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containing a CARD, ASC) %% caspase-1, J5& 5
1] GSDMD Jf- Bt N 3 | BOE i Gasdermin D & [
N ¥ 45 #4 5, (Gasdermin D N-terminal domain,
GSDMD-NT) , T4l fiit - 5% R I 1% 10~20 nm )
fLIE, SI&MMPIKk 5w, [l i K IL-18
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B M AN AN T (extracellular matrix, ECM) T
B Ak, mtDNA | BB FRHAEMFBL (high-
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SECE M T R IFHES DN e, I, 32
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Fig. 1 Schematic illustration of the pathological links between podocyte pyroptosis and diabetic nephropathy
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T HEE L AE ROSPE M TXNIPS TRX MRS , MBS ) I TXNIPLS A NLRPIIE AR /IMA , #iT Caspasel I35 JIGSDMDA | & JE4IAfET; T
A0 f R HCIL-1B/IL- 1855 12 52 K X DAMPs, 85 Gy AN 52 0E . (2 HFECMUIAR, & PEUEAMM L R 55 . AR I N akig ik,
PKC: #HHi#HEC (protein kinase C); AGE: WM EALZ K =¥ (advanced glycation end product) ; ROS: iP5 2 (reactive oxygen
species) ; TXNIP: fiA i AT AEHAE I (thioredoxin-interacting protein) ; TRX: #i% A #E [1 (thioredoxin); NLRP3: #47NACHT,
LRRAIPYDZE #3831 i3 (the NACHT, LRR, and PYD domain-containing protein 3); NF-«xB: #%[KF«B (nuclear factor kB); CTGF:
#hap 2V K T (connective tissue growth factor) ; TGF: $44b/E KT (transforming growth factor) ; HMGBI1: =iEH R4 & H HiB1
(high mobility group protein B1); NEK7: {7 (NIMA-related kinase 7); LRR: &2 MREE¥51 (leucine-rich repeat); PYD: #EEH
25938, (pyrin domain); NACHT: MRS A &R (nucleotide-binding oligomerization domain) ; ASC: I T-HH I B S5 REHE 15
(apoptosis-associated speck-like protein containing a CARD ); Caspasel: JERZEFIHEF1 (cysteine aspartic acid specific protease 1) ; GSDMD:
Gasdermin D (Gasdermin D); IL: /% (interleukin); DAMPs: #i{/it5¢5FAE (damage-associated molecular patterns) ; TLR:
TollFEAZ K (Toll-like receptor) ; mtDNA: ZKi/ADNA (mitochondrial DNA); ECM: Ziffi/hEfT (extracellular matrix) .
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FHEREE ASC, UL ASCHBE s, 5 138 i e K 2K
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A5 12, TXNIP-NLRP3 4l 436 1k ik 57
FIJEARAEE AL B 2 SEORAAR A ARG AR . &
B AT 75 5 RhoA/Rho #H 3¢ 45 i 48 i€ JE hit 2 1 it
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G [z, Wil RhoA T PR Bk AR 4 M B 48 nT i 2%
8/ TXNIP b (4% 13 X NLRP3 1% 1k ', hdh,
FWE RS ([ AR G SRR &8s
PRI FLE S TXNIP-NLRP3 #H H.AE 42 it
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A5/ TXNIP 5%, NLRP3 3 PR fil [ ] ik 2 8 0K o A
755 0 R 4 M AR T, i TXNIP [ b 7] 4k &2
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PRI, MCCO50 AN EE IR 90 556 Fl )
#x A NLRP3 NACHT Z5 435k ) ATP 7K fiff 114%, i
Y5 Walker B & 5 (1% 41 20 2 42 (lysine 42, Lys-
42) . KA R 166 (aspartic Acid 166, Asp-166)
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ATP 11 y WK A, DATAIRKE NLRP3 8 72 JE T 1
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1M Xf NLRP1., 22 {1 ZE Jf §t = [ ¥ 2 (absent in
melanoma 2, AIM2) . NOD 321K % % & CARD
4k #4385 H 4 (NOD-like receptor family CARD
domain-containing protein 4, NLRC4) =5 HAh % i
AMETE BE R PR (AR, MCC950 X}
7 ML Wk A O J5 3] Pk 28 & 4 (cryopyrin-associated
periodic syndromes, CAPS) #f 3¢ %€ 48 & (1
R260W) A3 BTG PE, (HXT V198M S8 AR 1A 1)
R, R AR NLRP3 B9 #4 42 n 98 v 1fi |
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Fig.2 Regulatory mechanisms of the TXNIP - NLRP3 axis in podocyte pyroptosis
E2 TXNIP-NLRP3%i7E & 4 & T iA=L S
L EROS . MGOBMITXNIPE H S TRX A RS, iR HiH RhoA/ROCKAI ; i B Y TXNIPEImDNASME, 454 NF-xBI#L % fYNLRP3
