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Cell

Mitochondrial function/dysfunction
NON

Hypoxia

Lysosomal function/dysfunction
Cell death
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Mitochondria

— production of ATP for cellular energy needs

— metabolism of amino acids

—regulation of the redox state of cells Mitochondrial network
— heme synthesis
— differentiation and activation processes of immune cells

— crucial functions in the cell death program
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Mitochondrial fusion and fission

— Processes occur In response

to various extra- or

intracellular changes

— changes In nutrient supply,

Fission Matrix

4

energy or redox status,
during cell differentiation in a Front. Cell Dev. Biol, 2017
cell-type dependent manner
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Mitochondrial fusion and fission

[T Mfn1/2

OPA1

— FUSION = autonomously integrate
— 1. fusion of the outer membrane between 2

adjacent mitochondria
— mediated by mitofusin 1 and 2

— 2. fusion of the inner membrane
— cardiolipin, dynamin-like GRPase optic atrophy (OPA)

Research Reports in Clinical Cardiology 2014(default):111

— Important for maintenance of mitochondrial DNA i
integrity and cellular respiration \
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Mitochondrial fusion and fission

— FISSION
— Important to allow inheritance of

mitochondria by daughter cells during cell

division

Lz ks *-f’ ‘“ _
{:"«.7;\.:.'.:;;..:‘\":: -;Af:’. ' 1\ / . __:
Mitochondrial
fusion

Research Reports in Clinical Cardiology 2014(default):111

—when damaged and deleted - damaged
mitochondria facilitates their removal by

mitophagy
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ROS Scavengers
soo , SORs, Catalases, Gpxs, GRs, Prdxs, and Trxs)

= ROS
ATP"

— production of reactive oxygen species \pw oo

Mitochondria and ROS

level

— generated by mitochondria via the electron transport chaln @g‘

— byproduct during mitochondrial energy production, signaling  oudan :' age o celuiar components
Consequence Of fatty aCid B-OXIdatlon’ eXposure to . Immune[and{\ﬂa}m:}) response 12::],Sifo'ijifi"c\:‘:%'::5:13{:;':(]
radiation, light, metals, and redox drugs T

— ROS function:

Int. J. Mol. Sci. 2019, 20(18), 4407

— second messengers in various signaling pathways
in immune cells: Ca?*"NFAT signaling pathway, which is critical in T cell
activation.

— ROS can also damage bacterial pathogens, but

— If produced excessively - damage the
producing cell or neighboring cells.
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Sites of ROS production

_ mitochondrial ROS (MROS) -

are basically produced as ) |
| : + ]

byproducts of this bioenergetic ool

{Inter-
t - imnf;rrlbrane NAD* +H* h 5 H,0
me abOI |Sm Espace itric 2

ATP acid =
Fumarate

— Cyt c, cytochrome c¢; MAO, monoamine Mitochondrial

0O, Succinate
. . { matrix H,O S
oxidase; NOX-4, NADPH oxidase 4; | t 2 w @Gg
VDAC, voltage-dependent anion channel W ertondrial J * Sites of ROS |
membrane H* H* production '

Nature Reviews | Cardiology
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ROS Scavengers
n n (i.e., SODs, SORs, Catalases, Gpxs, GRs, Prdxs, and Trxs)
Oxidative stress |
ATP')_. O\ ] 2
—result of imbalance between o v i | |
. . - - /\i}] Damage to cellular components
ROS production and antioxidation o et 2 B P o
— pathological defects in living organisms S T
— cancer, atherosclerosis, neurological diseases, aging, and it 3 Mol. Sci. 2019, 20(18) 4407

diabetes, damage of cellular components (DNA, RNA, lipids, and proteins)

— non-enzymatic defense:

— flavonoids, vitamins (A, C, and E), and glutathione

— enzymatic antioxidants:

— Superoxide dismutase (SOD), superoxide reductase, catalase, glutathione peroxidase,
glutathione reductase, peroxiredoxins (Prdxs), and thioredoxins (Trx) I
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Effect of mitochondria in Immune reaction

— mitochondrial DAMPs

— in extracellular space and circulation.

— mitochondrial proteins

— FRP receptors - production of chemoattractants.

— mitochondrial ROS

— intracellular signaling, damage cells.

— mitochondrial ATP and cardiolipin

— activate the NLRP3 inflammasome or TLR4 -
production of pro-inflammatory cytokines.

