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Abstract
Background  Severe acute pancreatitis (SAP) is characterized by high mortality rates and various complications, 
including skeletal muscle atrophy, which significantly exacerbates its outcomes. Despite its clinical relevance, the 
mechanistic understanding of the relationship between skeletal muscle and the pancreas in SAP remains limited. Our 
study aimed to elucidate this “organ crosstalk” and its potential implications.

Methods  We established an SAP mouse model through pancreatic duct ligation (PDL) and evaluated pancreatic 
necrosis, skeletal muscle atrophy, and myonectin expression levels. Recombinant myonectin protein was 
administered in vivo and in vitro to assess its effects on acinar cell necrosis. Mechanistic insights were gained through 
RNA-seq data analysis and experimental validation. Serum samples from AP patients and healthy controls were 
collected to investigate the correlation between serum myonectin levels and disease severity.

Results  The mouse model exhibited severe pancreatic necrosis, skeletal muscle atrophy, and elevated myonectin 
levels, with myonectin administration exacerbating model severity. We identified iron accumulation-induced 
ferroptosis as a key pathway contributing to myonectin-mediated acinar cell necrosis. A total of 22 healthy controls 
and 52 patients with varying degrees of AP were included in the serum samples and clinical data (36.5% females, age 
49.79 ± 16.53). Analysis of serum samples revealed significantly higher myonectin levels in AP patients, correlating 
with disease severity (R = 0.28, P = 0.041).

Conclusions  Our findings underscore the significant role of myonectin in SAP progression and its potential as 
a prognostic marker for disease severity in AP patients. This study contributes to a deeper understanding of the 
pathophysiology of SAP and highlights potential therapeutic targets for intervention.
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Introduction
Severe acute pancreatitis (SAP) represents a critical pro-
gression from localized pancreatic injury to a systemic 
multisystem emergency, with approximately 20% of 
acute pancreatitis (AP) cases advancing to SAP. Despite 
advancements in treatment, SAP still carries a mortality 
rate ranging between 15% and 35% [1]. Notably, patients 
with SAP commonly exhibit weight loss and protein 
degradation [2], with over 50% experiencing persistent 
immune suppression and catabolic disorders [3–5], lead-
ing to skeletal muscle atrophy and increased mortality 
rates [3]. Moreover, retrospective analyses of domestic 
and international studies have underscored the associa-
tion between skeletal muscle atrophy and the risk of pan-
creatitis [6, 7], with skeletal muscle atrophy identified as 
an independent risk factor for in-hospital SAP mortality 
[8]. However, gaps persist in our understanding of the 
metabolic changes occurring in skeletal muscles follow-
ing AP and their potential contribution to pancreatic 
inflammation. Therefore, it is crucial to resolve these 
issues.

Skeletal muscle, the body’s largest endocrine organ 
[9], secretes various myokines [10, 11], which have been 
extensively studied for their regulatory roles in physi-
ological and metabolic pathways across diverse tissues 
and organs [12, 13]. Myokine secretion into the blood-
stream could be possibly involved in the overall patho-
physiological process of SAP [14]. Of particular interest 
is myonectin, a novel myokines implicated in regulat-
ing cellular iron metabolism and promoting iron accu-
mulation within tissues and cells [15]. Intracellular iron 
accumulation, as facilitated by myonectin, precipitates 
the generation of oxygen free radicals via the Fenton 
reaction, which, in turn, instigates non-enzymatic lipid 
peroxidation and triggers cellular ferroptosis [16, 17]. 
Importantly, prior research, including our own, has indi-
cated the pivotal role of ferroptosis in acinar cell necrosis 
[18, 19].

Building upon existing theories and prior research 
findings, the current study endeavors to establish an SAP 
mouse model through pancreatic duct ligation (PDL) to 
elucidate SAP complicated by skeletal muscle atrophy. 
Our objectives encompass observing the expression of 
myonectin in muscle tissue and serum, clarifying the 
mechanism by which exogenous myonectin exacerbates 
acinar cell necrosis through in vitro and in vivo experi-
ments, and assessing the correlation between serum 
myonectin levels and disease severity in patients with 
clinical AP.