T LA AE /M, i Caspasel 5 85 YIGSDMD B & R AT, FFREBIL-1B/IL-18JE MR AE IE it . ROS: 1PE4ZE (reactive oxygen
species) ; MGO: HIEZ [ (methylglyoxal); TXNIP: #isit# HAHEA/EM A E (thioredoxin-interacting protein) ; TRX: it ik F
(thioredoxin) ; RhoA: RhoAZE 1 (RhoA protein); ROCK: Rho#H 3 #: i #2 e JE i 4K 113 & (Rho-associated coiled-coil forming protein
kinase); mtDNA: ZEKi{fADNA (mitochondrial DNA); NF-kB: #%[HF«B (nuclear factor k<B); NLRP3: &4 NACHT. LRRFIPYDZS 4k
3 (the NACHT, LRR, and PYD domain-containing protein 3); PYD: #ZE %583 (pyrin domain); NACHT: R4S G5 H 1L
45K 5% (nucleotide-binding oligomerization domain) ; LRR: & 7% 5522 & & J¥ 5 (leucine-rich repeat) ; NEK7: #[§7 (NIMA-related
kinase 7); ASC: WT-HIZEHE A 1T (apoptosis-associated speck-like protein containing a CARD) ; Pro-Caspasel : bt K 25 [ i §ij 14 1
(pro-cysteine aspartic acid specific protease 1); Caspasel: Bt KE M1 (cysteine aspartic acid specific protease 1); pro-IL: FZFEAiHA (pro-
interleukin) ; IL: I/~ % (interleukin) ; GSDMD: Gasdermin D 4K [ (Gasdermin D) ; GSDMD-NT: Gasdermin D %5 [ N i 45 4 5
(Gasdermin D N-terminal domain) ; DAMPs: i {5 41 5¢ 7> F #5130 (damage-associated molecular patterns) ; TLR: Toll#£3Z{K& (Toll-like

receptor) .
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NLRP3 i L s 5 40 F LTS S5 W E 3 s .
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Fig. 3 Mechanism by which MCC950 acts on the TXNIP - NLRP3 axis
B3 MCC9503F TXNIP-NLRP34t 1 AL

MCC950 5 NLRP3 1} Lys-42 . Asp-166JE iU, BHWTHAN G M. FEAIGK A3, Ml LAVES 38 3 FCLIC A 1) CIAMR LA /D ROS, - Hil
FITXNIP-NLRP3ZE5 4, HEi il RAE/IMALH 2L 5 Caspase 131G , WD IL-1B/IL-18 %ZGSDMD-NT, BHI-4IfifET-. DAMPs: {0+
#3 (damage-associated molecular patterns) ; TLR: TollBE3Z /K (Toll-like receptor) ; mtDNA: Z&%i{ADNA (mitochondrial DNA); ROS:
% 4 4 J¢ (reactive oxygen species) ; TXNIP: fi 4 it & 11 #H & {F H & 1 (thioredoxin-interacting protein) ; TRX: #i 4 it & 1
(thioredoxin); NF-kB: #%[AT«B (nuclear factor kB); NLRP3: #47NACHT. LRRHFIPYDZ:# 4K 153 (the NACHT, LRR, and PYD
PYD: # IR [ 45 # 3 (pyrin domain) ; NACHT: #% 1 R 45 & 55 B 1k 45 #4 3 (nucleotide-binding
oligomerization domain); LRR: &5 RE KL 741 (leucine-rich repeat); NEK7: 7 (NIMA-Related Kinase 7); ASC: T HISEHET
Jo K 2 1 AT 1 (pro-cysteine
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Abstract Diabetic Nephropathy (DN) is the leading cause of End-Stage Renal Disease (ESRD) globally,
representing a major global health burden with limited disease-modifying therapies. Podocyte injury serves as the
core pathological hallmark of DN, and conventional treatments targeting metabolic disorders or hemodynamic
abnormalities fail to reverse the progressive decline of renal function. Accumulating evidence over the past decade
has established that high glucose-induced podocyte pyroptosis—a pro-inflammatory form of programmed cell
death—is a key driving force in DN progression. Its core molecular mechanism hinges on the activation of the
TXNIP-NLRP3 inflammasome axis. Under sustained hyperglycemic conditions, excessive Reactive Oxygen
Species (ROS) are generated via pathways including the polyol pathway, advanced glycation end product (AGE)
accumulation, and mitochondrial dysfunction. Concurrently, methylglyoxal (a glucose metabolite) mediates post-
translational modification of Thioredoxin-Interacting Protein (TXNIP). These events collectively trigger the
dissociation of TXNIP from Thioredoxin (TRX), a redox-regulating protein. The free TXNIP then translocates to