— mitochondrial DNA

— activate TLR9, NLRP3 inflammasomes or the
cGAS pathway - production of pro-inflammatory
cytokines.

intracellular
signalling

™

cell damage

ATP

FPR receptor <+— mitochondrial «— / " NLRP3
binding proteins inflammasome
l T cardiolipin/ l

production of
proinflammatory
cytokines

production of l

chemoattractants
mitochondrial

/ DNA 1 \

NLRP3 TLR9 cGAS
inflammasome

o

production of
proinflammatory
cytokines

TLR4 —»

Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease I
Volume 1866, Issue 10, 1 October 2020, 165845
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Mitochondria — induction of Immune response

— mitochondrial danger associated molecules (DAMPS)
that resemble structures of bacterial derived pathogen
associated molecular patterns (PAMPS)

— mitochondrial DAMPS - mitochondrial DNA with hypomethylated CpG
motifs, specific lipid present in prokaryotic bacteria and mitochondria, i.e.
cardiolipin.
—via DAMPs mitochondria guide the immune response

ormyl Bacterial | [Mitochondrial Frmyl 1
| peptides DNA DNA peptides

TLR9 4 A FPR1

Neutrophil ;
p38 MAPK

— mitochondrial DAMPs - negative impact- released by P-
damaged cells, without the presence of an infection - ¥
undesired inflammatory response, resulting in tissue .

Nature Education 3(9):15

damage and organ dysfunction MUNI
1 _ after a trauma MED




PRRs as "microbial sensors"

2 @¥ @

—to detect a set of evolutionarily conserved
molecules found in a variety of pathogens -
PAMPs, expressed in a wide variety of

microorganisms, including those that do not =Y
cause disease. pm—
— In patients with severe infections such as sepsis, PAMPs are the _ - _
major external "stimulators" of the inflammatory response. 2”;?;2;;22{;&0?ggg,?g‘ﬁggggﬂ;’gvn';‘%y
— DAMPs are capable of initiating an another prokaryotic cell

Inflammatory response similar to that produced  Nature Reviews Genetics 5, 123-135

by PAMPSs, no microbial infections present.
— DAMPs in SIRS (internal or endogenous "stimulators")

==
m e
O =

12 Definujte zapati — nazev prezentace nebo pracovisté

=



Mitochondrial dysfunction
r A

Are you
calling me
dysfunctional?
. <
Nuclear Signal Mitochondrial Neurodegeneration,
DNA damage transduction dysfunction cancer and ageing

M4

Nature Reviews | Molecular Cell Biology
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Nature Reviews Molecular Cell Biology volume 17, pages308-321(2016)
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Mitochondrial dysfunction

Atypical Learning
Cerebral Palsy Dlsabllltles, ADD

Clinics ' Diabetes Clinics

Alzheimer and Parkinson / : o
Clinics \_\ / Epilepsy Clinics

Hearing Loss/Language

/ Muscular Dystrophy
Delay Clinics

& i Clinics

Autism, Atypical Atypical
Autism, and ASD = ~__—— Leukodystrophy
Where is
Heart Disease Mitc!chondrial
TN e Disease? __ Psychiatric Clinics,
A Bipolar Depression,
Schizophrenia
Unexplained
Kidney Disease Sudden Infant
Death Syndrome
Macular \
Degeneration/ / \ Gl Dysmotility Clinics
Unexplained ‘
Blindness Cancer/ ‘ Rheumatology/Multiple
Hematology  Unexplained Sclerosis, Autoimmune Disease
Clinics Liver Failure
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Mitochondrial dysfunction and heart

Sources of DNA damage:

- lonizing Radiation (IR)

- Antiblastic drugs (e.g anthracyclines)
- Alcohol metabolites, etc

< | \/o
(o V0
7 Je\

" mtDNA NuclearDNA
Mutations Mutations
(e.g OXPHOS) Cumulating (e.g TFAM, POLGA,

Trinkle, OXPHOS)

mutations

Mitochondrial repair
and regeneration
(fission, fusion,

mitochondrial I — 5
— “lllio.iil Threshold

~.__ Mitochondrial
Dysfunction

->-E0

Mild Moderate Severe
DCM DCM DCM

Figure 4 The interaction between DNA defects and failing of mitochondrial repair systems promotes the genesis of mitochondrial DCM. The exposure of

cardiomyocytes to ionizing radiation (IR), antiblastic drugs, alcohol metabolites, and many other sources of DNA damage leads to mutations in both mitochon-

drial and nuclear genes coding for mitochondrial proteins. When the number of gene defects overcomes cellular tolerance, mitochondria can recruit a complex
15 pathway of self-repair and regeneration. As the above mechanisms fail, defects tend to accumulate further, leading at the end to mitochondrial dysfunction.