Materials and methods
Animals
C57BL/6 wild-type male mice (6–8 weeks, 20–23 g) were 
purchased from GemPharmatech Co. Ltd. (Nanjing, 
China). All mice were maintained in a specific pathogen-
free (SPF) environment, provided with standard labora-
tory animal food and water, housed at a temperature of 
23 ± 2 °C, and subjected to a 12 h light-dark cycle.

Reagents and antibodies
Cholecystokinin (CCK8) was purchased from Echelon 
(471 − 47); Human Protein Myonectin ELISA Kit was pur-
chased from CUSABIO (CSB-EL008059HU); LDH Cyto-
toxicity Assay Kit was purchased from Beyotime (C0017); 
Calcein-AM/PI Double Stain Kit and SYBR Green PCR 
Master Mix were acquired through YEASEN (40747ES, 
11201ES); We purchased Amylase assay kit from Bio-
Sino(100000060) and Lipase assay kit from Nanjing 
Jiancheng Bioengineering (A054-1); FerroOrange was 
purchased from DOJINDO (F374); MDA Assay Kit was 
purchased from DOJINDO (M496); BODIPY 581/591 
C11 was purchased from MedChemExpress (217075-
36-0); We purchased anti-Myonectin and anti-GPX4 
antibody from Abcam (ab125066, ab222468); Trizol was 
purchased from TIANGEN (DP424).

Construction of a severe acute pancreatitis model in mice 
pancreatic duct ligation and drug intervention
The SAP mouse model was constructed as previously 
reported [20]. C57BL/6J mice were anesthetized and 
placed on an operating table. An incision was made along 
the midline of the abdomen, exposing a small segment of 
the pancreatic duct, which was then ligated with 6 − 0 sur-
gical suture and tied off. The abdomen was subsequently 
closed in layers. Recovery took place on a constant tem-
perature heating pad at 37 °C for 60–90 min. Mice in the 
control group underwent laparotomy without duct liga-
tion. Postoperatively, mice were provided with water and 
food, and changes in weight and survival rates were mon-
itored daily. Tissue samples, including eye blood, pancre-
atic, and gastrocnemius muscle tissues, were collected 
from anesthetized mice on postoperative days 1, 2, 3, and 
5. Tissues were handled with care to prevent damage.

C57BL/6J mice were randomly divided into five groups: 
sham surgery group, PDL model group, PDL + low-dose 
Myonectin (0.01ug/g), PDL + medium-dose Myonectin 
(0.1ug/g), and PDL + high-dose Myonectin (1ug/g), with 
7 in each. Mice in the treatment groups received intra-
peritoneal injections of recombinant myonectin follow-
ing recovery from PDL surgery. All mice were euthanized 
60  h after PDL surgery, and pancreatic tissues were 
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collected. Blood samples were collected for enzymatic 
analyses.

Histopathology analysis
Pancreatic and muscle tissues were fixed and stained with 
hematoxylin-eosin (H&E). Observations and collection 
of representative images were conducted using a bright-
field fluorescence microscope (BX53, Japan). Pathological 
tissue damage scores were independently evaluated by 
two pathologists. Pancreatic tissue damage was assessed 
based on tissue edema, inflammatory cell infiltration, and 
acinar cell necrosis [21]. Muscle tissue damage was iden-
tified by muscle cell shrinkage and increased intercellular 
space following muscle atrophy.

Amylase and lipase assay
Mouse retro-orbital venous blood samples were collected 
for amylase and lipase measurements. Blood samples 
were centrifuged (2000 rpm, 7 min) to obtain serum for 
appropriate dilution. The amylase and lipase levels were 
measured according to the manufacturer’s instructions of 
the assay kits.

