
Supplementary Note 1. PRISMA-ScR Checklist  

Preferred Reporting Items for Systematic reviews and Meta-Analyses 
extension for Scoping Reviews (PRISMA-ScR) Checklist 

SECTION ITEM PRISMA-ScR CHECKLIST ITEM 
REPORTED 

ON PAGE # 

TITLE 

Title 1 Identify the report as a scoping review. 1 

ABSTRACT 

Structured 

summary 
2 

Provide a structured summary that includes 

(as applicable): background, objectives, 

eligibility criteria, sources of evidence, 

charting methods, results, and conclusions 

that relate to the review questions and 

objectives. 

2 

INTRODUCTION 

Rationale 3 

Describe the rationale for the review in the 

context of what is already known. Explain 

why the review questions/objectives lend 

themselves to a scoping review approach. 

4-5 

Objectives 4 

Provide an explicit statement of the 

questions and objectives being addressed 

with reference to their key elements (e.g., 

population or participants, concepts, and 

context) or other relevant key elements used 

to conceptualize the review questions and/or 

objectives. 

4-5 

METHODS 

Protocol and 

registration 
5 

Indicate whether a review protocol exists; 

state if and where it can be accessed (e.g., 

a Web address); and if available, provide 

registration information, including the 

registration number. 

36 

Eligibility criteria 6 

Specify characteristics of the sources of 

evidence used as eligibility criteria (e.g., 

years considered, language, and publication 

status), and provide a rationale. 

36 

Information 7 Describe all information sources in the 37 



SECTION ITEM PRISMA-ScR CHECKLIST ITEM 
REPORTED 

ON PAGE # 

sources* search (e.g., databases with dates of 

coverage and contact with authors to identify 

additional sources), as well as the date the 

most recent search was executed. 

Search 8 

Present the full electronic search strategy for 

at least 1 database, including any limits 

used, such that it could be repeated. 

37 

Selection of 

sources of 

evidence† 

9 

State the process for selecting sources of 

evidence (i.e., screening and eligibility) 

included in the scoping review. 

37 

Data charting 

process‡ 
10 

Describe the methods of charting data from 

the included sources of evidence (e.g., 

calibrated forms or forms that have been 

tested by the team before their use, and 

whether data charting was done 

independently or in duplicate) and any 

processes for obtaining and confirming data 

from investigators. 

37 

Data items 11 

List and define all variables for which data 

were sought and any assumptions and 

simplifications made. 

37 

Critical appraisal 

of individual 

sources of 

evidence§ 

12 

If done, provide a rationale for conducting a 

critical appraisal of included sources of 

evidence; describe the methods used and 

how this information was used in any data 

synthesis (if appropriate). 

n/a 

Synthesis of 

results 
13 

Describe the methods of handling and 

summarizing the data that were charted. 
38 

RESULTS 

Selection of 

sources of 

evidence 

14 

Give numbers of sources of evidence 

screened, assessed for eligibility, and 

included in the review, with reasons for 

exclusions at each stage, ideally using a 

flow diagram. 

6 

Characteristics of 

sources of 
15 

For each source of evidence, present 

characteristics for which data were charted 
6 



SECTION ITEM PRISMA-ScR CHECKLIST ITEM 
REPORTED 

ON PAGE # 

evidence and provide the citations. 

Critical appraisal 

within sources of 

evidence 

16 
If done, present data on critical appraisal of 

included sources of evidence (see item 12). 
n/a 

Results of 

individual sources 

of evidence 

17 

For each included source of evidence, 

present the relevant data that were charted 

that relate to the review questions and 

objectives. 

6-30 

Synthesis of 

results 
18 

Summarize and/or present the charting 

results as they relate to the review questions 

and objectives. 

6-30 

DISCUSSION 

Summary of 

evidence 
19 

Summarize the main results (including an 

overview of concepts, themes, and types of 

evidence available), link to the review 

questions and objectives, and consider the 

relevance to key groups. 

30-34 

Limitations 20 
Discuss the limitations of the scoping review 

process. 
34-35 

Conclusions 21 

Provide a general interpretation of the 

results with respect to the review questions 

and objectives, as well as potential 

implications and/or next steps. 

35-36 

FUNDING 

Funding 22 

Describe sources of funding for the included 

sources of evidence, as well as sources of 

funding for the scoping review. Describe the 

role of the funders of the scoping review. 

38 

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews and 

Meta-Analyses extension for Scoping Reviews. 

* Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, 

social media platforms, and Web sites. 

