM3EFRD T 6 FLAR,
Z21.2. 1V LI AN S A RIPA 2R BUE (1, R
JHBCA AR 1 BTk B . SDS-PAGE HLIK 52 it
HEEE B Z PVDF IS, R 5% B #L-TBST
B AR R EEPEE 2 ho TBST 2% /I ¥k 30 min,
KRR F B LB A — BT 4 CEE 2 4 < B-Tubulin
(1: 4 000) . Total-PP2Ac (1: 4 000) . Demethylated-
PP2Ac (1:2 000) . PINK1(1:1 000) ,P62(1:1 000) .
VDAC(1:2000) \LC3(1:1000) . [FY—47, TBST 2%
PR YE 30 min J5 4% 18 1:2 000 Il A HRP #iC IgG 4t
&, W IR 2 ho R ECLI%E T iBright CL750 ECL
AR R G TG 5 . 1 Image J 34X 8
o AT IR BEE AT, B &R H R BK AN S E A

B-Tubulin #17IH— AR5 HEA T34 o
1.2.7 RT-qPCRAGI M2 E WA iabr 5 Fizzl  Arg-1
K TGF-B HE ik Ana-1 400350 T 6 LR, &
1.2, 15256 —Ab S , TRNzol 284 A W $1 B 45 A H 20 40
Jf RNA, 2 i TaKaRa 24 7] M-MLV 33 %% 53850 158 B 43
WL SR cDNA, #4175 SYBR Green Master 10 L,
PCR 1E [f] 5] # (10. 00 pmol/L) 1 wL.PCR S Il 5] ¥
(10. 00 pmol/L) 1 wL.JC RNA Jii7K 6 wL & ¢cDNA 200 ng
M PCR WK & o LA B-actin NS FEH , % H paau
T8 £ Ab BR 2 98 0E X 343+ 1 (found in inflammatory
zone 1,Fizzl) K5 & IRMEF 1 (Arginase-1, Arg-1) M AL
£ A7 -B (transforming growth factor-B, TGF-B) 3 K AH
YRk, ISR,
1.3 SRt Fodr

K I SPSS 23. 0 #EAT 4 it 2 Ab B, e 3t (B R AT
GraphPad Prism 9 {2l 45 R D x = s KR . 76
RS 5 22 55 VR B i BERE, Z2 4 1a] FE SR A
K12 ANOVA 325, 48] W L BR HY LSD- ¥, 7 264
75K H Games-Howell £ 35 ; BERFAAF G 1E 25 3 A7 B
FHESHGR: e Sy B3 3 % LA |, P<0. 054
M RA GRS

2 HR

2.1 RABRu M2A E % 29 0 ROS & AR &R & k1K
&

AHET MO 2, M2 LR R i3 22 21 L5 ROS
TP S AR IR ROS KT (P<0. 01, BT 1B~D) ;3 5
M2 ZHAH EE L 0. 04~5. 00 mmol/L SFARE b HH X} 5 5k 40 fifa 15
P IC B S, AR K 3] 5. 00 mmol/L B ] L2k
K AR R (P<0. 05, 8 1B) o IGAL, 41 ROS 7K
SEFE 0. 04~5. 00 mmol/L S i ] P 522 791 o 0 i v -
11 (P<0. 05, & 1C) , M2 AR5 ROS 7K - 78 S v i
=1. 00 mmol/L BB /11 (P<0. 05, E 1D) . DL 45542
71N, AR T BB I 1 5 LR A A W G i A2 2 2 i
HAH R S 40N ROS /Y 2.

&1 BEREMRESIMFII(R,5' —3")

Table 1 Gene names and primer sequences (Mice,5'—3")

Gene PCR Forward Primer PCR Reverse Primer
B-actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT
Fizzl CCAATCCAGCTAACTATCCCTCC ACCCAGTAGCAGTCATCCCA
Arg-1 CTCCAAGCCAAAGTCCTTAGAG AGGAGCTGTCATTAGGGACATC