Western blot
10-20  mg gastrocnemius muscle tissues were weighed, 
followed by the addition of protein lysis buffer. Tissue 
proteins were extracted using a homogenizer and an 
ultrasonic machine, and stored at -20 °C. Protein samples 
were visualized using 12% SDS-PAGE and transferred to 
PVDF membrane. The filters were blocked with 5% skim 
milk at room temperature for 2  h, followed by incuba-
tion with primary antibodies at 4 °C for 12 h. Membranes 
were incubated with anti-rabbit immunoglobulin G at 
room temperature for 2 h followed by enhanced chemi-
luminescence reagent. The primary antibodies used for 
immunoblotting were anti-Myonectin (1:1000 dilution), 
anti-GPX4 (1:1000 dilution), and anti-GAPDH (1:500 
dilution).

Nucleic acid detection
Open the nucleic acid analyzer, pipette 1ul ddH2O on the 
pedestal, click on blank, and pipette 1ul of sample on the 
pedestal. The A260/280nm wavelength was selected, the 
A260/280 ratio of pure RNA samples ranges from 1.8 to 
2.0. The extracted RNA concentration range is from 0.1-
5ug/ul. The RNA concentration and purity were mea-
sured and saved.

Quantitative real-time PCR analysis
10-20  mg gastrocnemius muscle tissues were weighed, 
and TRIzol reagent was added to extract total RNA. The 
RNA concentration and purity were measured, followed 
by cDNA synthesis using the RevertAid First Strand 
cDNA Synthesis Kit. The obtained cDNA was subjected 

to real-time qPCR using SYBR Green PCR Master Mix. 
The comparative CT (2− CT) approach was used to mea-
sure the fold change of each mRNA, normalized to 18 S. 
The following primers were used:

18 S F: ​G​G​A​A​G​T​G​C​A​C​C​A​C​C​A​G​G​A​G​T.
18 S R: ​T​G​C​A​G​C​C​C​C​G​G​A​C​A​T​C​T​A​A​G.
MAFb-x F: ​C​A​G​C​T​T​C​G​T​G​A​G​C​G​A​C​C​T​C.
MAFb-x R: ​G​G​C​A​G​T​C​G​A​G​A​A​G​T​C​C​A​G​T​C.
MURF-1 F: ​G​T​G​T​G​A​G​G​T​G​C​C​T​A​C​T​T​G​C​T​C.
MURF-1 R: ​G​C​T​C​A​G​T​C​T​T​C​T​G​T​C​C​T​T​G​G​A.

Isolation and treatment of pancreatic acinar cells (PACs)
Pancreatic tissue was isolated from C57BL/6 mice, and 
collagenase IV was used for tissue digestion and PAC 
separation [22]. After 17 min of digestion in a water bath, 
the digestion was terminated, followed by gentle blow-
ing and sieving for centrifugation. Subsequently, cells 
were suspended in 2% FBS Hepes medium and incubated 
at 37  °C. Cellular injury was induced using 1  μm CCK, 
followed by exposure to gradually increasing concentra-
tions of myonectin. After a 6-hour incubation, cells and 
supernatant were collected separately. LDH released into 
the supernatant was measured using an LDH cytotoxicity 
assay kit to assess the extent of PACs’ death. Dual stain-
ing of PACs was performed using PI Solution and Cal-
cein-AM Solution, followed by observation and imaging 
using a laser confocal microscope.

RNA-seq
RNA-seq data were obtained from the GEO database 
(GSE161945), including mRNA data from three SAP 
mouse samples and three control samples [23]. Differ-
ential analysis utilized the DESeq2 package, with genes 
selected based on an absolute log2FC value greater than 
or equal to 1 and a p-value of less than or equal to 0.05. 
Myonectin-related genes were filtered using the STRING 
database, identifying intersections with SAP differential 
genes. Enrichment analyses for KEGG and GO were per-
formed for common genes.

Iron accumulation assay
Following the extraction and cultivation of PACs, they 
were stimulated with 1 μm CCK and 250 ng/ml Myonec-
tin for 3 h. Subsequently, the cells were collected, washed 
twice with HBSS buffer, and subjected to staining by 
adding 1 umol of the Fe2+ detection probe FerroOrange, 
followed by an incubation at 37  °C for 30 min. The Fe2+ 
content inside the cells was observed using a laser confo-
cal microscope. The fluorescence intensity was quantified 
using ImageJ software.