† A more inclusive/heterogeneous term used to account for the different types of evidence or data 

sources (e.g., quantitative and/or qualitative research, expert opinion, and policy documents) that may 

be eligible in a scoping review as opposed to only studies. This is not to be confused with information 

sources (see first footnote). 



‡ The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) 

refer to the process of data extraction in a scoping review as data charting. 

§ The process of systematically examining research evidence to assess its validity, results, and 

relevance before using it to inform a decision. This term is used for items 12 and 19 instead of "risk of 

bias" (which is more applicable to systematic reviews of interventions) to include and acknowledge the 

various sources of evidence that may be used in a scoping review (e.g., quantitative and/or qualitative 

research, expert opinion, and policy document). 

 

From: Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews 

(PRISMAScR): Checklist and Explanation. Ann Intern Med. 2018;169:467–473. doi: 10.7326/M18-0850. 

 

http://annals.org/aim/fullarticle/2700389/prisma-extension-scoping-reviews-prisma-scr-checklist-explanation


Supplementary Note 2. Search Strategies 

 

Embase via Ovid 

 

Source: Embase 1974 to present  

Run: 8 October 2024  

   

1 high mobility group B1 protein/  

2 high mobility group B1*.tw,kf.  

3 HMGB1*.tw,kf.  

4 HMGB-1*.tw,kf.  

5 High mobility group box 1*.tw,kf.  

6 high mobility group 1 protein*.tw,kf.  

7 high mobility group box protein 1.tw,kf.  

8 HMG-1.tw,kf.  

9 HMG1.tw,kf.  

10 Amphoterin.tw,kf.  

11 or/1-10  

12 exp cardiovascular disease/  

13 (heart disease* or cardiac disease* or cardiovascular disease* or cardio-

vascular disease*).tw,kf.  

14 (cardiovascular risk* or cardio-vascular risk*).tw,kf.  

15 (atherosclero* or athero-sclero*).tw,kf.  

16 coronary artery disease*.tw,kf.  

17 (myocardial infarct* or heart infarct* or heart attack* or cardiac 

infarct*).tw,kf.  

18 (heart failure* or myocardial failure* or cardiac failure*).tw,kf.  

19 (cardiomyopath* or cardio-myopath* or cardiac myopath*).tw,kf.  

20 myocardial ischemia reperfusion injury/  

21 (myocardial ischemia reperfusion injur* or myocardial ischaemia 

reperfusion injur*).tw,kf.  

22 myocardial I/R-induced injur*.tw,kf.  

23 myocardial I/R* injur*.tw,kf.  

24 cardiac hypertrophy.tw,kf.  

25 (isch?emi* reperfusion injur* and heart*).tw,kf.  

26 heart infarction/  

27 (cardiac regeneration or heart regeneration or cardiovascular regeneration 

or cardio-vascular regeneration).tw,kf.  



28 (cardiac function* or heart function* or cardiovascular function* or cardio-

vascular function*).tw,kf.  

29 (cardiac protect* or cardioprotect* or cardio-protect* or heart protect* or 

cardiovascular protect* or cardio-vascular protect*).tw,kf.  

30 or/12-29  

31 11 and 30  

32 limit 31 to "review"  

33 31 not 32  

 

 

 

 

Medline via Ovid 

 

Source: Medline (Ovid MEDLINE® Epub Ahead of Print, In-Process & Other 

Non-Indexed Citations, Ovid MEDLINE® Daily and Ovid MEDLINE®) 1946 to 

present 

Run: 8 October 2024 

 

1 HMGB1 Protein/ 

2 high mobility group B1*.tw,kf. 

3 HMGB1*.tw,kf. 

4 HMGB-1*.tw,kf. 

5 High mobility group box 1*.tw,kf. 

6 high mobility group 1 protein*.tw,kf. 

7 high mobility group box protein 1.tw,kf. 

8 HMG-1.tw,kf. 

9 HMG1.tw,kf. 

10 Amphoterin.tw,kf. 

11 or/1-10 

12 exp Cardiovascular Diseases/ 

13 (heart disease* or cardiac disease* or cardiovascular disease* or cardio-

vascular disease*).tw,kf. 

14 (cardiovascular risk* or cardio-vascular risk*).tw,kf. 

15 (atherosclero* or athero-sclero*).tw,kf. 

16 coronary artery disease*.tw,kf. 

17 (myocardial infarct* or heart infarct* or heart attack* or cardiac 

infarct*).tw,kf. 



18 (heart failure* or myocardial failure* or cardiac failure*).tw,kf. 