European Society of Cardiology Journals 23. 10. 2018
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Mitochondrial dysfunction

. . - - OMM :‘: = " ::/L:JS g A\T =t DAF\;T:‘(\W\,:{{/- - |‘VL~RR",
— mutations in mitochondrial DNA and - AN <
. . . IMM . —_ hAb" — ko> :“C \\\\\\\'\1 _
oxidative stress — risk factor for P— "\
G ( ..\ ,*J Vo T

neurodegenerative diseases
— strong evidence that mitochondrial dysfunction i =

Protein

occurs early and acts causally in disease | )( S W -
pathogenesis Tidhy | O 2

7 Proagoptotic

— disease-specific proteins interact with 4. .~ e

mitochondria

Nature volume 443, pages787—795(2006)
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Mitochondrial dysfunction

Mitochondrial dysfunction in amyotrophic lateral sclerosis (ALS)

SODI mutations CHCHDI0 mutations

Accumulation of SOD1 mutations
within mitochondria

A

Localized in the intermembrane space

k

Mitochondrial fragmentation

(i) Decreased fusion proteins
(ii) Increased fission proteins

Impaired respiratory complex
formation

(i) Respiratory chain deficiency
(ii) Disrupted OXPHOS complex assembly

Impaired mitophagy
i) Decreased PINK1 and Parki
ON e mtDNA instability
Impaired mitochondrial g ’ W sy (i) Decreased fusion proteins
am‘;m E inoe Mitochondrial dysfunction (ii) Increased fission proteins

(iii) Disrupted mtDNA

. 2 2 transcription
Mitochondrial vacuolation

(i) Expansion of mitochondrial
intermembrane space

Mitochondrial fragmentation

Apoptosis (i) Fragmentation of mitochondrial
(i) Interaction with anti-apoptotic BCL-2 __ metwork )
family proteins (ii) Also disrupts respiratory complex
formation

(ii) Mitochondrial cytochrome ¢ release

Oixidative stress and ROS generation
[

Oxidative Medicine and
Cellular Longevity 2019
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Mitochondrial dysfunction

Mitochondrial dysfunction in Alzheimer’s di Mitochondrial dysfunction in Parkinson’s disease

Parkinson’s disease

Alzheimer’s disease

S(;n:\l;g) CI:::: ::::::::;) : Neurofibrillary tangles _ a-Synuclein mutations PINK1 deficiency LRRK2 mutations
sscretiss i the mitodicad sl (i) Hyperphosphorylation of tau protein (i) Localized in the mitochondria (i) Decreases complex I activity (i) Compromised OXPHOS activity
membrane to form AB (ll) Caust_‘s oxidative stress ) (ii) Leads to oxidative stress (ii) mtDNA damage
(i) Impairs complex I function (iii) Generation of ROS (iii) Reduced mitochondrial mobility
(iv) Disrupts Ca®™" signaling (iv) Exacerbates neurotoxicity (iv) Mitochondrial fragmentation
(v) Disrupts mitochondrial dynamic X
processes DJI mutations HTRA2 mutations
(i) Exacertbates oxidative stress (i) Dysregulation and impairment of

!

Oxidative stress and ROS generation Oxidative damage to mtDNA
(i) Accumulation of redox active iron in senile (i) Increased mutations
plaques and neurofibrillary tangles i ipti . .
(1) Aoretsi rod Sptaks b sorage (i) Reduced mtDNA transcription and numbers Mltochondria[ fragmeqtauo_n (lC)ox;)gil:cxe fj ?Z:,f;?::l::ivny
(l'u) Decreased iron export Di_srupt_Cd mit@onMd fusion ) (i) Increased mitochondrial fission Mitochondrial dysfunction (i) Causes ROS generation
(iv) Increased mitochondrial iron (i) Ap interacts with DRP1 promotes fission

(ii) Mitochondrial fragmentation

. Impaired respiratory Damage to mtDNA
Disrupted Ay Impaired mitochondrial anterograde Apoptosis chain activity
transport in neurons (i) Mitochondrial release
(i) Loss and dysregulation of synaptic mitochondria of cytochrome ¢ Oxidative stress Dysregulated apoptosis

Oxidative Medicine and Cellular Longevity 2019
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Mitochondria and hypoxia

Hypoxia-regulated genes

Nature Reviews Cancer volume 2, pages38-47(2002)

1

Phosphorylated,
stabilized

Nature Reviews | Cancer

Fe? " IMitochondrion
0, a-Ketoglutarate ¥
ROS
coO Succinate L-2HG

Normoxia Hypoxia

} J

PHDs

2

A 4
@ » Succinate
e Fumarate =~ 7777 > @i

pVHLl Ub
iquitin
CHra)