Lipid peroxidation levels assay
C11-BODIPY was employed to detect cellular lipid per-
oxidation levels. The methods used for PACs extraction, 
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cultivation, grouping, and drug treatment were the same 
as described above. Following a 3-hour drug stimula-
tion of acinar cells, C11 was introduced, and the reaction 
ensued at 37 °C for 30 min. Subsequently, the cells were 
centrifuged to remove the supernatant and re-suspended 
in HBSS balanced salt solution. Utilizing appropriate 
excitation and emission wavelengths, a fluorescence plate 
reader was employed to analyze the content of lipid per-
oxidation products in the samples.

Moreover, 20–30 mg of pancreatic tissue samples were 
weighed, and lipid peroxidation levels in pancreatic tis-
sues were measured in accordance with the instructions 
provided by the Malondialdehyde (MDA) Assay Kit. A 
fluorescence microplate reader was then used to detect 
the fluorescence intensity and calculate the MDA content 
in the samples.

Human subjects
Peripheral blood samples were collected from patients 
diagnosed with AP and admitted to the Affiliated People’s 
Hospital of Yangzhou University from November 2021 to 
March 2023 for inclusion in the study.

The inclusion criteria were as follows: (1) age rang-
ing from 18 to 85 years; (2) diagnosis meeting the 2012 
revised Atlanta [24] AP diagnostic criteria; (3) onset time 
within 3 days; and (4) all patients were aware and signed 
informed consent forms. The exclusion criteria were 
as follows: (1) age < 18 or > 85 years; (2) symptom onset 
exceeding 3 days; (3) history of malnutrition, cachexia, 
myasthenia, chronic heart failure, chronic renal failure, 
or malignant tumors; and (4) pregnant women, individ-
uals lacking decision-making capacity, and those with 
impaired behavioral abilities.

Basic demographic data, etiology, severity, changes 
in inflammatory factor levels, hospitalization duration, 
prognosis, CTSI score, and both local pancreatic and sys-
temic complications were recorded.

Peripheral blood samples (3 mL) were collected from 
the patients, centrifuged at 3000 rpm for 7 min, and the 
upper serum layer was aspirated. Serum myonectin levels 
were determined using an ELISA kit, and the remaining 
samples were stored at -80 °C.

Statistical analyses
Continuous variables following a normal distribution are 
presented as mean ± standard deviation (mean ± SEM). 
T-tests or approximate t-tests were used for between-
group comparisons based on variance homogeneity, 
while one-way ANOVA was used for multiple group 
comparisons. Non-normally distributed data were 
expressed as median (interquartile range) [M (P25, 
P75)], and group comparisons were conducted using the 
Mann-Whitney U test for two groups and the Kruskal-
Wallis H test for multiple groups. Categorical variables 

were analyzed using the χ2 test, with Fisher’s exact test 
employed when necessary. Pearson’s correlation was used 
to explore the linear relationships between myonectin 
and various parameters including CTSI, WBC count, 
PCT, CRP, LDH, amylase, and hospitalization time. Sta-
tistical analyses were performed using R software (ver-
sion 4.2.2), with significance set at P < 0.05.

Results
SAP model of pancreatic duct ligation in mice with skeletal 
muscle atrophy
PDL is a classical method used to induce SAP in mouse 
models (Fig. 1A). Post PDL surgery, the survival rates of 
mice decreased, with high mortality at 2–3 days (Fig. 1B). 
Ocular blood, pancreatic, and muscle tissues were col-
lected on days 1, 2, 3, and 5 following PDL surgery. H&E 
staining revealed characteristic features of pancreatic 
damage in SAP mice, including inflammatory cell infil-
tration, acinar cell necrosis, and interstitial hemorrhage. 
Prolonged pancreatic duct obstruction exacerbated 
pancreatic necrosis, leading to severe morphological 
destruction. H&E staining of muscle tissue indicated 
muscle cell atrophy, enlarged myofiber gaps, and other 
typical signs of muscle atrophy (Fig.  1C). Furthermore, 
post PDL, mice experienced significant body weight loss 
of up to 30% (Fig. 1D). Skeletal muscle atrophy was fur-
ther evaluated using qPCR to assess the expression of 
MuRF-1 (Muscle RING Finger 1) and MAFb-x (Muscle 
Atrophy F-box), revealing significant upregulation, par-
ticularly on days 1–2 post PDL (Fig. 1E-F), indicative of 
enhanced skeletal muscle protein degradation.