19 (cardiomyopath* or cardio-myopath* or cardiac myopath*).tw,kf. 

20 (myocardial ischemia reperfusion injur* or myocardial ischaemia 

reperfusion injur*).tw,kf. 

21 myocardial I/R-induced injur*.tw,kf. 

22 myocardial I/R* injur*.tw,kf. 

23 cardiac hypertrophy.tw,kf. 

24 (isch?emi* reperfusion injur* and heart*).tw,kf. 

25 (cardiac regeneration or heart regeneration or cardiovascular regeneration 

or cardio-vascular regeneration).tw,kf. 

26 (cardiac function* or heart function* or cardiovascular function* or cardio-

vascular function*).tw,kf. 

27 (cardiac protect* or cardioprotect* or cardio-protect* or heart protect* or 

cardiovascular protect* or cardio-vascular protect*).tw,kf. 

28 or/12-27 

29 11 and 28 

30 limit 29 to ("review" or "systematic review") 

31 29 not 30 

 

 

 

 

 

 

 

 

Web of Science Core Collection 

 

Source: Web of Science Core Collection, all editions 

Editions included: Science Citation Index Expanded (SCI-EXPANDED) 1900-

present 

Social Sciences Citation Index (SSCI) 1900-present 

Arts & Humanities Citation Index (AHCI) 1975-present 

Conference Proceedings Citation Index (CPCS-S) - Science 1990-present 

Conference Proceedings Citation Index (CPCI-SSH) - Social Sciences & 

Humanities 1990-present 

Book Citation Index (BKCI-S) - Science 2005-present 

Book Citation Index (BKCI-SSH) - Social Sciences & Humanities 2005-present 



Emerging Sources Citation Index (ESCI) 2015-present 

Current Chemical Reactions (CCR-EXPANDED) 1985-present 

Index Chemicus (IC) 1993-present 

Run: 8 October 2024 

 

1: TS=("high mobility group B1*") 

2: TS=(HMGB1*) 

3: TS=(HMGB-1*) 

4: TS=("High mobility group box 1*") 

5: TS=( high mobility group 1 protein*) 

6: TS=("high mobility group box protein 1") 

7: TS=( HMG-1 or  HMG1) 

8: TS=(Amphoterin) 

9: #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 

10: TS=("heart disease*" or "cardiac disease*" or "cardiovascular disease*" or 

"cardio-vascular disease*") 

11: TS=("cardiovascular risk*" or "cardio-vascular risk*") 

12: TS=(atherosclero* or athero-sclero*) 

13: TS=("coronary artery disease*") 

14: TS=("myocardial infarct*" or "heart infarct*" or "heart attack*" or "cardiac 

infarct*") 

15: TS=("heart failure*" or "myocardial failure*" or "cardiac failure*") 

16: TS=(cardiomyopath* or cardio-myopath*) 

17: TS=(cardiac myopath*) 

18: TS=("myocardial ischemia reperfusion injur*" or "myocardial ischaemia 

reperfusion injur*") 

19: TS=("myocardial I/R-induced injur*") 

20: TS=("myocardial I/R* injur*") 

21: TS=("cardiac hypertrophy") 

22: TS=("ischemi* reperfusion injur*" and heart*) 

23: TS=("ischaemi* reperfusion injur*" and heart*) 

24: TS=("cardiac regeneration" or "heart regeneration" or "cardiovascular 

regeneration" or "cardio-vascular regeneration") 

25: TS=("cardiac function*" or "heart function*" or "cardiovascular function*" or 

"cardio-vascular function*") 

26: TS=("cardiac protect*" or cardioprotect* or cardio-protect*) 

27: TS=("heart protect*") 

28: TS=("cardiovascular protect*" or "cardio-vascular protect*") 



29: #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR 

#19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 

30: #29 AND #9 

31: #29 AND #9 and Review Article (Exclude – Document Types) 

 



Supplementary Note 3. HMBG1 as a Clinical Prognostic Biomarker in 

Ischaemic Heart Diseases 

Recent clinical studies have evaluated the association between circulating HMGB1 

levels and the severity and progression of coronary artery disease (CAD). These 

investigations, encompass acute coronary syndromes (ACS) such as ST-elevation 

myocardial infarction (STEMI), non-STEMI (NSTEMI), and unstable angina, highlight 

the potential of HMGB1 as a prognostic biomarker. 

 

HMGB1 levels reflect both the severity of cardiac injury and functional status 

following acute coronary syndrome (ACS).  

Patients with CAD had elevated HMGB1 levels compared to healthy individuals1-3. 