Proteasom

* Metabolism

* Erythropoiesis
* Angiogenesis
 Stem cell fate

HRE IS/ 7S

Nucleus
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Mitochondria and hypoxia

— Acute/chronic

— decreased flux through the
tricarboxylic acid (TCA) cycle

— activity of the electron transport
chain (ETC)
hypoxia-induced ROS,

—low vs. no oxigen

20

Reduced aspartate
levels and DNA synthesis
under hypoxia

« Proliferation

L Aspartate «

Glucose
Reduced TCA flux ==
under hypoxia (PDK1)

r
Mitochondrion %’(N¢ Acetyl-CoA+— Pyruvate

! NADH<—&< Syl «—(@DHR
L FADH, 5 Hypoxic modulation of ETC —
~ l B (™ FETE . (maintenance under acute hypoxia
¢ NDUFA4L2 ——__lkljll\"\?@" e ]) VL and reduction under prolonged hypoxia) Lactate

Coxai>
GD1, Hypoxic modulation of
— mitochondrial dynamics

<=t

Fission and
R e e e H,0, (ROS) F— mitophagy
Nucleus 1 Hypoxic ROS é * Firing of carotid body nerves

; generation a’ to stimulate ventilation
' * Vasoconstriction of
- * NDUFA4L2 l CaMKKﬁ pulmonary arteries
- * mir-210 P 52
; « COX4l2 AMPR)
‘ * PDK1 * Anti- = i Suppression of

P e : . *HIGDIA  ageing -I- ATg-pconsuming

CHireD ¢ 3) [« LDHA 6l Metabolic processes under

AT P AT AT demand hypoxia
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Cell death

Reactive oxygen Programmed}

species / cell death

\/\/\/\—V
Q’A\N/\/\»\»
Chronic J
Inﬂammatlon
Mltochondrla
targeted \
antioxidants
Cardlohpln
Mitochondria oxydatlon

Current Aging Science Volume 10, Issue 1, 2017
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Cell death

Cell death
Nonprogrammned Oncosis-Necrosis
Cell death L .
Extrinsic Apoptosis
Intrinsic Apoptosis
Ph}’SiOlOgiCﬂl Necrosis Cell Death Caspase-dependent Anoikis
I Programmed Pyroptosis
Cell Death
I I Cornification
Apoptosis Autophagy,
pyroptnsis’ Caspase-independent Intrinsic Apoptosis
I I | oncosis, Mitotic catastrophe
mitotic- Autophagic Cell Death
Caspase Caspase
dependent independent catastrophe, Caspase-independent Entosls
| and others Kbt
I I Parthanatos
Mitochondria- Receptm:- linked / Hecroptosis
: mediated
mediated g
i it A {extrinsic path)
(intrinsic path),
caspase 3
caspase 9
dependent
dependent I\/I
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Signals from the lysosome: a control centre
for cellular clearance and energy metabolism

— degradation and recycling of cellular

* Specialized secretion
* Plasma membrane repair
A

A
waste S ]
o
O Qo ")/(_
ALItO;l'li?f)SOﬂ)G ' Late

I " ‘:. °. %

— via endocytosis and autophagy X . &)
Plasma ’r;."“«j‘\_ /;"\.“.’

membrane N

. )\‘ Lysosome <7 L/)
S LySOSO m aI an d aUtO p h agy dySfu n Ctl O n Degradation and recyclv;ng Vll)é.g;radation and recycling '

 of intracellular substrates | A of extracellular substrates
— lysosomal storage diseases (LSDs) and £ J*Nutrient ensing and control
. . & of energy metabolism
— common neurodegeneratlve diseases 'E_@e;bﬂck;com"ol of lysosomal
B — Degradation R s

— defective cellular clearance and -+ Signaling

Nature Reviews | Molecular Cell Biology

aCCU m u Iati O n Of tOXi C m ate rl al Nature Reviews Molecular Cell Biology volume 14, pagesZ83—296(2I(;/1I3)U I\I I
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Defective cellular clearance In
neurodegenerative diseases

_— I OSS - Of-fu n Cti O n m utatl O n S Of Mutation of genes involved in Ageing Mutation of genes encoding

the endolysosomal pathway aggregate-prone proteins
ATP13A2 (PD) PARKIN (PD) SNCA (PD)
CATD (AD) PINK (PD) APP (AD)

