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Study on the mechanism of o-ketoglutarate inducing acute pancreatitis via XRCC3
HOU Chaoqun, GE Wanli, PENG Yunpeng, LI Qiang’
Pancreas Center, the First Affiliated Hospital of Nanjing Medical University s Nanjing 210029, China

[Abstract] Objective: To screen potential pathogenic metabolites of acute pancreatitis (AP) and explore the molecular mechanism
of a-ketoglutarate (a¢KG) regulating X ray repair cross-complementing protein 3 (XRCC3) to induce AP based on animal and cell
models. Methods: The study first conducted a Mendelian randomization (MR) study combined with two rounds of independent Meta-
analysis to screen metabolites related to the onset of AP from a genetic perspective, and used the inverse variance weighted (IVW)
method to evaluate the causal effect of metabolites on AP. Subsequently, AP animal models in C57BL/6 mice and AR42] cell models
were constructed. The effects of aKG on pancreatic acinar cell injury and inflammatory response were verified by intraperitoneal
injection of aKG and co-culture with the medium, respectively. The detection indicators included cell viability, levels of inflammatory
factors, and histopathological changes. In addition, RNA sequencing was used to analyze the whole transcriptome differences in AR42]
cells before and after aKG treatment, and the expression changes of XRCC3 and its role in the onset of AP were verified by
immunohistochemistry and Western blot techniques. Results: The MR study and Meta-analysis results showed that aKG had a positive
causal relationship with the onset of acute pancreatitis, while indolepropionate (INDO) showed a potential protective effect. Cell
experiments indicated that 10 wmol/L of aKG could significantly inhibit the viability of AR42] cells and promote the secretion of

inflammatory factors such as interleukin-6 (IL-6) and IL-1B. In the animal model, intraperitoneal injection of aKG could induce the
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occurrence of AP in mice, manifested as pancreatic tissue edema, acinar cell injury, and elevated serum inflammatory factor levels.

RNA -seq analysis revealed that aKG exacerbated acinar cell injury by inhibiting the expression of XRCC3 and weakening the DNA

damage repair ability. The expression of XRCC3 in AR42] cells was significantly down -regulated after aKG treatment, which was

verified by immunohistochemistry and Western blot. Additionally, overexpression of XRCC3 could partially reverse the damage effect

of aKG on acinar cells. Conclusion: This study is the first to confirm at the genetic level that aKG is a pathogenic metabolite of AP,

which exacerbates acinar cell injury and inflammatory response by inhibiting the XRCC3 - mediated DNA repair pathway. This

discovery provides a new perspective for the metabolic mechanism research of AP and suggests that targeting the aKG-XRCC3 axis

may be a potential therapeutic strategy.
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Table 1 Serum metabolites causally associated with AP(based on two rounds of independent MR analyses)
Exposure Method NSNP B SE OR 95%C1 P
aKG VW 11 1.02 0.42 2.77 1.22-6.25 0.01
aKG VW 11 1.07 0.46 292 1.18-7.26 0.02
bilirubin(E, E)” VW 14 0.33 0.13 1.39 1.08-1.80 0.01
bilirubin(E, E)* IVW 8 0.37 0.18 1.45 1.02-2.06 0.04
bilirubin(Z, Z)" VW 19 0.22 0.09 1.25 1.04-1.49 0.02
bilirubin(Z, Z)* VW 9 0.34 0.13 1.40 1.08-1.83 0.01
biliverdin” VW 27 0.26 0.13 1.29 1.01-1.66 0.04
biliverdin® VW 13 0.40 0.20 1.49 1.01-2.21 0.05
INDO VW 16 -0.56 0.19 0.57 0.39-0.83 0.00
INDO VW 14 -0.73 0.26 0.48 0.29-0.81 0.01
X-11530 VW 19 0.43 0.15 1.53 1.15-2.04 0.00
X-11530" VW 10 0.56 0.21 1.75 1.16-2.65 0.01
X-12329 VW 25 0.06 0.03 1.06 1.00-1.12 0.03
X-12329" VW 24 0.09 0.04 1.09 1.01-1.18 0.03

*denotes the ebi-a-GCST90018789 dataset; #denotes the finn-b-K11_ACUTPANC dataset. IVW: inverse variance weighted; NSNP: number of
SNPs; Beta: Beta coefficient; SE: standard error; OR: odds ratio; 95% Cl: 95% confidence interval.



