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Advanced glycated albumin induces macrophage pyroptosis via upregulating

nucleotide-binding oligomerization domain-like receptor protein 3
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Abstract: The purpose of the present study was to investigate the effect of advanced glycated albumin (AGE-alb) on pyroptosis of
macrophages and the underlying molecular mechanisms. RAW264.7 macrophages were treated with AGE-alb (1, 2, 4 and 6 g/L) and
control albumin (C-alb, 4 g/L) for 24 h, or preincubated with MCC950 (1 pmol/L) for 1 h and then treated with AGE-alb (4 g/L) for
24 h. Cell viability and caspase-1 activity were measured by MTT and assay kits, respectively. Lactate dehydrogenase (LDH) activity
and the levels of interleukin-18 (IL-1p) and IL-18 in media were detected. Cell death degree was evaluated by TUNEL and Hoechst
33342/PI staining. The protein levels of nucleotide-binding oligomerization domain-like receptor protein 3 (NLRP3), procaspase-1
and cleaved caspase-1 were assessed by Western blot. The results showed that AGE-alb treatment caused obvious decrease in cell
viability and increases in LDH leakage and the percentages of TUNEL- or Pl-positive cells in a concentration-dependent manner.
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Additionally, AGE-alb promoted IL-1f and IL-18 secretion, upregulated NLRP3 expression, and increased caspase-1 activity especially
at the dose of 4 and 6 g/L. However, MCC950 (an NLRP3 inhibitor) pretreatment inhibited significantly the decrease in cell viability
and the increases in LDH leakage and percentages of TUNEL- or Pl-positive cells induced by AGE-alb. Furthermore, MCC950 attenuated
obviously AGE-alb-induced IL-1p and IL-18 secretion and caspase-1 activation. These results indicate that AGE-alb may induce

macrophage pyroptosis, and the mechanism is at least partially by activating NLRP3-caspase-1 pathway.
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ERE IS S RE T EE I R, R0 A I A 1)
B BRILA, 7 E G E N A@ R, THE IR (diabetes
mellitus, DM) &3 AS )54 % 825 5 1 DM &
F, JFHRWE. WiEE. EEN, B DM EE
MEEIEH, Hrh—ANEHEERBUHRK RS DM B#5 4
PN B H R 3 4k 2% P2 ) (advanced glycation end products,
AGE) /K~F 7% FH = 9%, AGE S Ik A 18 i
FHR 53 K 15 1 7K (08 28 A AR 5 87 T e 1) 3 2
teEtir= M. wERER L (8 A (advanced glycated
albumin, AGE-alb) {F & AGE ) = ZACEK, A0S
AU N ik R 2 RE S S 15 I T LA
I 488 T R 4 i T o AR O A T, #E DM R
AS WAL R B EEER Y. B4 st
o AR RN PR ERBOEIE K AS B,
FECEME O S LR TR
FERAESE ) —Fh A T IR BEANE T2 2 18] AR JORE
N AR T 22 It Z BRI -1 (caspase-1) B B FE
V1 O o s W X e <ol o S R )Y R A
B 2 R TRCA R P9 5 PN 1 4 A 35 -1 (interleukin- 1P,
IL-1B). IL-18 Z:{2 KA i . SCikIRiE, /40
FETH RS 50 T2 B RS & 5 R M3 %
&% H 3 (nucleotide-binding oligomerization domain-like
receptor protein 3, NLRP3) # 4:/]MA . caspase-1 Z51(E
SV IR Bk 2R A AE 2R 3 AR B kS FE B DM
3 SAN KA FRE 98 1 D B A R IR VL R 4 g
dhmis T8, AS T GRS R F AR B iR
(oxidized low density lipoprotein, ox-LDL) 1z 1%
FE T 58 FF B B v (19 10 [5] B A A4 RT 0RE B E 2E
NLRP3 % M /NA&, 1% 4k caspase-1, {2 i3k IL-1B Al
TL-18 73 i, 1M fil B NLRP3 2 [A] ] B &2 45 /s /s B
AS AR P, R E R AR TOTE AS RAERIR JE
R EEEH. (B2 AGE-alb (875155 E W4
FETD, HpLwI e ? B AR WARIE . A TAER
AGE-alb 4b ¥ RAW264.7 EL MR 4, #F 70 4l AR 1

15 0L S H 5 NLRP3-caspase-1 15 5 &8 2 [A] [ L &,
DLk — 20 [ B AGE-alb 7E AS & it #2H e &%
Bl .

