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Hao Chen, MD, Yokohama City University,
Japan

Research website
ORCID profile

research, Meta-analysis

- Specialisms: Oncology, Pulmonary diseases, Infection, Clinical
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Hassan Choudry, MBBS, University of Leicester, UK

Research website
ORCID profile

Specialisms: Rhythmic disorders, Gastroenterology and
hepatology, Public health and prevention

Gopal Krishna Dhali, MBBS MPH, Nottingham University
Hospitals NHS Trust, United Kingdom

Research website
ORCID profile

Specialisms: Chronic pancreatitis, Inflammatory bowel disease,

Irritable bowel syndrome

{

Lin Fan, MD, Tongji University, China

Research website

. ORCID profile
Specialisms: Diagnosis or treatment study on tuberculosis,
- Clinical immunology study on tuberculosis, Drug resistant TB,

Novel diagnostic study concerning biomarkers distinguishing

active TB from non-TB diseases and latent TB infection,

Novel Clinical trial on TB treatment.

Alessandro Granito, PhD, University of Bologna, Italy

Research website
ORCID profile

Specialisms:
Immunology and allergy, Oncology, Tumours, Liver cancer, Rheumatology and
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musculoskeletal disorders

Stefano Guarino, MD PhD, University of
Campania "Luigi Vanvitelli", Italy

Research website

Specialisms: Nephrology; Chronic kidney

disease; Hypertension; Renal calculi

Timotius lvan Hariyanto, MD,
Pelita Harapan

University, Indonesia

Research Website
ORCID Profile

Specialisms: Endocrinology, Diabetes, Metabolic disorders,
Obesity, Thyroid, Viral infection, Antiviral treatment, Tropical

-‘ ’ disease, Hypertension, Systematic review, Meta-analysis,

Clinical studies

Wandong Hong, PhD, First Affiliated Hospital of Wenzhou
Medical University, China

Research website
ORCID profile

Specialisms: Acute pancreatitis, Peptic ulcer, Therapeutic

endoscopy, Liver cirrhosis, Gl bleeding

Mohammad-Salar Hosseini,MD MPH, Tabriz
University of Medical Sciences, Iran
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Research website
ORCID profile

Specialisms: Internal medicine, Evidence-based medicine,
Oncology, Immuno-oncology, Gastroenterology, Public
health

Aleksandra Klisic, MD PhD, University of Montenegro,
Montenegro

Research website
ORCID profile

Specialisms:
Endocrinology and diabetes, Metabolism and metabolic

disorders, Obesity, Hypertension, Geriatrics and aged care,

Gastroenterology and hepatology, Inflammation, Biomarkers,

Medical biochemistry, Public health and prevention

Arunkumar Krishnan, MD, Atrium Health Wake Forest
Baptist, USA

Research website
ORCID profile

Specialisms:
Endocrinology and diabetes, Gastroenterology and
hepatology, Obesity, Hepatobiliary diseases, Liver disease

Wei Leii, MD PhD, First Affiliated Hospital of Soochow
University, China

ORCID Profile
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Specialisms: Asthma

. Panita Limpawattana, MD, Khon Kaen
University, Thailand

Research website
ORCID profile

Specialisms: Geriatrics and aged care,

Dementia

Ahmet Murt, MD, Istanbul
University-Cerrahpasa, Turkey

Research website
ORCID profile

Specialisms: Nephrology, Kidney transplantation,
Glomerulonephritis, Hemodialysis, Peritoneal dialysis,

Immunology

Venkata Suresh Patthipati, MD, Sound Physicians, USA

Research website
ORCID profile

Specialisms: Internal Medicine, Gastroenterology, Pulmonary

critical care, Biostatistics

Vivek Podder, MBBS, Baptist Health South Florida,
Bangladesh

Research website
ORCID profile

@VPodder
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Specialisms:
Cardiology, Diabetes, Neurology, Public health and

Prevention, Rheumatology and musculoskeletal disorders

Jeffrey Pradeep Raj, MD MBBS, King
Edward Memorial Hospital and Seth G.S.
Medical College, India

Research website

. ORCID profile
Specialisms: General internal medicine, Family medicine,
- Biostatistics, Clinical trials, Clinical research, Research

methodology, Clinical pharmacology, Pharmacology

Kassem Sharif, MD, Sheba Medical Center, Israel

Research website

Specialisms:
Gastroenterology and hepatology, Rheumatology and

musculoskeletal disorders

Paolo Usai-Satta, MD, Azienda Ospedaliera
G. Brotzuy, Italy

Research website

. ORCID profile
Specialisms: Gastroenterology and Hepatology; Gastro-
- oesophageal Reflux disease; Clinical research;

Pharmacological treatment; diagnosis; Prospective studies;

Retrospective studies;
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Deguang Wang, MD, Second Hospital of Anhui Medical
University, China

Research website

. ORCID profile

Specialisms: Nephrology, Acute kidney injury, Chronic kidney
- disease, Epidemiology, Fibrosis, Inflammation, Machine

learning, Mendelian randomization

Tobias Weismiiller, MD, Vivantes Klinikum, Germany

Research website
ORCID profile

Specialisms: Hepatobiliary diseases, Autoimmune liver

disease, Interventional endoscopy, Liver transplantation

Dongshan Zhang, MD, Central South University, China

Research website
ORCID profile

- Specialisms: Acute kidney injury, Renal fibrosis

Pan Zhao, MD PhD, Chinese PLA General
Hospital, China

Research website

Specialisms:

Hepatology, Viral Hepatitis, Liver Injury, Genetic Liver
Diseases

LCJ‘
7 .
r'd

Zijing Zhou, MD PhD, Central South University, China
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Research website
ORCID profile

Specialisms: Pulmonary fibrosis, Stiffness, Extracellular matrix,
COPD

NEUROLOGY

Ehsan Alimohammadi, MD, Kermanshah University of
Medical Sciences, Iran

Research Website

. ORCID profile
Specialisms: Neurosurgery, Neurooncology, Spine, Traumatic
- brain injury, Skull base surgery
Yimin Chen, MD, Foshan Second People's
Hospital, China

