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The Relationship between Macrophages Inflammation and

Peroxisome Proliferation
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Abstract Obesity-induced macrophage infiltration into the tissues could lead to chronic low-grade inflam-
matory or even insulin resistance. Identifying factors that influence the macrophage inflammatory state would thus
shed lights on the pathogenesis of insulin resistance. In this study, we investigated the relationship between macro-
phage inflammatory status and the number of peroxisomes on three sets of systems using techniques including im-
munofluorescence and Real-time PCR. Results showed that when macrophages polarized to M1 (pro-inflammatory),
the number of peroxisome did not change significantly, while macrophages polarized to M2 (anti-inflammatory),
the number of peroxisome increased significantly. These unexpected results were also observed when macrophages
polarized in the presence of fatty acids. No significant peroxisome proliferation was observed when macrophages
polarized to M1-like by the stimulation of saturated fatty acids, yet peroxisome proliferated significantly when mac-
rophages polarized to M2-like by the stimulation of unsaturated fatty acids. The last set of experiments was carried

out on Pex3” macrophages, where the peroxisome proliferation was restrainedPex3” macrophages could still po-
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larize to anti-inflammatory M2/M2-like status, yet without any noticeable peroxisome proliferation. In conclusion,

this study indicated that macrophages M1/M1-like polarization does not induce significant peroxisome prolifera-

tion, and M2/M2-like polarization could induce peroxisome proliferation under certain conditions.
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Table 1 Saturated/unsaturated fatty acids used in this study
Jig Wi FA CHEK S
Fatty acids Type Carbon chain length
PA Saturated 16:0
LA Saturated 24:0
PO Unsaturated 16:1
DHA Unsaturated 22:6 (©-3)
PA: IR, LA: -+ PUkiiR; PO: A MM AR, DHA: -+ BRI/ IG IR
PA: palmitate acid; LA: lignoceric acid; PO: palmitoleate acid; DHA: docosahexenoic acid.
F2 AFAREARISIY DUGEH I FH37 °CTI#K [JR/MINT 164035 77 %1 mL,
Table 2 Primers used in this study %E/ﬁ(}%, SRk 4 é/l:l’ VR4 °CF12 000 t/minEs
519 FRI(5-3) Lo F5.Fi%, FAR/MINT 16408575 3E(10% FBS, 1%1F
Primer Sequences (5'—3") N N . N
iNOS-F GTG TTC CAC CAG GAG ATG TTG WK, 0.5% B-Fitk 4BE, 50 ng/mL M-CSF)$%
iNOS-R CTC CTG CCC ACT GAG TTC GTC FREHEIEYTIE . 1ML, BM T 6fLAR 1, T fLAH M %L
INF-o-F CTT CTC ATT CCT GCT TGT GG Z11x10% B TF5% CO,. MWHANEE . 37 °CIE; 74
INF-oR GOTCTG GGC CATAGAACT GA B, BE3RH LIRBS TR, BEFRTR G, IS0 Ao
ARG-F CTC CAA GCC AAA GTC CTT AGA G JENN o, .
oF T 2 B g S HR A e i g
ARG-R AGG AGC TGT CAT TAG GGA CAT C %" XT\a:ﬁﬁg{%U[ﬁ”m““ﬂbﬁﬁmgﬁm*izﬁ’ &
IL10-F TGC CCA GAA ATC AAG GAG G BEFR AL BCE BB, il A F
IL10-R CAG CAG ACT CAA TAC ACA CT 1.4 ENELAERIRIL X AR TS S
PMP70-F ATG GGA ATA AAC GGG AGA AGC [F1) 35 45 10 50 0 o P i o R T, 4048 hid
PMP70-R GTG AAG GTG GCG AGG GTG T SHAL M (50 pe/mL TEN-yA150 pg/mL LPS)5iM2
Abt1-F CCC CTT CCG TTA TGA CCT GTG
] _4)\l6] =4 R
Abt1-R TGT TGT CCC TGT TCT ACG TTT CG A0 p g/mL IL-4)", R Al . ﬂﬂ PBSE i 4 i3
Cat-F TTG TTC AGT GAC CGA GGG ATT R, BERS min; H 4% 2 5 F [ 220 min/5, PBS
Cat-R GCC CTG GTC GGT CTT GTA ATG BV, BEIRS min; IS pg/mL[F)Phalloidin(4k 4

H); g sk g SuperScript 11 T 32 [E Invitrogen 2 7] ;
Real-time PCRG| Y HilgA TAY) THARA A&
R, HARE B IHZR2.

