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Abstract  

Background:  Diabetic  foot  ulcer  (DFU)  is  a  severe  diabetic  complication  characterized  by  impaired  healing,  often  involving

 fibroblast  senescence  and  the  senescence  -associated  secretor  y  phenotype  (SASP).  The  role  of  ribonucleic  acid  (RNA)-binding

 proteins  (RBPs)  in  this  process  remains  undefined.  This  study  investigates  the  function  and  mechanism  of  the  RBP  interleukin

 enhancer-binding  factor  2  (ILF2)  in  DFU  pathogenesis.
 

Methods:  Differentially  expressed  RBPs  were  identified  via  bioinformatics  analysis  of  public  single  -cell  and  bulk  transcriptomic

 datasets.  ILF2  downregulation  was  subsequently  validated  in  clinical  DFU  samples  and  diabetic  mouse  models.  Functional

 assays  in  high-glucose  (HG)-treated  fibroblasts  evaluated  proliferation,  migration,  and  SASP.  Mechanistically,  RNA  sequencing,

 RNA-binding  protein  immunoprecipitation,  and  RNA  pull-down  assays  identified  downstream  targets,  while  co-IP  and  rescue

 experiments  verified  the  NPM1/NF- κ  B axis.  Finally,  a  diabetic  mouse  model  was  used  to  study  the  effects  of  ILF2  overexpres  -

 sion/knockdown  and  NPM1  knockdown  on  wound  healing.
 

Results:  Bioinformatics  analysis  identified  ILF2  as  significantly  downregulated  in  DFU.  This  reduction  was  consistently  vali-

 dated  in  DFU  patient  tissues,  diabetic  mouse  wounds,  and  HG-treated  fibroblasts.  Functionally,  ILF2  overexpression  promoted

 fibroblast  proliferation  and  migration  while  suppressing  SASP,  whereas  knockdown  exacerbated  senescence.  Mechanistically,

 ILF2  directly  bound  to  nucleophosmin  (NPM1)  mRNA  to  promote  its  degradation.  ILF2  deficiency  led  to  aberrant  NPM1

 accumulation,  enhancing  the  NPM1–phospho-p65 interaction  and  NF-  κ  B  pathway  activation.  Rescue  experiments  confirmed

 that  NPM1  knockdown  reversed  ILF2  deficiency-induced  cellular  dysfunction.  Crucially,  these  findings  were  validated  in

 primar  y  fibroblasts  isolated  from  DFU  patients.  In  vivo,  ILF2  overexpression  accelerated  wound  healing,  while  knockdown

 delayed  the  process.  Furthermore,  NPM1  knockdown  effectively  ameliorated  the  impaired  healing  phenotype  and  reduced

 SASP  levels.
 

Conclusions:  This  study  elucidates  a  novel  ILF2–NPM1–NF-  κ  B  regulator  y  axis.  ILF2  acts  as  a  critical  suppressor  of  inflammator  y

 senescence  by  destabilizing  NPM1 mRNA,  highlighting  its  potential  as  a  therapeutic  target  for  DFU  treatment.
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Highlights  

• The  ribonucleic  acid-binding  protein  interleukin  enhancer-binding  factor  2  (ILF2)  is  significantly  downregulated  in  fibrob-

 lasts  from  diabetic  foot  ulcer  tissues. 

• ILF2  promotes  the  degradation  of  nucleophosmin  1  (NPM1)  mRNA  by  directly  binding  to  it,  thereby  inhibiting  NF-  κ  B

 signaling  and  the  senescence  -associated  secretor  y  phenotype. 

• Restoring  ILF2  expression  accelerates  diabetic  wound  healing  by  targeting  the  NPM1/NF- κ  B  axis  to  alleviate  inflammator  y

 senescence. 

Background  
Diabetic  foot  ulcer  (DFU)  represent  a  common  and  highly  morbid

 consequence  of  long-standing,  poorly  controlled  diabetes,

 characterized  by  complex  underlying  pathophysiolog  y.  Among

 the  estimated  537  million  individuals  with  diabetes  globally  [ 1],

 19%–34%  will  develop  DFU  during  their  lifetime.  Furthermore,

 17%  of  patients  with  DFU-related  complications  undergo  lower

 limb  amputations—minor  (below  ankle)  or  major  [ 2].  Notably,

 the  severity  of  DFU  leads  to  a  10%  mortality  rate  within  one

 year  after  initial  diagnosis  [ 3].  Therefore,  exploring  the  molecular

 mechanisms  underlying  impaired  skin  wound  healing  in  diabetes

 and  identifying  new  key  therapeutic  targets  is  of  significant  clinical

 importance.
 

Skin  wound  healing  is  a  complex  process  involving  several

 stages,  including  coagulation,  inflammation,  proliferation,  and

 remodeling  [ 4].  This  process  requires  the  coordinated  actions

 of  endothelial  cells,  fibroblasts,  immune  cells,  growth  factors,
 

and  the  extracellular  matrix  [ 5].  Fibroblasts  play  a  crucial  role

 in  the  healing  process  by  proliferating,  migrating,  and  secreting

 collagen  and  fibronectin  to  form  granulation  tissue,  and  by

 differentiating  into  myofibroblasts  to  promote  wound  contraction

 and  re  -epithelialization  [ 6].  However,  in  the  diabetic  microen-

 vironment  ,  high  glucose  (HG)  levels  and  advanced  glycation
 end  products  induce  oxidative  stress,  inflammator  y  responses,
 mitochondrial  dysfunction,  and  cellular  senescence  [ 6,  7].  Cellular

 senescence  [ 8]  is  a  state  of  terminal  growth  arrest  associated

 with  the  upregulation  of  different  cell  c  ycle  inhibitors,  structural

 and  metabolic  alterations,  chronic  deoxyribonucleic  acid  (DNA)

 damage  responses,  and  a  hypersecretor  y  state  known  as  the

 senescence  -associated  secretor  y  phenotype  (SASP).  The  SASP

 is  the  major  mediator  of  the  paracrine  effects  of  senescent  cells  in

 their  tissue  microenvironment  and  of  various  local  and  systemic

 biological  functions.  Recent  advances  elucidate  the  temporal

 duality  of  the  SASP  in  skin  biolog  y:  while  it  orchestrates  essential

 regeneration  and  repair  in  acute  injuries  such  as  burns,  its
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chronic  persistence  drives  pathological  fibrosis  and  impairs  tissue

 homeostasis,  [ 8– 10].  Consistent  with  this  pathological  role,  Shang

 et  al.  [ 11]  discovered  that  diabetic  mice  accumulate  a  significant

 number  of  senescent  cells,  predominantly  fibroblasts,  in  their

 skin  and  wound  tissues.  Further  studies  have  indicated  that  such

 senescent  fibroblasts  impair  healing  in  chronic  wounds,  such  as

 DFU,  by  secreting  persistent  SASP  that  disrupts  tissue  homeostasis

 [ 12– 15].  Guided  by  the  major  SASP  factors  identified  by  Wang

 et  al.  [ 8],  we  selected  representative  targets  to  comprehensively

 evaluate  SASP  expression  in  our  fibroblasts,  covering  distinct

 functional  categories:  IL-1β  as  a  primar  y  upstream  regulator  ;  IL-6

 and  IL-8  as  major  mediators  of  paracrine  senescence  and  immune

 response;  and  MMP1  and  MMP3  as  critical  proteases  associated

 with  extracellular  matrix  degradation  and  skin  aging.
 

Ribonucleic  acid  (RNA)-binding  proteins  (RBPs)  [ 16]  are  key

 regulators  of  RNA  stability,  splicing,  transport  ,  and  translation,

 influencing  critical  biological  processes  like  immune  response,

 cellular  stress,  metabolism,  and  tumor  igenesis.  Emerging  evi-

 dence  now  underscores  their  specific  contributions  to  skin  repair

 in  both  burn  injuries  and  chronic  wounds.  In  acute  burn  wounds,

 certain  RBPs  accelerate  healing  by  modulating  angiogenesis  and

 tissue  remodeling,  for  example,  LIN28B  [ 17]  promotes  repair  after

 thermal  injur  y  by  upregulating  VEGFA  and  miR-21  to  enhance

 neovascularization.  Furthermore,  lincRNA  TINCR  [ 18]  binds  to

 SND1  to  upregulate  TGF-β  1,  thereby  promoting  skin  fibroblast

 proliferation  and  exacerbating  post-burn  inflammation.  In  the

 context  of  chronic,  non-healing  wounds  such  as  DFU,  RBPs  have

 been  identified  as  critical  regulators  of  multiple  repair  processes.

 For  instance,  the  RBP  Acheron  [ 19]  promotes  endothelial  cell

 proliferation  following  injur  y.  TATA-box  binding  protein  associated

 factor  15  (TAF15)  [ 20]  binds  to  and  stabilizes  Nrf2  mRNA,  thereby

 activating  the  Nrf2  signaling  pathway  to  facilitate  DFU  healing.

 Furthermore,  YTH  domain-containing  protein  1  (YTHDC1)  [ 21]

 regulates  the  mRNA  stability  of  SQSTM1  to  induce  keratinoc  yte

 autophag  y,  thus  promoting  diabetic  wound  repair.  Given  the

 critical  roles  of  inflammation  and  cellular  proliferation  in  these

 reparative  processes,  interleukin  enhancer-binding  factor  2  (ILF2)

 [ 22]  is  of  particular  interest  .  ILF2  is  a  multifunctional  protein

 pivotal  to  cell  growth,  inflammation,  DNA  damage  repair,  and

 division.  Notably,  ILF2  has  also  been  shown  to  promote  cancer

 cell  proliferation  and  migration  [ 23,  24],  while  inhibiting  NLRP3

 inflammasome  activation  to  modulate  macrophage  inflammator  y

 responses,  particularly  in  diabetic  environments  [ 25,  26].  How-

 ever,  its  role  in  skin  fibroblasts  remains  unknown.  Considering

 that  fibroblasts  are  the  primar  y  source  of  pathological  SASP

 in  diabetic  wounds,  coupled  with  ILF2’s  functions  in  genomic

 stability  and  inflammation,  we  hypothesize  that  ILF2  modulates

 fibroblast  senescence.  Elucidating  this  mechanism  could  uncover

 novel  therapeutic  targets  to  reverse  senescence  and  improve  DFU

 healing.
 

In  this  study,  we  performed  clustering  analysis  of  fibroblasts

 using  public  single  -cell  RNA  sequencing  (RNA-seq)  data  from

 DFU  patients  and  identified  the  aberrant  downregulation  of  ILF2.

 Consistent  reductions  were  validated  in  the  wounds  of  both

 DFU  patients  and  diabetic  mice.  Through  clinical  and  cellular

 experiments,  we  demonstrated  that  ILF2  promotes  fibroblast

 proliferation  and  migration  while  suppressing  the  SASP.  To  elu-

 cidate  the  underlying  mechanism,  we  identified  nucleophosmin

 (NPM1)  as  a  direct  downstream  target  of  ILF2.  We  further  revealed

 that  ILF2  binds  directly  to  NPM1  mRNA  to  induce  its  degradation,
 

thereby  regulating  NPM1  expression  at  the  post-transcriptional

 level.  Consequently,  ILF2  downregulation  under  HG  conditions

 led  to  NPM1  accumulation,  which  subsequently  activated  the

 NF- κ  B  pathway  via  interaction  with  phospho  -p65  (p65),  driving

 SASP  aggravation.  Finally,  we  validated  these  findings  in  a

 diabetic  wound  mouse  model  using  adeno  -associated  virus  (AAV)-

 mediated  ILF2  knockdown  and  overexpression,  as  well  as  AAV-

 mediated  NPM1  knockdown.  This  study  provides  new  insights

 into  the  pathogenesis  of  DFU  and  may  offer  potential  therapeutic

 targets  for  future  treatments.
 

Methods 

Human  wound  samples  

All  samples  were  obtained  from  hospitalized  patients  at  Anhui

 Medical  University  First  Affiliated  Hospital  between  October  2024

 and  June  2025,  including  wound  margin  tissue  samples  from  8

 DFU  patients  admitted  to  the  Department  of  Endocrinolog  y  and

 8  non-diabetic  trauma  patients  (defined  as  the  control  group,

 NC)  admitted  to  the  Department  of  Burn  Surger  y.  Inclusion

 criteria  for  the  DFU  group  were:  age  18–80  years,  foot  ulcer

 duration  >4  weeks,  ulcer  area  2–20  cm 2  ,  and  Ankle–Brachial

 Index  0.9–1.3.  All  clinical  experiments  were  approved  by  the  Ethics

 Committee  of  Anhui  Medical  University  First  Affiliated  Hospital

 (Approval  No.  PJ-2025-02-34),  the  clinical  trial  was  registered

 under  ChiCTR2400088416,  and  written  informed  consent  was

 obtained  from  all  participants.  The  clinical  information  of  patients

 was  shown  in  Table  S1. 

Cell  culture 

Human  skin  fibroblasts  (BJ  cell  line,  GNHu49)  were  obtained  from

 the  Cell  Bank  of  the  Chinese  Academy  of  Sciences  (Shanghai,

 China).  Cells  were  maintained  in  HG  Dulbecco’s  Modified  Eagle

 Medium  (DMEM;  Gibco,  USA)  supplemented  with  10%  fetal  bovine

 serum  (FBS),  100  IU/ml  penicillin,  and  100  μ g  /ml  streptomycin.

 Cultures  were  incubated  at  37 ◦  C  in  a  humidified  atmosphere  con-

 taining  5%  CO 2  .  For  HG  stimulation  experiments,  cells  were  cul-

 tured  in  medium  supplemented  with  D-glucose  (Sigma-Aldrich,

 USA)  to  a  final  concentration  of  50  mM  for  7  days.  In  addition,  to

 confirm  whether  the  results  were  influenced  by  osmotic  pressure,

 a  supplementar  y  experiment  was  conducted  comparing  the  high

 mannitol  (HM)  group  (5.5  mM  D-glucose  +44.5  mM  mannitol)  with

 HG  group.
 

Cell  transfection 

Detailed  transfection  procedures  are  described  below,  taking  a

 24-well  plate  format  as  an  example.  One  day  before  transfection,

 cells  were  seeded  to  achieve  a  confluence  of  approximately  50%–

 60%  at  the  time  of  transfection,  a  density  optimized  through  mul-

 tiple  preliminar  y  experiments  to  prepare  the  transfection  com-

 plex  ,  30  pmoles  of  siRNA  (GeneAdv  Co.  Ltd,  China)  were  diluted

 in  100  μ l  of  serum-free  medium  (Opti-MEM).  Subsequently,  2–4  μ l

 of  the  transfection  reagent  (Yeasen  Biotechnolog  y,  40806ES03,

 Shanghai)  was  added  to  the  diluted  siRNA.  The  mixture  was  vor-

 texed  thoroughly  for  10  s  and  incubated  at  room  temperature

 for  10–15  min  to  form  the  siRNA-transfection  reagent  complex

 (incubation  time  was  strictly  controlled  not  to  exceed  30  min).

 During  the  incubation  period,  the  original  culture  medium  was

 aspirated  and  replaced  with  500  μ l  of  fresh,  pre  -warmed  complete
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medium.  The  100  μ l  complex  was  then  added  directly  to  each

 well,  resulting  in  a  final  volume  of  600  μ l  and  a  final  siRNA  con-

 centration  of  50  nM.  The  plate  was  gently  shaken  to  ensure  even

 distribution.  For  co  -transfection  (rescue)  experiments,  the  total

 amount  of  siRNA  was  kept  consistent  with  that  used  in  individual

 transfections  to  control  for  transfection  efficienc  y  and  c  ytotoxi-

 city.  Specifically,  while  30  pmoles  of  a  single  siRNA  were  used

 for  individual  transfections,  the  co  -transfection  groups  received  a

 mixture  of  two  different  siRNA  s  (e.g.  15  pmoles  of  ILF2  siRNA  +15

 pmoles  of  NPM1  siRNA),  maintaining  the  total  siRNA  quantity  at

 30  pmoles.  Following  transfection,  cells  were  incubated  at  37 ◦  C
 in  a  5%  CO2  humidified  incubator.  The  efficienc  y  of  gene  knock-

 down  was  assessed  at  the  mRNA  level  48  h  post-transfection  and

 at  the  protein  level  72  h  post-transfection.  The  siRNA  sequences

 used  in  this  study  are  listed  in  Table  S2.  For  ILF2  overexpression,

 an  empty  vector  (oe  -NC)  was  used  as  a  negative  control.  The

 ILF2  overexpression  construct  containing  the  full-length  encod-

 ing  sequence  (NM_026374.3)  was  transfected  into  fibroblasts.  The

 detailed  sequences  for  the  overexpression  constructs  are  provided

 in  Table  S2. 

Reverse  transcription  quantitative

 polymerase  chain  reaction 

Total  RNA  was  extracted  from  tissues  or  cells  using  TRIzol  reagent  ,

 followed  by  reverse  transcription  into  cDNA.  Reverse  transcription

 quantitative  polymerase  chain  reaction  (RT-qPCR)  was  performed

 using  SYBR  Green,  with  primers  synthesized  by  Sangon  Biotech

 (Shanghai,  China)  (sequences  listed  in  Table  S3).  Gene  expression

 levels  were  calculated  using  the  2 −  � � Ct
 method.

 

Western  blot 

Total  protein  was  extracted  from  human  samples,  BJ  cell,  and

 mouse  skin  wound  tissues  using  the  Total  Protein  Extraction

 kit  (Solarbio,  Beijing,  China). The  protein  concentration  was

 determined  using  the  bicinchoninic  acid  protein  assay  (Keygene

 Biotech,  Nanjing,  China).  After  separation  on  a  10%  sodium

 dodec  yl  sulfate  -polyacr  ylamide  gel  electrophoresis  gel,  the

 protein  was  transferred  to  polyvinylidene  fluoride  membranes

 (Millipore,  USA).  The  membranes  were  blocked  with  non-fat

 powdered  milk  (Beyotime,  Shanghai,  China)  in  Tris  -buffered

 saline  with  Tween-20  and  then  incubated  with  primar  y  and

 secondar  y  antibodies  ( Table  S4).  Finally,  the  protein  blots  were

 detected  using  enhanced  chemiluminescence  reagents  (Vazyme,

 Nanjing,  China)  and  recorded  with  the  Tanon  Chemi-Image

 System.
 