ORCID profile

Specialisms:

Neurology, Endovascular Thrombectomy, Cerebrovascular

Disease, Neuroimmunity, Psychology

Yi Chao Foong, MBBS, Monash University, Australia

ORCID profile

Specialisms: Multiple sclerosis, Digital biomarkers, Healthy ageing, Smartphone

apps
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. Petr Kanovsky, MD PhD, Palacky University,
Olomouc, Czech Republic

- Research Website
. ORCID profile

Specialisms: Neuroinflamation and
- neurodegeneration, Biomarkers of

neurodegeneration, Central mechanism

of dystonia, Botulinum toxin treatment

Chaeyoung Lee, PhD, Soongsil University, South Korea

Research Website
ORCID profile

Specialisms: Vascular dementia, Genomics, eQTL, Omics,

Mixed model

Hamza Maqsood, MD, Nishtar Medical
College and Hospital, Pakistan

Research website
ORCID profile

Specialisms: Neurology

Luca Marsili, MD PhD, University of
Cincinnati, USA

Research Website

ORCID profile

Specialisms: Movement disorders, Parkinson's disease, Parkinsonism, Genetics,

Neurophysiology, Dystonia, Neurodegeneration, Wearable sensors
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. Mohammad Mofatteh, PhD MPH, Queen's
University Belfast, United Kingdom
Research Website

ORCID profile
@DrMofatteh

Specialisms: Neurosurgery, Awake

craniotomy, Tumor, Glioma, Glioblastoma,

Oncology, Deep brain stimulation,
Neurodegeneration, Alzheimer, Parkinson, Cerebrovascular, Neurology, Stroke,
Traumatic brain injury, Spine, Spinal cord injury, Depression, Anxiety, Patient

outcome, Artificial intelligence, Augmented reality, Virtual reality

Vrutangkumar Shah, PhD, Oregon Health & Science
University, USA

—_— — —_—
[

Research website
ORCID profile

Specialisms: Digital Medicine, Gait and Balance Disorders,

Wearable Sensors, Machine Learning, Movement Disorders

Anwen Shao, MD PhD, Zhejiang University,

Research website

Specialisms: Stroke, Neurointensive care, Neurosurgery

Mudit Tyagi, PhD, Thomas Jefferson
University, USA

Research website

ORCID profile
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Specialisms: Dementia; Neurodegenerative disease;
Neuroinfection; Vascular disease; Antiviral treatment;
HIV/AIDS; Viral diseases; Basic research; Experimental
research;

Yuzhen Xuu, MD PhD, Shandong First
Medical University, China

Research website
ORCID profile

Specialisms: Neurology, Neuroscience, Stroke, Rehabilitation,

Dementia, Cognitive, Diabetes, Complementary and

alternative medicine, Translational medicine

OBSTETRICS & GYNAECOLOGY

Shima Alizadeh, MD, Tehran University of Medical
Science, Iran

Xiang Hong, PhD, Southeast University,
China

Research website
ORCID profile

Specialisms: Obstetrics and gynaecology,

Endocrinology and diabetes, General

practice and family medicine, Infectious
diseases, Public health and prevention

ONCOLOGY
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Mahdi Abdoli Shadbad, PhD, Tabriz University of Medical
Sciences, Iran

Research website

. ORCID
- Specialisms: Cancer, Immunotherapy, System biology

Asis Bala, PhD, Institute of Advanced Study
in Science and Technology, India

Research website
ORCID profile

Specialisms: Breast Cancer; Chemo-resistance; Chemotherapy;

Tumor Biology; Endocrinology; Immunology; Molecular

Pharmacology; Immune Therapy

ZhenCong Chen, MD, Fudan University, China

Research website

Specialisms: Sarcoma, Chemotherapy, Tumours, Myeloma,

Q Oncologic surgery

r

Quan Cheng, MD, Central South University,
China

Research website
ORCID profile

Specialisms: Bioinformatics, Medical genetics, Neurosurgery,

Chemotherapy, Tumors
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Peixin Dong, MD PhD, Hokkaido University, Japan

Research website

. ORCID profile
Specialisms: Oncology, Epigenetics, Chemoresistance, Gene,
- Non-coding RNA, EMT, Cancer stem cells, CRISPR genome

editing, Tumor microenvironment, Cancer bioinformatics,

Resistance to targeted therapies, Biomarkers, Cell biology,

Clinical trials, Internal medicine, Drug discovery and drug development

Dechao Feng, PhD, West China Hospital of Sichuan
University, China

Research website
ORCID profile

Specialisms: Geriatrics and aged care, Immunology and

allergy, Medical genetics, Tumours, Urology

Mihnea-Alexandru Gaman, MD, Institutul
Clinic Fundeni, Romania

Research website
ORCID profile

Specialisms: Hematology

Ping Han, MD, West China Hospital of
Sichuan University, China

Research website

ORCID profile
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Specialisms: Geriatrics and aged care, Imnmunology and
allergy, Medical genetics, Tumours, Urology

Lei Huang, PhD, Shanghai Jiao Tong

University, China

Research website
ORCID profile

Specialisms: Cancer epidemiology,

Precision oncology, Translational

oncology, Clinical oncology, Surgery

Zhengwei Huang, PhD, Jinan University, China

Research website

Specialisms: Drug development, Chemotherapy

Qi Jia, MD, Shanghai Changzheng Hospital,
China

Research website
ORCID profile

_ Specialisms: Sarcoma, Chordoma, Giant cell tumor, Bone
’ tumor, Metastatic bone tumor, Spine, Spine surgery,

Orthopedic, neurosurgery

Feng Jiang, MD, Fudan University, China

Research website
ORCID profile
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Specialisms: Bioinformatics, Machine learning, Cancer biology,