1 R %

1.1 EERF  RAW264.7 BV G B b =R
b B A S A A Y SO A, A
I M 2 A+ NLRP3 #1171 MCC950. ¥% 2. W% F #it
B-actin 4y Sigma 22 7)™ i i 2 1L A1 DMEM
v B % 7% 5 4y W) Sl Gibeo 1 Hyclone 2 &) 72 &
DY 1 I A UM W [3-(4,5-dimeth-ylthiazol-2-y-1)-2,5-
diphenyl-2H-tetrazolium bromide, MTT] & Genview
AT s R I AR R L AL B/ T 1K dUTP ik
K ¥ bic, [terminal dexynucleotidyl transferase (TdT)-
mediated dUTP nick end labeling, TUNEL] ## T 4G il
B SN RIPA 24 737314 1 Roche £ Solarbio 23
7 ; % P NLRP3. procaspase-1 Fll cleaved caspase-1
A& N Cell Signaling Technology 2 & 7= i 5 BAR
ik AR Y B A L S T R TG ORI s AL 2 RO
(enhanced chemiluminescence, ECL) &7 &) 1 vt
IR AZ G A Pierce A H] 77 5 caspase-1 i Pl
WA EAIL-1B, TL-18 ELISA il & i 77 & 23 B
LR B AR A\ Hoechst 33342/
LAk P BE (propidium iodide, PT) XU 4% i 5 & Al LR
Jiit S B (lactate dehydrogenase, LDH) i 5& i 7] £ 1)
H R AR Y) TR A

1.2 AGE-alb BYFI& AR STERFTAHIE 5 4 BEAE:
P vk B, R TR A R AE I AR (40
g/L) 5% £ % (10 mmol/L) i ¢ 37 °C ILiF H 4 K
B2y AGE-alb, 53 4MNRHE HALE PBS HAHRE S&AF T
% & E N IF % X HE 1 85 (1 (control albumin, C-alb).
SCEGHTF PBS 7853 A I JERR A