Moreover, individuals with acute myocardial infarction (AMI) had higher circulating 

HMGB1 than those with unstable or stable angina, and HMGB1 levels correlated with 

high-sensitivity C-reactive protein (hs-CRP) and cardiac troponin I (cTnI)2. Circulating 

HMGB1 also correlated positively with infarct size and inversely with residual left 

ventricular ejection fraction (LVEF) in both STEMI and NSTEMI patients4. Specifically, 

cut-off values of 6.2 ng/mL for STEMI and 5.9 ng/mL for NSTEMI predicted infarct 

extending transmurally by >75%, while HMGB1 thresholds of 7.2 ng/mL for STEMI and 

6.4 ng/mL for NSTEMI correlated with reduced LVEF at six months post-ACS4. 

 

HMGB1 can predict major cardiovascular events and mortality following ACS.  

Coronary lesion length, Gensini score, LVEF, IL-6 and HMGB1 demonstrated strong 

predictive value in a comparative analysis of patients with and without major adverse 

cardiovascular events (MACE)5. Combined parameters of HMGB1 and IL-6 yielded an 

AUC of 0.922, with a sensitivity of 90.62% and a specificity of 82.95%, which is 

comparable to the Gensini score (AUC 0.941, sensitivity 81.25%, specificity 93.18%). 



These findings suggest that HMGB1 in combination with IL-6 may serve have 

comparable predictive value to MACE 5. The risk of developing an acute cardiac event 

within one month post-discharge from ICU was significantly higher in patients with 

HMGB1 levels >0.6 μg/L on admission6. Additionally, elevated levels of NT-proBNP 

and HMGB1 were associated with a higher incidence of cerebral infarction following 

AMI7. 

 

HMGB1 levels are correlated with mortality following ACS.  

HMGB1 levels were markedly higher in patients who succumbed to STEMI compared 

to survivors and healthy individuals8. In addition, research involving 258 patients with 

unstable angina/NSTEMI demonstrated that elevated HMGB1 levels at admission 

were associated with an increased rate of cardiovascular mortality. Multivariate 

analysis confirmed HMGB1 as an independent prognostic marker of mortality, and 

combination with biomarkers such as hsCRP, cTnI and BNP further improved early 

risk stratification in UA/NSTEMI patients9. Moreover, in a study of 302 consecutive 

patients undergoing percutaneous coronary intervention, elevated preoperative 

HMGB1 predicted post-procedure myocardial injury defined by peak values of CK-MB 

and cTnI, and was associated with the worst event-free survival over a one-year follow-

up10. 

 

Circulating HMGB1 levels are associated with worse cardiopulmonary function.  

HMGB1 levels were significantly higher in patients recovering from AMI than in age- 

and body mass index-matched healthy controls, and inversely correlated with both 

cardiopulmonary and cardiac performance as measured by exercise testing, Doppler 

echocardiography and autonomous function11,12. These findings suggest that HMGB1 

levels are associated with functional impairment and may remain elevated even after 



recovery from acute injury. 

 

Elevated circulating HMGB1 may predict vessel stenosis and plaque 

characteristics.  

HMGB1 and hsCRP levels were significantly elevated in patients with unstable 

angina compared to those with stable angina13. Additionally, both HMGB1 and TNF-α 

levels were elevated in patients with ACS14. A positive correlation was observed 

between HMGB1 levels and the Gensini score, as assessed by coronary 

angiography, in patients with stable angina13 and in those with ACS14. In ACS 

patients, HMGB1 levels also showed a positive association with the number of 

coronary artery lesions and an inverse correlation with LVEF14. These findings 

suggest that HMGB1, TNF-α, and hsCRP may serve as useful biomarkers for 

assessing the severity of coronary artery lesions in CAD. Furthermore, both hsTnT 

and HMGB1 were identified as independent predictors of the non-calcified plaque 

burden, which refers to the extent of atherosclerotic plaques lacking significant 

calcium deposits and often considered vulnerable to rupture. By combining hsTnT 

and HMGB1, a high positive predictive value for the presence of non-calcified and 

remodeled plaques (96% and 77%, respectively) was achieved in patients15.  

 

Elevated levels of HMGB1 are associated with the development of CAD.  

In patients aged ≤50 years undergoing angiography for chest pain, HMGB1 levels were 

significantly higher in those diagnosed with CAD compared to individuals without 

angiographic evidence of plaque16. In a study of 476 non-diabetic patients undergoing 

coronary angiography for suspected or known CAD, serum HMGB1 levels were 

positively correlated with a 10-year risk of CAD as assessed by the Framingham Risk 

Score, independent of undiagnosed abnormal glucose regulation17. 