Data mining

Xuefeng Kan, PhD, Tongji Hospital, China

- Nobuyuki Koyama, MD PhD,

Saitama Medical University,

ORCID profile

Japan

Research website

. ORCID profile
- Specialisms: Pulmonology, Oncology

Sanjay Kumar, PhD, Sharda University, India

Research website

. ORCID profile
- Specialisms: Extracellular
of differentially expressed genes,

Molecular Docking MD Simulation, MMGBSA, PCA Analysis

vesicles, Exosomes, Multiple Myeloma,

Breast Cancer, Kidney disease, Evaluation

Dongjun Lee, PhD, Pusan National University, South Korea

Research website
ORCID profile

Specialisms: Hematology-oncology, Stem cell, Vascular disease, Haematology,
Hematological malignancy, Immunity, Inflammation, Cell death, Cell
differentiation, Disease models
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. Jitian Li, PhD, Luoyang Orthopedic-
Traumatological Hospital of Henan

- Province, China

Research website

. ORCID profile
Specialisms: Oncology, Orthopedics,
- Proteomics

Kai Li, PhD, Harbin Institute of Technology, China

Research website
ORCID profil

Specialisms: Oncology, Chemotherapy, Tumours, Inmunology
and allergy

Chao Liu, MD PhD, Shandong Tumor
Hospital, China

Research website
ORCID profile

Specialisms: Cancer radiotherapy, Chemotherapy,
Immunotherapy, Single cell sequencing, Immunology,

Biomarker

Hongda Liu, MD PhD, Jiangsu Province Hospital, China

Research website
ORCID profile
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Specialisms: Gastroenterology and hepatology, Medical
genetics, Tumours, Oncologic Surgery

Jinhui Liu, MD PhD, Jiangsu Province
Hospital, China

Research website
ORCID profile

Specialisms: Obstetrics and gynaecology, Oncology, Medical
genetics, Bioinformatics, Machine learning

Liang Liu, MD, Baoding No.1 Central
Hospital, China

Research website
ORCID profile

Specialisms: Urologic Neoplasms, Kidney Neoplasms, Urinary
Bladder Neoplasms, Prostatic Neoplasms, Prognosis, New

Application of Therapies, Meta-analysis, Diagnosis,
Outcomes, Retrospective Studies, Oncologic Surgery,

Precision Oncology, Urological Surgery

Giuseppe Lucarelli, PhD, University of Bari Aldo Moro,
Italy

Research website

. ORCID profile

Specialisms: Renal cell carcinoma, Prostate cancer, Urology,
Cancer metabolism

Chunlin Ou, PhD, Central South University,

China
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Research website
ORCID profile

Specialisms: Gastroenterology and hepatology,

Chemotherapy, Tumours

Lin Qi, MD PhD, Second Xiangya Hospital of Central
South University, China

Research website
ORCID profile

Specialisms: Clinical oncology, Bioinformatics, Osteosarcoma,

Soft-tissue sarcoma

Shuai Ren, MD PhD, Nanjing University of
Chinese Medicine, China

Research website
ORCID profile

Specialisms:

4 Gastroenterology and hepatology, Tumours, Radiology,
‘ Machine learning, Exosomes

Raheleh Roudi, PhD, Stanford University, USA

Research website

. ORCID profile

Specialisms: Oncology, Immunotherapy, Molecular imaging,
- Targeted therapy
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Javad Sharifi Rad, PhD, University of Azuay, Ecuador

PLY  Research website
ORCID profile

Specialisms: Biomedical Sciences, Cancer drug discovery,
Public health

Suraj Shrestha, MBBS, Tribhuvan University,

Research website
ORCID profile

Specialisms: Sarcoma, Chemotherapy, Haematology-oncology,

Tumours, Myeloma

Balint Tamaskovics, MD, Heinrich Heine
University Diisseldorf, Germany
Research website

ORCID profile
@DrTamaskovics

Specialisms: Radiation therapy in combination with chemo-/

immunotherapy, Head and neck tumor, Proton beam therapy,

Re-irradion

Yutao Wang, PhD, Chinese Academy of Medical Sciences
& Peking Union Medical College, China

ORCID profile

Specialisms: Urology, Oncology, Bioinformatics, Inmune therapy, Molecular

docking
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. Guangzhen Wu, MD, First Affiliated
Hospital of Dalian Medical University, China

Research website
ORCID profile

Specialisms: Renal cancer, Tumor, Lipid

metabolism

Yingkun Xu, MD, Shandong University, China

Research website
ORCID profile

—
- o

4

E‘ Specialisms: Precision oncology; Breast cancer;
\ Chemoresistance; Pathology; Basic research; Gene therapy;
‘ . Pharmacological treatment; Machine learning; Prediction
model; Diagnosis; Prognosis

Zhijie Xu, MD PhD, Central South University, China

Research website
ORCID profile

Specialisms: Clinical pathology and anatomy, Immunology
and allergy, Medical genetics, Pharmacology, Molecular
biology

Yuanliang Yan, PhD, Central South University, China

Research website
ORCID profile
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Specialisms: Oncology, Molecular genetics, Anti-cancer drugs,
Non-coding RNA

Guan-Jun Yang, PhD, Ningbo University,
China

Research website
ORCID profile

Specialisms:
- Breast cancer, Chemoresistance, Chemotherapy, Hematology-

Oncology, Asthma, Inflammatory bowel disease, Liver injury,

Inflammation, Cell death, Cell migration

Paola Zagami, MD, University of Milan, Italy

Research website
ORCID profile

@paolazaga

- Specialisms: Cancer, Immunology

Bo Zhang, MD, Sichuan University, China

Research website
ORCID profile

Specialisms: Gastric cancer, Surgery, Clinical trials, Systematic

reviews

Jian-Guo Zhou, PhD, The Second Affiliated Hospital of
Zunyi Medical University, China

ORCID profile
@JianGuoZhou3
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Specialisms: EBM, Precision oncology, Radiation oncology,
Immunotherapy, Biomarkers, Bioinformatics