Cell  counting  kit-8  assay 

BJ  were  har  vested,  resuspended,  and  seeded  at  a  density  of

 1  ×  10 ∧  3  cells/well  in  a  96-well  plate.  Ten  μ l  of  cell  counting  kit-

 8  solution  (Biosharp  Life  Sciences)  was  added  to  each  well  at

 the  indicated  time.  After  a  2-h  incubation,  the  absorbance  (A)  at

 450  nm  was  measured  using  a  microplate  reader.  A  standard  cur  ve

 was  generated  to  calculate  the  cell  proliferation  rate  following  the

 manufacturer’s  instructions. 

Wound  healing  assay 

Logarithmic  phase  cells  were  seeded  at  1  ×  10 6  cells/well  into  a

 6-well  plate,  with  three  replicates  per  group.  Once  cells  reached
 

90%–100%  confluence,  a  200- μ l  pipette  tip  was  used  to  create

 a  vertical  scratch.  After  removing  the  detached  cells  with  PBS

 (three  washes),  serum-free  DMEM  was  added,  and  the  plate  was

 incubated  at  37 ◦  C  with  5%  CO2.  Images  were  captured  at  0  and

 48  h  using  an  optical  microscope.  The  wound  healing  rate  was

 calculated  using  ImageJ  (version  1.8.0)  and  the  formula:  wound

 healing  rate  (%)  =  [(0  h  scratch  area  -  48  h  scratch  area)/0  h

 scratch  area]  ×  100.
 

5-Ethynyl-2 ′  -deoxyuridine  assay 

5-Ethynyl-2 ′  -deoxyuridine  (EdU)  assay  was  undertaken  with  Bey-

 oClick ™ EdU  Cell  Proliferation  Kit  with  Alexa  Fluor  594  (Beyotime,

 Shanghai,  China).  After  washing  in  PBS,  EdU  solution  was  used

 to  incubate  cells  for  2  h.  Cell  nuclei  were  then  stained  by  DAPI

 solution.  After  washing,  samples  were  obser  ved  with  an  inverted

 microscope  (Olympus).
 

Immunofluorescence 

Cell-climbing  slides  were  fixed  with  4%  paraformaldehyde  and

 permeabilized  with  0.5%  Triton  X-100  at  room  temperature  for

 20  min.  For  paraffin  sections,  after  dewaxing  and  antigen  retrieval,

 the  sections  were  blocked  with  3%  BSA  for  30  min.  Following

 removal  of  the  blocking  solution,  the  sections  were  incubated

 with  the  primar  y  antibody  against  ILF2  (1:100)  at  4 ◦  C  overnight  in

 a  humidified  chamber.  The  next  day,  HRP-conjugated  secondar  y

 antibody  was  added  and  incubated  at  room  temperature  for

 50  min.  After  washing  with  PBS,  the  sections  were  gently  drained

 and  incubated  with  TSA  dye  (ZENBIOSCIENCE,  China)  for  10  min

 at  room  temperature  in  the  dark  .  Subsequently,  the  sections  were

 incubated  with  the  primar  y  antibody  against  NPM1  (1:100)  at

 4 ◦  C  overnight  in  a  humidified  chamber.  After  PBS  washing  the

 following  day,  the  appropriate  fluorescent  secondar  y  antibody

 was  added  and  incubated  for  50  min  at  room  temperature  in

 the  dark  .  After  PBS  washing,  the  sections  were  mounted  with  an

 antifade  mounting  medium  containing  DAPI  and  obser  ved  under

 a  fluorescence  microscope.  Images  were  captured  and  saved  for

 further  analysis.
 

Bioinformatics  analysis  

The  scRNA-seq  dataset  of  GSE165816  was  retrieved  from  the

 Gene  Expression  Omnibus  (GEO)  database  ( http://www.ncbi.

nlm.nih.gov/geo/).  For  this  analysis,  data  from  seven  healed-

 DFU  and  four  unhealed-DFU  samples  were  selected  (version

 4.3.2).The  baseline  characteristics  of  the  patients  are  listed

 in  Table  S5. The  samples  were  converted  to  Seurat  objects

 using  the  ‘Create  Seurat  Object’  function,  filtering  for  cells

 with  200–8000  features  and  genes  expressed  in  at  least  three

 cells.  Mitochondrial  gene  percentages  were  calculated  using  the

 ‘Percentage  Feature  Set’  function,  and  cells  with  a  mitochondrial

 gene  content  exceeding  20%  were  excluded.  Data  integration  was

 performed  using  the  ‘FindIntegrationAnchors’  function,  followed

 by  selection  of  the  top  3000  highly  variable  genes  using  the

 ‘SelectIntegrationFeatures’  function.  The  data  were  then  scaled,

 and  principal  component  analysis  (PCA)  was  performed.  Cell  clus  -

 tering  was  conducted  using  the  ‘FindNeighbors’  and  ‘FindClusters’

 functions,  with  a  resolution  of  0.3.  cell  type  annotations  were

 predicted  using  the  SingleR  package.  Differentially  expressed

 genes  (DEGs)  for  each  cell  subgroup  were  identified  with  the

 ‘FindAllMarkers’  function  (min.pct  =  0.25,  logfc.threshold  =  1,
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P  <  0.05).  Cell  clustering  and  annotation  were  further  refined

 based  on  known  cell-type  markers  obtained  from  the  literature

 [ 27].  UMAP  and  Stream  Graphs  were  used  to  visualize  clustered

 cells  extracted  from  DFU  and  healthy  control  tissues.  Additionally,

 the  GSE199939  bulk  RNA-seq  dataset  was  also  downloaded

 from  the  GEO  database,  containing  10  DFU  samples  and  11

 normal  samples,  and  DEGs  were  visualized  using  violin  plots.  The

 dataset  includes  10  DFU  patients  (61.9  ±  7.6  years,  5  males  and  5

 females)  and  11  healthy  subjects  (60.91  ±  8.8  years,  5  males  and  6

 females).
 

RNA  sequencing 

The  control  group  was  HG-ctrl  fibroblasts,  and  the  experimental

 group  was  HG-si  ILF2  fibroblasts.  Total  RNA  was  extracted

 using  TRIzol  reagent  ,  and  RNA  purity  and  concentration  were

 assessed  using  the  NanoDrop  2000  spectrophotometer  (Thermo

 Scientific,  USA).  RNA  integrity  was  evaluated  using  the  Agilent

 2100  Bioanalyzer  (Agilent  Technologies,  Santa  Clara,  CA,  USA).

 Librar  y  construction  was  performed  using  the  VAHTS  Universal

 V6  RNA-seq  Librar  y  Prep  Kit  according  to  the  manufacturer’s

 instructions.  Transcriptome  sequencing  and  subsequent  data

 analysis  were  conducted  by  OE  Biotech  Co.,  Ltd  (Shanghai,

 China).  Differential  gene  expression  analysis  was  performed  using

 DESeq2,  with  genes  having  a  q-value  <0.05  and  fold  change  >0.5

 considered  significantly  differentially  expressed.  Hierarchical

 clustering  of  DEGs  was  performed  in  R  (version  3.2.0)  to  visualize

 the  expression  patterns  across  different  groups  and  samples.  Gene

 Ontolog  y  (GO),  Kyoto  Enc  yclopedia  of  Genes  and  Genomes  (KEGG)

 pathway,  Reactome,  and  WikiPathways  enrichment  analyses  were

 performed  based  on  the  hypergeometric  distribution  algorithm  to

 identify  significantly  enriched  functional  categories.  Enrichment

 circular  plots  were  generated  in  R  to  assess  the  concentration  of

 genes  in  the  defined  list  based  on  differential  expression  levels

 between  the  two  sample  groups.
 

RNA-binding  protein  immunoprecipitation 

RNA-binding  protein  immunoprecipitation  (RIP)  was  conducted

 using  the  RIP  kit  from  BersinBio  (China)  according  to  the

 manufacturer’s  protocol.  Cells  were  lysed  with  an  appropriate

 volume  of  RIP  lysis  buffer,  and  RBPs  were  immunoprecipitated

 using  an  anti-ILF2  antibody  or  normal  rabbit  IgG.  The  co  -

 precipitated  RNA  was  purified  and  resuspended  in  RNasefree

 water.  Target  RNA  enrichment  was  analyzed  via  RT-qPCR.
 

RNA  pull-down  assays 

RNA  pull-down  assays  were  performed  using  both  sense  and

 antisense  NPM1  probes.  Following  the  guidelines  from  BersinBio

 (China),  the  reagents  were  used  to  enrich  proteins  that  bind  to

 NPM1  mRNA.  The  enriched  proteins  were  then  analyzed  by  WB.
 

RNA  stability  assay  

RNA  stability  was  assessed  as  described  previously  [ 28].  Fibrob  -

 lasts  were  seeded  in  a  6-well  plate  and  transfected  when

 they  reached  ∼70%  confluence  (ctrl;  and  oe  -ILF2).  After  48  h,
 

actinomycin  D  (5  μ g  /ml)  was  added  at  different  time  points

 to  inhibit  RNA  transcription.  Cells  were  then  collected  at  the

 designated  time  points,  total  RNA  was  extracted,  and  RNA

 degradation  was  evaluated  by  RT-qPCR.
 

Co-immunoprecipitation  assay  

For  co  -immunoprecipitation  assay  (Co  -IP)  analysis,  fibroblast  cells

 were  lysed  with  IP  buffer  (P0013F,  Beyotime  Biotechnolog  y),  fol-

 lowed  by  centrifugation  at  12  000  ×  g  for  30  min  at  4 ◦  C.  Protein  A/G

 magnetic  beads  (P2055,  Beyotime  Biotechnolog  y)  were  incubated

 with  the  corresponding  antibody  (1:100  dilution)  or  normal  IgG  as

 a  negative  control  at  4 ◦  C  for  4  h  to  form  antibody-coated  magnetic

 beads.  The  supernatant  was  then  incubated  with  the  magnetic

 bead-antibody  complex  on  a  shaker  at  4 ◦  C  overnight  .  After  incuba-

 tion,  the  beads  were  separated  from  the  cell  lysate  using  a  magnet

 and  washed  with  wash  buffer. 

Animal  experiments 

All  animal  experiments  were  approved  and  performed  in  accor-

 dance  with  the  guidelines  of  the  Animal  Care  and  Use  Com-

 mittee  of  Anhui  Medical  University  (Hefei,  China;  approval  no.

 LLSC20201040).  Male  C57BL/6  mice  (6  weeks  old,  18–20  g  )  were

 purchased  from  GemPharmatech  Co.,  Ltd,  raised  in  controlled

 habitats  and  provided  with  water  and  food.
 

Diabetes  was  induced  in  mice  by  intraperitoneal  injection

 of  streptozotocin  (STZ;  Sigma-Aldrich,  USA)  dissolved  in  0.1  M

 sodium  citrate  buffer  (pH  4.5).  Mice  received  daily  injections

 of  STZ  at  a  dose  of  50  mg  /kg  body  weight  for  five  consecutive

 days.  Beginning  on  Day  12  after  the  first  injection,  fasting  blood

 glucose  levels  were  measured  twice  weekly  from  tail  vein  blood

 samples  for  2  weeks.  Mice  were  considered  diabetic  when  random

 blood  glucose  levels  were  ≥  250  mg  /dL  (16.7  mmol/L)  on  two

 consecutive  measurements.  Blinding  was  not  applied  in  this

 study.
 

To  compare  the  wound  healing  differences  between  diabetic

 and  normal  wounds,  sterile  skin  punch  biopsies  were  performed

 on  the  dorsal  skin  of  both  diabetic  mice  and  control  group  mice

 to  create  full-thickness  wounds.  To  investigate  the  expression  pat-

 terns  of  ILF2,  NPM1,  and  senescence  markers  during  the  wound

 healing  process,  mice  were  euthanized  at  predetermined  time

 points,  and  wound  tissues  were  har  vested  for  subsequent  analy-

 sis.  This  included  hematoxylin  and  eosin  (H&E)  staining,  MT  stain-

 ing,  RT-qPCR,  WB,  IHC,  and  IF  analysis.
 

To  investigate  the  role  of  ILF2  and  NPM1  in  vivo,  both  AAV-

 mediated  knockdown  and  overexpression  systems  were  employed

 (Shanghai  GenePharma,  Ltd).  For  ILF2  knockdown,  an  AAV  vector

 carr  ying  a  short  hairpin  RNA  targeting  ILF2  (AAV-shILF2)  was

 constructed  (shRNA  sequence:  5 ′  -CCGGCAGGTAGGATCATATAA-3 ′  ).

 For  NPM1  knockdown,  an  AAV  vector  carr  ying  a  short  hairpin

 RNA  targeting  NPM1  (AAV-shNPM1)  was  constructed  (shRNA

 sequence:  5 ′  -CTATGAAGGCAGTCCAATTAA-3 ′  ).  An  AAV  vector

 expressing  a  non-targeting  shRNA  (AAV-shRNA  NC,  sequence:

 5 ′  -ACTACCGTTGTTATAGGTGGTG-3 ′  )  ser  ved  as  a  negative  control

 for  the  knockdown  experiments.  For  ILF2  overexpression,  an

 AAV  vector  (AAV-OE-ILF2)  carr  ying  the  Mus  musculus  Ilf2  coding

 sequence  (NM_026374.3)  was  generated.  An  empty  AAV  vector
 

D
ow

nloaded from
 academ

ic.oup.com
/burnstraum

a/article/doi/10.1093/burnst/tkag021/8526249 by guest on 12 O
ctober 2026



6 Burns & Trauma, 2026, Vol. 14, tkag021        

without  an  insert  was  used  as  the  control.  In  all  experiments,  the

 dorsal  hair  of  mice  was  shaved,  and  the  respective  viral  vectors

 were  injected  subcutaneously  into  the  dorsal  skin  at  a  dose  of

 1.0  ×  10 ∧  11  vector  genomes  per  mouse  in  100  μ l  PBS.
 

Intradermal  Injection.  The  intradermal  injection  was  performed

 as  follows:  the  specific  operation  steps  were  as  follows:  (i)  skin

 preparation:  the  animals  were  shaved,  and  a  depilator  y  cream

 was  applied  to  ensure  the  skin  was  clearly  visible.  (ii)  Marking  and

 injection:  the  target  injection  area  was  first  outlined  with  a  black

 marker.  The  skin  near  the  injection  site  was  gently  pinched,  and

 a  needle  (attached  to  a  1  ml  syringe)  was  inserted  into  the  skin

 at  a  15 ◦  –30 ◦  angle.  (iii)  Confirmation  and  Completion:  Successful

 injection  was  confirmed  by  the  appearance  of  a  small,  pale  bleb

 (wheal)  at  the  site,  which  appears  whiter  than  the  surrounding

 skin.  After  the  injection,  gentle  pressure  was  applied  to  prevent

 backflow. 

At  the  indicated  time  points,  skin  tissues  were  har  vested,  and

 ILF2  expression  levels  were  evaluated  by  RT-qPCR  to  confirm  the

 efficienc  y  of  knockdown  or  overexpression.
 

Mice  were  anesthetized  by  intraperitoneal  injection  of  1%  pen-

 tobarbital  (50  mg  /kg  )  and  then  disinfected  with  5%  iodophor  dis  -

 infectant  .  After  dr  ying,  the  skin  was  disinfected  with  75%  ethanol.

 Under  anesthesia,  two  symmetrical  full-thickness  skin  excisional

 wounds  were  created  near  the  midline  of  the  dorsal  skin  using  a

 6-mm  biopsy  punch.  For  the  ILF2  knockdown  experiments,  mice

 were  divided  into  the  following  groups:  normal  control  (non-sh

 ILF2-ctrl),  normal  knockdown  (non-sh  ILF2),  diabetic  control  (DM-

 sh  ILF2-ctrl),  and  diabetic  knockdown  (DM-sh  ILF2).  For  the  NPM1

 knockdown  experiments,  mice  were  divided  into:  normal  con-

 trol  (non-sh  NPM1-ctrl),  normal  knockdown  (non-sh  NPM1),  dia-

 betic  control  (DM-sh  NPM1-ctrl),  and  diabetic  knockdown  (DM-

 sh  NPM1).  The  overexpression  group  was  divided  into:  normal

 control  (non-oe  ILF2-ctrl),  normal  overexpression  (non-oe  ILF2),

 diabetic  control  (DM-oe  ILF2-ctrl),  and  diabetic  overexpression

 (DM-oe  ILF2).
 

The  wound  healing  process  was  documented  by  photography.

 On  Day  6,  a  3-mm  full-thickness  skin  biopsy  was  taken  from  the

 wound  edge  for  subsequent  analyses,  including  H&E  staining,  MT

 staining,  RT-qPCR,  IHC,  WB,  and  IF  analysis.
 

Statistical  analysis 

Statistical  analysis  was  performed  using  SPSS  software  (version

 27.0)  and  GraphPad  Prism  (version  10.0).  The  normality  of  data

 distribution  was  assessed  using  the  Shapiro–Wilk  test  .  Normally

 distributed  data  were  presented  as  mean  ±  standard  deviation

 (SD),  while  non-normally  distributed  data  were  expressed  as

 median  (interquartile  range,  IQR).  For  comparisons  between

 two  groups,  a  two  -tailed  Student’s  t  -test  (normal  distribution)

 or  Mann–Whitney  U  test  (non-normal  distribution)  was  used.

 For  comparisons  among  multiple  groups,  one  -way  analysis

 of  variance  (ANOVA)  followed  by  Tukey’s  post  hoc  test  or  the

 Kruskal–Wallis  test  was  applied  as  appropriate.  For  experi-

 ments  involving  two  independent  variables  (e.g.  treatment

 and  time  factors),  two  -way  ANOVA  was  employed.  Specifically,

 longitudinal  wound  healing  data  were  analyzed  using  two  -

 way  repeated  measures  ANOVA  followed  by  Bonferroni’s  post

 hoc  test  .  Differences  were  considered  statistically  significant  at

 P  <  0.05.