Significant increase in myonectin expression in SAP mouse 
model
Following the identification of signs of muscle atrophy 
in SAP mice, we assessed the expression of the myokine 
myonectin in circulation and tissues. Muscle tissue sam-
ples obtained at various time points underwent WB and 
qPCR analyses, demonstrating a significant increase in 
myonectin protein and mRNA levels starting from day 
2 (Fig. 2A-C). ELISA was used to detect serum myonec-
tin levels, revealing a significant increase in SAP mice 
(Fig.  2D). Under inflammatory stimuli, skeletal muscle 
status is altered, resulting in increased myonectin release, 
peaking in all parameters on day 2, coinciding with high 
mortality rates on days 2–3 in mice.

Myonectin aggravates acinar cell necrosis
This study used cholecystokinin (CCK) to establish a 
pancreatic acinar cell (PACs) injury model. Exogenous 
recombinant myonectin and a control solvent were 
administered and evaluated acinar cell death. We found 
that Myonectin significantly reduced lactate dehydro-
genase (LDH) release (Fig.  3A). Moreover, fluorescence 
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Fig. 1  Skeletal muscle atrophy observed in the SAP mouse model induced by pancreatic duct ligation (PDL). (A) Experimental protocol for establishing 
the SAP mouse model by PDL. (B) Survival rate of SAP mice. (C) Representative images of pancreatic and muscle tissue H&E staining in SAP mice. (D) 
Percentage of weight loss in SAP mice. (E, F) The mRNA levels of MURF-1 and MAFb-x in muscle tissues of SAP mice. N ≥ 4, ns p ≥ 0.05, * p<0.05, **p<0.01, 
***p<0.001
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double staining with calcein-AM/PI showed a significant 
increase in dead cells in the CCK + Myonectin treatment 
group compared to that in the CCK model group under 
confocal microscopy (Fig.  3B). Additionally, a dose-gra-
dient experiment with the recombinant myonectin pro-
tein was conducted using the PDL model. We observed 
in PDL-induced experimental SAP model that exogenous 
myonectin significantly aggravated pancreatic histopath-
ological damage, including pancreatic edema, inflamma-
tory cell infiltration, and acinar cell necrosis (Fig. 3C-D). 
Serum levels of amylase and lipase were elevated (Fig. 3E-
F). Both in vivo and in vitro experimental findings sug-
gest that intervention with recombinant myonectin 
exacerbates acinar cell necrosis.

RNA-seq data identified pathways related to iron 
metabolism and ferroptosis as targets of myonectin
To explore the mechanism by which myonectin aggra-
vates acinar cell necrosis, we screened the STRING 
database to identify myonectin-related genes (Fig.  4A), 
and intersected them with the SAP transcriptome data-
base (GSE161945) to identify overlapping differentially 
expressed genes (Fig. 4B). Subsequently, KEGG and GO 
analyses were conducted on the shared genes, revealing 

significant alterations in iron metabolism pathways 
(Fig. 4C-D).

Myonectin increased iron accumulation in acinar cells and 
aggravated cell ferroptosis
In the CCK-induced PACs injury model, cells were incu-
bated with recombinant myonectin protein. After 3  h 
of incubation, the Fe2+ detection probe FerroOrange 
was added, and fluorescence intensity was significantly 
higher in the CCK + Myonectin treatment group than 
in the CCK control group under laser confocal micros-
copy (Fig. 5A). WB analysis was performed to assess the 
expression levels of the ferroptosis key inhibitory pro-
tein glutathione peroxidase 4 (GPX4) in PACs, reveal-
ing lower GPX4 expression in CCK-induced cell damage 
following Myonectin treatment (Fig.  5B). Analysis of 
C11-BODIPY levels in acinar cells and MDA in pancre-
atic tissue showed a corresponding change in the degree 
of acinar cell lipid peroxidation following myonectin 
intervention. These findings indicate that iron accumu-
lation-mediated ferroptosis is a key pathway by which 
myonectin aggravates acinar cell necrosis.