S
Zhongbao Zhou, MD PhD, Beijing Hospital,

‘@L China

Research website
ORCID profile

Specialisms: Urinary oncology,
Bioinformatics, BPH, Sexual
dysfunction, LUTS, Meta-analysis, Bladder

cancer, RCC

ORTHOPAEDICS

Taco Blokhuis, MD PhD, University Medical Center
Utrecht, Netherlands

Research website
ORCID profile

Specialisms:

Orthopaedic Trauma, Spinal Surgery & Trauma, Fractures

Guogi Cai, PhD, Anhui Medical University, China

Research website
ORCID profile

Specialisms: Osteoarthritis, Low back pain, Clinical trials, Falls, Fractures

Rodolfo de la Vega, MD, Mayo Clinic, USA

https://eurjmedres.biomedcentral.com/about/editorial-board 40/63


https://www.researchgate.net/profile/Zhongbao-Zhou-2
https://orcid.org/0000-0002-9810-8145
https://www.mumc.nl/en
https://orcid.org/0000-0002-3601-3458
https://www.researchgate.net/profile/Guoqi-Cai
https://orcid.org/0000-0002-6481-704X

20.01.2024 18:15 European Journal of Medical Research | Editorial Board
Research website
ORCID profile

Specialisms: Gene therapy, Gene transfer,
Bone healing, MRNA, Allograft

Xing Du, MD, First Affiliated

Hospital of Chongqing Medical University, China

Research website
ORCID profile

Specialisms: Spinal Surgery, Orthopaedic Trauma, Bone Tumor,

.- Biomaterials

Filippo Migliorini,MD PhD, MBA, RWTH
Aachen University, Germany

Research website

ORCID profile
@FiloMiglio

Specialisms:

Arthroplasty, Arthroscopy, Sport Medicine

Melissa Premaor, MD PhD, Federal University of Minas
Gerais, Brazil

Research website

. ORCID profile
Specialisms: Meta-analysis, Bone metabolism, Obesity,
- Osteoporosis
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Giacomo Rossettini, PhD, University of Verona, Italy

Research website
ORCID profile

Specialisms:

Rheumatology and musculoskeletal disorders, Pain

conditions, Physiotherapy and rehabilitation, Placebo,

nocebo and contextual effects, Exercise and manual therapy

Ammara Saleem, PhD, Government College University,
Faisalabad, Pakistan

Research website

. ORCID profile
Specialisms: Immunology, Arthritis, Hepatoprotective,
- Nephroprotective, Toxicology, Metabolic disorders,

Ethanopharmacology, Real time PCR, Gel electrophoresis,

PCR,ELISA, Oxidative stress, Extraction, Histopathology

Ling-Feng Zeng, PhD, Guangzhou University of Chinese
Medicine, China

Research website
ORCID profile

Specialisms: Ethnopharmacology, Natural products and herbal
medicines, Phytochemicals, Metabolomics, Pharmacological

research, Osteoporosis, Bone and cartilage diseases,

Orthopedics, Complementary medicine, Evidence-based

medicine

Weiyang Zhong, MD, First Affiliated Hospital of
Chongging Medical University, China

https://eurjmedres.biomedcentral.com/about/editorial-board 42/63


https://urldefense.com/v3/__https://www.researchgate.net/profile/Giacomo-Rossettini-2?ev=hdr_xprf__;!!NLFGqXoFfo8MMQ!vWb-IhNHyJEbKa8MvqGfZ8gD-NjpPo1tT3ZbQS1DNZDDycOxj6bSFeURosIT7xs4tvMCvqr9a4HYANCway7g8JKzLTCtq0c7ONc$
https://orcid.org/0000-0002-1623-7681
https://scholar.google.com.pk/citations?user=K5Iil_YAAAAJ&hl=en
https://orcid.org/0000-0002-2478-7800
https://www.researchgate.net/profile/Ling-Feng-Zeng
https://orcid.org/0000-0003-1311-8641

20.01.2024 18:15

Taiwan

]

European Journal of Medical Research | Editorial Board

ORCID profile

Specialisms: Spine, Spine surgery

PATHOLOGY

Chien-Feng Li, PhD, Chi Mei Medical Center,

Research website
ORCID profile

Specialisms: Cancer, Sarcoma, Molecular Pathology,
Experimental therapeutics

Laila Nomani, MD, Medical College of

Wisconsin, USA

Research website

Specialisms:
clinical pathology and anatomy, thyroid, hematological

malignancy

Somanath Padhi, MD MBBS, All India

Institute of Medical Sciences, India

ORCID profile

Specialisms: Hematopathology, Leukemia, Myelodysplastic

syndrome, HLH, leukemia cytogenetics, Bone marrow

Paola Parente, PhD, Casa Sollievo della
Sofferenza, Italy
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Research website
ORCID profile

Specialisms: MMR, MSI, Colorectal Cancer, Gastric Cancer,

Cytology, Histopathology

Nicolas Piton, MD PhD, Hépital Charles-
Nicolle, France

Research website
ORCID Profile
@NicolasPiton7

- Specialisms: Translational medicine, Lung cancer, Biomarkers,

Immunohistochemistry, Genotyping

Asem Shalaby, MD PhD, Sultan Qaboos University, Oman

Research website
ORCID Profile

Specialisms: Histopathology, Oncology, Gl, Soft tissue tumors,
Molecular pathology

Public Health

Ageel Alenazi, PhD, Prince Sattam Bin Abdulaziz
University, Saudi Arabia
Research website

ORCID profile
@AgeelAlenazi_PT

%i! / P Specialisms: Osteoarthritis, Diabetes, Physical functions,
\E Il;{-' Walking speed, Mobility, Falls, Musculoskeletal disorders,
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Geriatrics, Prevalence

Gianpiero Greco, PhD, University of Bari Aldo Moro, Italy

Research website

. ORCID profile
Specialisms: Sports Medicine, Exercise prescription, Non-
- communicable diseases, Public Health, Body composition,

Extracellular vesicles, Gut-brain axis, Neurodegeneration,

Special populations.

