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Bone marrow-derived mesenchymal stem cells alleviate inflammation and tissue
injury in severe acute pancreatitis by suppressing NLRP3/GSDMD-mediated

pyroptosis
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[Abstract] Objective To investigate the mechanism of bone marrow-derived mesenchymal stem
cells (MSCs) in alleviating severe acute pancreatitis (SAP) by inhibiting the pyroptosis pathway in a rat model.
Methods  Bone marrow-derived MSCs were isolated from 4-week-old male SPF SD rats [body weight, (100+
20) g] using the bone marrow flush technique, followed by culture and characterization. Twenty-four male SPF
SD rats [body weight (200+20) g| were randomly assigned to four groups (n=6 per group) using a random
number table: a sham-operated group, an SAP model group, an ulinastatin-treated group, and an MSCs-treated
group. SAP was induced in the latter three groups via retrograde injection of 5%sodium taurocholate into the
biliopancreatic duct. The SAP model group received an injection of 100 wL PBS at 12 h post-modeling.
The ulinastatin-treated group received an intraperitoneal injection of ulinastatin solution (5%10* U/kg)
immediately after model induction. The MSCs-treated group received an injection of MSC suspension
(5%10° cells/kg) at 12 h post-modeling. Sham-operated rats underwent laparotomy with gentle pancreatic
manipulation before abdominal closure. Pancreatic histopathology was assessed by HE staining and
pathological scoring. Serum amylase and lipase activities were measured using commercial assay kits. Serum
levels of IL-10, IL-1B, and TNF-a were determined by ELISA. The ulirastructural changes of pancreatic
acinar cells were observed under transmission electron microscopy (TEM). Protein expression of NLRP3,
GSDMD, and caspase-1 in pancreatic tissue was evaluated by immunofluorescence. The mRNA levels of
NLRP3, GSDMD, and caspase-1 were quantified by qRT-PCR. The relative protein expression levels of
NLRP3, GSDMD, GSDMD-N, caspase-1, cleaved caspase-1, and IL-1f3 were analyzed by Western blotting.
Results  The isolated cells exhibited a typical adherent, spindle-shaped, fibroblast-like morphology. Flow
cytometry confirmed they were highly positive for the mesenchymal marker CD29 (99.22%) and nearly
negative for the hematopoietic marker CD45 (0.42%). These cells also demonstrated osteogenic and
adipogenic differentiation potential and were maintained in good condition. Compared with the sham-operated
group, the SAP model group showed significantly increased pancreatic histopathological scores, elevated
serum amylase and lipase activities, higher levels of pro-inflammatory cytokines (IL-1B and TNF-«), and a
lower level of IL-10 (all P<0.000 1). Both ulinastatin and MSCs treatment significantly attenuated these
changes, reducing histopathological scores, serum enzyme activities, 1L-18, and TNF-« (P<0. 001), while
increasing IL-10 (P<0. 05). Importantly, the MSCs-treated group showed significantly greater improvement in
all these metrics compared to the ulinastatin-treated group (P<0.05). TEM analysis revealed that MSCs
treatment promoted the recovery of mitochondrial cristae structure, improved overall organelle morphology,
and reduced endoplasmic reticulum swelling in acinar cells, with these restorative effects being more
pronounced than in the ulinastatin group. The immunofluorescence results showed that compared with the
SAP model group, the expression levels of NLRP3, GSDMD, and caspase-1 in pancreatic lissue were
decreased in both the MSCs-treated group and the ulinastatin-treated group (P<0. 000 1). Western blot results
indicated that, compared with the SAP model group, the relative protein expression levels of NLRP3, GSDMD,
GSDMD-N, caspase-1, cleaved caspase-1, and IL-1B in pancreatic tissue were reduced to varying degrees in
both the MSCs-treated group and the ulinastatin-treated group (P<0. 000 1). qPR-PCR results demonstrated
that, compared with the SAP model group, the mRNA expression levels of NLRP3, GSDMD, and caspase-1 in
pancreatic tissue were significantly decreased in both the MSCs-treated group and the ulinastatin-treated
group (P<0. 01). Moreover, compared with the ulinastatin-treated group, the MSCs-treated group exhibited a
more significant decrease in all the aforementioned indicators (P<0.001). Conclusion Mesenchymal stem
cells alleviate inflammation and tissue damage in severe acute pancreatitis. Their protective mechanism
involves inhibiting the NLRP3/GSDMD/IL-1 signaling axis, thereby suppressing acinar cell pyroptosis.
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Table 1 Primer sequences for qRT-PCR