 

Results 

Bioinformatics  analysis of  dysregulated

 RNA-binding  proteins  in  fibroblasts  from

 diabetic  foot  ulcer  

To  investigate  cellular  heterogeneity  and  transcriptional  alter-

 ations  associated  with  DFU  healing  status,  we  analyzed  single  -

 cell  RNA-seq  (scRNA-seq)  data  from  healed  and  non-healed

 DFU  tissues  (GSE165816)  [ 27].  UMAP  projections  ( Figure  1a

and  b)  revealed  distinct  clusters  of  fibroblasts,  immune  cells,

 and  other  cell  types,  clearly  delineated  by  canonical  marker

 genes.  Notably,  cells  derived  from  different  patients  exhibited

 comparable  clustering  patterns.  A  joint  UMAP  analysis  of  both

 conditions  ( Figure  1c)  confirmed  transcriptional  divergence

 among  fibroblasts,  demonstrating  clear  segregation  between

 healed  and  non-healed  states.  A  Sankey  diagram  ( Figure  1d)

 further  illustrated  cell  type  distribution  across  healing  states,

 emphasizing  shifts  in  fibroblast  populations  and  their  relative

 abundance.  Meanwhile,  fibroblasts  play  a  crucial  role  in  wound

 healing,  and  maintaining  their  integrity  is  essential  for  successful

 tissue  repair.  Therefore,  we  focus  on  the  functions  and  behaviors

 of  fibroblasts  in  the  context  of  tissue  regeneration.
 

Marker  gene  expression  heatmaps  ( Figure  1e)  highlighted

 pronounced  differences  in  transcriptional  profiles  of  cell  sub  -

 types  between  healed  and  non-healed  DFUs.  Furthermore,  we

 visualized  the  expression  patterns  of  fibroblast  markers  DCN  and

 CFD  across  all  cell  populations  ( Figure  1f)  [ 27],  corroborating  the

 accurac  y  of  cell-type  classification  in  the  UMAP  projection.  GO

 enrichment  analysis  ( Figure  1g)  revealed  that  fibroblasts  from

 non-healed  DFU  were  enriched  in  pathways  related  to  extracel-

 lular  matrix  organization  and  immune  regulation,  whereas  fibrob  -

 lasts  in  healed  DFUs  exhibited  enrichment  in  pathways  linked  to

 cell  signaling  and  tissue  development  .  Research  indicates  [  12– 14]

 that  senescent  fibroblasts  significantly  impair  skin  wound  healing

 by  secreting  the  SASP  and  disrupting  tissue  homeostasis,  this

 results  in  impaired  cell  proliferation,  reduced  collagen  production,

 and  an  imbalance  between  extracellular  matrix  synthesis  and

 degradation,  further  hindering  wound  repair,  consistent  with

 the  results  of  GO  analyses.  Given  the  central  role  of  fibroblasts

 in  wound  repair,  these  findings  suggest  that  impaired  fibroblast

 function  may  critically  contribute  to  delayed  wound  healing  in

 diabetic  ulcers. 

RBPs  [ 16]  are  key  regulators  of  RNA  stability,  splicing,  trans  -

 port  ,  and  translation,  influencing  critical  biological  processes

 like  immune  response,  cellular  stress,  metabolism,  and  tumor

 igenesis.  To  identify  dysregulated  RBPs  in  DFU  fibroblasts,

 we  conducted  an  integrative  analysis  combining  DEGs  from

 the  bulk  transcriptomic  dataset  GSE199939  and  fibroblast-

 specific  DEGs  from  the  GSE165816  single  -cell  dataset  .  These

 were  intersected  with  the  human  RBP  dataset  from  RBP2GO

 ( https://rbp2go.dkfz.de/)  [ 29].  Venn  analysis  ( Figure  1h)  revealed

 223  downregulated  candidate  regulator  y  RBPs  common  to

 both  datasets,  with  ILF2  (Score:70)  being  the  highest-ranked

 in  the  RBP2GO  prioritization.  Single  -cell  expression  analysis

 in  GSE165816  showed  significantly  reduced  ILF2  expression  in

 fibroblasts  from  unhealed-DFU  ( Figure  1i).  Consistently,  bulk
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Figure  1  Bioinformatics  analysis  of  dysregulated  RBPs  in  fibroblasts  from  DFU.  (a–c)  tSNE  plots  showing  cell  clusters  in  healed  DFU  (a),  unhealed  DFU  (b),

 and  combined  samples  (c).  Cells  from  different  patients  are  grouped  together.  Distinct  cell  types  are  indicated  by  different  colors.  (d)  Sankey  plot  based

 on  the  GSE165816  scRNA-seq  dataset  .  (e)  Heatmap  of  representative  marker  gene  expression  across  cell  types,  highlighting  distinct  transcriptional

 profiles  of  each  cell  population.  (f)  UMAP  plots  showing  the  expression  of  fibroblast-related  marker  genes  DCN  and  CFD  across  all  cell  populations.  (g)  GO

 enrichment  analysis  of  genes  from  fibroblast  cells  in  healed  and  unhealed  DFU  samples.  (h)  Venn  diagram  showing  the  overlap  between  RBP2GO  dataset

 and  DEGs  from  GSE199939  and  fibroblast  clusters  (avg_log2FC  <  − 1)  in  GSE165816.  (i)  ILF2  expression  in  fibroblast  cells  from  healed  and  unhealed  DFU

 tissues  within  fibroblast  clusters  from  GSE165816.  (j)  ILF2  expression  in  DFU  and  normal  tissues  based  on  transcriptome  data  from  GSE199939.  DFU
 Diabetic  foot  ulcer  
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RNA-seq  data  from  GSE199939  demonstrated  lower  ILF2  expres  -

 sion  in  DFU  tissues  compared  to  healthy  control  ( Figure  1j).  These

 results  suggest  that  the  downregulation  of  ILF2  in  fibroblasts

 plays  a  critical  role  in  the  pathogenesis  of  delayed  wound  healing

 in  DFU. 

Interleukin  enhancer-binding  factor  2

 expression  is  downregulated  in  human

 diabetic  foot  ulcer  tissues,  diabetic  mice,

 and  high  glucose–treated  cells  

To  evaluate  aberrant  expression  of  the  RNA-binding  protein  ILF2

 in  DFU  tissues,  we  performed  IHC  staining  on  wound  samples

 from  DFU  patients  and  non-diabetic  chronic  lower  extremity  ulcer

 (NC)  patients  with  trauma.  IHC  staining  and  quantitative  analysis

 revealed  significantly  lower  ILF2  expression  in  DFU  tissues  com-

 pared  to  NC  ( Figure  2a).  Quantitative  PCR  confirmed  reduced  ILF2

 mRNA  levels  in  DFU  samples  ( Figure  2b,  Figure  S2b).  Consistently,

 immunofluorescence  (IF)  staining  revealed  weaker  ILF2  signals

 in  DFU  tissues,  accompanied  by  reduced  fluorescence  intensity

 ( Figure  2c).  Western  blot  analysis  further  validated  ILF2  downreg-

 ulation  in  DFU  skin  ( Figure  2d,  Figure  S2a).  Similar  results  were

 obtained  in  diabetic  (DM)  mice,  where  ILF2  expression  was  consis  -

 tently  decreased  in  wound  tissues  as  demonstrated  by  IHC,  qPCR,

 immunofluorescence,  and  Western  blot  assays  ( Figure  2e–h).
 

To  investigate  the  expression  of  ILF2  in  an  in  vitro  diabetic

 model,  fibroblasts  were  treated  with  different  glucose  con-

 centrations  (5.5,  25,  50,  and  75  mM).  qPCR  analysis  showed  a

 dose  -dependent  decrease  in  ILF2  expression,  with  a  significant

 reduction  at  50  mM  ( Figure  2i).  Therefore,  we  selected  50  mM

 glucose  as  the  inter  vention  concentration.  Western  blot  analysis

 further  confirmed  the  downregulation  of  ILF2  under  HG  (50  mM)

 conditions  ( Figure  2j).  Compared  to  normal  glucose  (NG)  and

 HM  conditions,  immunofluorescence  staining  revealed  reduced

 ILF2  fluorescence  intensity  in  cells  treated  with  HG  ( Figure  2k).  In

 summar  y,  both  in  vivo  and  in  vitro  experiments  confirmed  that

 ILF2  expression  is  significantly  downregulated  in  DFU  tissues,

 highlighting  its  potential  role  in  the  disease’s  pathogenesis.
 

Diabetic  wounds  exhibit  delayed  healing

 and  a  senescence  -associated  secretor  y

 phenotype 

To  compare  the  differences  in  wound  healing  between  diabetic

 and  normal  wounds,  we  created  6-mm  full-thickness  wounds

 on  the  dorsal  skin  of  diabetic/non-diabetic  mice.  A  s  shown

 in  Figure  3a  and  b,  the  wound  healing  process  was  slower  in

 diabetic  mice  compared  to  the  control  group.  Notably,  the  wound

 area  of  diabetic  mice  was  significantly  larger  than  that  of  the

 control  group  on  Day  3  (P  <  0.05),  Day  6  (P  <  0.05),  and  Day

 9  (P  <  0.001).  Even  after  9  days  of  healing,  diabetic  mice  still

 exhibited  noticeably  larger  wounds,  whereas  the  wounds  in

 the  control  group  had  completely  healed.  Therefore,  diabetic

 mice  demonstrated  prolonged  wound  closure  time.  Additionally,

 H&E  staining  revealed  wider  gaps  in  the  skin  of  diabetic  mice

 ( Figure  3c).  Masson’s  trichrome  staining  ( Figure  3d)  showed  a

 significant  reduction  in  collagen  deposition  and  disorganized
 

collagen  fiber  alignment  in  the  diabetic  mouse  skin  wound

 tissue.  One  of  the  well-known  markers  of  fibroblast  senescence

 [ 30]  the  SASP  factors  the  list  of  SASP  factors  is  summarized  in

 Table  S6  [  8],  typical  SASP  factors  include  IL-1β  ,  IL-6,  IL-8,  MMP1,

 and  MMP-3.  Western  blot  analysis  confirmed  the  sustained  high-

 level  expression  of  SASP  in  diabetic  wounds  ( Figure  3e  and  f).  In

 summar  y,  these  findings  suggest  that  senescent  cells  persistently

 accumulate  in  diabetic  wounds,  contributing  to  impaired  wound

 healing.
 

Interleukin  enhancer-binding  factor  2

 suppresses  senescence  -associated

 secretor  y  phenotype  factor  expression

 while  promoting  fibroblast  proliferation

 and  migration 

Given  the  downregulation  of  ILF2  in  DFU,  we  investigated  its

 functional  role  in  fibroblasts  under  diabetic-like  conditions.  To

 this  end,  ILF2  expression  was  modulated  via  siRNA-mediated

 knockdown  and  plasmid-mediated  overexpression  in  fibroblasts

 cultured  under  both  NG  (5.5  mM)  and  HG  (50  mM)  conditions.

 Western  blot  analysis  revealed  that  ILF2  knockdown  significantly

 upregulated  the  expression  of  SASP  factors,  including  IL1β  ,

 IL6,  IL8,  MMP1,  and  MMP3,  particularly  under  HG  conditions.

 Conversely,  ILF2  overexpression  suppressed  the  expression

 of  these  SASP  factors  ( Figure  4a  and  b).  Additionally,  wound

 healing  assays  demonstrated  that  ILF2  overexpression  enhanced

 fibroblast  migration,  as  shown  by  faster  wound  closure,  while

 ILF2  knockdown  impaired  wound  healing  under  both  NG  and

 HG  conditions  ( Figure  4c  and  d).  Cell  proliferation  assays  further

 validated  these  findings.  EdU-positive  cells  revealed  that  ILF2

 overexpression  enhanced  fibroblast  proliferation,  while  ILF2

 knockdown  inhibited  proliferation  under  both  NG  and  HG  condi-

 tions  ( Figure  4e  and  g).  These  results  were  further  corroborated  by

 CCK-8  assays  ( Figure  4f  and  h).  Collectively,  these  results  suggest

 that  ILF2  inhibits  HG-induced  SASP  in  fibroblasts  and  promotes

 their  proliferation  and  migration.
 

RNA  sequencing  and  bioinformatics

 analysis  identify  nucleophosmin  as  a

 direct  target  of  interleukin

 enhancer-binding  factor  2  

Considering  the  role  of  ILF2  in  improving  inflammator  y  senes  -

 cence  in  fibroblasts,  we  further  explored  its  potential  mechanisms.

 To  simulate  a  diabetic  environment  ,  we  performed  RNA-seq  (si  ctrl

 vs  si  ILF2)  on  fibroblasts  cultured  under  HG  conditions  to  identify

 potential  downstream  targets  of  ILF2  at  the  transcriptional  level.

 RNA-seq  analysis  revealed  1450  upregulated  and  1417  downregu-

 lated  genes.  The  heatmap  of  DEGs  showed  that  ILF2  knockdown

 under  HG  conditions  induced  substantial  transcriptional  changes

 ( Figure  5a).  KEGG  pathway  analysis  indicated  that  the  DEGs  were

 predominantly  enriched  in  pathways  related  to  inflammation  and

 cellular  stress  ( Figure  5b),  whereas  GO  analysis  highlighted  bio  -

 logical  processes  associated  with  cellular  function  and  immune

 responses  ( Figure  5c).
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Figure  2  ILF2  expression  is  downregulated  in  human  DFU  tissues,  diabetic  mice,  and  HG-treated  cells.  (a)  Representative  immunohistochemical  staining

 of  ILF2  in  wound  tissues  from  non-diabetic  trauma  patients  (NC)  and  diabetic  foot  ulcer  (DFU)  patients  at  low  (10×)  and  high  (40×)  magnifications.  Scale

 bars,  200  (upper)  and  50  μ  m  (lower). (b-c)  Western  blot  analysis  of  ILF2  expression  in  wound  tissues  from  NC  and  DFU  patients.(d)  ILF2  mRNA  expression

 levels  in  wound  tissues  from  NC  and  DFU  patients.(e)  Representative  immunofluorescence  staining  of  ILF2  (green)  and  nuclei  (DAPI,  blue)  in  wound

 tissues  from  NC  and  DFU  patients  (scale  bar  :  50  μ  m).(f-j)  Similar  analyses  in  skin  wound  tissues  from  control  (Ctrl)  and  diabetic  (DM)  mice,  including  IHC

 (f  ),  western  blot  (g-h),  qPCR  (i)  and  IF  (  j).  (k)  qPCR  analysis  of  ILF2  expression  in  cells  cultured  under  var  ying  glucose  concentrations  (5.5,  25,  50,  and

 75  mM).  (l)  Western  blot  analysis  of  ILF2  expression  in  cells  cultured  under  NG  (5.5  mM),  HM,  and  HG  (50  mM)  conditions.  (m)  IF  staining  of  ILF2  (green)

 and  nuclei  (DAPI,  blue)  in  cells  cultured  under  NG  and  HG  conditions  (scale  bar  :  10  μ  m).  Ns,  not  significant  ;  P  >  0.05;  ∗  P  <  0.05;  ∗∗
 P  <  0.01;  ∗∗∗

 P  <  0.001.

 DM  diabetes  mellitus,  IHC  immunohistochemistr  y,  qPCR  quantitative  polymerase  chain  reaction;  DAPI  4  ′  ,6-diamidino-2-phenylindole  

D
ow

nloaded from
 academ

ic.oup.com
/burnstraum

a/article/doi/10.1093/burnst/tkag021/8526249 by guest on 12 O
ctober 2026



10 Burns & Trauma, 2026, Vol. 14, tkag021        

Figure  3  Diabetic  wounds  exhibit  delayed  healing  and a  SASP.  (a)  Representative  images  of  wound  areas  in  diabetic  (DM)  and  control  (Ctrl)  mice  at  the

 indicated  time  points  (Day  0,  Day  3,  Day  6,  and  Day  9).  (b)  Quantification  of  wound  healing  in  DM  and  Ctrl  mice,  expressed  as  the  percentage  of  the  initial

 wound  area  (n  =  4).  (c)  H&E  staining  of  Day-6  skin  wound  tissues  (scale  bar  :  1  mm).  (d)  Masson’s  trichrome  staining  of  Day-6  skin  wound  tissues  (scale

 bar  :100  μ  m).  (e  and  f)  representative  western  blot  analysis  of  SASP  factors  (IL1β  ,  IL6,  IL8,  MMP1,  and  MMP3)  in  skin  wound  tissues  from  control  and  DM

 mice,  with  β  -actin  as  the  loading  control.  ∗  P  <  0.05;  ∗∗
 P  <  0.01;  ∗∗∗

 P  <  0.001.  SASP  senescence  -associated  secretor  y  phenotype,  H&E  hematoxylin  and

 eosin,  IL1β  interleukin-1β  ,  IL6  interleukin-6,  IL8  interleukin-8,  MMP1  matrix  metalloproteinase  -1,  MMP3  matrix  metalloproteinase  -3  

RBPs  exert  their  functions  through  various  molecular  mecha-

 nisms,  with  the  regulation  of  mRNA  stability  being  one  of  their

 core  roles  [ 31].  Meanwhile,  the  CatRAPID  [ 32]  database  shows  that

 ILF2  contains  a  single  RNA-binding  domain,  enabling  it  to  interact

 with  mRNA,  as  evidenced  by  its  detection  in  RNA-binding  motifs

 ( Figure  S1a–d).  To  explore  potential  mRNA  s  interacting  with  ILF2,

 we  intersected  the  RBP–mRNA  dataset  from  starBase  (ENCORI)