Yuvaraj Krishnamoorthy, MD, ESI - Post Graduate
Institute of Medical Science and Research, India

Research website
ORCID profile

Specialisms: Public health and prevention; Clinical research;
Artificial intelligence; Machine learning; Metaanalysis;

Prediction model

Anwarul Azim Majumder, MBBS PhD FHEA, University of
the West Indies, Barbados

Research website
ORCID profile

Specialisms: Medical Education, Public Health

Amin Nakhostin-Ansari, MD MPH, Tehran
University of Medical Sciences, Iran

Research website
ORCID profile
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Specialisms: Public health and prevention; Ischemic heart

disease; epidemiology; Respiratory infections; SARS-CoV-2;
Viral diseases; General Internal medicine; Sleep disorders;

- o

Zongshi Qin, PhD, University of Hong Kong,
Hong Kong

Research website
ORCID profile

Specialisms: Clinical trial methodology, Neurology,

Neurodegenerative disease, Chronic pain management

Morteza Saki, PhD, Ahvaz Jundishapur
University of Medical Sciences, Iran

Research website
ORCID profile

Specialisms: Microbiology, Molecular techniques, Phenotypic

methods of microbial diagnosis, ELISA, Cell culture

Rahman Shiri, MD PhD MPH, Finnish
Institute of Occupational Health, Finland

Research website
ORCID profile

Specialisms: Back pain, Carpal tunnel syndrome,
Epidemiology, Meta-analysis, Musculoskeletal disorders,
Obesity, Public health

Yu Xiao, MD, The Fourth People's Hospital of Chengdu,
China
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Research website
ORCID profile

Specialisms: General practice, Psychiatry, Family medicine,
Public mental health, Occupational health, Medical
education, Health service research

SURGERY

Lovenish Bains, MD FNB FRCS FACS FICS, Maulana Azad
Medical College, India

Research website
ORCID profil

Specialisms: Urology, Global Surgery, Gastro-intestinal
Surgery, Breast, Hernia and Endocrine Surgery, Minimal

Access Surgery

Somprakas Basu, MD, All India Institute of Medical
Sciences Rishikesh, India

- —

1 Research website

Specialisms: Wound healing, General surgery, Abdominal
surgery, Coloproctology, Hernia, Rectal prolapse, Colorectal

cancer

René Fortelny, MD FEBS, Wilhelminen Hospital, Austria

Research website
ORCID profile
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@rfortelny

Inguinal Hernia

Kenji Fujiwara, MD PhD, Kimura Hospital,
Japan

Research website
ORCID profile

Specialisms:
Abdominal wall repair, Colorectal surgery, General surgery,
Sepsis, Gastroenterology and hepatology, Cancer,

Immunotherapy, Biomarkers, Clinical pathology and
anatomy, Proteomics

Borja Herrero de la Parte, PhD, University of The Basque
Country, Spain
Research website

ORCID profile
@borja_herrero

Specialisms: Oncology, Ischemia-reperfusion injury,
Antioxidant-based therapy, Liver regeneration, Liver

metastases, Colorectal cancer, Magnetic nanoparticles,
Hyperthermia, Experimental surgery, Animal models in vitro

Mateusz Jagielski, MD PhD, Nicolaus Copernicus
University, Poland

Research website
ORCID profile
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Specialisms: Gastroenterological Surgery, Gastrointestinal
Endoscopic Surgery, Gastrointestinal Endoscopy,

Pancreatology

i

i 3] Kwangsoon Kim, MD, Catholic University of
%1 ﬂ Korea, South Korea

Research website

. ORCID profile
Specialisms: Thyroid, Adrenal gland,
- Surgery, Robot, Oncology

Ming Li, MD, Fudan

University, China

Research website
ORCID profile

Specialisms: Minimally Invasive surgery; Oncologic surgery;
Clinical research; Biological therapy; Gene therapy; New

8 . Application of therapies; Artificial intelligence; Statistics;

longterm outcomes; Midterm outcomes; Prognosis;

Prospective studies; Retrospective studies

Alberto Meyer, PhD, Universidade de Sao Paulo, Brazil

Research website
ORCID profile

@almmeyer

Specialisms: Pancreas, Gl Surgery, Surgical Oncology, HPB,
' “ Surgery, Medical Education, Abdominal Wall Repair
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Durga Neupane, MBBS, B.P. Koirala Institute of Health
Sciences, Nepal

Research website
ORCID profile

Specialisms: Neurosurgery, Clinical research

1| Jodo Carlos Ribeiro, MD PhD, University of
Coimbra, Portugal

Research website
ORCID profile

Specialisms: Otolaryngology, Facial plastics, Olfaction and
smell, Rhinology, Medical education

Lixin Wang, MD PhD, Fudan University,

Research website

. ORCID profile
- Specialisms: Vascular disease, Aorta disease

Sidong Yang, MD, Third Hospital of Hebei
Medical University, China

Research website
ORCID profile

Specialisms: Orthopaedic surgery, Spine surgery,
Intervertebral disc degeneration
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Christian Zeckey, MD, Ludwig-Maximilians-Universitat
Miinchen, Germany

Research website

. ORCID profile
- Specialisms: Trauma

[ —
Other

Claudio Andaloro, MD PhD, Azienda Sanitaria
Universitaria Friuli Centrale, Italy

Research website

. ORCID profile

Specialisms: Head and neck disorders, Sleep disorders, Oral
- and maxillofacial surgery, Otolaryngology, Allergy

Radoslaw Chaber, MD PhD, Rzeszéw University, Poland

Research website
ORCID

Pediatrics

- Specialisms: Pediatric oncology, Pediatric haematology,

Giuseppe Cicero, MD PhD, University of
Messina, Italy

Research website
ORCID profile

Specialisms: Computed Tomography, Dual-Energy CT-scan, Magnetic Resonance
Imaging, MR-Enterography
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Alberto Dominguez-Vicent, PhD, Karolinska
Institute, Sweden