Fig. 2  Significant overexpression of the myokines myonectin in SAP mice. (A, B) Western blot and quantitative analysis of Myonectin in muscle tissue at 
different time points post PDL surgery. (C) qPCR detection of Myonectin in muscle tissue at different time points post PDL surgery. (D) ELISA detection of 
serum Myonectin levels in mice at different time points post PDL surgery. N ≥ 4, ns p ≥ 0.05, * p<0.05, **p<0.01, ***p<0.001
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Fig. 3  Exogenous administration of recombinant myonectin protein aggravates acinar cell necrosis. (A) PACs were treated with CCK, together with gradi-
ent doses of Myonectin for 6 h; the levels of LDH release are shown. (B) Immunofluorescence imaging of pancreatic acinar cells stained with Calcein-AM/
PI (1200x). (C) Representative images of pancreatic tissue H&E staining in PDL mice after treatment with gradient doses of recombinant Myonectin pro-
tein. (D) Pathological scoring of pancreatic tissue (edema, necrosis, inflammatory cell infiltration). (E) Serum amylase levels. (F) Serum lipase levels. CCK, 
cholecystokinin; AM, acetoxymethyl, represents living cells; PI, propidium iodide, represents dead cells. N ≥ 5, ns p ≥ 0.05, * p<0.05, **p<0.01, ***p<0.001
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Evaluation of serum myonectin levels in healthy 
participants and patients with AP
A total of 74 participants were included in the study. 
The study design flowchart is shown in Fig. 6A. AP was 
further categorized as mild (MAP, n = 21), moderately 
severe (MSAP, n = 20), or severe (SAP, n = 11). Clinical 
data, including general clinical and demographic data of 
patients with AP, are shown in Table 1.

Serum myonectin levels revealed a correlation between 
myonectin levels and disease severity (Fig. 6B). It appears 
that with increased myonectin there is an increase in dis-
ease severity. Significant differences in serum myonectin 
levels were observed between patients with and without 

acute necrotic tissue accumulation (P < 0.01); however, 
no correlation was observed with organ failure (Fig. 6C). 
Further correlation analysis revealed a linear relationship 
between serum Myonectin levels and CTSI (Computed 
Tomography Severity Index) for AP (R = 0.28, P = 0.041) 
(Fig.  6D). Additionally, serum myonectin levels showed 
significant associations with WBC count, CRP level, 
LDH level, and hospitalization time (Fig. 6E).

Discussion
In this study, we demonstrated that mice with SAP 
exhibit typical skeletal muscle atrophy, leading to an 
increase in myonectin secretion. Myonectin aggravates 

Fig. 4  RNA-seq data identified pathways related to iron metabolism and ferroptosis as targets of myonectin. (A) Myonectin related genes were screened 
in the String database. (B) Overlap of myonectin-related genes from the String database with RNA-seq data in the SAP model identified 17 common 
genes. (C) KEGG enrichment analysis of these 17 genes. (D) GO enrichment analysis of these 17 genes
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acinar cell ferroptosis via iron accumulation, thus wors-
ening pancreatic injury in SAP. Clinically, we proposed, 
for the first time, a correlation between serum myonec-
tin levels in patients with AP and the clinical severity and 
prognosis.

Severe acute pancreatitis is a perilous condition char-
acterized by rapid disease progression and an increased 
risk of mortality. Among patients with SAP, 69.6% exhibit 
skeletal muscle atrophy, with only 28.8% able to return to 
work, leading to poor long-term quality of life [3]. Cur-
rently, the primary methods for establishing SAP mouse 
models include retrograde biliopancreatic duct injec-
tion, PDL, and caerulein injection [25–27]. To mitigate 
the influence of exogenous drugs on the natural course of 

SAP, we used a PDL surgical model. Our team conducted 
numerous experiments to investigate this model [20, 28].