45 55 12 1

*1760+ Mo BE R K % 2 kR 2025412 H
A MR Test B
Inverse variance weighted  Weighted median
/MR Egger Weighted mode

Simple mode

o
=
<

SNP effect on acute pancreatitis
SNP effect on acute pancreatitis
o S
o
o\ |

-0.05-

-0.05- : : : : ! ) ‘ !
0.015 0.020 0.025 0.030 0.015 0.020 0.025 0.030

SNP effect on aKG SNP effect on aKG

C  o.10 D

|
=3
=]
W

I
o
o
o

SNP effect on acute pancreatitis
=)
(=3
S

SNP effect on acute pancreatitis

0.03 0.06 0.09 0.03 0.06 0.09
SNP effect on indolepropionate SNP effect on indolepropionate
E Study log:OR SE(log;OR) Odds ratio OR 95%Cl1 Weight
Exposure=alpha-ketoglutarate -
ebi-a-GCST90018789 1.0173 04158 — 2.77 1.22-6.25 55.5%
finn-b-K11_ACUTPANC 1.0722  0.464 2 —— 292 1.18-7.26 44.5%
Heterogeneity: ’=0%, 1’=0, P=0.93 '
1
Common effect model — 283 1.54-5.20 100.0%
02 05 1.0 20 50
¥ Study log,OR SE(log,0OR) Odds ratio OR 95%C1 Weight
Exposure=alpha-ketoglutarate -
ebi-a-GCST90018789 -2.5624 0.1937 —=—— 0.57 0.39-0.83 64.3%
finn-b-K11_ACUTPANC -0.7251 0.259 6 —#r—— 0.48 0.29-0.81 35.7%

1
1
Heterogeneity: '=0%, 1*=0, P=0.62 '
1
1

0.54 0.40-0.73 100.0%

Common effect model
0.5 1.0 2.0

A: Analysis of the relationship between serum oKG and the incidence of AP based on the ebi-a-GCST90018789 dataset, with different lines repre-
senting various statistical methods. B: Analysis of the relationship between serum aKG and the incidence of AP based on the finnb-K11_ACUTPANC
dataset. C: Analysis of the relationship between serum INDO and the incidence of AP based on the ebi-a-GCST90018789 dataset. D: Analysis of the rela-
tionship between serum INDO and the incidence of AP based on the finnh-K11_ACUTPANC dataset. E: Two rounds Meta-analysis of the relationship
between o KG and the incidence of AP based on the ebi-a-GCST90018789 and finnb-K11_ACUTPANC datasets. F: Two rounds Meta-analysis of the re-

lationship between INDO and the incidence of AP based on the ebi-a-GCST90018789 and finnb-K11_ACUTPANC datasets.

1 oKG.INDO 5 AP &5 E RXF D E
Figure 1 Causal relationship analysis of «KG and INDO with the onset of AP
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A:In AR42] cells, the optimal intervention concentrations of aKG and INDO were determined using the CCK-8 assay (n=5) ; B: The effect of aKG

(10 pmol/L)on the levels of cytokines IL-1@, IL-6, and TGF-B1 in the culture supernatant of AR42]J cells was measured by ELISA (n=3); C: The effect
of INDO(0.1 pwmol/L)on the levels of cytokines IL-1B, IL-6, and TGF-B1 in the culture supernatant of AR42]J cells was measured by ELISA (n=3). P <

0.05 and "P < 0.01.

2 oKG.INDO XfBRERBR /EL40 A9 1 R
Figure 2 Effects of «KG and INDO on pancreatic acinar cells
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A: The effects of cerulein, aKG, and the combination of cerulein and INDO on the histopathological inflammatory injury of mouse pancreatic tissue
after intervention (scale bar=100 pm, n=6); B: The effect of aKG on the levels of serum cytokines [L-13, IL-6, and TGF-B1 in mice(n=5); C: The effect
of the combination of cerulein and INDO on the levels of serum cytokines IL-18, IL-6, and TGF-B1 in mice(n=5). P < 0.05 and "P < 0.01.
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Figure 3 In vivo validation of the effects of ®KG and INDO on pancreatic acinar cells
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A: Based on RNA-seq, the differential expression of mRNA in the whole transcriptome of AR42] cells before and after aKG treatment was com-

pared and analyzed, presented as a volcano plot(n=3); B: Cluster analysis of differentially expressed genes between the two groups based on differential

gene expression levels (n=3).C: RT-PCR was used to examine XRCC3 mRNA expression levels in AR42] cells (n=3) ; D: Western blot was used to de-

tect XRCC3 protein expression levels in AR42]J cells(n=3); E: THC was performed to detect XRCC3 protein expression levels in mouse pancreatic tissue

(scale bar=100 wm, n=6) ; F: In AR42]J cells, Western blot was used to detect changes in XRCC3 protein expression after XRCC3 overexpression (n=
3); G: After overexpressing XRCC3 and co-culturing with aKG, CCK-8 was used to measure AR42]J cell viability(n=3). P < 0.05 and "P < 0.01.
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Figure 4 oKG induced pancreatic acinar cell injury by suppressing XRCC3 expression
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