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Introduction

• Non Communicable diseases (NCDs) include cancers and autoimmune maladies 
and have represented a silent pandemic long before the dramatic rise of covid-
19. 

• NCDs are well known to be characterized by chronic inflammation & altered 
wound healing, 

• yet medical approaches leverage only on the former, with virtually no attention 
to the latter. 

• Wound healing can be elicited by a number of physical (i.e. non-
pharmacological) stimuli

• Investigation of the tight interaction of the role of wound healing in a broader 
inflammatory perspective may offer additional entry points to treat and 
prevent the progression of such maladies. 
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Rheumatoid arhtirtis: Model for 
chronic inflammatory diseases

https://www.healthline.com/health/rheumatoid-arthritis/facts-statistics-infographic



https://ita.promega.com/resources/product-guides-and-selectors/protocols-and-applications-guide/epigenetics/
https://noticias.medsbla.com/noticias-medicas/cirugia-general-y-del-aparato-digestivo/el-deterioro-del-sistema-inmune-se-asocia-a-disbiosis-intestinal/

Genetic, epigenetic, metagenetic, environmental
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Diabetes



Rheumatoid arhtirtis: Model for 
chronic inflammatory diseases

Safiri S, Kolahi AA, Hoy D, et al Global, regional and national burden of rheumatoid arthritis 1990–2017: 
a systematic analysis of the Global Burden of Disease study 2017,
Annals of the Rheumatic Diseases 2019;78:1463-1471. 
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Rheumatoid arhtirtis: Model for 
chronic inflammatory diseases

https://www.nras.org.uk/data/files/Publications/Surveys%20Reports/UoC_HCD_BR
ASS%20Summary%20Report%20FINAL.pdf
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Experiments

Animal models

Blood Tissue Feces

Prot 
miRNA  
mRNA  
DNA 

Original Aim:
Assess and explore the systemic response
of a local mechanical stimulation (MS)

Design:
• Study design: winstar rats, CIA, 4 arms
• 2 active arms: MS; DMARDs
• 2 control arms: placebo DMARDs; 

anesthetic control
• 1 supercontrol: no induction, no 

treatment



Spatio-temporal resolution
limited a priori: omics

Key
Molecules 

C. Nardini, et al., Science 346 (6216 Suppl), S21-S22 (2014).
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GI-MicrobiomeLocal Stimulation

Blood flow

GI Microbiome

Target organ

Host-microbiome interaction
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In addition to pharmacology? 

• Non-pharmacological / biologic-free approaches
• Example of biologic free approach:

• FMT (fecal microbiota transplant): 
• used to successfully treat recurrent Clostridium difficile infection. 
• Studies on IBD (inflammatory bowel disease)->autoimmune

• Example of non-pharmacological approaches:



Exploitation of Mechano-
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• Non-pharmacological approaches
• Examples of biologic free approaches

• FMT (fecal microbiota transplant): 
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• Studies on IBD (inflammatory bowel disease)
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• used successfully to regenerate muscles (humans)
• Indirectly used to successfully treat advanced stage RA patients (humans)
• Shown to trigger regeneration (rats)



Exploitation of sympathetic nervous circuits 
-inflammation
• Non-pharmacological approaches
• Examples of biologic free approaches

• FMT (fecal microbiota transplant): 
• used to successfully treat recurrent Clostridium difficile infection. 
• Studies on IBD (inflammatory bowel disease)

• Exploitation of mechanosensitivity: 
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• Indirectly used to successfully treat advanced stage RA patients (humans)
• Shown to trigger regeneration (rats)
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Can we reframe non-pharmacological 
therapies as means to elicit WH?
1. TENS, Laser therapy, ultrasound, VIN, exploits as many electrical, 

optical, mechanical and thermal stimulations recollecting the panel of 
means used for WH assays* 

2. The rationale for such therapies if very weak although observation on 
cytokines control accompany the rare attempts to explore the 
effectiveness relegating often these to palliative, complementary or 
alternative cures

3. Reading this in the light of WH enable an organic/systemic understanding of 
the phenomenon

4. Takes into account the dual nature of WH (local systemic)

5. Takes into account the potential (therapeutic vs physiologic) of the function

* Stamm A, Reimers K, Strauß S, Vogt P, Scheper T, Pepelanova I. In vitro 
wound healing assays – state of the art. BioNanoMaterials 2016; 17: 79–87.
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A Social Human Science (SHS) 
standpoint

• Is there a difference in the approach to non-
pharmacological treatment and pharmacology?