Inflammation and various other stimuli trigger 
increased myokine secretion, which can induce muscle 
dysfunction through autocrine or paracrine signaling 
and, conversely, exacerbate inflammation through endo-
crine pathways [29]. This potentially establishes a vicious 
cycle that perpetuates SAP and skeletal muscle atrophy. 
We found significant upregulation of myonectin dur-
ing the progression of SAP, leading to its release into the 
peripheral circulation. Intervention with exogenous myo-
nectin recombinant protein aggravates acinar cell dam-
age and pancreatic tissue necrosis. Our study indicates 
an organ dialogue between the pancreas and muscles, 

Fig. 5  Myonectin induced iron accumulation and intensified acinar cell ferroptosis. (A) Immunofluorescence imaging of pancreatic acinar cells stained 
with FerroOrange (1200x). (B) Quantitative analysis of fluorescence intensity (N ≥ 5). (C) Western blot detection of key ferroptosis protein GPX4 expression 
levels in PACs. (D) Quantitative analysis of GPX4 expression changes. (E) C11-BODIPY measurement of cellular lipid peroxidation levels. (F) MDA assess-
ment of lipid peroxidation levels in pancreatic tissue. N ≥ 4, ns p ≥ 0.05, * p<0.05, **p<0.01, ***p<0.001
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Fig. 6  Serum myonectin levels were correlated with the severity and pancreatic necrosis of AP patients. (A) Flowchart of the patients with AP in the clini-
cal study. (B) ELISA analysis of serum Myonectin levels in the healthy control group and different severity levels of AP patients. (C) Correlation analysis of 
patient serum Myonectin with ANC and OF. (D) Correlation analysis of patient serum Myonectin with CTSI. (E) Correlation coefficient heat map of serum 
Myonectin levels upon admission with other clinical parameters. ns p ≥ 0.05, * p<0.05, **p<0.01, ***p<0.001. HC, health check; MAP, mild AP; MSAP, mod-
erately severe AP; SAP, severe AP; ANC, absolute neutrophil count; OF, organ failure; CTSI, CT severity index; WBC, white blood cells; PCT, procalcitonin; CRP, 
C-reactive protein; HCT, hematocrit; LDH, lactate dehydrogenase
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in which myonectin plays an important role. Research 
on death pathways in pancreatic necrosis and treatment 
targets has been a focal point in basic research [30, 31]. 
Previous studies demonstrated the downregulation of 
GPX4 mRNA and protein levels in pancreatic tissue in 
an AP animal model [18, 19], suggesting ferroptosis as a 
critical mode of acinar cell death. FerroOrange, a novel 
fluorescent probe, reflects intracellular Fe2+ accumu-
lation during ferroptosis, when the membrane repair 
enzyme GPX4 becomes dysfunctional, leading to the 
accumulation of oxygen radicals [32]. C11, a fluorescent 
probe used to measure lipid peroxidation, is localized on 
the active cell membrane. MDA, a secondary product of 
lipid peroxidation, is commonly used as an indicator in 
cells and tissues [33]. Our findings indicate significant 
changes in ferroptosis markers in the SAP model follow-
ing exogenous myonectin administration, elucidating the 
specific pathway by which myonectin aggravates acinar 
cell necrosis through iron accumulation.

The expression of serum myonectin and its associa-
tion with clinical severity in patients with AP remain 
unreported. This study marks the first investigation into 
serum myonectin levels in patients with AP of varying 
severity and their integration with clinical data. The treat-
ment focus in the early stages of SAP primarily addresses 
organ failure, shifting to managing complications such as 
infected necrotic tissue accumulation during later stages 

[34]. We observed significant differences in serum myo-
nectin levels among patients grouped according to the 
presence or absence of acute necrotic tissue accumula-
tion, indicating a relationship with pancreatic acinar cell 
damage, rather than a systemic inflammatory response. 
Early assessment of the severity of AP is crucial for the 
detection and prompt treatment of severe cases [35]. 
CTSI is a fundamental indicator for assessing the extent 
of local inflammation and necrosis in AP [36]. The lin-
ear correlation between serum myonectin levels and 
CTSI further suggests that myonectin exacerbates local 
pancreatic damage. Furthermore, there is a correlation 
between myonectin levels and disease severity in patients 
with AP. In the future, myonectin may serve as a prog-
nostic marker for the clinical management of AP.