A 77 TR 4D 1)€Y 444 i 7 R I N 211 50% £ BE(200
mM), JPIEE(S0 °C), Fil SERE, 15 FIMEMz: 77 5
WEBSACTGIE TR I8N 8 3, 10.5%), IE D7 R i
WA 25 X [FIBSAVE W, 40 °CHPE/KIBR, BHIE
B8 — & (292 h)o KA (IR T R BSA=5:1)
I3 % Ja PRAT-T-20 °CHr.

SLIG AL AS 4G CO.KE 746 (Thermo, USA). &
A R B 0 HL(Sigma, USA). BRI & 4840 IR
(Bio-Rad, USA). StepOnePlus™=L 74 & #:PCR %
4(Thermo, USA).

1.3 FEEREMN/NREREMAENST S, 155

K43 /N BR (6 J8 e 22 A7) ST Fid F1YE AL FE, X245
JEIR, EBRULAG, FEEOCTT BN ALE 53 i BY TR,
4 °C'F12 000 r/minE5.0r10 sUCHEFE BELH M, FEREE, 17

P I6) E il Y .60 min, FFYkLE, PBSTEVE3IX,
%5 min; DAPIZAIUA% 10 min, 344kl )5, PBSIE T
3R, FHIKS min; W22 K4y, 5 BB, okt
RS WAL S E RS .
1.5 BEBABR R E ek 20 Bl

V4 15 200 0 35) 50 e Bl B 6 FLAR 1, 1 40 P 2
L F70%~80%, 43 s DA IR A i 2, ¥ ik 2R
0.5 mol/L, PABSANXTIR, 5% CO,/IE5 3744, 37 °CH;
PIPVNELE )
1.6 TEAIERAERIITE

B AMARIE /i, TRAPBSHE3 YK, Yeth B0 15N
NS AT S, PBSHE3IK): 4% 5 H S [ 7220 min,
0.04% Triton X-100(Invitrogen)if i% 41 10 min, 3%
BSA#f 411 h, Pex14(1:1 000)Pii&(Invitrogen) 4 °CHiF
B, P A3 h(EDL), DAPI(1:1 000) 44 fiu i
10 min, 1 Fr, FEOGIE S BB %, dHR 4
I3 WU IR X, 3 2 L2 M, fo FH Z-stack IS 4R X
BN B, HES /N T0.1 nm BE 5, BRI
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[ DX 32020 B 1)~ 35088, iz i IR 4 i o i Al
VIEG AR R . BRI B R B T3 R A EN/N
BRI N HE .
1.7 Real-time PCR

{5 I Trizoli& 4 HUAH M 1 52 RNA, {3 H Super-
Script 114 /% cDNA. Real-time PCR SN FEF 1T :
95 °CTAZMES min; 95 °CAEME10 s, 60 °CHEHI20 s, 40
AMIEIR; 72 °CIE K10 min. WS IER N Abtl, ACHZ:
THE H MR A RIAF
1.8 BHEZIT o

SAG EE AT 3R, SIS KO DL P B E 45 A R
(mean+S.E.M.)" &/, S50 #f 45 8 K A SPSS
V7.0 AT /R M BT oA 56 20 H , A 50 K HE
0=0.05(mean+S EM., n=3). P<0.05N1 EEMZE 5T,
P<0.0U AR EMEZES .