 [ 33],  the  catRAPID  [protein(s)  vs  transcriptome]  dataset  [ 32],  and

 the  DEGs  from  ILF2  knockdown  fibroblast  RNA-seq  dataset  .  This
 

three  -way  integration  identified  59  potential  mRNA  targets  of

 ILF2  ( Figure  5d).  Subsequently,  we  ranked  these  targets  based  on

 their  interaction  scores  from  the  catRAPID  database,  where  NPM1

 showed  the  highest  score  (0.905),  suggesting  it  may  be  a  key  target

 of  ILF2.Subsequently,  we  preliminarily  verified  the  interaction

 between  ILF2  and  NPM1  mRNA  through  RNA  immunoprecipitation

 (RIP)  ( Figure  5e).  To  further  identify  the  specific  binding  sites  of

 ILF2  on  NPM1  mRNA,  we  utilized  the  RBP-MotifBrowse  function

 in  the  starBase  (ENCORI)  database  and  screened  out  the  top
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Figure  4  ILF2  suppresses  SASP  factor  expression  while  promoting  fibroblast  proliferation  and  migration  under  NG  and  HG  conditions.  (a  and  b)  western

 blot  analysis  of  ILF2  knockdown  (siILF2)  or  overexpression  (oeILF2)  under  NG  and  HG  conditions,  showing  the  expression  levels  of  SASP  factors  (IL-1β  ,

 IL-6,  IL-8,  MMP1,  and  MMP3).  (c  and  d)  Wound  healing  assays  of  fibroblasts  under  NG  and  HG  conditions  following  ILF2  knockdown  or  overexpression

 (scale  bar  :  200  μ  m).  (e  and  g)  EdU  incorporation  assays  were  performed  to  evaluate  cell  proliferation  in  fibroblasts  under  NG  and  HG  conditions

 following  ILF2  knockdown  (e)  or  overexpression  (g  ).  EdU-positive  proliferating  cells  are  shown  in  red,  with  nuclei  counterstained  by  DAPI  (scale  bar  :

 50  μ  m).  (f  and  h)  CCK-8  assays were  conducted  to  assess  proliferative  activity  of  fibroblasts  under  NG  and  HG  conditions  after  ILF2  knockdown  (f  )  or

 overexpression  (h).  ∗  P  <  0.05;  ∗∗
 P  <  0.01;  ∗∗∗

 P  <  0.001.  SASP  senescence  -associated  secretor  y  phenotype,  CCK-8  cell  counting  Kit-8,  IL  interleukin,  MMP1
 matrix  metalloproteinase  -1  
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Figure  5  RNA-seq  and  bioinformatics  analysis identify  NPM1  as  a  direct  target  of  ILF2.  (a)  Heatmap  showing  DEGs  following  ILF2  knockdown  in

 fibroblasts.  (b  and  c)  KEGG  pathway  enrichment  analyses  of  ILF2-regulated  transcriptomic  changes.  (d)  Venn  diagram  showing  the  overlap  among

 predicted  ILF2-binding  mRNA  s  from  ENCORI  and  catRAPID  databases  and  DEGs  from  transcriptome  sequencing.  The  top  candidate  identified  within  the

 overlap  by  catRAPID  ranking  was  NPM1.  (e)  RIP  assay  of  ILF2  protein  with  NPM1  mRNA.  (f)  Identification  of  the  top  three  RNA  motif  sequences  associated

 with  ILF2  binding  using  the  RBP-MotifBrowse  function  in  starBase  (ENCORI).  (g)  Western  blot  analysis  revealed  that  only  the  Motif2  NPM1  mRNA  probe

 effectively  pulled  down  ILF2  protein,  validating  their  direct  interaction.  (h)  qRT-PCR  analysis  of  NPM1  mRNA  expression  following  ILF2  knockdown  or

 overexpression  in  fibroblasts.  (i)  Western  blot  analysis  of  NPM1  protein  levels  after  ILF2  knockdown  or  overexpression  in  fibroblasts.  (j)  mRNA  stability

 assay  of  NPM1  following  ILF2  overexpression  in  fibroblasts,  assessed  after  actinomycin  D  treatment  .  (k)  Western  blot  analysis  of  NPM1  expression  in

 wound  tissues  from  DFU  patients  and  non-diabetic  trauma  patients  (NC).  (l)  RT-PCR  analysis  of  NPM1  expression  in  wound  tissues  from  DFU  patients  and

 NC.  (m  and  n)  NPM1  expression  in  fibroblast  clusters  from  unhealed  and healed  DFU  tissues  based  on  scRNA-seq  data  (GSE165816),  and  in  DFU  versus

 healthy  skin  samples  based  on  bulk  transcriptomic  data  (GSE199939).  (o)  Immunofluorescence  staining  of  wound  tissues  from  diabetic  (DM)  and  control

 (Ctrl)  mice  showing  ILF2  and  NPM1  expression  (scale  bar  :  50  μ  m).  ∗  P  <  0.05;  ∗∗
 P  <  0.01;  ∗∗∗

 P  <  0.001.  qRT-PCR,  quantitative  real-time  polymerase  chain

 reaction,  DFU  diabetic  foot  ulcer,  DM  diabetes  mellitu,  ILF2  interleukin  enhancer-binding  factor  2,  NPM1  nucleophosmin  1  
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three  (rank  1–3)  RNA  motif  sequences  (Motif1,  Motif2,  and  Motif3)

 associated  with  ILF2  binding,  based  on  the  statistical  significance

 of  log 1  0   (pval)  and  the  target  enrichment  of  Target  (%)  ( Figure  5f).

 Based  on  these  motifs,  we  designed  RNA  probes  targeting  the

 Motif1,  Motif2,  and  Motif3  regions  of  NPM1  mRNA,  respectively,

 and  performed  RNA  Pull-down  assays.  Western  blot  analysis

 showed  that  only  the  RNA  probe  targeting  the  Motif2  region

 effectively  pulled  down  ILF2  protein  ( Figure  5g),  whereas  the

 probes  targeting  the  Motif1  and  Motif3  regions  did  not  detect

 ILF2  binding  ( Figure  S1e).  This  result  further  confirmed  the  direct

 binding  between  ILF2  and  NPM1  mRNA.
 

Next  ,  we  investigated  the  relationship  between  ILF2  and  NPM1

 expression  levels.  Consistent  with  the  RNA-seq  results,  RT-qPCR,

 Western  blot  ,  and  immunofluorescence  experiments  validated

 that  ILF2  negatively  regulates  NPM1  expression  ( Figure  5h  and  i,

 Figure  S1f).  Specifically,  ILF2  knockdown  increased  NPM1  protein

 expression,  whereas  ILF2  overexpression  reduced  its  abundance.

 To  further  elucidate  the  mechanism  by  which  ILF2  regulates  NPM1

 expression,  we  used  the  transcription  inhibitor  actinomycin  D  to

 assess  NPM1  mRNA  stability.  RT-qPCR  results  showed  that  the

 half-life  of  NPM1  mRNA  was  approximately  6  h  in  control  (ctrl)

 fibroblasts,  but  was  significantly  shortened  to  about  4  h  in  ILF2-

 overexpressing  (oeILF2)  cells  (P  <  0.05)  ( Figure  5j).  Crucially,  to

 validate  the  clinical  relevance  of  these  findings,  we  performed

 RIP,  RNA  pull-down  (using  the  Motif2  probe),  and  mRNA  stability

 assays  using  primar  y  fibroblasts  isolated  from  three  DFU  patients

 ( Figure  S3c–f).  Consistent  with  the  results  in  cell  lines,  these  exper-

 iments  confirmed  the  direct  interaction  between  ILF2  and  NPM1

 mRNA  and  demonstrated  that  ILF2  negatively  regulated  NPM1

 mRNA  stability  in  DFU  primar  y  fibroblasts.  Taken  together,  these

 findings  indicate  that  ILF2  reduces  the  stability  of  NPM1  mRNA  by

 directly  binding  to  it  ,  ultimately  leading  to  the  downregulation  of

 NPM1  protein  expression.
 

Previous  studies  have  demonstrated  that  NPM1  is  highly

 expressed  in  various  pathological  conditions,  where  it  drives

 inflammation  [ 34,  35],  impairs  tissue  repair  [ 36],  and  promotes

 cellular  senescence  [ 37].  To  assess  its  relevance  in  DFUs,  we

 analyzed  public  datasets  (GSE165816  and  GSE199939,  Figure  5m

and  n)  and  found  that  NPM1  was  consistently  upregulated  in

 DFU.  This  upregulation  was  further  validated  by  qPCR,  WB

 ( Figure  5k  and  l),  and  IF  ( Figure  S1g). Consistent  results  were

 also  obtained  in  diabetic  (DM)  mouse  wound  tissues,  where  dual

 immunofluorescence  analysis  demonstrated  downregulation

 of  ILF2  accompanied  by  upregulation  of  NPM1  ( Figure  5o).

 Collectively,  These  findings  suggest  that  ILF2  binds  to  NPM1

 mRNA  and  promotes  its  degradation,  thereby  regulating  NPM1

 expression,  which  may  play  a  crucial  role  in  the  pathogenesis

 of  DFU. 

ILF2  inhibits  the  expression  of  SASP  and  promotes  fibroblast

 proliferation  and  migration  by  regulating  NPM1  expression.
 

Given  that  ILF2  regulates  mRNA  stability  and  subsequently

 affects  NPM1  abundance,  we  aimed  to  validate  NPM1  as  a

 potential  regulator  y  factor  in  the  downstream  progression  of  ILF2-

 mediated  inflammator  y  senescence.
 

To  independently  assess  the  function  of  NPM1,  we  performed

 siRNA-mediated  knockdown  of  NPM1  in  fibroblasts  cultured  under

 NG,  5.5  mM  or  HG  conditions.  Consistent  with  previous  obser-

 vations,  HG  treatment  increased  NPM1  expression.  Functional

 assays  revealed  that  NPM1  knockdown  significantly  enhanced

 fibroblast  proliferation  and  migration  under  both  NG  and  HG
 

conditions,  as  demonstrated  by  CCK-8,  EdU,  and  wound  healing

 assays  ( Figure  6a–c).  Furthermore,  Western  blot  analysis  showed

 that  NPM1  knockdown  reduced  the  expression  of  SASP  factors,

 including  IL1β  ,  IL6,  IL8,  MMP1,  and  MMP3  ( Figure  6d).  Overall,

 NPM1  promotes  fibroblast  senescence  while  suppressing  their

 proliferation  and  migration.
 

To  further  elucidate  the  functional  relationship  between  ILF2

 and  NPM1,  we  performed  rescue  experiments  in  fibroblasts  by

 simultaneously  applying  siRNA-mediated  knockdown  of  both

 genes  under  NG  and  HG  conditions.  Western  blot  analysis  showed

 that  NPM1  knockdown  reduced  the  elevated  expression  of

 SASP  factors  (IL1β  ,  IL6,  IL8,  MMP1,  and  MMP3)  caused  by  ILF2

 knockdown  ( Figure  7a).  Consistently,  NPM1  knockdown  restored

 the  impaired  migrator  y  capacity  induced  by  ILF2  knockdown,

 as  demonstrated  by  wound  healing  assays  ( Figure  7b  and  c).

 Furthermore,  CCK-8  and  EdU  assays  confirmed  that  NPM1

 knockdown  significantly  rescued  the  proliferation  defect  of

 ILF2-deficient  fibroblasts  ( Figure  7d–g).  Notably,  these  rescue

 effects  were  obser  ved  under  both  NG  and  HG  conditions.  Taken

 together,  these  results  indicate  that  ILF2  regulates  fibroblast  SASP

 expression,  proliferation,  and  migration  by  modulating  NPM1

 expression.
 

Interleukin  enhancer-binding  factor  2  and

 nucleophosmin  regulate  nuclear

 factor-kappa  B  signaling  pathway  and  p65

 activation  in  fibroblasts  

Gene  set  enrichment  analysis  (GSEA)  analysis  revealed  a  sig-

 nificant  enrichment  of  the  NF- κ  B  signaling  pathway  in  ILF2-

 deficient  fibroblasts.  The  enrichment  plots  showed  that  pathway-

 associated  genes  were  predominantly  concentrated  in  the

 upregulated  region,  indicating  that  the  loss  of  ILF2  activates  NF- κ  B

 signaling  ( Figure  8a).  This  finding  is  particularly  significant  given

 that  NF- κ  B  acts  as  the  master  regulator  of  the  SASP,  orchestrating

 the  expression  of  a  broad  spectrum  of  pro  -inflammator  y  factors,

 including  IL-1α  ,  IL-6,  IL-8,  and  various  chemokines  (Wang  et  al.,
 2024)  [ 8].  Consistently,  Western  blotting  confirmed  that  ILF2

 knockdown  increased  the  expression  of  phospho  -p65  (p  -p65)

 ( Figure  8b).  Conversely,  ILF2  overexpression  notably  decreased

 phospho  -p65  levels,  indicating  inhibition  of  NF- κ  B  pathway

 activation  ( Figure  S1h).  Notably,  we  validated  these  findings  in

 primar  y  fibroblasts,  obser  ving  a  consistent  pattern  of  NF- κ  B

 regulation  by  ILF2  ( Figure  S3a  and  b).
 

Mechanistically,  NPM1  was  identified  as  a  leading-edge  gene

 in  the  NF- κ  B  pathway,  implicating  it  as  a  potential  downstream

 mediator  of  ILF2.  Previous  studies  [ 34,  35]  have  reported  that

 NPM  protein  interacts  with  the  NF- κ  B  subunit  p65.  Supporting  this

 link  ,  Co  -IP  assays  confirmed  a  direct  interaction  between  NPM1

 and  p65  in  fibroblasts  ( Figure  8c).  Furthermore,  NPM1  knockdown

 significantly  reduced  p65  phosphor  ylation  ( Figure  8d).  In  parallel,

 immunofluorescence  analysis  revealed  that  ILF2  knockdown

 enhanced  p65  nuclear  translocation  in  HG-treated  fibroblasts,

 consistent  with  the  obser  vations  of  Rao  et  al.  [ 34,  35].  In

 contrast  ,  NPM1  knockdown  attenuated  this  nuclear  translocation

 ( Figure  8e).  Crucially,  rescue  experiments  showed  that  NPM1

 depletion  abrogated  the  increase  in  p  -p65  levels  induced  by

 ILF2  knockdown  under  both  NG  and  HG  conditions  ( Figure  8f).
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Figure  6  NPM1  promotes  SASP  factor  expression  while  suppressing  fibroblast  proliferation  and  migration  under  NG  and  HG  conditions.  (a)  Wound

 healing  assays  of  fibroblasts  cultured  under  NG  and  HG  conditions  following  NPM1  knockdown  (scale  bar  :  200  μ  m).  (b)  EdU  assays  to  assess  cell

 proliferation  under  NG  and  HG  conditions  following  NPM1  knockdown.  EdU-positive  cells  are  shown  in  red,  and  nuclei  were  counterstained  with  DAPI

 (scale  bar  :  50  μ  m).  (c)  CCK-8  assays  evaluating  proliferative  activity  under  NG  and  HG  conditions  following  NPM1  knockdown.  (d)  Western  blot  analysis  of

 SASP  factors  (IL-1β  ,  IL-6,  IL-8,  MMP1,  and  MMP3)  in  fibroblasts  under  NG  and  HG  (50  mM)  conditions  after  NPM1  knockdown.  ∗  P  <  0.05;  ∗∗
 P  <  0.01;

 ∗∗∗
 P  <  0.001.  SASP  senescence  -associated  secretor  y  phenotype,  NG  normal  glucose,  HG  high  glucose,  DAPI  4’,6-diamidino-2-phenylindole,  IL  interleukin,

 MMP1  matrix  metalloproteinase  -1CCK-8  cell  counting  Kit-8  
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Figure  7  ILF2  inhibits  the  expression  of  SASP  and  promotes  fibroblast  proliferation  and  migration  by  regulating  NPM1  expression.  (a)  Western  blot

 analysis  of  ILF2,  NPM1,  and  SASP  factors  (IL-1β  ,  IL-6,  IL-8,  MMP1,  and  MMP3)  in  fibroblasts  co-transfected  with  siILF2  and  siNPM1  under  NG  and  HG

 conditions.  (b,  c)  wound  healing  assays  showing  cell  migration  under  NG  and  HG  conditions  with  siILF2,  siNPM1,  or  co-transfection  treatments(scale  bar  :

 200  μ  m).  (d  and  f)  EdU  assays  to  assess cell  proliferation  under  NG  and  HG  conditions  following  siRNA  treatments.  EdU-positive  cells  are  shown  in  red,

 and  nuclei  are  counterstained  with  DAPI  (scale  bar  :  50  μ  m).  (e  and  g)  CCK-8  assays  to  evaluate  proliferative  activity  under  NG  and  HG  conditions

 following  siRNA  treatments.  Ns,  not  significant  ;  P  >  0.05;  ∗  P  <  0.05;  ∗∗
 P  <  0.01;  ∗∗∗

 P  <  0.001.  SASP  senescence  -associated  secretor  y  phenotype,  NG
 normal  glucose,  HG  high  glucose,  EdU  5-ethynyl-2’-deoxyuridine,  DAPI  4’,6-diamidino-2-phenylindole,  CCK-8  Cell  Counting  Kit-8,  IL  interleukin,  MMP1
 matrix  metalloproteinase  -1  
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Figure  8  ILF2  and  NPM1  regulate  NF- κ  B  signaling  and  p65  activation  in  fibroblasts.  (a)  GSEA  of  NF- κ  B  signaling  in  the  indicated  dataset  .  (b)  Western  blot

 analysis  of  p-p65  in  fibroblasts  under  NG  and  HG  conditions  after  ILF2  knockdown.  (c)  Coimmunoprecipitation  showing  interaction  between  NPM1  and

 p65  in  the  indicated  cells.  (d)  Western  blot  analysis  of  p-p65  in  fibroblasts  under  NG  and  HG  conditions  after  NPM1  knockdown.  (e)  Upper  panel:  p65

 (green)  and  nuclei  (DAPI,  blue)  immunofluorescence  in  HG  +  ctrl  and  HG  +  siILF2  fibroblasts  (scale  bar  :  20  μ  m);  lower  panel:  p65  (green)  and  nuclei  (DAPI,

 blue)  immunofluorescence  in  HG  +  ctrl  and  HG  +  siNPM1  fibroblasts  (scale  bar  :  20  μ  m).  (f)  Western  blot  analysis  of  p-p65  in  fibroblasts  co-transfected

 with  siILF2  and  siNPM1  under  NG  and  HG  conditions.  (g)  Level  of  p65  detected  by  western  blot  in  cytoplasmic  and  nuclear  extraction.  B-tubulin  was  used

 as  a  cytoplasmic  internal  reference,  and  Lamin  B1  was  used  as  a  nuclear  internal  reference.  ∗  P  <  0.05;  ∗∗
 P  <  0.01;  ∗∗∗