TGFB CTTCGACGTGACAGACGCT

GCAGGGGCAGTGTAAACTTATT
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1: MO group; 2: M2 group (20 ng/mL IL-4) ; 3: M2+0. 04 mmol/L. Fru group; 4: M2+0.20 mmol/L. Fru group; 5: M2+
1. 00 mmol/L Fru group; 6: M2+5. 00 mmol/L Fru group. ROS: reactive oxygen species; Mito: mitochondrial. a: P<0. 01, in

comparison with the MO group; b: P<0.05, in comparison with the M2 group; A: Cell viability after gradient fructose

treatment; B: Relative fluorescence intensity of mitochondria after gradient fructose treatment; C: Overall ROS level after

gradient fructose treatment; D: Mitochondrial ROS level after gradient fructose treatment

Bl R M2 BB iR AR EE R ROS K FHI RN

Figure 1 Effects of fructose on the viability, mitochondrial quantity and ROS level of M2-type macrophages

2.2 RBHFFM2AEH KRB LT %

A 2 G I £ A A B EL A5 K P DA ok AR T fE .
SCGZE IR, 5 MO 4L AH Eb , M2 41 I A0 il 2 b 1A
5 B A37 TG IH (2 AR Ak s 5 M2 40 AR EE L 0. 04~1. 00 mmol/L
SRWH A P AR R X i b 7 AR 2 R, Y AR A
#]5. 00 mmol/L B, 55 AT Ul B Ak 4 48, 5 D't o &5 TG W]
AR B R AR Lt 5 6 55 , R (AR B L 37 7K
TRE(P<0. 05,8 2B) . IZ&5 47K, 5. 00 mmol/L AH b
TREREE AT B 3 B M2 R I 20 g 2Rk (A D) R e
2.3 R¥EiFF M2 A E & fm § PP2Ac & VA AL 37 %)

PP2A 7&H

SR, 5 M2 4UAH B, AR B v R SRR T
i Bl HP demethylated-PP2Ac [ 3% 15 5 ¥ B 414
W, HoAE F Bk B 35 3] 1. 00 mmol/L 1 5. 00 mmol/L
F iz VR A Geit 2 i 2P (P<0. 05, &1 3B) 5
M total-PP2Ac Ik 7K A UL ok A8 . DL R85 3R
B, SFobE i bR 2 3Rk PP2AC 3k, U #04fi M2
Y I D P PP2A SR B IE :

2.4 ABLI27 4% 3t & kiR B e b RABH 509 M2 A
B o 4 fL 2R Ktk R AR
25 W7, ABL127 A0 PR 5 4 36 1 A UL BH 2

A (B 4A) o 5 M2+Fru 204 HE , M2+Fru+ABL127 41
LR B R /D (P<0. 01, (K1 4B) , [RI A B AR 1 &2
(P<0.01, &l 4C) ; Western blot 45 ¥ 01 | 5 M2 2H A
L, M2+Fru 41 R0 [ AR C A 1 PINK1 P62, VDAC
K LC3 1 FaakoR ket W78 40 5 M2+ Fru AR G, M2+
Fru+ABL127 20 PINK1.VDAC } LC3 [l 136343 M
(P<0.05) , A WEJE Y P62 F ik T i (P<0.05, & 5) .
IR g R R ABL127 AT R i A2 i S B A A ) &
BN bR SRAR B W A G R AR R A IS
P PR UESRHA S T o E R AR BB R
2.5 ABLI27 VR A5 09 M2 A E #& 20 i ROS £
PRI IR TR AR W, 4

gE RN, 5 M2 4 AH e, M2+Fru 2 40 8 19 ROS
I TH T, Gk AR B HL A R % (P<0. 05, 1 6) 5 5 M2+
Fru ZH A HE , M2+ Fru+ABL127 £H 41 g 44 ROS 7K F- B
R R BRI ROS R 345 AR ROS 7KF— 2
(P<0. 01, & 6A .B) , [F] s Ze b A4 i H o7 [9] 7 (P<0. 01,
K 6C)., FREERARIR , ABL127 AENEAG &5 i 40 i
SLVROS S ZERI AR ROS (2R B, I8 2 Zbi (A R L o7
K
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Gouwp: 1 2 3 4 5 6 B
1: MO group; 2: M2 group (20 ng/mL IL-4); 3: M2+0. 04 mmol/L Fru group; 4: M2+0. 20 mmol/L Fru group; 5: M2+1. 00 mmol/L
Fru group; 6: M2+5.00 mmol/LL Fru group. a: P<0.05, in comparison with the M2 group; A: Changes in fluorescence

intensity of JC1 under a fluorescence microscope; B: Mitochondrial membrane potential level after gradient fructose treatment
2 SRR M2 B AR A 2 A R R L B S0