1.3 PIEFEAE  RAW264.7 BG40 H 5
10% 4= 1MiE. 1 x 10° U/L 75 2% 2 f1 100 mg/L &%
%72 (1) DMEM @iiiE 7R BE1E 5% CO, ¥ 7746 A 37 °C
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AT TR, A AT MG R R F DAL 12 h,
BEHL 2 A (1) 15 % XF FE (control) 4H « K92 5 (2)
C-alb ZbFRZH . 35 F I 4 g/L C-alb ; (3) AGE-alb
ACHEZ « BEFERR AN 1. 2. 4 F16 gL AGE-alb ;
(4) NLRP3 #ii]57] MCC950 FiabFEZH - 5370
A 1 pmol/L MCC950, 1 h J5 F i1\ AGE-alb (4 g/L),
MBI TR 24 h,
1.4 MTT E¥MLHpRTE ¥ MTT (0.5 g/L) Jin
ANACEE S AR s TR AL, B AR R 4kl R
4 h, WLIFEEFFRIE, MO 150 uL IR, iR
&% 10 min, KH 2 IIREREARX ( B F] Molecular
Devices /3 7], Spectramax i3x % ) F- 490 nm At 46
2% FLIK ' B (optical density, OD) {H. 4 i /1 ]
F-SEG 4 OD R 5 1EH B ZH OD fE 1 1 4 Eh R
1.5 LDH jEMME Yk B & A g0 s e dt,
2 500 r/min 550> 10 min GBS, KGR & EA
FAF 72 Hoh LDH 3, PL UL #or.
1.6 ELISA 38 W% 5EEF IL-1p #1 IL-18 3R E
W ik 2% gl i B % 26, 2 500 t/min &0 10
min J5 3G, 3 BN SRR D PR A H o IL-1PB
AT IL-18 W< o
1.7 Caspase-1 FE 1M E IR T Y A SO 4R Ak B S
(R4 20200, 2 500 r/min B5.0» 10 min, PBS JH¥E 1
o IONZLAR R E B VKR AH 15 min, 4 °C %14+
12 000 t/min &0 15 min, H/>& FiE A Bradford
PHHMTEAEE. 18 96 FLARH SOV SR 40 uL.
I B 24 A3 W 50 uL A caspase-1 JR#) (Ac-Y VAD-
pNA) 10 uL J& %, 37°C ¥ & 2 ho N Z IIREREAR
A% ( B F) Molecular Devices 24 ] ) #2HL 405 nm 4k
W RE, FEAR R RIS AR Ml 28 I vh SR
caspase-1 7% 1%, R 1E 5 % HEZH 241 Jfd caspase-1 ¥ 14
1EN 100%, HE %0 90M0 caspase-1 v 14 LA 5 1E
IR P H 4y LR OR
1.8 TUNEL & K Ab3 )5 1% 440 e 5 H
4% % B WS [ € 30 min, PBS PRk 3 Wk, 7EUK E
L 0.1% Triton X-100 4k # 3% 4 3 min, 5 TUNEL
SRR 37 °C FAF NlEELFE 1 h, PBS JEYE3
% J5 LA DAPL & 4 4 o 1% % % &2 fll 5% (Olympus
BX51) Wi 22, K £ K14, TUNEL PFH % 4 ff 2 =
TUNEL BH 41 / 40 i 550 < 100%.
1.9 Hoechst 33342/P1 M Z K MMM THER
EREHG A LIS, WA, 5 100
5 #i & 1f) Hoechst 33342 YLt iff 37 °C BN H 15

min, PBS 3 FiEVE 1 K55 200 MR PTG
W IR EEGHE A 15 mine PBS 2L 6k 2 U5 4%
2 B HEEE E 5 min, PBS ¥k 3k, Hil /PBS &
o %688 (Olympus BX51) M &2, 4 fstT:
Z =PI BHPEH % / 40 2580 < 100%

1.10 Western blot 4% Y& AT 5T 2H LT AR IE 1)
J7 P AR, RISR A RIPA 2 3K B4 Ml 28 1,
2ot e R BRI B - BTN 0 T ke T R Uk ) S )
MR 2 A IR b, 5% B IR 9k 3 11 JS
5 NLRP3. procaspase-1. cleaved caspase-1 Fll B-actin
Uik 4 °C I, Vel s 5 AH BB IS A Ve
PR ZPUEREREE 1 h, YelEH ECLERREM
HE%KW, B R IR (EERRHAX
WAMRAF ) REEIE . N Image-Pro Plus 6.0
1% 5 BT 8K £F (Media Cybernetics, MD, USA) 43 71 &
2% 7 F 43 % %5 ¥ (integrated optical density, IOD)
i, LA$EZE 9 10D {5 B-actin IOD fH [f) th A &R
BUEE 1A X R IB K

L11 GitZath SEI6 K s DL mean = SD IR,
iz F SPSS 13.0 4t i 81 F #E 4T L I & U5 & o
(ANOVA), HI SNK iEHATHLRI L. P < 0.05
NE A G E .