 P  <  0.001.  NF- κ  B,  nuclear  factor

 kappa  B,  GSEA  Gene  Set  Enrichment  Analysis,  NG  normal  glucose,  HG  high  glucose,  DAPI  4’,6-diamidino-2-phenylindole,  NPM1  nucleophosmin  1  
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Figure  9  Knockdown  of  ILF2  delays  wound  healing  and enhances  inflammator  y  senescence  in  diabetic  mice.  (a)  Representative  images  of  wound  closure

 at  Days  0,  3,  6,  and  9  in  four  groups:  Non-sh  ILF2-ctrl,  non-sh  ILF2,  DM-sh  ILF2-ctrl,  and  DM-sh  ILF2.  (b)  Quantitative  assessment  of  wound  closure  rate

 over  time  (n  =  5  per  group).  (c)  H&E-stained  histological  sections  of  skin  wounds  collected  at  Day  6.  Scale  bars:  500  μ  m.  (d)  Western  blot  analysis  of  ILF2,

 NPM1,  total  and  phosphor  ylated  p65  and  SASP  factors  (IL-1β  ,  IL-6,  IL-8,  MMP1,  and  MMP3)  in  wound  tissues,  with  β  -actin  as  a  loading  control.  (e)

 Immunofluorescence  staining  of  ILF2  (green),  NPM1  (red),  and  nuclei  (DAPI,  blue)  in  wound  tissues.  Scale  bars:  500  μ  m.  ∗  P  <0.05;  ∗∗
 P  <  0.01;

 ∗∗∗
 P  <  0.001.  DM  diabetes  mellitus,  H&E  hematoxylin  and eosin,  SASP  senescence  -associated  secretor  y  phenotype,  ILF2  interleukin  enhancer-binding

 factor  2,  NPM1  nucleophosmin  1,  DAPI  4’,6-diamidino-2-phenylindole,  IL  interleukin,  MMP1  matrix  metalloproteinase  -1  
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Figure  10  Overexpression  of  ILF2  accelerates  wound  healing  and  reduces  inflammator  y  senescence  in  diabetic  mice.  (a)  Representative  images  of  wound

 closure  at  Days  0,  3,  6,  and  9  in  four  groups:  Non-oe  ILF2-ctrl,  non-oe  ILF2,  DM-oe  ILF2-ctrl,  and  DM-oe  ILF2.  (b)  Quantitative  assessment  of  wound  closure

 rate  over  time  (n  =  5  per  group).  (c)  H&E-stained  histological  sections  of  skin  wounds  collected  at  Day  6.  Scale  bars:  500  μ  m.  (d)  Western  blot  analysis  of

 ILF2,  NPM1,  total  and  phosphor  ylated  p65  and  SASP  factors  (IL-1β  ,  IL-6,  IL-8,  MMP1,  and  MMP3)  in  wound  tissues,  with  β  -actin  as  a  loading  control.  (e)

 Immunofluorescence  staining  of  ILF2  (green),  NPM1  (red),  and  nuclei  (DAPI,  blue)  in  wound  tissues.  Scale  bars:  500  μ  m.  ∗  P  <  0.05;  ∗∗
 P  <  0.01;

 ∗∗∗
 P  <  0.001.  DM  diabetes  mellitus,  H&E  hematoxylin  and eosin,  ILF2  interleukin  enhancer-binding  factor  2,  NPM1  nucleophosmin  1,  SASP

 senescence  -associated  secretor  y  phenotype,  DAPI  4’,6-diamidino-2-phenylindole,  IL  interleukin,  MMP1  matrix  metalloproteinase  -1  
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Figure  11  Knockdown  of  NPM1  accelerates  wound  healing  and  reduces  inflammator  y  senescence  in  diabetic  mice.  (a)  Representative  images  of  wound

 closure  at  Days  0,  3,  6,  and  9  in  four  groups:  non-sh  NPM1-ctrl,  non-sh  NPM1,  DM-sh  NPM1-ctrl,  and  DM-sh  NPM1.  (b)  Quantitative  assessment  of  wound

 closure  rate  over  time  (n  =  5  per  group).  (c)  H&E-stained  histological  sections  of  skin  wounds  collected  at  Day  6.  Scale  bars:  500  μ  m.  (d)  Western  blot

 analysis  of  NPM1,  total  and  phosphor  ylated  p65  and  SASP  factors  (IL-1β  ,  IL-6,  IL-8,  MMP1,  and  MMP3)  in  wound  tissues,  with  β  -actin  as  a  loading  control.

 (e)  Immunofluorescence  staining  of  NPM1  (green),  phosphor  ylated  p65  (red),  and  nuclei  (DAPI,  blue)  in  wound  tissues.  Scale  bars,:  500  μ  m.  ∗  P  <  0.05;
 ∗∗

 P  <  0.01;  ∗∗∗
 P  <  0.001.  DM  diabetes  mellitus,  H&E  hematoxylin  and  eosin,  ILF2  interleukin  enhancer-binding  factor  2,  NPM1  nucleophosmin  1,  SASP

 senescence  -associated  secretor  y  phenotype,  DAPI  4’,6-diamidino-2-phenylindole,  IL  interleukin,  MMP1  matrix  metalloproteinase  -1  
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Subcellular  fractionation  assays  further  validated  that  NPM1

 depletion  prevented  the  ILF2  knockdown-induced  nuclear  accu-

 mulation  of  p65  ( Figure  8g).  Collectively,  these  findings  suggest

 that  ILF2  functions  as  a  negative  regulator  of  NF- κ  B  signaling  by

 suppressing  NPM1,  thereby  inhibiting  p65  phosphor  ylation  and

 nuclear  translocation  to  reduce  HG-induced  SASP  expression  in

 fibroblasts. 

Interleukin  enhancer-binding  factor  2

 promotes  wound  healing  in  diabetic  mice

 by  targeting  nucleophosmin 

To  investigate  the  role  of  ILF2  in  wound  healing  in  diabetic  mice,

 we  established  a  STZ-induced  diabetic  (DM)  mouse  model.  Mice

 with  fasting  blood  glucose  levels  ≥250  mg  /dL  (16.7  mmol/L)  in

 two  consecutive  measurements  were  considered  diabetic.  AAV-

 shILF2  or  AAV-oeILF2  vectors  were  subcutaneously  injected  into

 the  dorsal  region  of  diabetic  mice  for  4  weeks.  The  experimental

 groups  included:  normal  control  (non-sh  ILF2-ctrl),  normal  knock-

 down  (non-sh  ILF2),  diabetic  control  (DM-sh  ILF2-ctrl),  diabetic

 knockdown  (DM-sh  ILF2),  normal  overexpression  (Non-oe  ILF2-

 vector),  normal  overexpression  (non-oe  ILF2),  diabetic  control

 overexpression  (DM-oe  ILF2-vector),  and  diabetic  overexpression

 (DM-oe  ILF2).
 

ILF2  knockdown  significantly  delayed  wound  healing.  The

 knockdown  groups  (non-sh  ILF2,  DM-sh  ILF2)  showed  a  signif-

 icantly  slower  wound  closure  compared  to  the  control  groups

 ( Figure  9a  and  b).  In  diabetic  mice,  the  DM-sh  ILF2  group  exhibited

 the  slowest  healing,  and  histological  analysis  ( Figure  9c)  revealed

 larger  skin  fissures,  indicating  tissue  damage  and  cell  loss.

 Western  blot  analysis  ( Figure  9d)  demonstrated  that  ILF2  knock-

 down  increased  NPM1  expression,  elevated  p65  phosphor  ylation

 levels,  and  upregulated  the  expression  of  SASP  factors  (IL-1β  ,

 IL-6,  IL-8,  MMP1,  and  MMP3),  with  more  pronounced  effects  in

 diabetic  mice.  Immunofluorescence  staining  ( Figure  9e)  further

 supported  that  ILF2  negatively  regulates  NPM1.In  contrast  ,

 ILF2  overexpression  significantly  accelerated  wound  healing,

 especially  under  HG  conditions  in  diabetic  mice.  The  DM-oe

 ILF2  group  healed  significantly  faster  than  the  DM-sh  ILF2  group

 ( Figure  10a  and  b).  Histological  analysis  ( Figure  10c)  revealed  that

 the  ILF2  overexpression  group  exhibited  a  more  intact  wound

 tissue  structure  and  smaller  skin  fissures,  especially  under  HG

 conditions.  These  results  further  confirm  ILF2’s  role  in  promoting

 tissue  repair  in  diabetic  mice.  Western  blot  analysis  ( Figure  10d)

 confirmed  that  ILF2  overexpression  reduced  NPM1  and  p  -p65

 expression  in  diabetic  wound  tissue,  and  significantly  decreased

 SASP  factor  expression  (IL-1β  ,  IL-6,  IL-8,  MMP1,  and  MMP3),

 especially  under  HG  conditions.  Immunofluorescence  staining

 ( Figure  10e)  validated  ILF2’s  regulator  y  role  in  NPM1  expression.
 

To  further  elucidate  the  downstream  mechanism  of  ILF2,  we

 investigated  the  functional  role  of  NPM1,  a  key  downstream  tar-

 get  of  ILF2.  We  constructed  AAV  vectors  carr  ying  shNPM1  and

 subcutaneously  injected  them  into  STZ-induced  diabetic  mice  for

 4  weeks.  The  experimental  groups  included  normal  control  (Non-

 sh  NPM1-ctrl),  normal  knockdown  (non-sh  NPM1),  diabetic  control

 (DM-sh  NPM1-ctrl),  and  diabetic  knockdown  (DM-sh  NPM1).  NPM1

 knockdown  significantly  promoted  wound  healing.  The  knock-

 down  groups  (non-sh  NPM1,  DM-sh  NPM1)  showed  faster  wound

 closure  compared  to  control  groups  ( Figure  11a  and  b).  In  diabetic
 

mice,  the  DM-sh  NPM1  group  exhibited  the  most  rapid  healing,

 with  significantly  higher  wound  closure  rates  on  Days  3,  5,  and

 7  compared  to  the  DM-sh  NPM1-ctrl  group.  Histological  analysis

 ( Figure  11c)  revealed  smaller  skin  fissures  and  more  intact  tissue

 structure  in  the  DM-sh  NPM1  group,  indicating  reduced  tissue

 damage  and  cell  loss.  Western  blot  analysis  ( Figure  11d)  demon-

 strated  that  NPM1  knockdown  reduced  NPM1  protein  expression,

 decreased  p65  phosphor  ylation  levels,  and  downregulated  SASP

 factors  (IL-1β  ,  IL-6,  IL-8,  MMP1,  and  MMP3),  with  more  pronounced

 effects  in  diabetic  mice.  Immunofluorescence  staining  ( Figure  11e)

 further  validated  that  NPM1  knockdown  inhibits  NF- κ  B  activation.
 

These  results  collectively  demonstrate  that  ILF2  plays  a  key

 role  in  diabetic  wound  healing  by  negatively  regulating  NPM1.

 The  ILF2-NPM1  axis  modulates  the  NF- κ  B  signaling  pathway  and

 SASP  factor  expression,  thereby  alleviating  wound  repair  disor-

 ders  caused  by  inflammation-induced  senescence.
 

Discussion 
DFUs  are  a  prevalent  complication  of  diabetes,  with  a  34%  life  -

 time  risk  for  affected  individuals  [ 38].  The  global  public  health

 burden  of  DFU  is  significant  ,  given  the  need  for  hospitalization  and

 the  potential  for  amputation.  Standard  treatments  [ 39],  includ-

 ing  wound  debridement  ,  revascularization,  inflammation  control,

 and  decompression,  are  often  insufficient  .  A  s  a  result  ,  there  is  an

 urgent  need  for  novel  therapeutic  approaches  to  improve  DFU

 healing  rates.
 

Wound  healing  involves  four  key  stages:  hemostasis,  inflamma-

 tion,  proliferation,  and  remodeling,  which  require  the  coordinated

 action  of  various  cells  and  growth  factors  [ 4].  Fibroblasts  play  a

 pivotal  role  in  this  process  by  synthesizing  the  extracellular  matrix

 (ECM),  promoting  angiogenesis,  and  regulating  inflammation  to

 accelerate  wound  healing.  However,  in  the  diabetic  microen-

 vironment  ,  HG  levels  and  advanced  glycation  end  products

 induce  oxidative  stress,  inflammation,  mitochondrial  dysfunction,

 and  cellular  senescence  [ 6,  7]. Senescent  fibroblasts  exhibit

 detrimental  phenotypes,  including  secretion  of  SASP  factors,

 impaired  proliferative  capacity,  and  ECM  disorganization,  which

 collectively  impede  wound  healing  [ 13,  30].  Recent  studies  [ 17,

 40,  41]  have  highlighted  the  dysregulation  of  RBPs  as  a  key

 factor  in  delayed  wound  healing,  particularly  in  inflammation  and

 ECM  remodeling.  However,  the  role  of  RBPs  in  diabetic  wounds,

 especially  within  fibroblasts,  remains  poorly  understood.  In  our

 study,  analysis  of  scRNA-seq  data  from  healing  and  non-healing

 DFU  tissues  (GSE165816)  revealed  significant  transcriptional

 differences  in  fibroblasts.  Consistent  with  previous  research

 [ 27],  we  identified  ILF2  as  a  key  downregulated  RBP  in  DFU  by

 integrating  datasets  GSE199939,  GSE165816,  and  the  RBP2GO

 database.  We  further  found  that  HG  exposure  downregulated  ILF2

 and  upregulated  the  SASP  in  fibroblasts,  which  in  turn  reduced

 their  proliferation  and  migration.  At  the  molecular  level,  we

 demonstrated  that  the  downregulation  of  ILF2  leads  to  increased

 NPM1  expression,  which  promotes  inflammator  y  senescence  in

 HG-treated  fibroblasts,  thereby  impairing  their  proliferative  and

 migrator  y  functions.  Additionally,  we  confirmed  that  ILF2  binds

 to  NPM1  mRNA,  destabilizing  it  and  decreasing  its  expression.

 Moreover,  ILF2  targets  NPM1  to  regulate  p65  phosphor  ylation,

 thereby  inhibiting  the  activation  of  the  NF- κ  B  pathway.  The  results

 from  animal  experiments  further  demonstrate  that  ILF2  promotes

 wound  healing  in  both  normal  and  diabetic  mice,  while  inhibiting
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the  expression  of  SASP  factors.  In  summar  y,  Our  findings  highlight

 the  potential  of  ILF2  as  a  promising  therapeutic  target  .
 

Although  our  study  confirms  ILF2  downregulation  in  DFU,

 the  specific  mechanisms  underlying  this  change  remain  to

 be  elucidated.  Based  on  existing  literature,  several  potential

 pathways  may  contribute  to  ILF2  downregulation.  For  instance,

 transcriptional  regulation  could  be  involved,  as  HG  levels  may

 alter  the  activity  of  transcription  factors  (e.g.  JAK-STAT3  [ 42],  Sp1

 [ 43])  that  bind  to  the  ILF2  promoter,  repressing  its  transcription.

 Concurrently,  post-transcriptional  regulation  by  microRNA  s

 (miRNA  s)  [ 44]  represents  a  plausible  mechanism,hyperglycemia

 alters  the  expression  of  numerous  miRNA  s  that  target  RBPs,

 potentially  destabilizing  ILF2  mRNA  or  inhibiting  its  translation.

 Additionally,  upstream  signaling  pathways  (e.g.  PKC  pathway

 [ 45])  could  be  activated  by  HG,  leading  to  the  suppression  of

 ILF2  expression  through  downstream  effectors.  While  these

 mechanisms  are  speculative  and  require  further  experimental

 validation,  they  provide  a  framework  for  future  studies  to  explore

 the  regulator  y  networks  governing  ILF2  expression  in  DFU.
 

mRNA  stability  regulation  plays  a  crucial  role  in  gene  expression

 and  is  one  of  the  key  mechanisms  through  which  RBPs  control

 various  biological  functions.  In  wound  healing  research,  RBPs

 have  garnered  increasing  attention.  Studies  have  shown  that

 wound  healing  involves  multiple  molecular  mechanisms,  includ-

 ing  inflammator  y  responses,  extracellular  matrix  remodeling,

 and  cell  proliferation.  RBPs  play  a  crucial  role  in  diabetic  wound

 repair  by  regulating  the  expression  of  genes  associated  with  these

 processes.  For  example,  TATA-box  binding  protein-associated

 factor  15  (TAF15)  was  found  to  stabilize  the  mRNA  of  nuclear

 factor  er  ythroid  2-related  factor  2  (Nrf2),  activating  the  Nrf2

 signaling  pathway  and  promoting  DFU  wound  healing  [ 20].

 Additionally,  YTHDC1  [ 21]  regulates  the  stability  of  sequestosome

 1  (SQSTM1)  mRNA,  enhancing  keratinoc  yte  autophag  y  and

 facilitating  diabetic  wound  healing.  In  our  study,  we  discovered

 that  ILF2  inhibits  the  secretion  of  SASP  factors  in  fibroblasts,

 promoting  cell  proliferation  and  migration,  which  contributes

 to  wound  healing  in  diabetes.  Similar  findings  were  obser  ved

 in  macrophages,  where  Jin  et  al.  [ 25]  demonstrated  that  ILF2

 suppresses  inflammation.  Furthermore,  our  prior  studies  [ 46]

 also  support  ILF2’s  role  in  promoting  proliferation  and  migration

 in  keratinoc  ytes,  further  confirming  its  importance  in  wound

 repair.  To  elucidate  ILF2’s  function  as  an  RNA-binding  protein

 (RBP),  we  used  the  catRAPID  database  and  identified  that  ILF2

 contains  an  RNA-binding  domain,  enabling  it  to  interact  with

 mRNA.  Subsequently,  by  integrating  catRAPID  with  RNA-seq

 data  and  the  starBase  (ENCORI)  database,  we  identified  NPM1

 mRNA  as  the  highest-scoring  target  .  Using  RIP  and  RNA  pull-

 down  assays,  We  confirmed  that  ILF2  interacts  with  NPM1  mRNA.