Figure 2 Effect of fructose on the mitochondrial membrane potential of M2-type macrophages

c 41
-% Group:
1.2 3 4 5 6 S 3 0= 1
. g -2
B-TUDUIIN(52x10%)—> [_——————— g
T 2 =3
o
Total-PP2Ac(36x10°)— | S ' - - & = 4
2 11 m 5
Demethylated-PP2Ac(36x10%)— (s e < m 5
. g
A Tota-PP2Ac  Demethylated-PP2Ac B

1: MO group; 2: M2 group (20 ng/mL 1L-4) ; 3: M2+0. 04 mmol/L Fru group; 4: M2+0. 20 mmol/L Fru group; 5: M2+1. 00 mmol/L
Fru group; 6: M2+5. 00 mmol/L Fru group. a: P<0. 05, in comparison with the M2 group; A: Western blotting results of total-

PP2Ac and demethylated-PP2Ac; B: Semi-quantitative analysis of total-PP2Ac and demethylated-PP2Ac protein levels
3 REw M2 B E AP Total-PP2Ac & demethylated-PP2Ac & H I 5211

Figure 3 Effects of fructose on the protein levels of total-PP2Ac and demethylated-PP2Ac in M2-type macrophages
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1: MO group; 2: M2 group (20 ng/mL IL-4) ; 3: M2+Fru group (5.00 mmol/L Fru) ; 4: M2+Fru+ABL127 group (1.00 pwmol/L
ABL127). a: P<0.01, in comparison with the MO group; b: P<0.01, in comparison with the M2 group; c: P<0. 01, in comparison
with the M2+Fru group; A: Cell viability after ABL127 intervention; B: Relative fluorescence intensity of mitochondria after ABL127
intervention; C: Relative fluorescence intensity of lysosomes after ABL127 intervention; D: Fluorescence changes of mitochondria

(Mito) and lysosomes (Lyso) under a fluorescence microscope
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Figure 4 Effect of ABL127 on the numbers of mitochondria and lysosomes in M2-type macrophages after fructose exposure
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1: MO group; 2: M2 group (20 ng/mL 1L-4) ; 3: M2+Fru group (5. 00 mmol/L, Fru) ; 4: M2+Fru+ABL127 group (1. 00 pmol/L
ABL127). a: P<0. 05, in comparison with the M2+Fru group
A: Western blotting results of PINK1, P62, VDAC and LC3 Il ; B: Semi-quantitative analysis of PINK1, P62, VDAC and LC3 II

protein levels
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Figure 5 Effect of ABL127 on the expression of mitophagy-related proteins in M2-type macrophages exposed to fructose
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1: MO group; 2: M2 group (20 ng/mL 11-4) ; 3: M2+Fru group (5. 00 mmol/L, Fru) ; 4: M2+Fru+ABL127 group (1. 00 pmol/L
ABL127). ROS: Reactive oxygen species. a: P<0. 01, in comparison with the MO group; b: P<0. 05, in comparison with the
M2 group ; ¢ : P<0.01, in comparison with the M2+Fru group

A : Overall ROS level after ABL127 intervention ; B: Mitochondrial ROS level after ABLL127 intervention; C: Mitochondrial

membrane potential level after ABL127 intervention

El6 ABLI127 X3R5 M2 B! E 1% 40 i ROS B £ i 44 B B8 {37 A 54111

Figure 6 Effect of ABL127 on ROS level and mitochondrial membrane potential in M2-type macrophages exposed to fructose
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1: MO group; 2: M2 group (20 ng/mL IL-4) ; 3: M2+Fru group (5. 00 mmol/L Fru) ; 4: M2+Fru+ABL127 group (1. 00 pmol/L
ABLI127). P<0.05, in

comparison with the M2+Fru group

a: P<0.05, in comparison with the MO group; b: P<0.05, in comparison with the M2 group; c:

A: Relative expression of Fizzl after ABL intervention; B: Relative expression of Arg-1 after ABL intervention; C: Relative

expression of TGF{B after ABL intervention
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Figure 7 Effect of ABL127 on the polarization markers of M2-type macrophages exposed to fructose
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