• Mauro Turrini science sociologist Spanish National 
Resaearch Council, Madrid, ES

• Lucia Candelise anthropologist and historian of medicine 
University of Lausanne, CH



A Social Human Science (SHS) 
standpoint

Publications (Total)

Pharmacological Approach
Drug Therapy 1311 (("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type]) AND "Drug Therapy"[Mesh]
anti inflammatory agents: Substances that reduce or suppress INFLAMMATION.1294 ((("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type])) AND "Anti-Inflammatory Agents"[Mesh]
Anti inflammatory Drug Therapy 258 ((("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type]) AND "Drug Therapy"[Mesh]) AND "Anti-Inflammatory Agents"[Mesh]

Autonomic nervous system
Vagus Nerve Stimulation 3 (("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type]) AND "Vagus Nerve Stimulation"[Mesh]

Gut Intestinal Microbiota
Gastrointestinal Microbiome 8 ((("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type])) AND "Gastrointestinal Microbiome"[Mesh]
Anti-Bacterial Agents 121 (((("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type]))) AND "Anti-Bacterial Agents" [Pharmacological Action]
Dietary Supplements (note: MeSH term includes nutraceutics, no dedicated MeSH term)49 ((("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type])) AND "Dietary Supplements"[Mesh]
Fecal Microbiota Transplantation 0 ((("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type])) AND "Fecal Microbiota Transplantation"[Mesh]

https://clinicaltrials.gov/ct2/show/NCT03944096
Wound Healing

Mechanical Stimuli
Ultrasonic Therapy 5 (("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type]) AND "Ultrasonic Therapy"[Mesh]
Massage 6 ((("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type])) AND "Massage"[Mesh]
Acupuncture Therapy 22 ((("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type])) AND "Acupuncture Therapy"[Mesh]
Electrical Stimuli
Electric stimulation Therapy 13 ((("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type])) AND "Electric Stimulation Therapy"[Mesh]
Electromagnetic Stimuli
Electromagnetic Phenomena 5 ((("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type])) AND "Electromagnetic Phenomena"[Mesh]
Optical radiation
Laser 11 ((("Arthritis, Rheumatoid/therapy"[Mesh]) AND "Review" [Publication Type])) AND "Laser Therapy"[Mesh]

MeSH Search Query
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Revisit the concept of 
inflammatory response



The Greater Inflammatory 
Pathway

Netea et al., Nature Reviews Immunology volume 20, pages375–388(2020)
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Netea et al., Nature Reviews Immunology volume 20, pages375–388(2020)

Kao et al., J. Clin. Med. 2016, 5(2), 24; https://doi.org/10.3390/jcm5020024



The Greater Inflammatory 
Pathway

Netea et al., Nature Reviews Immunology volume 20, pages375–388(2020)

Kao et al., J. Clin. Med. 2016, 5(2), 24; https://doi.org/10.3390/jcm5020024

Ch. 14 - Epigenetics in Health and Disease (EPIGENETIC PRINCIPLES 
OF EVOLUTION , Second Edition, 2018)
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Netea et al., Nature Reviews Immunology volume 20, pages375–388(2020)

Kao et al., J. Clin. Med. 2016, 5(2), 24; https://doi.org/10.3390/jcm5020024

Ch. 14 - Epigenetics in Health and Disease (EPIGENETIC PRINCIPLES 
OF EVOLUTION , Second Edition, 2018)

https://mooneylab.seas.harvard.edu/mechanotransduction



Biological Pathways in Systems 
Biology
• Very often, low-level biological pathway’s graphical 

representation are in the form of a network

https://bence.ferdinandy.com/2
018/05/27/whats-the-
difference-between-a-graph-
and-a-network/



Biological Pathways in Systems 
Biology

https://bence.ferdinandy.com/2
018/05/27/whats-the-
difference-between-a-graph-
and-a-network/

• Very often, low-level biological pathway’s graphi
representation are in the form of a network

• More rigorously defined graphs[Wikipedia]



Biological pathways are 
hypergraphs

Most common 
& intuitive



Combine
https://co.mbine.org/standards



Extensible Markup Language
(XML)
• A markup language is a meta language that enables

to define and control the meaning of elements
contained in a document or a text. 

• defines a set of rules for encoding documents in a 
format that is human- and machine-readable.

• It is eXtensible in that it enables the creation of 
personalized tags





Layout

• Proper visualization, including positioning of molecular entities, 
can greatly facilitate understanding of the entire system 

• Manual or automatic layout can be chosen, as well as custom 
views to emphasize specific components or processes

• the network structure should be stored in a layout-aware format, 
i.e. a format allowing one to encode positions of molecular 
entities.

• This includes not only elements and labels, space they occupy 
and how they should be rendered, i.e. their shape, color and 
other visual aspects. 