 RNA  stability  assays  further  demonstrated  that  ILF2  facilitates  the

 degradation  of  NPM1  transcripts,  leading  to  a  marked  reduction

 in  NPM1  protein  levels.  Consistent  with  our  findings,  Li  et  al.  also

 reported  that  ILF2  functions  as  an  RNA-binding  protein  involved

 in  the  regulation  of  mRNA  stability  in  esophageal  cancer  [ 47].

 These  findings  collectively  underscore  the  critical  role  of  ILF2  in

 regulating  mRNA  stability  and  its  potential  as  a  therapeutic  target

 for  enhancing  wound  healing  in  diabetic  conditions.
 

NPM1  [ 48]  is  a  critical  nucleoc  ytoplasmic  shuttling  pro  -

 tein  involved  in  several  essential  cellular  processes,  including

 metabolism,  DNA  repair,  and  apoptosis.  Increasing  evidence

 indicates  that  NPM1  also  plays  an  important  role  in  transcriptional
 

regulation  by  interacting  with  various  transcription  factors.  It  has

 been  shown  to  facilitate  transcriptional  activation  in  multiple

 contexts,  including  through  its  interactions  with  Myc-interacting

 zinc  finger  protein  1,  the  androgen  receptor,  ribosomal  gene

 promoters,  c-Myc,  and  NF- κ  B  [ 49–  52].  Among  these,  the  NF- κ  B

 signaling  pathway  is  particularly  noteworthy  for  its  central  role  in

 inflammation  and  cellular  senescence,  acting  as  a  key  mediator  in

 chronic  inflammator  y  diseases.  Mounting  evidence  links  NPM1  to

 NF- κ  B  activity  in  this  context  .  Rao  et  al.  [ 34].  demonstrated  that

 NPM1  directly  interacts  with  the  p65  subunit  of  NF- κ  B,  promoting

 its  nuclear  translocation  and  enhancing  transcriptional  activity

 at  the  promoters  of  inflammation-related  genes  such  as  IL-1β  ,

 IL-6,  ICAM-1,  and  E-selectin.  Further  supporting  this,  Lin  et  al.
 [ 35].  showed  that  NPM1  is  essential  for  TNF-α  -  and  LPS  -induced

 inflammator  y  responses  in  mouse  embr  yonic  fibroblasts,  facili-

 tating  the  transcription  of  key  pro  -inflammator  y  genes  including

 IL-8,  TNF-α  ,  and  IL-6.Most  studies  on  NPM1  dysregulation  to  date

 have  focused  on  its  role  in  cancer,  including  lymphoma,  acute

 myeloid  leukemia,  breast  cancer,  and  gastric  cancer.  However,

 its  function  in  chronic  non-healing  wounds,  such  as  DFUs,  has

 not  yet  been  reported.  In  this  study,  we  found  that  NPM1  was

 significantly  upregulated  under  ILF2  knockdown  conditions,

 and  this  upregulation  was  accompanied  by  an  increase  in  p65

 phosphor  ylation  levels.  Elevated  NPM1  expression  was  also

 obser  ved  in  wound  tissues  from  both  DFU  patients  and  diabetic

 mice,  supporting  its  potential  pathological  role  in  diabetic  wound

 inflammation.  To  determine  whether  NPM1  plays  a  critical  role  in

 this  context  ,  we  silenced  NPM1  expression  and  performed  rescue

 experiments.  The  results  showed  that  NPM1  knockdown  markedly

 alleviated  the  impaired  fibroblast  proliferation  and  migration

 induced  by  ILF2  silencing,  significantly  suppressed  the  expression

 of  SASP  factors,  and  reduced  p65  phosphor  ylation.  Additionally,

 co  -immunoprecipitation  (Co  -IP)  assays  confirmed  the  interaction

 between  NPM1  and  p65  in  fibroblasts,  and  immunofluorescence

 analysis  validated  increased  nuclear  translocation  of  p65,  con-

 sistent  with  previous  reports  [ 34,  35].  In  summar  y,  our  findings

 identify  NPM1  as  a  critical  downstream  effector  of  ILF2.  Through

 modulation  of  NF- κ  B  signaling,  NPM1  promotes  inflammation

 and  impairs  wound  healing  under  diabetic  conditions.  In  DFU,

 chronic  activation  of  NF- κ  B  drives  the  persistent  expression  of

 SASP  factors,  creating  a  hostile  microenvironment  that  prevents

 fibroblast  proliferation  and  matrix  remodeling  [ 8].  Our  study

 provides  compelling  evidence  linking  the  ILF2-NPM1  axis  directly

 to  this  pathway.  Mechanistically,  we  demonstrated  that  ILF2

 deficienc  y  leads  to  NPM1  accumulation,  which  physically  interacts

 with  the  p65  subunit  of  NF- κ  B.  This  interaction  facilitates  the

 phosphor  ylation  of  p65  and  its  subsequent  nuclear  transloca-

 tion,  thereby  amplifying  the  transcription  of  downstream  pro  -

 inflammator  y  genes.  Rescue  experiments  further  confirmed  this

 hierarchical  regulation,  as  silencing  NPM1  effectively  reversed  NF-

 κ  B  hyperactivation  and  restored  fibroblast  function.  Collectively,

 these  findings  suggest  that  the  ILF2–NPM1–NF- κ  B  axis  is  not

 merely  correlative  but  represents  a  specific  regulator  y  cascade

 that  explains  the  transition  from  metabolic  stress  to  chronic

 inflammation  in  diabetic  fibroblasts. 

Despite  these  insights,  several  limitations  should  be  noted.

 First  ,  the  detailed  mechanism  by  which  ILF2  binding  triggers  NPM1

 mRNA  destabilization  remains  unclear.  Second,  the  specificity

 of  this  interaction  among  other  potential  ILF2  targets  was  not

 fully  addressed.  Finally,  although  key  findings  were  validated  in
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primar  y  cells,  most  mechanistic  experiments  were  conducted

 using  cell  lines  rather  than  primar  y  cells.  Addressing  these

 limitations  in  future  research  will  further  strengthen  the  clinical

 relevance  of  the  ILF2–NPM1  axis. 

Our  study  identifies  ILF2  as  a  critical  RNA-binding  protein

 (RBP)  downregulated  in  DFU  fibroblasts,  where  its  deficienc  y

 drives  impaired  wound  healing  through  dysregulation  of  NPM1-

 mediated  NF- κ  B  signaling.  Integrated  multi-omics  analysis  of

 DFU  patient  tissues  and  diabetic  models  revealed  that  ILF2  loss

 destabilizes  NPM1  mRNA,  leading  to  NPM1  accumulation.  Elevated

 NPM1  promotes  p65  phosphor  ylation  and  nuclear  translocation,

 hyperactivating  NF- κ  B  to  induce  inflammator  y  senescence,

 characterized  by  SASP  factor  secretion,  and  suppressing  fibroblast

 proliferation  and  migration.  Rescue  experiments  confirmed  NPM1

 as  the  key  downstream  effector,  as  its  knockdown  reversed  ILF2

 deficienc  y-induced  cellular  dysfunction  and  SASP  expression.

 Functionally,  ILF2  restoration  accelerated  wound  healing  in

 diabetic  mice  by  suppressing  NPM1/NF- κ  B-driven  inflammation.

 These  findings  establish  the  ILF2–NPM1–NF- κ  B  axis  as  a  novel

 mechanistic  pathway  in  DFU  pathogenesis  and  highlight  ILF2  as  a

 promising  therapeutic  target  to  resolve  chronic  inflammation  and

 promote  tissue  repair  in  diabetic  wounds.
 

Conclusions 
In  summar  y,  this  study  first  identifies  the  downregulation  of  ILF2

 in  fibroblasts  from  DFU  patients  through  integrated  multi-omics

 analysis.  We  further  demonstrate  that  ILF2  regulates  NPM1  expres  -

 sion  by  modulating  the  stability  of  NPM1  mRNA,  thereby  attenuat-

 ing  NF- κ  B  signaling  and  the  associated  SASP.  These  findings  high-

 light  the  ILF2–NPM1–NF- κ  B  axis  as  a  promising  therapeutic  target  .

 Potential  inter  vention  strategies,  such  as  restoring  ILF2  expression

 or  inhibiting  NPM1  activity,  could  offer  effective  approaches  to

 suppress  SASP  production  and  promote  wound  healing  in  diabetic

 patients.
 

Acknowledgements 
We  are  grateful  to  the  all  patients  for  participating  in  the  study.  We

 thank  the  participants  of  this  study  including  the  doctors,  nurses,

 and  researchers  from  the  Department  of  Endocrinolog  y  in  the  First

 Affiliated  Hospital  of  Anhui  Medical  University.
 

Author  contributions 
Hua  Ji  (Conceptualization  [equal],  Data  curation  [equal],  Formal

 analysis  [equal],  Visualization  [equal],  Writing—original  draft

 [equal],  Writing—review  &  editing  [equal]),  Ying  Tang  (Con-

 ceptualization  [equal],  Data  curation  [equal],  Formal  analysis

 [equal],  Investigation  [equal],  Resources  [equal],  Software  [equal],

 Validation  [equal]),  Chenfan  Zhang  (Data  curation  [equal],  Formal

 analysis  [equal],  Methodolog  y  [equal]),  Yinguang  Jia  (Resources

 [equal],  Software  [equal],  Super  vision  [equal]),  Murong  Xu

 (Super  vision  [equal],  Validation  [equal],  Visualization  [equal]),

 Xiaotong  Zhao  (Resources  [equal],  Software  [equal],  Super  vision

 [equal]),  Mingwei  Chen  (Funding  acquisition  [equal],  Resources

 [equal],  Software  [equal],  Super  vision  [equal],  Writing—original

 draft  [equal],  Writing—review  &  editing  [equal]).
 

Supplementar  y  material  
Supplementar  y  material  is  available  at  Burns  &  Trauma  online.
 

Ethics  approval  and  consent  to
 participate  
All  clinical  experiments  were  approved  by  the  Ethics  Committee

 of  Anhui  Medical  University  First  Affiliated  Hospital  (PJ-2024-06-

 64).  The  clinical  trial  was  registered  under  ChiCTR2400088416,

 and  written  informed  consent  was  obtained  from  all  partici-

 pants.  All  animal  experiments  were  approved  and  performed

 in  accordance  with  the  guidelines  of  the  Animal  Care  and  Use

 Committee  of  Anhui  Medical  University  (Hefei,  China;  Approval

 No.  LLSC20201040).
 

Consent  for  publication  
All  authors  have  declared  their  consent  for  this  publication.
 

Conflicts  of  interest  
The  authors  declare  that  they  have  no  competing  interests.
 

Funding  
This  study  was  supported  by  the  Natural  Science  Foundation  of

 Anhui  Province  in  China  (grant  no.  2108085MH269),  the  Anhui

 Provincial  Health  Research  Project  (grant  no.  AHWJ2023BAc10012),

 and  the  Anhui  Province  Clinical  Medical  Research  Translation

 Project  (grant  no.  202427b10020133).
 

Data  availability 
Data  will  be  made  available  on  request  .
 

References  
1.  Sun  H,  Saeedi  P,  Karuranga  S,  Pinkepank  M,  Ogurtsova  K,  Dun-

 can  BB,  et  al.  IDF  diabetes  atlas:  global,  regional  and  countr  y-

 level  diabetes  prevalence  estimates  for  2021  and  projections

 for  2045.  Diabetes  Res  Clin  Pract  2022;183:109119.  https://doi.

org  /10.1016/j.diabres.2021.109119.  

2.  Wang  A,  Lv  G,  Cheng  X,  Ma  X,  Wang  W,  Gui  J,  et  al.  Guidelines

 on  multidisciplinar  y  approaches  for  the  prevention  and  man-

 agement  of  diabetic  foot  disease  (2020  edition).  Burns  Trauma
 2020;8:tkaa017.  https://doi.org  /10.1093/burnst  /tkaa017. 

3.  McDermott  K,  Fang  M,  Boulton  AJM,  Selvin  E,  Hicks  CW.  Etiol-

 og  y,  epidemiolog  y,  and  disparities  in  the  burden  of  diabetic

 foot  ulcers.  Diabetes  Care  2023;46:209–21.  https://doi.org  /10.

2337/dci22-  0043.  

4.  Peña  OA,  Martin  P.  Cellular  and  molecular  mechanisms  of  skin

 wound  healing.  Nat  Rev  Mol  Cell  Biol  2024;25:599–616.  https://

doi.org  /10.1038/s41580-  024-  00715-  1. 

5.  Pastar  I,  Marjanovic  J,  Stone  RC,  Chen  V,  Burgess  JL,  Mer  vis

 JS,  et  al.  Epigenetic  regulation  of  cellular  functions  in  wound

 healing.  Exp  Dermatol  2021;30:1073–89.  https://doi.org  /10.

1111/exd.14325. 

D
ow

nloaded from
 academ

ic.oup.com
/burnstraum

a/article/doi/10.1093/burnst/tkag021/8526249 by guest on 12 O
ctober 2026

https://academic.oup.com/burnstrauma/article-lookup/doi/10.1093/burnst/tkag021#supplementary-data
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1093/burnst/tkaa017
https://doi.org/10.1093/burnst/tkaa017
https://doi.org/10.1093/burnst/tkaa017
https://doi.org/10.1093/burnst/tkaa017
https://doi.org/10.1093/burnst/tkaa017
https://doi.org/10.1093/burnst/tkaa017
https://doi.org/10.1093/burnst/tkaa017
https://doi.org/10.2337/dci22-0043
https://doi.org/10.2337/dci22-0043
https://doi.org/10.2337/dci22-0043
https://doi.org/10.2337/dci22-0043
https://doi.org/10.2337/dci22-0043
https://doi.org/10.2337/dci22-0043
https://doi.org/10.2337/dci22-0043
https://doi.org/10.1038/s41580-024-00715-1
https://doi.org/10.1038/s41580-024-00715-1
https://doi.org/10.1038/s41580-024-00715-1
https://doi.org/10.1038/s41580-024-00715-1
https://doi.org/10.1038/s41580-024-00715-1
https://doi.org/10.1038/s41580-024-00715-1
https://doi.org/10.1038/s41580-024-00715-1
https://doi.org/10.1038/s41580-024-00715-1
https://doi.org/10.1038/s41580-024-00715-1
https://doi.org/10.1111/exd.14325
https://doi.org/10.1111/exd.14325
https://doi.org/10.1111/exd.14325
https://doi.org/10.1111/exd.14325
https://doi.org/10.1111/exd.14325
https://doi.org/10.1111/exd.14325
https://doi.org/10.1111/exd.14325


Burns & Trauma, 2026, Vol. 14, tkag021 23       

6.  Berlanga-Acosta  JA,  Guillén-Nieto  GE,  Rodríguez-Rodríguez

 N,  Mendoza-Mari  Y,  Bringas  -Vega  ML,  Berlanga-Saez  JO,

 et  al.  Cellular  senescence  as  the  pathogenic  hub  of

 diabetes  -related  wound  chronicity.  Front  Endocrinol
 (Lausanne)  2020;11:573032.  https://doi.org  /10.3389/fendo.

2020.573032. 

7.  Patel  S,  Srivastava  S,  Singh  MR,  Singh  D.  Mechanistic  insight

 into  diabetic  wounds:  pathogenesis,  molecular  targets  and

 treatment  strategies  to  pace  wound  healing.  Biomed  Phar-
 macother  2019;112:108615.  https://doi.org  /10.1016/j.biopha.

2019.108615. 

8.  Wang  B,  Han  J,  Elisseeff  JH,  Demaria  M.  The  senescence  -

 associated  secretor  y  phenotype  and  its  physiological

 and  pathological  implications.  Nat  Rev  Mol  Cell  Biol
 2024;25:958–78.  https://doi.org  /10.1038/s41580-  024-  00727

-  x. 

9.  Wyles  SP,  Dashti  P,  Pirtskhalava  T,  Tekin  B,  Inman  C,  Gomez

 LS,  et  al.  A  chronic  wound  model  to  investigate  skin  cellular

 senescence.  Aging  (Albany  NY)  2023;15:2852–62.  https://doi.

org  /10.18632/aging.204667. 

10.  Kerschbaum  S,  Wegrostek  C,  Riegel  E,  Czerny  T.  Senescence

 in  a  cell  culture  model  for  burn  wounds.  Exp  Mol  Pathol
 2021;122:104674.  https://doi.org  /10.1016/  j.yexmp.2021.104

 674.  

11.  Shang  R,  Yang  J,  Hu  W,  Hu  J,  Tang  Y,  Wang  Y,  et  al.
 Targeted  elimination  of  senescent  cells  by  Proc  yanidinC1

 improves  diabetic  wound  healing  and  restores  skin  qual-

 ity.  Free  Radic  Biol  Med  2025;240:597–614.  https://doi.org  /10.

1016/j.freeradbiomed.2025.08.028. 

12.  Wang  AS,  Dreesen  O.  Biomarkers  of  cellular  senescence  and

 skin  aging.  Front  Genet  2018;9:247.  https://doi.org  /10.3389/

fgene.2018.00247. 

13.  Gu  Y,  Han  J,  Jiang  C,  Zhang  Y.  Biomarkers,  oxidative  stress

 and  autophag  y  in  skin  aging.  Ageing  Res  Rev  2020;59:101036.

 https://doi.org  /10.1016/j.arr.2020.101036. 

14.  Jeon  OH,  Kim  C,  Laberge  RM,  Demaria  M,  Rathod  S,  Vasserot

 AP,  et  al.  Local  clearance  of  senescent  cells  attenuates  the

 development  of  post-traumatic  osteoarthritis  and  creates

 a  pro  -regenerative  environment  .  Nat  Med  2017;23:775–81.

 https://doi.org  /10.1038/nm.4324. 

15.  Maity  P,  Singh  K,  Krug  L,  Koroma  A,  Hainzl  A,  Bloch  W.

 et  al.  Persistent  JunB  activation  in  fibroblasts  disrupts

 stem  cell  niche  interactions  enforcing  skin  aging.  Cell  Rep
 2021;36:109634.  https://doi.org  /10.1016/  j.celrep.2021.109

 634.  