Research website

Specialisms: Multiple sclerosis,

Ophthalmology

Henrik Gudbergsen, MD PhD
MPA, University of
Copenhagen, Denmark

i P‘ Research website

ORCID profile

Specialisms: General practice, eHealth, Imaging,
Musculoskeletal, Diabetes, Obesity, Osteoarthritis

Felicity Han, PhD, University of Queensland,
Australia

Research website
ORCID profile
@han_felicity
- Specialisms: Pain; complement; C5a; drug delivery; PLGA;

animal model; pain drug discovery

Wujun Jiang, MD, Soochow University, China

Research website
ORCID profile

Specialisms: Pediatrics, Pediatric pulmonology, Pediatric infectious diseases
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Pierluigi Marzuillo, MD PhD, Universita degli
Studi della Campania "Luigi Vanvitelli" Italy

- Research website
ORCID profile

Specialisms: General Pediatrics, Pediatric

Nephrology, Pediatric Urology

Joana Mourao, MD PhD, Hospital de Sao Joao, Portugal

Research website
ORCID profile

Specialisms: Anaesthesiology; Perioperative

Medicine, Geriatry

Devarajan Rathish, MBBS, SCHP, DFM, MPH,

Department of Family Medicine, Faculty of Medicine and Allied

Sciences, Rajarata University of Sri Lanka, Sri Lanka

Research website
ORCID profile

Specialisms: Family Medicine, Public Health, Non-Communicable Diseases,

Pharmacology, Toxicology

Yasin Sahin, MD, Gaziantep Islam Bilim ve Teknoloji
Universitesi, Turkey

Research website
ORCID profile
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Specialisms: Pediatric Gastroenterology, Hepatology,
Nutrition, Celiac Disease

S Varun Sharma, PhD, NMC Genetics India Pvt

S ,_ﬁ@ Ltd, India

Research website
ORCID Website
@sharmavarun840

Specialisms: Type 2 diabetes, Genome

wide association studies, Epidemiology,

Next generation sequencing, Coronary

artery disease, Genetics, Medical genetics, Phylogenetics

Ruijie Xie, PhD, German Cancer Research Center,
Germany

Research website

. ORCID Profile
Specialisms: NHANES, Epidemiology, Public Health,
- Endocrinology, CVD, Diabetes, Osteoporosis, Bone mineral
density, Cross-sectional study, Prospective study, Mortality

Editor-in-Chief
Martijn van Griensven, MD PhD, Maastricht University, Netherlands

Edwin Bolke, MD, Heinrich Heine University Disseldorf, Germany

Section Editors

Elizabeth Balmayor, PhD, RWTH Aachen University Hospital, Germany
Hossein Bannazadeh Baghi, PhD, Tabriz University of Medical Sciences, Iran
Jia Cheng, MD PhD, Zhongshan Hospital of Xiamen University, China

Carlo Colosimo, MD, Santa Maria Nuova Hospital, Italy

Felice Crocetto, PhD, University of Naples Federico I, Italy

Andrea De Vito, PhD, University of Sassari, Italy
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Robert Ekart, MD PhD, University Medical Centre Maribor, Slovenia
Chengming Fan, MD, Central South University, China
Jochen Hinkelbein, MD DESA EDIC FASMA, Ruhr University Bochum, Germany
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Associate Editors
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Abstract

Background N-Nitrosomorpholine (NMO) is one of the most common N-nitroso compounds. An oncocytic transfor-
mation has been demonstrated in renal tubules of NMO-treated rats. In our study, we aimed to investigate the poten-
tial transformation of oncocytic cells in 6 endocrine organs, i.e,, thyroid, adrenal and pituitary glands, pancreas, testis,
and bone, of NMO-exposed rats.

Methods Thirty male rats were born and raised. Fifteen of them were given a single dose of 320 mg NMO per kg
body weight, dissolved in drinking water, by a gavage tube. At the end of 52 weeks, the animals in both series were
killed. Right after the killing, 6 different endocrine organs (hypophysis, thyroid, pancreas, adrenal gland, bone [femur],
and testicles) of each animal were excised.

Results There was no evidence of oncocytic cell development in the control group. In contrast, oncocytes were
observed in 8 out of 13 NMO-treated rats: 2 in the adrenal sections, 1 in the thyroid sections, 3 in the pituitary sec-
tions, and 2 in the pancreas sections. Thesticle and bone sections were completely normal.

Conclusions We showed that NMO induced an oncocytic change in pancreas, thyroid, pituitary, and adrenal glands.
To date, no identified specific environmental risk factors that lead to an oncocytic transformation in endocrine glands
have been reported previously. Given the increasing prevalence of endocrine-disrupting chemicals in the environ-
ment, personal care products, manufactured goods, and food sources, there is a need to advance our understanding
of the pathological mechanisms underlying oncocytosis in endocrine organs.

Keywords Nitroso compounds, Oncocyte, Endocrine disrupting chemical, Endocrine disruptors, Endocrine gland
neoplasms

Background

N-Nitroso compounds have become a potentially large
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[5, 6]. Moreover, NMO also triggered the development of
neoplasms in the respiratory and upper digestive tracts,
thyroid gland, brain, and spleen in various animal experi-
ments [7-10].

An oncocyte is an enlarged cell with abundant eosin-
ophilic, granular cytoplasm, in which a large hyper-
chromatic nucleus exists [11]. This oncocytic change is
caused by proliferation and accumulation of mitochon-
dria within the cell, and it has been mainly attributed to
the alterations related to the mitochondrial DNA [12].
These mitochondrial anomalies are triggered by chronic
inflammation secondary to aging or various chemi-
cal carcinogens such as NMO [13-15]. Various studies
have demonstrated an oncocytic transformation in renal
tubules of NMO-treated rats [15—20]. In addition to that,
germline mutations of the Gene associated with Retinoid-
Interferon-induced Mortality (GRIM)-19 have also been
indicated as a possible etiological factor in the develop-
ment of an oncocytic tumor [21]. This metaplastic dif-
ferentiation has been observed in various organs, such
as thyroid, parathyroid, pituitary and adrenal glands,
pancreas, kidney and paraganglia [13]. In our study, we
aimed to investigate the potential transformation of
oncocytic cells in six endocrine organs, i.e., thyroid, adre-
nal and pituitary glands, pancreas, testis, and bone, of
NMO-exposed rats.