 

HMGB1 levels are higher in patients with NSTEMI and STEMI compared to those with 

unstable or stable angina, and correlated with IL-17A and hsCRP. However, only IL-

17A was identified as an independent predictor for CAD on regression analysis 

encompassing both angina and acute myocardial infarction, suggesting that the 

HMGB1/IL-17A axis may play a role in the pathogenesis of atherosclerotic CAD18. 

 

Bioinformatic analysis of gene expression data from patients with CAD and healthy 

controls identified HMGB1, along with TLR3, MLKL and NDRG2, as significantly 

upregulated genes associated with necroptosis. The authors suggested that these 

genes may serve as prospective biomarkers for CHD diagnosis and implicated 

necroptosis in CHD progression through inflammatory pathways19. 

 

Platelets play a crucial role in the pathogenesis of coronary artery disease, as 

dsHMGB1 has been demonstrated to induce coagulation20.  

HMGB1 is highly expressed in platelets isolated from affected coronary arteries 

compared to those from peripheral blood, and it promoted a procoagulant endothelial 

phenotype21. However, the prognostic utility of HMGB1 from platelets remains 

uncertain, as no significant differences were observed in HMGB1 expression on the 

platelets of patients with symptomatic CAD22. 

 

HMGB1 levels have been linked to the presence of comorbidities and gender 

differences. In patients with acute myocardial infarction, HMGB1 levels correlated 

with cardiac-specific biomarkers (NT-proBNP and cTnI), independent of heart failure. 

There was also a positive association with co-morbidities, including hypertension, 

diabetes, prior heart disease and reduced LVEF23. Moreover, among CAD patients, 



those with concurrent inflammatory rheumatic diseases had higher cytoplasmic 

HMGB1 and lower total cardiac HMGB1, suggesting that these conditions may 

promote HMGB1 translocation and extracellular release24. Additionally, sex differences 

in monocyte transcriptomes have been observed; female patients display a stronger 

migratory signature, whereas IL-4, INS, and HMGB1 signalling pathways are more 

pronounced in males25. 

 

Conflicting reports of the utility of HMGB1 as a biomarker 

In patients with CAD complicated by carotid atherosclerosis, combination therapy with 

amlodipine and atorvastatin significantly reduced intima-media thickness, CK-MB and 

LDH levels and improved lipid profiles compared to atorvastatin monotherapy. 

Additionally, patients receiving combination therapy exhibited significantly lower 

HMGB1 levels than those treated with atorvastatin alone 26. Similarly, preloading 

patients with stable angina pectoris with atorvastatin prior to PCI significantly 

decreased peripheral expression of TLR-2 and TLR-4, as well as of HMGB1 and 

cardiac biomarkers (cTnI and CK-MB)27. CAD patients treated with statins had lower 

miR-218 levels, which negatively correlated with PCSK9, HMGB1 and TLR-4 in a 

dose-dependent manner. However, the study did not report clinical outcome data28. 

Conversely, another study showed that HMGB1 levels increased significantly following 

atorvastatin administration in CAD patients with type-2 diabetes mellitus29. These 

inconsistencies between HMGB1 levels and clinical outcomes, cast doubt on its 

reliability as a prognostic biomarker for therapeutic response.  

 

Taken together, the available evidence supports the prognostic value of HMGB1 in 

CAD patients.  

Elevated HMGB1 levels are associated with greater disease severity, increased 



myocardial injury and worse clinical outcomes in ACS. Additionally, HMGB1 may 

predict angiographic findings and disease progression, although further research is 

needed to clarify its relationship with comorbidities and interventional responses. 

 



Supplementary Note 4. Other Cardiomyopathies  

Congenital/Dilated Cardiomyopathy 

HMGB1 as a Prognostic Biomarker 

A study of 67 patients with dilated cardiomyopathy (DCM)demonstrated 

reported elevated HMGB1 and NT-proBNP levels were associated with 

increased all-cause mortality. Multivariable analysis showed that HMGB1 was 

an independent risk factor for mortality in DCM, regardless of NT-proBNP levels, 

age or gender30. Similarly, in a study involving 84 neonatal patients with 

congenital heart disease (CHD), plasma levels of NLRP3 and HMGB1 were 

significantly higher in deceased patients compared to survivors. Elevated levels 

of these markers correlated with significantly lower two-year survival31. These 

findings suggest that HMGB1 could serve as a potential prognostic biomarker 

for both CHD and DCM. 