16.  Salem  ESB,  Vonberg  AD,  Borra  VJ,  Nakamura  T,  Gill  RK.  RNA  s

 and  RNA-binding  proteins  in  Immuno  -metabolic  homeostasis

 and  diseases.  Front  Cardiovasc  Med  2019;6:106.  https://doi.

org  /10.3389/fc  vm.2019.00106. 

17.  Meder  L,  König  K,  Dietlein  F,  Macheleidt  I,  Florin  A,

 Ercanoglu  MS.  et  al.  LIN28B  enhanced  tumorigenesis  in

 an  autochthonous  KRAS G12V
 -driven  lung  carcinoma  mouse

 model.  Oncogene  2018;37:2746–56.  https://doi.org  /10.1038/

s41388-  018-  0158-  7. 

18.  Qin  G,  Song  Y,  Guo  Y,  Sun  Y,  Zeng  W.  LincRNA  TINCR  facili-

 tates  excessive  proliferation  and  inflammation  in  post-burn

 skin  fibroblasts  by  directly  binding  with  SND1  protein  and

 inducing  SND1-mediated  TGF-β  1  expression.  Biochem  Bio  -
 phys  Res  Commun  2019;509:903–10.  https://doi.org  /10.1016/

j.bbrc.2019.01.013. 

19.  Sun  R,  Chen  W,  Zhao  X,  Li  T,  Song  Q.  Acheron  regu-

 lates  vascular  endothelial  proliferation  and  angiogenesis

 together  with  Id1  during  wound  healing.  Cell  Biochem  Funct
 2011;29:636–40.  https://doi.org  /10.1002/cbf.1799.  

20.  Chen  J,  Li  X,  Liu  H,  Zhong  D,  Yin  K,  Li  Y,  et  al.  Bone  marrow

 stromal  cell-derived  exosomal  circular  RNA  improves  diabetic

 foot  ulcer  wound  healing  by  activating  the  nuclear  factor

 er  ythroid  2-related  factor  2  pathway  and  inhibiting  ferropto  -

 sis.  Diabet  Med  2023;40:e15031.  https://doi.org  /10.1111/dme.

15031. 

21.  Liang  D,  Lin  WJ,  Ren  M,  Qiu  J,  Yang  C,  Wang  X,  et  al.  m 6  A
 reader  YTHDC1  modulates  autophag  y  by  targeting  SQSTM1

 in  diabetic  skin.  Autophagy  2022;18:1318–37.  https://doi.org  /

10.1080/15548627.2021.1974175.  

22.  Du  H,  Le  Y,  Sun  F,  LI  K,  XU  Y.  ILF2  directly  binds  and  stabi-

 lizes  CREB  to  stimulate  malignant  phenotypes  of  liver  cancer

 cells.  Anal  Cell  Pathol  (Amst)  2019;2019:1–9.  https://doi.org  /

10.1155/2019/1575031.  

23.  Zhang  H,  Che  Y,  Xuan  B,  Wu  X,  Li  H.  Serine

 hydroxymethyltransferase  2  (SHMT2)  potentiates  the

 aggressive  process  of  oral  squamous  cell  carcinoma  by

 binding  to  interleukin  enhancer-binding  factor  2  (ILF2).

 Bioengineered  2022;13:8785–97.  https://doi.org  /10.1080/

21655979.2022.2051886.  

24.  Xi  Z,  Huang  H,  Hu  J,  Yu  Y,  Ma  X,  Xu  M,  et  al.  LINC00571

 drives  tricarboxylic  acid  c  ycle  metabolism  in  triple  -negative

 breast  cancer  through  HNRNPK/ILF2/IDH2  axis.  J  Exp  Clin  Can-
 cer  Res  2024;43:22.  https://doi.org  /10.1186/s13046-024-029

 50-y. 

25.  Jin  J,  Li  A,  Wang  W,  Wu  J.  Interleukin-enhanced  binding  factor

 2  interacts  with  NLRP3  to  inhibit  the  NLRP3  inflammasome

 activation.  Biochem  Biophys  Res  Commun  2018;500:398–404.

 https://doi.org  /10.1016/j.bbrc.2018.04.087.  

26.  Das  S,  Reddy  MA,  Senapati  P,  Stapleton  K,  Lanting  L,

 Wang  M,  et  al.  Diabetes  mellitus  -induced  long  noncoding

 RNA  Dnm3os  regulates  macrophage  functions  and  inflam-

 mation  via  nuclear  mechanisms.  Arterioscler  Thromb  Vasc
 Biol  2018;38:1806–20.  https://doi.org  /10.1161/ATVBAHA.117.

310663. 

27.  Theocharidis  G,  Thomas  BE,  Sarkar  D,  Mumme  HL,  Pilcher

 WJR,  Dwivedi  B,  et  al.  Single  cell  transcriptomic  landscape

 of  diabetic  foot  ulcers.  Nat  Commun  2022;13:181.  https://doi.

org  /10.1038/s41467-  021-  27801-  8. 

28.  Jiang  F,  Tang  X,  Tang  C,  Hua  Z,  Ke  M,  Wang  C,  et  al.  HNRNPA2B1

 promotes  multiple  myeloma  progression  by  increasing  AKT3

 expression  via  m6A-dependent  stabilization  of  ILF3  mRNA.

 J  Hematol  Oncol  2021;14:54.  https://doi.org  /10.1186/s13045

-  021-  01066-  6.  

29.  Caudron-Herger  M,  Jansen  RE,  Wassmer  E,  Diederichs  S.

 RBP2GO:  a  comprehensive  pan-species  database  on  RNA-

 binding  proteins,  their  interactions  and  functions.  Nucleic
 Acids  Res  2021;49:D425–36.  https://doi.org  /10.1093/nar/

gkaa1040. 

30.  Ma  Z,  Ding  Y,  Ding  X,  Mou  H,  Mo  R,  Tan  Q.  PDK4  rescues  high-

 glucose  -induced  senescent  fibroblasts  and  promotes  diabetic

 wound  healing  through  enhancing  glycolysis  and  regulating

 YAP  and  JNK  pathway.  Cell  Death  Discov  2023;9:424.  https://

doi.org  /10.1038/s41420-  023-  01725-  2. 

31.  Li  W,  Deng  X,  Chen  J.  RNA-binding  proteins  in  regulating

 mRNA  stability  and  translation:  roles  and  mechanisms  in
 

D
ow

nloaded from
 academ

ic.oup.com
/burnstraum

a/article/doi/10.1093/burnst/tkag021/8526249 by guest on 12 O
ctober 2026

https://doi.org/10.3389/fendo.2020.573032
https://doi.org/10.3389/fendo.2020.573032
https://doi.org/10.3389/fendo.2020.573032
https://doi.org/10.3389/fendo.2020.573032
https://doi.org/10.3389/fendo.2020.573032
https://doi.org/10.3389/fendo.2020.573032
https://doi.org/10.3389/fendo.2020.573032
https://doi.org/10.3389/fendo.2020.573032
https://doi.org/10.1016/j.biopha.2019.108615
https://doi.org/10.1016/j.biopha.2019.108615
https://doi.org/10.1016/j.biopha.2019.108615
https://doi.org/10.1016/j.biopha.2019.108615
https://doi.org/10.1016/j.biopha.2019.108615
https://doi.org/10.1016/j.biopha.2019.108615
https://doi.org/10.1016/j.biopha.2019.108615
https://doi.org/10.1016/j.biopha.2019.108615
https://doi.org/10.1016/j.biopha.2019.108615
https://doi.org/10.1038/s41580-024-00727-x
https://doi.org/10.1038/s41580-024-00727-x
https://doi.org/10.1038/s41580-024-00727-x
https://doi.org/10.1038/s41580-024-00727-x
https://doi.org/10.1038/s41580-024-00727-x
https://doi.org/10.1038/s41580-024-00727-x
https://doi.org/10.1038/s41580-024-00727-x
https://doi.org/10.1038/s41580-024-00727-x
https://doi.org/10.1038/s41580-024-00727-x
https://doi.org/10.18632/aging.204667
https://doi.org/10.18632/aging.204667
https://doi.org/10.18632/aging.204667
https://doi.org/10.18632/aging.204667
https://doi.org/10.18632/aging.204667
https://doi.org/10.18632/aging.204667
https://doi.org/10.18632/aging.204667
https://doi.org/10.1016/j.yexmp.2021.104674
https://doi.org/10.1016/j.freeradbiomed.2025.08.028
https://doi.org/10.1016/j.freeradbiomed.2025.08.028
https://doi.org/10.1016/j.freeradbiomed.2025.08.028
https://doi.org/10.1016/j.freeradbiomed.2025.08.028
https://doi.org/10.1016/j.freeradbiomed.2025.08.028
https://doi.org/10.1016/j.freeradbiomed.2025.08.028
https://doi.org/10.1016/j.freeradbiomed.2025.08.028
https://doi.org/10.1016/j.freeradbiomed.2025.08.028
https://doi.org/10.1016/j.freeradbiomed.2025.08.028
https://doi.org/10.1016/j.freeradbiomed.2025.08.028
https://doi.org/10.3389/fgene.2018.00247
https://doi.org/10.3389/fgene.2018.00247
https://doi.org/10.3389/fgene.2018.00247
https://doi.org/10.3389/fgene.2018.00247
https://doi.org/10.3389/fgene.2018.00247
https://doi.org/10.3389/fgene.2018.00247
https://doi.org/10.3389/fgene.2018.00247
https://doi.org/10.3389/fgene.2018.00247
https://doi.org/10.1016/j.arr.2020.101036
https://doi.org/10.1016/j.arr.2020.101036
https://doi.org/10.1016/j.arr.2020.101036
https://doi.org/10.1016/j.arr.2020.101036
https://doi.org/10.1016/j.arr.2020.101036
https://doi.org/10.1016/j.arr.2020.101036
https://doi.org/10.1016/j.arr.2020.101036
https://doi.org/10.1016/j.arr.2020.101036
https://doi.org/10.1016/j.arr.2020.101036
https://doi.org/10.1038/nm.4324
https://doi.org/10.1038/nm.4324
https://doi.org/10.1038/nm.4324
https://doi.org/10.1038/nm.4324
https://doi.org/10.1038/nm.4324
https://doi.org/10.1038/nm.4324
https://doi.org/10.1038/nm.4324
https://doi.org/10.1016/j.celrep.2021.109634
https://doi.org/10.3389/fcvm.2019.00106
https://doi.org/10.3389/fcvm.2019.00106
https://doi.org/10.3389/fcvm.2019.00106
https://doi.org/10.3389/fcvm.2019.00106
https://doi.org/10.3389/fcvm.2019.00106
https://doi.org/10.3389/fcvm.2019.00106
https://doi.org/10.3389/fcvm.2019.00106
https://doi.org/10.3389/fcvm.2019.00106
https://doi.org/10.1038/s41388-018-0158-7
https://doi.org/10.1038/s41388-018-0158-7
https://doi.org/10.1038/s41388-018-0158-7
https://doi.org/10.1038/s41388-018-0158-7
https://doi.org/10.1038/s41388-018-0158-7
https://doi.org/10.1038/s41388-018-0158-7
https://doi.org/10.1038/s41388-018-0158-7
https://doi.org/10.1038/s41388-018-0158-7
https://doi.org/10.1038/s41388-018-0158-7
https://doi.org/10.1016/j.bbrc.2019.01.013
https://doi.org/10.1016/j.bbrc.2019.01.013
https://doi.org/10.1016/j.bbrc.2019.01.013
https://doi.org/10.1016/j.bbrc.2019.01.013
https://doi.org/10.1016/j.bbrc.2019.01.013
https://doi.org/10.1016/j.bbrc.2019.01.013
https://doi.org/10.1016/j.bbrc.2019.01.013
https://doi.org/10.1016/j.bbrc.2019.01.013
https://doi.org/10.1016/j.bbrc.2019.01.013
https://doi.org/10.1016/j.bbrc.2019.01.013
https://doi.org/10.1002/cbf.1799
https://doi.org/10.1002/cbf.1799
https://doi.org/10.1002/cbf.1799
https://doi.org/10.1002/cbf.1799
https://doi.org/10.1002/cbf.1799
https://doi.org/10.1002/cbf.1799
https://doi.org/10.1002/cbf.1799
https://doi.org/10.1111/dme.15031
https://doi.org/10.1111/dme.15031
https://doi.org/10.1111/dme.15031
https://doi.org/10.1111/dme.15031
https://doi.org/10.1111/dme.15031
https://doi.org/10.1111/dme.15031
https://doi.org/10.1111/dme.15031
https://doi.org/10.1080/15548627.2021.1974175
https://doi.org/10.1080/15548627.2021.1974175
https://doi.org/10.1080/15548627.2021.1974175
https://doi.org/10.1080/15548627.2021.1974175
https://doi.org/10.1080/15548627.2021.1974175
https://doi.org/10.1080/15548627.2021.1974175
https://doi.org/10.1080/15548627.2021.1974175
https://doi.org/10.1080/15548627.2021.1974175
https://doi.org/10.1155/2019/1575031
https://doi.org/10.1155/2019/1575031
https://doi.org/10.1155/2019/1575031
https://doi.org/10.1155/2019/1575031
https://doi.org/10.1155/2019/1575031
https://doi.org/10.1155/2019/1575031
https://doi.org/10.1155/2019/1575031
https://doi.org/10.1080/21655979.2022.2051886
https://doi.org/10.1080/21655979.2022.2051886
https://doi.org/10.1080/21655979.2022.2051886
https://doi.org/10.1080/21655979.2022.2051886
https://doi.org/10.1080/21655979.2022.2051886
https://doi.org/10.1080/21655979.2022.2051886
https://doi.org/10.1080/21655979.2022.2051886
https://doi.org/10.1080/21655979.2022.2051886
https://doi.org/10.1186/s13046-024-02950-y
https://doi.org/10.1016/j.bbrc.2018.04.087
https://doi.org/10.1016/j.bbrc.2018.04.087
https://doi.org/10.1016/j.bbrc.2018.04.087
https://doi.org/10.1016/j.bbrc.2018.04.087
https://doi.org/10.1016/j.bbrc.2018.04.087
https://doi.org/10.1016/j.bbrc.2018.04.087
https://doi.org/10.1016/j.bbrc.2018.04.087
https://doi.org/10.1016/j.bbrc.2018.04.087
https://doi.org/10.1016/j.bbrc.2018.04.087
https://doi.org/10.1016/j.bbrc.2018.04.087
https://doi.org/10.1161/ATVBAHA.117.310663
https://doi.org/10.1161/ATVBAHA.117.310663
https://doi.org/10.1161/ATVBAHA.117.310663
https://doi.org/10.1161/ATVBAHA.117.310663
https://doi.org/10.1161/ATVBAHA.117.310663
https://doi.org/10.1161/ATVBAHA.117.310663
https://doi.org/10.1161/ATVBAHA.117.310663
https://doi.org/10.1161/ATVBAHA.117.310663
https://doi.org/10.1038/s41467-021-27801-8
https://doi.org/10.1038/s41467-021-27801-8
https://doi.org/10.1038/s41467-021-27801-8
https://doi.org/10.1038/s41467-021-27801-8
https://doi.org/10.1038/s41467-021-27801-8
https://doi.org/10.1038/s41467-021-27801-8
https://doi.org/10.1038/s41467-021-27801-8
https://doi.org/10.1038/s41467-021-27801-8
https://doi.org/10.1038/s41467-021-27801-8
https://doi.org/10.1186/s13045-021-01066-6
https://doi.org/10.1186/s13045-021-01066-6
https://doi.org/10.1186/s13045-021-01066-6
https://doi.org/10.1186/s13045-021-01066-6
https://doi.org/10.1186/s13045-021-01066-6
https://doi.org/10.1186/s13045-021-01066-6
https://doi.org/10.1186/s13045-021-01066-6
https://doi.org/10.1186/s13045-021-01066-6
https://doi.org/10.1186/s13045-021-01066-6
https://doi.org/10.1093/nar/gkaa1040
https://doi.org/10.1093/nar/gkaa1040
https://doi.org/10.1093/nar/gkaa1040
https://doi.org/10.1093/nar/gkaa1040
https://doi.org/10.1093/nar/gkaa1040
https://doi.org/10.1093/nar/gkaa1040
https://doi.org/10.1093/nar/gkaa1040
https://doi.org/10.1038/s41420-023-01725-2
https://doi.org/10.1038/s41420-023-01725-2
https://doi.org/10.1038/s41420-023-01725-2
https://doi.org/10.1038/s41420-023-01725-2
https://doi.org/10.1038/s41420-023-01725-2
https://doi.org/10.1038/s41420-023-01725-2
https://doi.org/10.1038/s41420-023-01725-2
https://doi.org/10.1038/s41420-023-01725-2
https://doi.org/10.1038/s41420-023-01725-2


24 Burns & Trauma, 2026, Vol. 14, tkag021        

cancer.  Semin  Cancer  Biol  2022;86:664–77.  https://doi.org  /10.

1016/j.semcancer.2022.03.025. 

32.  Armaos  A,  Colantoni  A,  Proietti  G,  Rupert  J,  Tartaglia  GG.

 catRAPID  omics  v2.0:  going  deeper  and  wider  in  the  prediction

 of  protein-RNA  interactions.  Nucleic  Acids  Res  2021;49:W72–9.

 https://doi.org  /10.1093/nar/gkab393. 

33.  Li  JH,  Liu  S,  Zhou  H,  Qu  LH,  Yang  JH.  starBase  v2.0:  decod-

 ing  miRNA-ceRNA,  miRNA-ncRNA  and  protein-RNA  interaction

 networks  from  large  -scale  CLIP-Seq  data.  Nucleic  Acids  Res
 2014;42:D92–7.  https://doi.org  /10.1093/nar/gkt1248. 

34.  Rao  C,  Liu  B,  Huang  D,  Chen  R,  Huang  K,  Li  F,  et  al.  Nucleophos  -

 min  contributes  to  vascular  inflammation  and  endothelial

 dysfunction  in  atherosclerosis  progression.  J  Thorac  Cardio  -
 vasc  Surg  2021;161:e377–93.  https://doi.org  /10.1016/j.jtc  vs.