2 H#R
2.1 AGE-albiESRAW264.740B35 15

HIEH X 4L, C-alb 4140 J 3% 7775 W &
2478 (P> 0.05), LDH g H o Bl 238 i (P > 0.05) ;
1M AGE-alb M| {2 2 1% S 40 f i 40, R ALHLTE /)
B fIC. LDH J 38 m, JCIHBL 2, 4 Al 6 g/L ik FE
I EE B (P < 0.05 5% P < 0.01, & 14 1 B). H4t,
55 1E 8 X I8 41 A1 C-alb 2H Bk %, AGE-alb 4b B 40
TUNEL PH 4 41 ff 26 2 25 39 0, L A< B2 (%) 389 I
W% (P<0.01, E10).
2.2 AGE-alb{@i# Bl 40 s iE B F 5 i

K FH ELISA VA I 35 77 5 v J8RE K 1 IL-1pB F11
IL-18 /K°F, 455 (K 2) B, SIEW KR4 b,
C-alb 21 IL-1 B A1 IL-18 3Kk I 238 i (P > 0.05),
1M AGE-alb JU| £ & 52 4 6t 14 Hb 52 25 39 hn IL-1pB A1
IL-18 [ 43 (P <0.05 5 P <0.01).
2.3 AGE-alb LA EREZAANLRP3IFRIA

5 IEH X B #, C-alb 41 5 W 44 s NLRP3
A KFE T MU (P> 0.05), i AGE-alb (2. 4
A6 g/L) NE 2 il NLRP3 ik (P<0.01, & 3).
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Fig. 1. AGE-alb induces RAW264.7 macrophage cell injury. Cells were treated with the indicated concentration of AGE-alb or C-alb (4
g/L) for 24 h. A4: Cell viability determined by MTT assay. B: LDH activity in media. C: TUNEL assay expressed as the percentage of
the number of TUNEL-positive cells to total cells. Scale bar, 20 pm. Mean + SD, n = 6. "P < 0.05, P < 0.01 vs control group.
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Fig. 2. AGE-alb promotes IL-1f and IL-18 secretion. RAW264.7 cells were treated as described in Fig. 1, and the levels of IL-1p and
IL-18 in media were determined by ELISA. Mean = SD, n=6. P < 0.05, "P < 0.01 vs control group.
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2.4 AGE-albiESERELAMcaspase-1751L

Western blot 73 #1485 1 (&l 44) Box, HIEHEX
HEZHLLER, C-alb 2H E ME4H iU fL 2 caspase-1 (cleaved
caspase-1) & 1A o I Z 14 0 (P > 0.05), 1] AGE-alb
AEFEZH cleaved caspase-1 ik 2 Fifl, HEWKE
HRE (P < 0.05 8% P < 0.01). Caspase-1 i £ & (
4B) .15 3| 5 Western blot A —F( )45 5, AGE-alb
QEFRA caspase-1 ¥ MERH 3G 0 (P < 0.01).
2.5 MCC950&IAGE-albiE S caspase-1554LF1
KRERF 53

N T #E— 5 AE S AGE-alb 38 3L #3% NLRP3-

NLRP3 e s S S sm——
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B 3. AGE-alb I RAW264. 741 JuNLRP3 K iX

Fig. 3. AGE-alb upregulates NLRP3 expression in RAW264.7
cells. Cells were treated as described in Fig. 1, and NLRP3 level
was examined by Western blot analysis. Mean + SD, n=3. P <

0.01 vs control group.
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2.6 MCC95058 32 AGE-albiE S i E M 4R A T

5 AGE-alb 4 tb %, MCC950 i 4b ¥ 2H 40 i 7%
F1¥I0 (P<0.05). LDH ¥ HiJk/> (P <0.05). TUNEL
PR 40 g 2 P A (P < 0.05), H PIFAIPE4H R0 2
2R (P<0.01, & 6).
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DA RE TR, I A MR [ 4 T AR R AR
BiAk. TUNEL #:0FH 4 s Bl X AS 75 B AR 27