the mitochondria, where it binds to The NACHT, LRR, and PYD domain-containing protein 3 (NLRP3) (NLRP3)
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and promotes inflammasome assembly. This assembly activates Cysteine-Aspartic Acid Protease 1 (caspase-1),
which cleaves Gasdermin D (GSDMD) to generate its N-terminal fragment (GSDMD-NT). GSDMD-NT
oligomerizes to form membrane pores, leading to podocyte swelling, rupture, and the release of pro-inflammatory
cytokines Interleukin-1p (IL-1B) and Interleukin-18 (IL-18). These cytokines amplify local inflammatory
responses, induce mesangial cell proliferation, and accelerate extracellular matrix deposition, ultimately
exacerbating glomerulosclerosis. MCC950, a highly selective NLRP3 inhibitor, exerts its therapeutic effects
through a multi-layered mechanism: it binds to the NACHT domain (NAIP, CIITA, HET-E and TP1 Domain) of
NLRP3 with nanomolar affinity, forming hydrogen bonds with key residues (Lys-42 and Asp-166) within the ATP-
hydrolysis pocket to block ATP hydrolysis, thereby locking NLRP3 in an inactive conformational state.
Additionally, MCC950 interferes with the protein-protein interaction between TXNIP and NLRP3 and regulates
mitochondrial homeostasis to reduce ROS production. Preclinical studies have demonstrated that MCC950 dose-
dependently reduces proteinuria, restores the expression of podocyte-specific markers (Nephrin and Wilms Tumor
1 Protein, WT1), and alleviates podocyte foot process fusion and glomerulosclerosis in both Streptozotocin (STZ)-
induced type 1 diabetic models (characterized by absolute insulin deficiency) and db/db type 2 diabetic models
(driven by insulin resistance). However, discrepancies in therapeutic outcomes exist across different models—
some studies report exacerbated renal inflammation and fibrosis in STZ-induced models—which may stem from
differences in disease pathogenesis, intervention timing (early vs. mid-stage disease), and dosing duration. Despite
its promising preclinical efficacy, MCC950 faces significant translational challenges, including low oral
bioavailability, insufficient podocyte targeting, potential hepatotoxicity, and drug-drug interactions with statins
(commonly prescribed to diabetic patients for cardiovascular risk management). Furthermore, off-target effects
such as the inhibition of carbonic anhydrase 2 have been identified, raising concerns about its safety profile.
Nevertheless, its unique mechanism of action—directly blocking podocyte pyroptosis by targeting the TXNIP-
NLRP3 axis—endows it with substantial translational value. In the future, strategies to overcome these barriers
are expected to advance its clinical application: targeted delivery via nanocarriers (e.g., PLGA-PEG nanoparticles
or nephrin antibody-conjugated systems) to enhance renal accumulation and podocyte specificity; precise patient
stratification based on biomarkers such as serum IL-18 and renal TXNIP/NLRP3 expression to identify
"inflammatory-phenotype" DN patients most likely to benefit; and combination therapy with Sodium-Glucose
Cotransporter 2 (SGLT2) inhibitors—whose metabolic benefits synergize with MCC950's anti-inflammatory
effects. These approaches hold great potential to break through clinical translation bottlenecks, offering a novel,
precise anti-inflammatory treatment option for DN and addressing an unmet clinical need for therapies targeting
the inflammatory underpinnings of the disease.

Key words diabetic nephropathy, podocyte pyroptosis, TXNIP-NLRP3 axis, MCC950, inflammasome,
therapeutic target
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