2019.10.152. 

35.  Lin  J,  Kato  M,  Nagata  K,  Okuwaki  M.  Efficient  DNA  bind-

 ing  of  NF- κ  B  requires  the  chaperone  -like  function  of  NPM1.

 Nucleic  Acids  Res  2017;45:3707–23.  https://doi.org  /10.1093/

nar/gkw1285. 

36.  Zhang  S,  Zhang  Y,  Duan  X,  Wang  B,  Zhan  Z.  Targeting

 NPM1  epigenetically  promotes  postinfarction  cardiac  repair

 by  reprogramming  reparative  macrophage  metabolism.

 Circulation  2024;149:1982–2001.  https://doi.org  /10.1161/

CIRCULATIONAHA.123.065506.  

37.  Luo  W,  Li  J,  Li  Z,  Lin  T,  Zhang  L,  Yang  W,  et  al.  HO-1  nuclear

 accumulation  and  interaction  with  NPM1  protect  against

 stress  -induced  endothelial  senescence  independent  of  its

 enzymatic  activity.  Cell  Death  Dis  2021;12:738.  https://doi.

org  /10.1038/s41419-  021-  04035-  6. 

38.  Armstrong  DG,  Boulton  AJM,  Bus  SA.  Diabetic  foot  ulcers  and

 their  recurrence.  N  Engl  J  Med  2017;376:2367–75.  https://doi.

org  /10.1056/NEJMra1615439. 

39.  Mohammed  HR,  Ben  Othman  R,  Alghurabi  H,  Hussein  RM,  al-

 Obaidi  Z,  Abdesselem  H.  Comparison  of  clinical  characteris  -

 tics,  microvascular  complications  and  inflammator  y  markers

 in  type  2  diabetic  patients  under  insulin  versus  metformin

 treatment  :  a  cross  -sectional  study  at  Karbala  diabetic  Center,

 Iraq.  Medicine  (Baltimore)  2024;103:e40330.  https://doi.org  /

10.1097/MD.0000000000040330. 

40.  Dong  Z,  Li  S,  Huang  Y,  Chen  T,  Ding  Y,  Tan  Q.  RNA

 N 6  -methyladenosine  demethylase  FTO  promotes  diabetic

 wound  healing  through  TRIB3-mediated  autophag  y  in  an

 m 6  A-YTHDF2-dependent  manner.  Cell  Death  Dis  2025;16:222.

 https://doi.org  /10.1038/s41419-  025-  07494-  3. 

41.  Hu  Q,  Liu  L,  Pei  J,  Yan  Y,  Chen  Y,  Tang  S.  Single  -cell  RNA  tran-

 scriptome  analysis  reveals  regulator  y  programs  of  RNA  bind-

 ing  proteins  in  diabetic  foot  ulcers.  Sci  Rep  2025;15:31059.

 https://doi.org  /10.1038/s41598-  025-  16291-  z. 

42.  Zhang  L,  Pan  Q,  Zhang  L,  Xia  H,  Liao  J,  Zhang  X,  et  al.
 Runt-related  transcription  factor-1  ameliorates  bile

 

acid-induced  hepatic  inflammation  in  cholestasis  through

 JAK/STAT3  signaling.  Hepatology  2023;77:1866–81.  https://

doi.org  /10.1097/HEP.0000000000000041. 

43.  Zhang  F,  Zhou  H,  Xue  J,  Zhang  Y,  Zhou  L,  Leng  J,  et  al.  Defi-

 cienc  y  of  transcription  factor  Sp1  contributes  to  hypertrophic

 cardiomyopathy.  Circ  Res  2024;134:290–306.  https://doi.org  /

10.1161/CIRCRESAHA.123.323272. 

44.  Yang  Y,  Ren  S,  Xue  J,  Dong  W,  He  W,  Luo  J,  et  al.  DeSUMOyla-

 tion  of  RBMX  regulates  exosomal  sorting  of  cargo  to  promote

 renal  tubulointerstitial  fibrosis  in  diabetic  kidney  disease.  J
 Adv  Res  2025;74:175–89.  https://doi.org  /10.1016/j.jare.2024.

09.021. 

45.  Zhang  K,  Yin  Z,  Chen  F,  Cao  Z,  Guan  J,  Chen  C,  et  al.  Omics  -

 based  pharmacological  evaluation  reveals  Yuanhu  Zhitong

 oral  liquid  ameliorates  arthritis  by  regulating  PKC/ERK/NF-

 κ  B  signaling  pathway.  J  Ethnopharmacol  2024;331:118289.

 https://doi.org  /10.1016/j.jep.2024.118289. 

46.  Tang  Y,  Ji  H,  Yan  Y,  Hu  D,  Xu  M,  Xu  M,  et  al.  Enhancing  diabetic

 foot  ulcer  healing:  impact  of  the  regulation  of  the  FUS  and

 ILF2  RNA-binding  proteins  through  negative  pressure  wound

 therapy.  Int  J  Mol  Med  2024;54:103.  https://doi.org  /10.3892/

ijmm.2024.5427. 

47.  Li  Y,  Wang  M,  Yang  M,  Xiao  Y,  Jian  Y,  Shi  D,  et  al.  Nicotine  -

 induced  ILF2  facilitates  nuclear  mRNA  export  of  pluripotenc  y

 factors  to  promote  stemness  and  chemoresistance  in  human

 Esophageal  cancer.  Cancer  Res  2021;81:3525–38.  https://doi.

org  /10.1158/0008-  5472.CAN-  20-  4160. 

48.  Sekhar  KR,  Freeman  ML.  Nucleophosmin  plays  a  role  in  repair-

 ing  DNA  damage  and  is  a  target  for  cancer  treatment  .  Can-
 cer  Res  2023;83:1573–80.  https://doi.org  /10.1158/0008-  5472.

CAN-  22-  3631.  

49.  Wanzel  M,  Russ  AC,  Kleine  -Kohlbrecher  D,  Colombo  E,  Pelicci

 PG,  Eilers  M.  A  ribosomal  protein  L23-nucleophosmin

 circuit  coordinates  Mizl  function  with  cell  growth.

 Nat  Cell  Biol  2008;10:1051–61.  https://doi.org  /10.1038/

 ncb1764.  

50.  Léotoing  L,  Meunier L,  Manin  M,  Mauduit  C,  Decaussin  M,

 Verrijdt  G,  et  al.  Influence  of  nucleophosmin/B23  on  DNA  bind-

 ing  and  transcriptional  activity  of  the  androgen  receptor  in

 prostate  cancer  cell.  Oncogene  2008;27:2858–67.  https://doi.

org  /10.1038/sj.onc.1210942.  

51.  Murano  K,  Okuwaki  M,  Hisaoka  M,  Nagata  K.  Transcription

 regulation  of  the  rRNA  gene  by  a  multifunctional  nucleo  -

 lar  protein,  B23/nucleophosmin,  through  its  histone  chaper-

 one  activity.  Mol  Cell  Biol  2008;28:3114–26.  https://doi.org  /10.

1128/MCB.02078-  07. 

52.  Dhar  SK,  Lynn  BC,  Daosukho  C,  St  .  Clair DK.  Identification  of

 nucleophosmin  as  an  NF-kappaB  co  -activator  for  the  induc-

 tion  of  the  human  SOD2  gene.  J  Biol  Chem  2004;279:28209–19.

 https://doi.org  /10.1074/jbc.M403553200. 

D
ow

nloaded from
 academ

ic.oup.com
/burnstraum

a/article/doi/10.1093/burnst/tkag021/8526249 by guest on 12 O
ctober 2026

https://doi.org/10.1016/j.semcancer.2022.03.025
https://doi.org/10.1016/j.semcancer.2022.03.025
https://doi.org/10.1016/j.semcancer.2022.03.025
https://doi.org/10.1016/j.semcancer.2022.03.025
https://doi.org/10.1016/j.semcancer.2022.03.025
https://doi.org/10.1016/j.semcancer.2022.03.025
https://doi.org/10.1016/j.semcancer.2022.03.025
https://doi.org/10.1016/j.semcancer.2022.03.025
https://doi.org/10.1016/j.semcancer.2022.03.025
https://doi.org/10.1016/j.semcancer.2022.03.025
https://doi.org/10.1093/nar/gkab393
https://doi.org/10.1093/nar/gkab393
https://doi.org/10.1093/nar/gkab393
https://doi.org/10.1093/nar/gkab393
https://doi.org/10.1093/nar/gkab393
https://doi.org/10.1093/nar/gkab393
https://doi.org/10.1093/nar/gkab393
https://doi.org/10.1093/nar/gkt1248
https://doi.org/10.1093/nar/gkt1248
https://doi.org/10.1093/nar/gkt1248
https://doi.org/10.1093/nar/gkt1248
https://doi.org/10.1093/nar/gkt1248
https://doi.org/10.1093/nar/gkt1248
https://doi.org/10.1093/nar/gkt1248
https://doi.org/10.1016/j.jtcvs.2019.10.152
https://doi.org/10.1016/j.jtcvs.2019.10.152
https://doi.org/10.1016/j.jtcvs.2019.10.152
https://doi.org/10.1016/j.jtcvs.2019.10.152
https://doi.org/10.1016/j.jtcvs.2019.10.152
https://doi.org/10.1016/j.jtcvs.2019.10.152
https://doi.org/10.1016/j.jtcvs.2019.10.152
https://doi.org/10.1016/j.jtcvs.2019.10.152
https://doi.org/10.1016/j.jtcvs.2019.10.152
https://doi.org/10.1016/j.jtcvs.2019.10.152
https://doi.org/10.1093/nar/gkw1285
https://doi.org/10.1093/nar/gkw1285
https://doi.org/10.1093/nar/gkw1285
https://doi.org/10.1093/nar/gkw1285
https://doi.org/10.1093/nar/gkw1285
https://doi.org/10.1093/nar/gkw1285
https://doi.org/10.1093/nar/gkw1285
https://doi.org/10.1161/CIRCULATIONAHA.123.065506
https://doi.org/10.1161/CIRCULATIONAHA.123.065506
https://doi.org/10.1161/CIRCULATIONAHA.123.065506
https://doi.org/10.1161/CIRCULATIONAHA.123.065506
https://doi.org/10.1161/CIRCULATIONAHA.123.065506
https://doi.org/10.1161/CIRCULATIONAHA.123.065506
https://doi.org/10.1161/CIRCULATIONAHA.123.065506
https://doi.org/10.1161/CIRCULATIONAHA.123.065506
https://doi.org/10.1038/s41419-021-04035-6
https://doi.org/10.1038/s41419-021-04035-6
https://doi.org/10.1038/s41419-021-04035-6
https://doi.org/10.1038/s41419-021-04035-6
https://doi.org/10.1038/s41419-021-04035-6
https://doi.org/10.1038/s41419-021-04035-6
https://doi.org/10.1038/s41419-021-04035-6
https://doi.org/10.1038/s41419-021-04035-6
https://doi.org/10.1038/s41419-021-04035-6
https://doi.org/10.1056/NEJMra1615439
https://doi.org/10.1056/NEJMra1615439
https://doi.org/10.1056/NEJMra1615439
https://doi.org/10.1056/NEJMra1615439
https://doi.org/10.1056/NEJMra1615439
https://doi.org/10.1056/NEJMra1615439
https://doi.org/10.1097/MD.0000000000040330
https://doi.org/10.1097/MD.0000000000040330
https://doi.org/10.1097/MD.0000000000040330
https://doi.org/10.1097/MD.0000000000040330
https://doi.org/10.1097/MD.0000000000040330
https://doi.org/10.1097/MD.0000000000040330
https://doi.org/10.1097/MD.0000000000040330
https://doi.org/10.1038/s41419-025-07494-3
https://doi.org/10.1038/s41419-025-07494-3
https://doi.org/10.1038/s41419-025-07494-3
https://doi.org/10.1038/s41419-025-07494-3
https://doi.org/10.1038/s41419-025-07494-3
https://doi.org/10.1038/s41419-025-07494-3
https://doi.org/10.1038/s41419-025-07494-3
https://doi.org/10.1038/s41419-025-07494-3
https://doi.org/10.1038/s41419-025-07494-3
https://doi.org/10.1038/s41598-025-16291-z
https://doi.org/10.1038/s41598-025-16291-z
https://doi.org/10.1038/s41598-025-16291-z
https://doi.org/10.1038/s41598-025-16291-z
https://doi.org/10.1038/s41598-025-16291-z
https://doi.org/10.1038/s41598-025-16291-z
https://doi.org/10.1038/s41598-025-16291-z
https://doi.org/10.1038/s41598-025-16291-z
https://doi.org/10.1038/s41598-025-16291-z
https://doi.org/10.1097/HEP.0000000000000041
https://doi.org/10.1097/HEP.0000000000000041
https://doi.org/10.1097/HEP.0000000000000041
https://doi.org/10.1097/HEP.0000000000000041
https://doi.org/10.1097/HEP.0000000000000041
https://doi.org/10.1097/HEP.0000000000000041
https://doi.org/10.1097/HEP.0000000000000041
https://doi.org/10.1161/CIRCRESAHA.123.323272
https://doi.org/10.1161/CIRCRESAHA.123.323272
https://doi.org/10.1161/CIRCRESAHA.123.323272
https://doi.org/10.1161/CIRCRESAHA.123.323272
https://doi.org/10.1161/CIRCRESAHA.123.323272
https://doi.org/10.1161/CIRCRESAHA.123.323272
https://doi.org/10.1161/CIRCRESAHA.123.323272
https://doi.org/10.1161/CIRCRESAHA.123.323272
https://doi.org/10.1016/j.jare.2024.09.021
https://doi.org/10.1016/j.jare.2024.09.021
https://doi.org/10.1016/j.jare.2024.09.021
https://doi.org/10.1016/j.jare.2024.09.021
https://doi.org/10.1016/j.jare.2024.09.021
https://doi.org/10.1016/j.jare.2024.09.021
https://doi.org/10.1016/j.jare.2024.09.021
https://doi.org/10.1016/j.jare.2024.09.021
https://doi.org/10.1016/j.jare.2024.09.021
https://doi.org/10.1016/j.jare.2024.09.021
https://doi.org/10.1016/j.jep.2024.118289
https://doi.org/10.1016/j.jep.2024.118289
https://doi.org/10.1016/j.jep.2024.118289
https://doi.org/10.1016/j.jep.2024.118289
https://doi.org/10.1016/j.jep.2024.118289
https://doi.org/10.1016/j.jep.2024.118289
https://doi.org/10.1016/j.jep.2024.118289
https://doi.org/10.1016/j.jep.2024.118289
https://doi.org/10.1016/j.jep.2024.118289
https://doi.org/10.3892/ijmm.2024.5427
https://doi.org/10.3892/ijmm.2024.5427
https://doi.org/10.3892/ijmm.2024.5427
https://doi.org/10.3892/ijmm.2024.5427
https://doi.org/10.3892/ijmm.2024.5427
https://doi.org/10.3892/ijmm.2024.5427
https://doi.org/10.3892/ijmm.2024.5427
https://doi.org/10.3892/ijmm.2024.5427
https://doi.org/10.1158/0008-5472.CAN-20-4160
https://doi.org/10.1158/0008-5472.CAN-20-4160
https://doi.org/10.1158/0008-5472.CAN-20-4160
https://doi.org/10.1158/0008-5472.CAN-20-4160
https://doi.org/10.1158/0008-5472.CAN-20-4160
https://doi.org/10.1158/0008-5472.CAN-20-4160
https://doi.org/10.1158/0008-5472.CAN-20-4160
https://doi.org/10.1158/0008-5472.CAN-20-4160
https://doi.org/10.1158/0008-5472.CAN-20-4160
https://doi.org/10.1158/0008-5472.CAN-20-4160
https://doi.org/10.1158/0008-5472.CAN-22-3631
https://doi.org/10.1158/0008-5472.CAN-22-3631
https://doi.org/10.1158/0008-5472.CAN-22-3631
https://doi.org/10.1158/0008-5472.CAN-22-3631
https://doi.org/10.1158/0008-5472.CAN-22-3631
https://doi.org/10.1158/0008-5472.CAN-22-3631
https://doi.org/10.1158/0008-5472.CAN-22-3631
https://doi.org/10.1158/0008-5472.CAN-22-3631
https://doi.org/10.1158/0008-5472.CAN-22-3631
https://doi.org/10.1158/0008-5472.CAN-22-3631
https://doi.org/10.1038/ncb1764
https://doi.org/10.1038/sj.onc.1210942
https://doi.org/10.1038/sj.onc.1210942
https://doi.org/10.1038/sj.onc.1210942
https://doi.org/10.1038/sj.onc.1210942
https://doi.org/10.1038/sj.onc.1210942
https://doi.org/10.1038/sj.onc.1210942
https://doi.org/10.1038/sj.onc.1210942
https://doi.org/10.1038/sj.onc.1210942
https://doi.org/10.1128/MCB.02078-07
https://doi.org/10.1128/MCB.02078-07
https://doi.org/10.1128/MCB.02078-07
https://doi.org/10.1128/MCB.02078-07
https://doi.org/10.1128/MCB.02078-07
https://doi.org/10.1128/MCB.02078-07
https://doi.org/10.1128/MCB.02078-07
https://doi.org/10.1128/MCB.02078-07
https://doi.org/10.1074/jbc.M403553200
https://doi.org/10.1074/jbc.M403553200
https://doi.org/10.1074/jbc.M403553200
https://doi.org/10.1074/jbc.M403553200
https://doi.org/10.1074/jbc.M403553200
https://doi.org/10.1074/jbc.M403553200
https://doi.org/10.1074/jbc.M403553200

	 Mechanism of ribonucleic acid-binding protein ILF2 in promoting diabetic foot ulcer wound healing via regulating the nucleophosmin 1/NF-&#x03BA;B axis
	Background
	Methods
	Results
	Discussion
	Conclusions
	 Acknowledgements
	Author contributions
	Supplementary material
	Ethics approval and consent to participate
	Consent for publication
	Conflicts of interest
	Funding
	Data availability