Limitations of the study
Our study lacked data on skeletal muscle atrophy in 
patients with AP. However, in the field of imaging, 
numerous reports have measured the skeletal muscle 
area of AP patients [37, 38], and it is generally believed 
that SAP is associated with skeletal muscle atrophy 
accompanied by cachexia. Furthermore, clinical samples 
were obtained from a single-center source, and the sam-
ple size was small.

Table 1  Baseline characteristics of AP patients
Characteristics Total (n = 52) MAP (n = 21) MSAP (n = 20) SAP (n = 11) p
Sex(Male) 33 (63.46) 13 (61.90) 14 (70) 6 (54.55) 0.660
Age 49.79 ± 16.53 50 ± 16.20 48.20 ± 16.38 52.27 ± 18.63 0.810
BMI 24.57 (22.73, 26.40) 23.44 (22.20, 26.30) 24.93 (23.30, 26.74) 24.8 (23.26, 26.16) 0.542
Etiology 0.349
   BAP 21 (40.38) 8 (38.10) 10 (50) 3 (27.27)
   HLAP 24 (46.15) 8 (38.10) 9 (45) 7 (63.64)
   Other 7 (13.46) 5 (23.81) 1 (5) 1 (9.09)
APFC 36 (69.23) 8 (38.10) 17 (85) 11 (100) < 0.001
PPC 4 (7.69) 0 1 (5) 3 (27.27) 0.013
ANC 7 (13.46) 0 0 7 (63.64) < 0.001
WON 1 (1.92) 0 0 1 (9.09) 0.212
OF 9 (17.31) 0 0 9 (81.82) < 0.001
   ARDS 8 (15.38) 0 0 8 (72.73) < 0.001
   Shock 3 (5.77) 0 0 3 (27.27) 0.007
   AKI 3 (5.77) 0 0 3 (27.27) 0.007
CTSI 4 (2.75, 4) 2 (2, 3) 4 (4, 4) 6 (6, 8) < 0.001
WBC 12.47 ± 3.93 11.35 ± 4.06 13.71 ± 4.17 12.36 ± 2.66 0.159
PCT 0.21 ± 0.08 0.20 ± 0.06 0.22 ± 0.07 0.22 ± 0.12 0.809
CRP 105.35 (18.82, 203.83) 37.59 (13.80, 99.86) 161.97 (75.17, 223.61) 164.51 (108.68, 293.07) 0.009
LDH 287.15 (220.27, 393) 223.1 (205, 274) 313.50 (247.50, 361.75) 790 (449, 1332) < 0.001
Amylase 365 (149.50, 680) 475 (177, 1319.75) 293 (133, 553.50) 555 (213.50, 812.50) 0.290
Hospitaly time 10.50 (7.75, 15) 9 (5, 11) 10 (8.50, 12.25) 20 (17, 29) < 0.001
MAP, mild AP; MSAP, moderately severe AP; SAP, severe AP; BMI, body Mass Index; BAP, biliary acute pancreatitis; HLAP, hyperlipidemic acute pancreatitis; APFC, 
acute peripancreatic fluid; PPC, pancreatic pseudocyst; ANC, absolute neutrophil count; WON, walled-off necrosis; OF, organ failure; ARDS, acute respiratory distress 
syndrom; AKI, acute kidney injury; CTSI, CT Severity Index; WBC, white blood cells; PCT, procalcitonin; CRP, C-reactive protein; LDH, lactate dehydrogenase
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Conclusion
Our study focused on the interaction between SAP and 
skeletal muscle atrophy. We initially confirmed that the 
myokine myonectin induces iron accumulation, exacer-
bating acinar cell ferroptosis, with a correlation between 
serum myonectin levels in patients with AP and disease 
severity. Furthermore, exploring therapeutic interven-
tions targeting myonectin or investigating other potential 
mediators of skeletal muscle and pancreatic interactions, 
would provide direction for subsequent studies in the 
field.
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