HLEI PR FE, P2 REEAE AS KAE. KEFM
B
400 ok

::%‘A 300 sk
8 °
= 5 200
& 100 } |-L‘ |‘L|
o

0

Cab = + = = - =

AGE-alb . -
@) 1 2 4 6

Fig. 4. AGE-alb induces activation of caspase-1. RAW264.7 cells were treated as described in Fig. 1. 4: Western blot analysis of

procaspase-1 and cleaved caspase-1. B: Caspase-1 activity. Mean = SD, n = 6. P < 0.05, "P < 0.01 vs control group.
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Fig. 5. MCC950 inhibits AGE-alb-induced activation of caspase-1 and secretion of IL-1f and IL-18. RAW264.7 cells were preincu-
bated with MCC950 (1 umol/L) for 1 h and then treated with AGE-alb (4 g/L) for 24 h. 4: Western blot analysis of cleaved caspase-1.
B: Caspase-1 activity. C and D: IL-1p and IL-18 levels in media. Mean + SD, n = 6. P < 0.01 vs control group; “P < 0.05, P < 0.01

vs AGE-alb group.
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LDH J Hif TL-1B. TL-18 Zpile % 17 Awf ot 44
R, AGE-alb 43 RAW264.7 EREAIAE 24 h J&,
HHE ) T B LDH it #1 TUNEL fHYE. PIRHE
YRR, HIL-1B. IL-18 /W%, $oR{EA
DM 3 AS ) FEHUKINE, AGE-alb 155 B
R RIR .

M A T2 52 R A NI BRI T caspase-1
A (5% ) caspase-4/5/11 FIE B2 7 4B e Ab 1277 3o
RIEMER —RZEAEEY, TTHBRET N
I S AR 1) T A4 A 9% 43 -5 X (pathogen-associated
molecular patterns, PAMP) Fl P4 54 B #4055 5 1 a6
HH 2% 4> F 15 20 (danger-associated molecular patterns,
DAMP). A & /A8 T 1% B R 45 & TR R A 45
R FE 244 (nucleotide-binding oligomerization domain-
like receptor, NLR) &, H C- ¥ & & se A BRI &

5 7% (leucine-rich repeats, LRR). HEAZHREE &
R 45 R, (nucleotide-binding oligomerization, NOD/
NACHT) 1 N- 3ify 2 it 20 B2 25 1 0 A0 52 4R 45 4
Ik (caspase activation and recruitment domain, CARD)
g\ pyrin Z5#4J35 (pyrin domains, PYD) ZH A% " Sk
RIE AS RS (W S I E OB R
i) R BN A R MARIE KT 23 R
NLRP3 St F i ) 2 [ —Fh & /A, o AR
R BAE s RIRAE R R AR, L PAMP
A1 DAMP [ F 0 30 . NLRP3 i {65 2 PYD
55 R i 9 T A OC B SURE 2 ) (apoptosis-associated
speck-like protein containing a caspase activation and
recruitment domain, ASC) %54 £ 5E4E caspase-1 FjfA
(procaspase-1), i H 5 & /K f# N A& p10 A1 p20 TF
3, ek AR caspase-1 (cleaved caspase-1),
JE 7 BIY) IL-B A1 TL-18 {2 #E H sl ot Rl 2 4m g 4t
AR, R AI AT Y, SCERHRIE NLRP3 78
N SHUES) Jok A0 56 0K B0 K 545 A B ke I R I 0t AP Y R
A RIAWIRIE M, H5 AS IR KIS AH
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Fig. 6. MCC950 inhibits AGE-alb-induced cell pyroptosis. RAW?264.7 cells were treated as described in Fig. 5. 4: Cell viability deter-
mined by MTT assay. B: LDH activity in media. C: TUNEL assay expressed as the percentage of the number of TUNEL-positive cells

to total cells. D: Hoechst 33342/PI staining assay expressed as the percentage of the number of Pl-positive cells to total cells. Scale
bar, 20 pum. Mean = SD, n=6. P < 0.01 vs control group, “P < 0.05, “P < 0.01 vs AGE-alb group.
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