However, the prognostic utility of HMGB1 may not extend to pediatric patients 

with CHD-associated pulmonary arterial hypertension (CHD-PAH). In pediatric 

CHD-PAH patients, neither HMGB1 nor NT-proBNP levels differed significantly 

between patients and controls, and did not correlate with severity of pulmonary 

hypertension. Therefore. unlike in adults32, HMGB1 does not appear to be a 

reliable biomarker for PAH in pediatric CHD33. 

Collectively, HMGB1 may serve as a potential prognostic marker in adult DCM 

and in some populations of paediatric CHE.  

 

Conflicting Effects of Exogenous Administration of HMGB1 

Exogenous administration of HMGB1 has demonstrated beneficial was in δ-

sarcoglycan-deficient hamsters, a model of DCM. Treatment with HMGB1 

fragments preserved cardiac function and improved survival compared to 

untreated controls. This protective effect was associated with reduced fibrosis, 

oxidative stress and macrophage infiltration, as well as enhanced angiogenesis. 



Additionally, treated animals exhibited more organized mitochondrial cristae. 

Immunohistochemical analysis revealed an increased presence of PDGFRα+ 

and CD106+ cells, and a higher density of CXCR4+ cells within CXCL12+ cell-

populated regions in the myocardium. The authors concluded that systemic 

administration of a Box-A HMGB1 fragment mitigated adverse remodeling in 

DCM by facilitating the recruitment of bone marrow-derived mesenchymal stem 

cells to the injured myocardium34. 

Conversely, HMGB1 has been implicated in deleterious inflammatory signalling 

in a Duchenne Muscular Dystrophy (DMD) cardiomyopathy model35. Mdx 

animals (C57BL6/10ScSn-DMDmdx/J) developed progressive fibrosis of the 

myocardial tissue together with persistent inflammation and complement 

activation. Pentraxin 3 (PTX3), a key component of the innate immune system, 

plays a role in complement pathway activation, inflammation and the 

coordination of macrophage and dendritic cell functions in regulating apoptosis 

and necrosis. PTX3 expression levels in mdx myocardium was age-dependent 

and correlated with levels of inflammatory markers (TLR-2/4/5/9, IL-1R, and 

MyD88) and alarmins (IL-33, HMGB1, and S100β). Treatment with an 

inflammatory 5regulator (ONX-0914) attenuated the inflammation, with 

associated reduction in  HMGB135. 

These findings suggest that exogenous administration of a Box-A fragment of 

HMGB1 facilitates the recruitment of bone marrow-derived stem cells to 

promote myocardial repair, whereas HMGB1 may also mediate inflammation 

that exacerbates cardiomyopathy. 

Metabolism-Associated Cardiomyopathy 

Detrimental Role of HMGB1 in Preclinical Models 

Obesity and metabolic dysregulation have been identified as increasing risk 

factors for cardiomyopathy36,37. Elevated levels of saturated fatty acid are 

commonly observed in patients with diabetes, obesity and other metabolic 

disorders. In cardiomyocytes treated with palmitic acid, upregulation of the long 

noncoding RNA (lncNRA) metastasis-associated lung adenocarcinoma 



transcript 1 (MALAT1) was linked to reduced cell viability and increased 

expression of HMGB1, TLR-4, and NF-κB. This activation of the 

HMGB1/TLR4/NF-κB signaling pathway promoted inflammation, suggesting a 

regulatory role of lncRNA MALAT1/HMGB1 in lipid-induced cardiomyocyte 

injury36. 

Dietary patterns also influence HMGB1 levels. Mice fed a Western diet 

exhibited elevated serum free fatty acid levels and increased activation of the 

HMGB1/TLR-4/TRAF6 axis, indicating a potential role for HMGB1 in Western 

diet-induced inflammation38. 

Adipose tissue is an endocrine and paracrine organ that secretes adipokines, 

including HMGB1, visfatin, RBP-4, and TNF37. Conditioned media from visceral 

or subcutaneous adipocytes of obese mice impaired the differentiation of 

cardiac precursor cells and induced apoptosis in cardiomyocytes in the 

presence of adipokines. Anti-HMGB1 antibody reversed these effects, 

suggesting that HMGB1 plays a significant role in impairing cardiac 

differentiation and cell survival37. 

 

The available evidence suggests HMGB1 mediates inflammation as a result of 

free saturated fatty acids and products from adipocytes from obese mice, 

leading to deleterious effects on cardiomyocytes. 