2 £ER
21 EMEMERIRALIT BRI S B R
Al

M B BB SRR, 2S04 )E, I
BER N BRI, 15977 R Ja 4B i 3% 7 AL, il
T R 2R P AR AR, 20K S5 A ML EM2 Y [
M. JEId PhalloidinX 4H B 2L AT Y t, MK
thJE BRI B A (ETA) . 5MOTY (R A 1) F %
AHRR)AH HL, M1 B R4 53 A% Sl 3 s, 5 T BR
T, M2 8 5 20 it 20 e 2 BOIR 38 0 % 98 RE s &5
FE DR R AKF 2 i R B, MY [ 16 44 i HRiNOS %6
R EE B, Argl B KA B, (HlE N T
M27Y R A0 ALK M2 E IR A0 i Arg 155
IE7KP B2 T, INOSFRIS/KF T F(E1B), Fik
EHE /N BB BE SRR 1) E R A S T e Ak

T8 o 2 RO AR N I S A B AR B B
Pex 14347 brid, i id WOL 3L 5 £ B3 4 i B R
2 B N o A Y Bl AR R (B12A) . SMOAY B
ZHIAH EE, M1Y B AR P o A P B AR KR AR L
NG, TIM27 R4 i N o A B A s
TF i (E2B). Fll i Real-time PCRAL A, i it A AL 4
g AR G2 R I S AL W I 1A B 2R 11 70(peroxisome
membrane protein 70, PMP70)F1 i 48 4k & B (Car) i)
FIEKF oA, MO B AN AR b, M1 B 4
J G 35 AR A, TTTMI2 8 R 4 i P Rk 7K1 i 3 T
m(BE2C), HE B W 2 o M2 Y AR A I R A B o5 i 2R

& YIIIuSEY P
2.2 TRAIESA LI E AR BTS20

N T 87 i AR AL P AR 1 5 S M2 A B R 4 i
WA Z B 56 2, 3 T Pex3™/INBR 43 5 5 06 441 e,
5B AR R SN A EL, Pex 33 R W RERR IS, 41HE A
o S A it A A R ek (I3 AR I3 B), 1958 52 FH. .

) P A A 1510 125 5 7 b 2 R 28 1) Mk 4 i
AIAZAL N M1 M274 | Real-time PCR 43 Ht W41 ffd
WA 75 3 R R 3R I8 KT, R B Pex3 ™ B W 40 M 1)
INOS. ArglZRik/KN-E 58 AT, T %% R
(E14A), i B Pex 35 [ UL IS AN 52 M) 0 4 i (%) 1%
oo SXoF B P I SR A 0 i R B o B B, Pex3 B
E VR M IAIM2 B iy, o S ARG RS & ) B 2
I T B 2 B (4B AN E4C). 78 57 A2 AL W 40 ff b,
M2 24 = R 2 i A ot S Ak Yl A R e T MY,
M {EPex3 R B RGN , M2BY 5 M1 Y 22 R AN 3%
(E4C). FaReh BER M, ik 44k W g A4 184 5 52 BEL 1)
Pex37 A4 B g 20 B Re Bl X 9 M2 2, HE Wi A0
Pt A 18 A A M2 8 [ 2 o R A ) o B 2% A1 o
2.3 BERAERIS S HY B 20 Bl 4L XT3 S| L B
AL

ST AR S 5K 20K LB IR TR
(R R fige, FRATTIR SR T 165 (PR R JC 75 i A P il
P2 Iy A 248 (A I 72 75 i A AL B R 2 )i
JIE T 1R 15 e 5 Wk 4 B R A WAL, 4 AT Sk o R A A
B AR R (BISA) . BRI E AN [ i 0 R
W2 5, EBSAX LT LA BT A I AN HE T R
(PA. LA)ALE 5, B 40 i 1) 28 5 X1 TNF-a & ik
W, B R FIL-10323% KT FRAR(EI5B), 4 sk T
RAEIRAS, o P I S A Y B A B A A 2 (I
5C); MANMA G B (PO DHA)ALHE 5, FkE4H i
(1) 98 K T TNF-03 35 B A, PL 28 K FIL-105R 15 T+
= (EI5B), 4 AL TP 2 RES, M A ik S A P i 145
BRERINWESC). X HAS [FREE K B 1 i 7 R Xt
5 41 B P O SR A B A R ) s, R 1 65 1
PAFI24%5% IFILAKL #E TG & 35 % 7, 166Kk [FIPOFI221%

R A B3 2 ((E50).
24 FEHIESARELL ST ISR IE S HY B R4
WAL R0

El6 7R, 9 1 7 ik A A ) i 1k 1 5 5 0 1D
PR 75 R IR B A B R AL 2 TR R &R, 38 T Pex37
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Fig.3 Peroxisomes in Pex3”~ macrophages
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