Materials and methods

Characterization of N-nitrosomorpholine (NMO)

NMO was provided from MedChemExpress, New Jer-
sey, USA; via a distributor located in our region, named
Suarge Biotechnology Co., Ltd., Istanbul, Turkey. The
purity and solubility of NMO were reported as 98.22%
and > 100 mg/mL at 19 C, respectively. The appearance
was solid < 29 “C and liquid > 29 °C. The chemical could be
stored at 4 °C for 2 years. It was also reported that NMO
was light-sensitive and could be stable at room tempera-
ture for more than 14 days in neutral form in dark.

Animal experiments

Thirty male Sprague—Dawley rats (about 8-week old)
weighing about 200 g were born and raised in the
Experimental Medicine Research and Application Unit
of our institution. Fifteen rats were given a single dose
of 320 mg NMO per kg body weight, dissolved in drink-
ing water, by a gavage tube. The amount of this chemi-
cal agent was determined according to a previously
reported rat study, in which a single dose of 320 mg/kg
NMO was administered to the animals [20]. The ani-
mals were placed in different cages in groups of 5 and
maintained under constant conditions (202 C and
12 h light/dark cycle). The rest 15 rats, used as controls,
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were also administered placebo by gavage in the same
day and housed in groups of 5 in the same room with
the others. Afterward, the rats were kept on a standard
laboratory diet and tap water for 52 weeks (ad-libitum).

The maintenance period from the start of the experi-
ment to the killing was based on various rat studies
which revealed data on the time of appearance and
incidence of oncocytic lesions [10, 14, 17, 18]. Labo-
ratory animals were cared for and fed in Eurostand-
ard type IV cages (1354G EUROSTANDARD TYPE
IV 598 x 380200 mm, floor area: 1820 cm?) defined
under the condition of “management and implemen-
tation instructions for the breeding and protection
of animals used for experimental and other scientific
parts” Only health monitoring protocol was to make a
daily inspection of rats’ behavior and record in case of
any abnormality. No abnormal behavior was observed,
even in the rats which were deceased during the experi-
ment. In addition to that, observation of daily food and
water consumption of the rats was made and no differ-
entiation of any rat’s consumption from the others was
observed.

At the end of 52 weeks, the animals in both series
were killed using xylazine and ketamine intraperito-
neal injections. All rats were killed between 9 a.m. and
1 p.m. in 2 consecutive days; NMO-treated group in
the first day and controls in the second day. The main
reason to kill 2 groups in 2 consecutive days within the
similar daytime period was to control for the circadian
rhythm differences between the groups. Right after the
killing, six different endocrine organs (hypophysis, thy-
roid, pancreas, adrenal gland, bone [femur], and testi-
cles) of each animal were excised. The only excluding
criterion in this study was the development of mortality
during the experiment.

Histopathological examination

Each organ was stored rapidly in a plastic sterile con-
tainer full of 10% formaldehyde solution. Thereafter,
tissue samples taken from the removed organs were
fixed and embedded in paraffin for light microscopic
examinations. Each of the organs was examined by
serial sectioning. Section thicknesses were 3 pm. Nine
separate sections were made for each organ. The his-
tological sections were stained with hematoxylin and
eosin (H&E). The presence of oncocytic cells in each
tissue section was investigated under the microscope
by two pathologists. The 1st, 5%, and 9th sections were
examined. Presence of any oncocytic cell was expressed
as percentage. The average of the oncocytic cell per-
centages in these three sections for each organ was
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recorded as the oncocytic cell percentage specific to
that organ.

Results

Mortality data

A total of three rats, two from the carcinogen-treated
group and one from controls, were found deceased
within this period, by the weeks 44, 50, and 48, respec-
tively, after the beginning of the experiment, respectively.
Diagnostic necropsy examinations of the deceased rats
revealed normal postmortem changes; thus, no addi-
tional examination was performed.

Histopathological outcome
Six endocrine organs (hypophysis, thyroid, pan-
creas, adrenal gland, bone, and testicles) of 27 rats (13

34 P iy
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NMO-treated and 14 controls) were evaluated in a total
of 162 H&E stained sections.

There was no evidence of oncocytic cell develop-
ment in the control group. In contrast, oncocytes
were observed in 8 out of 13 NMO-treated rats: 2 in
the adrenal sections (Fig. 1), 1 in the thyroid sections
(Fig. 2), 3 in the pituitary sections (Fig. 3), and 2 in the
pancreas sections (Fig. 4).

Interestingly, of these 8 animals, each one developed
oncocytic transformation in only one organ. The per-
centages of the oncocytes in the sections are described
in detail in Table 1. The cells in the testicle and bone
sections were completely normal, with no oncocytic

appearance.

Fig. 1 a Normal adrenal gland layers (inner to outer layer) (H&E, x 200). b Oncocytic cell groups with well-defined cell borders, deeply eosinophilic,

granular cytoplasm, small round nuclei (H&E, x 200)

& TS

eosinophilic, and granular cytoplasm on thyroid sections (H&E, x400)

’I'

Fig. 2 aThyroid parenchyma composed of normal follicle epithelial cells (H&E, x 400). b Oncocytes with large size, prominent cell borders,
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Table 1 The percentages of oncocytic cells in the sections of the endocrine organs of the NMO-treated rats