HMGB1 and Lipotoxicity in Clinical Studies 

Lipotoxicity can contribute to myocardial injury and dysfunction, with HMGB1 

potentially mediates this process39,40.  

Epicardial adipose tissue thickness was found to correlate with Lipid 

Accumulation Product index in patients with coronary artery disease (CAD) 

undergoing coronary artery bypass grafting (CABG). This correlation was 

associated with increased expression of RAGE, HMGB1, TLR-4 and MyD88 in 

epicardial adipose tissue, suggesting that the axis may be involved in 

inflammation and metabolic myocardial dysfunction induced by prolonged 



lipotoxicity40.  

Obese pediatric patients had higher HMGB1 levels compared to healthy 

controls. HMGB1 levels correlated positively with total and LDL cholesterol 

levels but did not show a significant association with echocardiographic 

parameters, indicating a potential link between HMGB1 and lipid metabolism 

without early structural cardiac alterations39. 

Collectively, these studies indicate that HMGB1 expression is associated with 

circulating lipids, and may result in myocardial injury secondary to inflammation. 

However, the number of the studies is limited.  

Age-Associated Cardiomyopathy is Mediated by HMGB1 

HMGB1 has been shown to be associated with ageing-associated 

cardiomyopathy by modulating inflammatory responses and redox stress41,42. 

In the SAMP8 murine model of accelerated ageing, upregulation of HMGB1 

was accompanied by increased expression of TLR-2,TLR-4, NF-κB p65, IL-1β, 

IL-6, TNF, COX-2, IFN-γ and M1-like CD68⁺ macrophages in the heart. 

Conversely, the expression of M2 CD36⁺ macrophages and IL-10 was 

downregulated. These findings suggest that HMGB1–TLR-2/TLR-4 signalling 

promotes M1 macrophage polarization, potentially exacerbating cardiac 

dysfunction in ageing hearts 41. 

Adiponectin, an adipocyte-derived hormone with anti-inflammatory and 

antioxidant properties in cardiovascular disease, has been implicated in 

counteracting HMGB1-mediated oxidative stress42. Adiponectin expression 

was downregulated in cardiomyocyte senescence induced by D-galactose. 

Overexpression of adiponectin inhibited oxidative stress, which was associated 

with the downregulation of HMGB1, whereas HMGB1 overexpression 

abolished the effect42. These findings suggest that adiponectin may exert a 

protective effect against age-related cardiac dysfunction by inhibiting the 

activity of HMGB1. 

Taken together, HMGB1 has been shown to mediate pathogenesis of age-



associated cardiomyopathy.  

Arrhythmias 

HMGB1 influences cardiomyocyte contractility and ion channel function and 

also activates proinflammatory pathways, all of which contribute to cardiac 

rhythm disturbances. 

Ion Channels and Contractility 

HMGB1 was found to enhance sarcoplasmic reticulum Ca²⁺ leak in 

cardiomyocytes through Ca²⁺ sparks, impairing excitation–contraction coupling. 

This effect was mediated by the TLR-4–ROS signaling pathway; inhibition of 

TLR-4 or ROS prevented HMGB1-induced disruption of cardiac excitation–

contraction coupling43. Furthermore, HMGB1 treatment for 24 h reduced 

current densities of Kv4.3 and Kv4.2 channels in cardiomyocytes in a dose-

dependent manner, slightly prolonging action potential duration. Treatment with 

soluble RAGE, which blocks ligand binding to cell-surface RAGE, partially 

restored cardiac transient outward potassium current (Ito) density and Kv4 

protein expression, suggesting that HMGB1 downregulates Ito currents, at least 

partially, via HMGB1–RAGE interaction44. 

HMGB1 can also impair cardiac contractility. Treatment of isolated 

cardiomyocytes with rHMGB1 led to 70% reduction in sarcomere shortening 

and a 50% decrease in peak Ca²⁺ transients within five minutes. The immediate 

negative inotropic effects of HMGB1 on cardiac contractility and calcium 

homeostasis were partially reversible upon washout. HMGB1 induced PKC-ε 

translocation, and inhibition of PKC significantly attenuated these negative 

effects, suggesting that HMGB1 disrupts sarcomere function by modulating 

membrane calcium influx45. 

MI-Induced Arrhythmia 

MI can induce ventricular arrhythmias, in part mediated by HMGB1. 

Selective ablation of the distal part of the ligament of Marshall suppressed 

ventricular arrhythmias in AMI patients, reduced markers of oxidative stress 



(MDA, SOD), apoptosis (caspase-3) and proinflammatory cytokines (HMGB1, 

TNF, IL-6)46. 