Genes Sequences (5’ —3")
NLRP3 Upsteam : TGCATGCCGTATCTGGTTGT
Downsteam : ATGTCCTGAGCCATGGAAGC
Upsteam: GGACAGTACCAGGCAGTTCG
GSDMD
Downsteam : GTCACCAAGTAGGGCTGTGT
Upsteam: GACCGAGTGGTTCCCTCAAG
caspase-1
Downsteam : GACGTGTACGAGTGGGTGTT
Upsteam: CCCCCAATGTATCCGTTGTG
GAPDH
Downsteam: TAGCCCAGGATGCCCTTTAGT
1.12 %t F o

K HISPSS 19. 0 GETHA Ao Bkt , IR A IE 2553 A
TR A s o, B T OB LR I PR 2
75 2253 HT, P 2H L8R I LSD-¢ K 36, 26 N Bk i ik
SEREAS RGBS . P<0. 05 N 22 R EA G X

2 #R

2.1 = Z e % RAR R 8 MSCs

B HE MSCs 1) = R ML @ WK 1 s . B il
MSCs FLA 127 4 40 Mo B 27 BR AR T IR, I 00 B 7 35 5=
Bt BE B (B 1A) o JEWT e d5 T 14 d )5, i O e

1004
80 4
R0
2 604 & |
8 —
40 4
20 4
0 ™ Lids | Lk | ™ ™y
0 10 10* 10° 10°

CD29-PE-H

b 2B TR R IR LT e B (1B, i oAb
21 dJF PR L Y (o i /R 20 (A5 45 45 (I 1) , £ W
MSCs AT LA 43531434k A A 15 200 JeL F0 Ao 4 i, EL A 43
BB T o TNl M A KL 25 SR 78 CD29(99. 22% ) & 1
FiK,CD45(0. 42%) B FL (E 1D) .

2.2 B8 MSCs B & AR 41 22 95 2 HiA%

[ HR 20 28 HE 313 25 58 7w R T AR 21 J it 4 21
WAL AT T HE VR4 B . 5 TR
Lt , SAP 152 70 21 JE Ji 20 2 B AR 25 40 Z5 L, AEAE IR AR 4
JL, P 6 2 B K o B S, R A D) R R i A ] R A7 A 21
Y2 ) HE P73 25 T (P<0.000 1) . 5 SAP AR
TIZH A L, 2% B4 T 4H R MSCs VA 7 21 15 1t 20 2 B A
SRR L, BRI RO b, LR BE | il 3k A
HE PF4 i & FEAR (P<0.05) . H 53R T AL,
MSCs G720 5 i 2 2R 45 4 ZE LA A, IRl 7K i 2
RFE | IR B , HE PR AR (P<0. 05, 812.3) .
2.3 B85 MSCs 44K SAP fn /& % H- B g By B /K -F

S BT ARG LY, SAP LRI ¥ UE K3 1l L Bl 77 it K
S4B TR (P<0. 000 1) 2 Al T 4 A MSCs JAYT
IV VA T i T K P55 SAP RS RY AR L, 1 Wl 2
FEAIR(P<0. 05) s H 5 5w T 20 AH L, MSCs R 97 21 1
THUVERE BRI KT T BT 3 (P<0. 01, 1814)

150 =
= T
€ 100 < 42
3 —
O
50 =
0 Ly oy L | il | Lt |
0 10° 10* 105 10°
CD45-FITC-H D

A: Morphology of 3" generation bone marrow MSCs; B: Adipogenic differentiation of BM-MSCs and oil red O staining;

C: Osteogenic differentiation of BM-MSCS and alizarin red staining; D: Flow cytometry analysis showing high expression

of CD29 (99.22%) and low expression of CD45 (0. 42%)
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Figure 1 Identification of trilineage differentiation in bone marrow mesenchymal stem cells
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Figure 2 Histopathological changes of pancreatic tissues in each group
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Figure 3 Comparison of pathological scores in pancreatic tissues among experimental groups (n=6,x+s)
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Figure 4 Comparison of serum amylase and lipase levels in
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Figure 5 Comparison of serum levels of IL-18, IL-10, and TNF-« in different experimental groups of rats(n=6,x+s)
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Figure 7 Quantitative immunofluorescence analysis of NLRP3, GSDMD, and caspase-1 protein expression in pancreatic
tissues of rats in different groups(n=6,x+s)
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