Rat # Percentages of oncocytes
Adrenal Thyroid Pituitary Pancreas Bone Testis

1 10 - - - - -
2 10 - - - - -
3 — — — _ — —
4 _ _ _ _ _ _
5 - - 10 - - -
6 - - 20 - - -
7 - - - - - -
8 - - - 5 - -
9 - - - 5 - -
10 - 20 - - - -
11 - - 10 - - -
12 - - - - - -

w
|
|
|
I
|
|
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Discussion

The results of the present study showed that NMO is a
chemical compound which induces oncocytic transfor-
mation in the rat endocrine organs, i.e., adrenal, thyroid
and pituitary glands, and pancreas. To date, in terms of
oncocytic change, rat kidney has been the only proven
organ which developed oncocytic tubules and oncocy-
toma after exposure to NMO in various animal stud-
ies. Similar to the methods of our study, Nogueira et al.
administered single doses of 320 mg/kg of NMO by a
gavage tube to a group of rats and started killing the rats
50 weeks after the start of the experiment [20]. Besides
this group, three other groups of rats were given NMO
in single doses of 200 mg per body weight dissolved in
the drinking water at concentrations of 50 mg/100 ml or
20 mg/100 ml for 7 or 3 weeks. By the week 50 after the
start of NMO administration, renal clear cell tumors and/
or tubules were most frequently observed in the group
which was treated with 320 mg of NMO per body weight
and the authors reported that the granular acidophilic
cells with larger central nuclei were more prevalent than
clear cell lesions in all sections. Previous studies reported
the appearance of oncocytic renal tubules after 15 and
23 weeks’ exposure to NMO [15, 16]. In our study, we
aimed to increase the likelihood of developing oncocytic
lesions in the endocrine organs by maintaining the rats
for 52 weeks.

The cytoplasm of an oncocyte is described as “swollen”
which is due to mainly the presence of numerous abnor-
mal mitochondria in the cellular cytoplasm [22, 23]. The
main mechanism for this granular, large, and eosinophilic
cytoplasm filled with mitochondria has been indicated
as the impairments in the mitochondrial DNA, which is
supposed to be more susceptible than nuclear DNA to
environmental carcinogens [12]. The accumulation of
mitochondria has been attributed to the compensatory
mechanism following exposure to toxic substances.

In our study, pituitary gland was clearly the most
affected endocrine gland by the administration of NMO,
in terms of oncocytic transformation. The well-vascular-
ization of pituitary gland by the hypothalamothypophy-
seal portal system may be a possible explanation for this
outcome, by making the gland tissue more sensitive to
the environmental endocrine disruptors [24]. Oncocytic
change has been mainly demonstrated in gonadotroph
adenomas. A hundred cases with gonadotroph adeno-
mas were analyzed by Young et al. and a patchy acido-
philic appearance corresponding to oncocytic change
was reported for most of the specimens [25]. In another
study, oncocytic adenomas were described as clinically
inactive pituitary adenomas, together with null cell ade-
nomas and gonadotroph adenomas [26]. In short, the
asymptomatic nature of oncocytic pituitary adenomas
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may cause an underestimation of the actual prevalence
of pituitary adenomas with oncocytic features, especially
for the areas with elevated N-nitroso compounds in the
air and/or drinking water.

Oncocytic transformation is not an uncommon path-
ological finding in both benign and malignant thyroid
lesions. In a recent review, the oncocytic change in thy-
roid pathology has been discussed in detail and it has
been described in thyroiditis, thyroid follicular adeno-
mas, follicular-patterned differentiated thyroid car-
cinomas, papillary carcinomas, poorly differentiated
carcinomas, and medullary thyroid carcinomas [13].
In line with the literature, our study demonstrated that
NMO, a tumorigenic chemical, induced an oncocytic
transformation in the thyroid tissue of one rat with a high
percentage (20%) of oncocytes.

In various reviews and case reports, oncocytic neo-
plasms have been described for both adrenal gland and
pancreas [27-30]. Intraductal oncocytic papillary neo-
plasms (IOPNs), the precursor lesions of invasive car-
cinoma, are generally cystic neoplasms, which may
cause pancreatic ductal obstruction. In contrast, onco-
cytic neoplasms arising in the adrenal glands are mostly
benign and nonfunctional tumors, which rarely trans-
form to oncocytic adrenocortical carcinoma. There are
limited data on genetic mutations in IOPNs and adrenal
oncocytic neoplasms. In the present study, oncocytes
were observed in the adrenal glands of two rats and in the
pancreas tissues from another two rats with relatively low
percentages of oncocytes (5%) compared to the adrenal
glands (10%). To date, there has been no report which
described any oncocytic change in bone and testicular
tissues. In parallel with the literature, we observed no
oncocytic transformation in the sections of the bone and
testicular tissues from the NMO-treated rats.

Our study has both a limitation and strength. The limi-
tation was the lack of histopathological evaluation of
those three rats’ organs. Even though those three deaths
were unexpected during the experiment, the histopatho-
logical evaluation could not be performed, because the
rats were found dead during daily observation, but not at
the time of death; thus, the organs were not suitable for
any examination. A future experiment with a live moni-
toring which gives an online signal to the investigators in
case of any abnormality in vital signs of the rats would
give a more accurate data about the deceased rats during
the study. The strength of our study is the absence of any
confounding factors which might influence the observed
oncocytic transformation. All rats were kept in the same
standard laboratory environment and killed within the
same daytime period in 2 consecutive days to eliminate
the circadian rhythm differences between the groups at
the time of sacrifice.
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In conclusion, we showed that NMO induced an onco-
cytic change in pancreas, thyroid, pituitary, and adrenal
glands. To the best of our knowledge, no identified spe-
cific environmental risk factors that lead to an oncocytic
transformation in endocrine glands have been reported
previously. One reason for the lack of extensive research
in this area may be that oncocytic lesions are often char-
acterized as benign tumors, which may not be a prior-
ity for researchers. However, a few oncocytic malignant
tumors such as oncocytic adrenocortical carcinoma,
oncocytic intraductal carcinoma of pancreas, oncocytic
differentiated, poorly differentiated and medullary thy-
roid carcinomas, have also been reported. Therefore,
given the increasing prevalence of endocrine-disrupting
chemicals in the environment, personal care products,
manufactured goods and food sources, there is a need to
advance our understanding of the pathological mecha-
nisms underlying oncocytosis in endocrine organs.
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