Furthermore, MI triggered HMGB1 upregulation and translocation within the 

paraventricular nucleus, leading to sympathetic overactivation via the ERK1/2 

signaling pathway. Bilateral PVN microinjection of an anti-HMGB1 polyclonal 

antibody downregulated expression of HMGB1 and p-ERK, significantly 

reduced baseline renal sympathetic nerve activity and inducible ventricular 

arrhythmias47. 

Atrial Fibrillation (AF) 

Genetic Evidence 

Genetic variations in HMGB1 have also been implicated in susceptibility to AF. 

HMGB1, along with other ferroptosis-related genes (TGFBR1, CAV1, and 

CD44), was upregulated in patients with valvular AF compared to those with 

valvular sinus rhythm48. Further, the 3’UTR variant rs1045411T/C may 

influence the risk of late-onset AF in the Chinese Han population49 and HMGB1 

rs2249825 polymorphism is associated with postoperative AF following CABG 

with cardiopulmonary bypass50.  

Clinical Prognostic Markers 

Elevated HMGB1 levels were associated with the occurrence of AF and AF-

associated thrombosis. Patients with persistent or paroxysmal AF exhibited 

higher HMGB1 levels compared to matched controls, along with increased hs-

CRP, MDA and SOD. This suggests an association between HMGB1 levels 

and oxidative stress in the development of AF51. Furthermore, elevated levels 

of postoperative HMGB1 were associated with recurrence in patients with 

paroxysmal AF who underwent cryoballoon ablation52. AF patients who 

developed atrial thrombosis had higher HMGB1 levels in biopsies from the left 

atrial appendage, along with increased expression of MyD88, p-NFκB/NFκB 

and tissue factor, compared to AF patients without thrombosis and those in 

sinus rhythm53. 



Collectively, these findings indicate that HMGB1 is involved in 

arrhythmogenesis, especially in AF and post-MI ventricular arrhythmias. 

HMGB1 may regulate signal transduction from the central nervous system and 

peripheral inflammatory responses. Additionally, it influences ion channel 

function and calcium currents, disrupting excitation-contraction coupling and 

further impairing inotropic effects, which may exacerbate the onset and 

progression of arrhythmias. HMGB1 appears to contribute to arrhythmogenesis, 

least in part, through modulation of inflammation and activation of ion channels. 

Cancer-Associated Cardiomyopathy  

Upregulation of HMGB1 has been associated with cardiac injury and 

dysfunction secondary to adjuvant cancer therapies and cancer-related 

cachexia. Conversely, interventions that mitigate cardiac injury are associated 

with downregulation of HMGB1. 

Animals treated with the combination of a PD-1 inhibitor and irradiation 

exhibited more extensive myocardial injury, fibrosis and immune infiltration, 

particularly of CD8+ cells, compared to those receiving individual therapy or 

untreated controls. The severity of the injury correlated with expression of 

HMGB1 and NF-κB, along with elevated levels of proinflammatory markers, 

including IL-1β, IL-6 and TNF. These findings suggest that combined PD-1 

inhibitor and irradiation therapy exacerbates myocardial injury, potentially 

through the upregulation of HMGB154. 

Radiation of the cardiothoracic region resulted in left ventricular systolic 

dysfunction, myocardial fibrosis and cardiac injury, accompanied by elevated 

myocardial HMGB1 protein levels55. Administration of the traditional Chinese 

medicinal herb Danggui Buxue Tang (DBT) significantly reduced myocardial 

fibrosis and improved left ventricular systolic function. These protective effects 

were associated with upregulation of Nrf2 and downregulation of HMGB1 

protein levels in the myocardium55. 

Cancer-induced cachexia impaired function of multiple organs, including the 

heart, although the underlying mechanisms remain unclear. Administration of 

rHMGB1 in cultured cardiomyocytes induced apoptosis and autophagy by 

activating the NF-κB and PI3K/AKT pathways via RAGE/TLR-4 signalling. 



Myocardial injury was attenuated by the administration of berberine, a plant-

derived immunomodulator, in a cachectic rat model. The cardioprotective 

effects of berberine were associated with the upregulation of miR-181c-5p and 

miR-340-5p and downregulation of the HMGB1/TLR-4/RAGE axis in 

cardiomyocytes56. 

The collective evidence suggests that HMGB1 may mediate the progression of 

myocardial injury and serve as a marker of injury severity in cancer and 

chemoradiotherapy-associated cardiomyopathies. 
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