EMT

• Reactome
• Spike
• KEGG
• Wipathways
• Navicell

SPIKE

Stress-activated transcription factors
p53 Signaling Network (spike00016)
NFkB Signaling Network (spike00017)
Mitogen-activated protein kinase pathways
MAPK signaling (spike00018)
Immune response signaling
TLR Signaling (spike00019)
Developmental and cancer related pathways
WNT signaling (spike00027)
RAS signaling and tumorigenesis (spike00028)

KEGG

3.2 Signal transduction

INFLAMMATION
LOSS OF EPITHELIAL PHENOTYPE
GAIN OF MESENCHYMAL PHENOTYPE
FIBROSIS
ANGIOGENESIS
EndMT

MAPK signaling pathway - Homo sapiens (human)
ErbB signaling pathway - Homo sapiens (human)
Ras signaling pathway - Homo sapiens (human)
Wnt signaling pathway - Homo sapiens (human)
Notch signaling pathway - Homo sapiens (human)
Hedgehog signaling pathway - Homo sapiens (human)
TGF-beta signaling pathway - Homo sapiens (human)
Hippo signaling pathway - Homo sapiens (human)
VEGF signaling pathway - Homo sapiens (human)

Cytokine-cytokine receptor interaction - Homo sapiens (human)
ECM-receptor interaction - Homo sapiens (human)
Cell adhesion molecules - Homo sapiens (human)
JAK-STAT signaling pathway - Homo sapiens (human)
NF-kappa B signaling pathway - Homo sapiens (human)
TNF signaling pathway - Homo sapiens (human)
HIF-1 signaling pathway - Homo sapiens (human)
PI3K-Akt signaling pathway - Homo sapiens (human)
Focal adhesion - Homo sapiens (human)

WIKIPATHWAYS 

EMT in colorectal cancer (Homo sapiens)
TGF-B Signaling in Thyroid Cells for EMT (Homo sapiens)
Hypoxia-mediated EMT and Stemness (Homo sapiens)
Cell recruitment (pro-inflammatory response) (Homo sapiens)
HIPK2 in kidney fibrosis (Homo sapiens)
Lung fibrosis (Homo sapiens)
Angiogenesis (Homo sapiens)
Apoptosis Modulation and Signaling (Homo sapiens)
miRNA targets in ECM and membrane receptors (Homo sapiens)
Endoderm Differentiation (Homo sapiens)
Focal Adhesion (Homo sapiens)
Inflammatory Response Pathway (Homo sapiens)
Lung fibrosis (Homo sapiens)
MAPK Signaling Pathway (Homo sapiens)
Notch Signaling (Homo sapiens)
p38 MAPK Signaling Pathway (Homo sapiens)
Pathways Regulating Hippo Signaling (Homo sapiens)
Ras Signaling (Homo sapiens)
Regulation of Microtubule Cytoskeleton (Homo sapiens)
Wnt Signaling (Homo sapiens)
Wnt Signaling Pathway and Pluripotency (Homo sapiens)
Wnt Signaling in Kidney Disease (Homo sapiens)

REACTOME

Extracellular matrix organization (R-HSA-1474244)
O-glycosylation of TSR domain-containing proteins (R-HSA-5173214)
Activated NOTCH1 Transmits Signal to the Nucleus (R-HSA-2122948)
Signaling by VEGF (R-HSA-194138)
RHO GTPases Activate NADPH  (R-HSA-5668599)
Signaling by PTK6 (R-HSA-8848021)
VEGFR2 mediated vascular permeability (R-HSA-5218920)
PECAM1 interactions (R-HSA-210990)
Basigin interactions (R-HSA-210991)
GF-beta receptor signaling in EMT (epithelial to mesenchymal transition) (R-HSA-2173791)
Disassembly of tight junctions (R-HSA-2160931)
MyD88 cascade initiated on plasma membrane (R-HSA-975871)
NOTCH2 binds MDK (R-HSA-2974737)
NOTCH3 Intracellular Domain Regulates Transcription (R-HSA-9013508)
Signaling by ERBB4  (R-HSA-1236394)
Signaling by NOTCH2  (R-HSA-1980145)
NOTCH2 Activation and Transmission of Signal to the Nucleus  (R-HSA-2979096)
MET promotes cell motility  (R-HSA-8875878)
MET activates STAT3 (R-HSA-8875791)
RHO GTPases Activate ROCKs  (R-HSA-5627117)
Signaling by MET  (R-HSA-6806834)
Signaling by PTK6  (R-HSA-8848021)
Transcriptional regulation by RUNX3  (R-HSA-8878159)
Transcriptional regulation by the AP-2 (TFAP2) family of transcription factors  (R-HSA-8864260)
Basigin interactions  (R-HSA-210991)
Cell-cell junction organization  (R-HSA-421270)
RHO GTPase Effectors  (R-HSA-195258)

Tiziana Guarnieri Unibo
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