I I GBA (PD) CHMP2B (FTD) HTT (HD)
genes involved in the
VPS35 (PD) WDR45 (SENDA)
lGain of function

lysosomal—-autophagic pathway \

Lysosomal function | Enhanced protein aggregation

and autophagy ((l-syTnu;lein. HTT, AB-peptides
— gain-of-function mutations of 1
. WDefec;\;e écllular clearain?crereﬁ __________
aggreg ate- prone p roteins accumulation of nIurotoxic proteins |
— enhanced protein aggregation and [Neurodegeneration
Impalrment Of |ysosoma|_aUtophag|C Nature Reviews | Molecular Cell Biology
pathways

Nature Reviews Molecular Cell Biology volume 14, pages283—-296(2013)
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Lysosoms and starvation

— limited nutrient availability

. . LYNUS machinery 2
and mediates the starvation 3 [ gy e G

( mTOR ) >
DEFTOR  mlLST8> YNLI YNU
o ST o>

— — \Q s;;:g} | Lysasomal and
<N Lysosome Lysosome \ v oy b
3 '_\ soNa ., 1 Y /A ‘l ‘.\/,'\ autophagy genes 3
< ,
ey
J

response by regulating lipid L
E

catabolism

— used also by tumor cells

Nature Reviews | Molecular Cell Biology

Nature Reviews Molecular Cell Biology volume 14, pages283-296(2013)
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Inflammation

Inflammation
Acute fase reaction
Cytokines, chemokines
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Inflammation

- Inflammation is the response of living tissue to damage

—>The acute inflammatory response has 3 main functions

—->The affected area is occupied by a transient material called
the acute inflammatory exudate. The exudate carries proteins

fluid and cells from local blood vessels into the damaged area

to mediate local defences.

—If an infective causative agent (e.g. bacteria) is present in the

damaged area,

components of the exudate.

—->The damaged tissue can be broken down and partially

liquefied, and the debris removed from the site of damage

it can be destroyed and eliminated by

Vascular y

Exogenous response
o

c
signals \ PGE2

F’Glz N tp/l

c ’.
d{t.":l :!anrs
2 >
2
"

staglandins and t PG _
leukotrienes 1 Leukotrienes
COX hPGD2S .
PGH, ———2° PGD, —» PGJ, — 15-dPGJ; Chronic
\ Inflammation
DP1
aalila
 prar/ 49
Macrophage /£ T /ﬁ 4
IL-10 :
1
| Failed
25 ' resolution
Acute saes [
i ——— Inflammatory ———
Response
Neutrophil-monocyte sequel
i Lipoxins stimulate
Lipid non-phlogistic Efferocytosis
mediator monocyte
Class

switching

p plos crophage Resolution
Il on §> — ?_
l X

|
I
recruitment Neutr Dhl R olving

* \w{ Resolved
Lipoxins o —  exudate
Resolvins PGD;
i Resolvin.
L';:Il;ﬁai’ihodrlzv Proracnns \, DP1
: D!
Lipoxins -
MCP- 1|_ LXM@"'! Maresins w 405
‘“,LTB@‘ \
o
Post vE;\> e %\_, /(\»/-_\>-A =
capillary ﬁ & Q G ~—
vende W

Lymphatic vessel

Initiation

Termination
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Inflammation

— In all these situations, the inflammatory stimulus will be met by a series of

changes in the human body; it will induce production of certain cytokines and

hormones, which in turn will requlate haematopoiesis, protein synthesis and

metabolism.
— Most inflammatory stimuli are controlled by a normal immune system. The
human immune system is divided into two parts which constantly and closely

collaborate - the innate and the adaptive immune system.
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Inflammation — innate system

— The innate system reacts promptly without specificity and memory.
Phagocytic cells are important contributors in innate reactivity together with

enzymes, complement activation and acute phase proteins.

— When phagocytic cells are activated, the synthesis of different cytokines is
triggered. These cytokines are not only important in regulation of the innate
reaction, but also for induction of the adaptive immune system. There,

specificity and memory are the two main characteristics.
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Inflammation — adaptive immune response

— In order to induce a strong adaptive immune response, some lymphocytes
must have been educated to recognize the specific antigen on the antigen-
presenting cell (APC) in context of self major histocompatibility molecules.
The initial recognition will mediate a cellular immune reaction, production of
antigen-specific antibodies or a combination of both. Some of the cells, which
have been educated to recognize a specific antigen will survive for a long
time with the memory of the specific antigen intact, rendering the host

"Immune" to the antigen.
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Differences between innate (non-specific)
and specific (adaptive) immunologic
reaction of organism

Non-specific Immunity Specific Immunity
— Response is antigen-independent — Response is antigen-dependent
— There is immediate maximal response — There is a lag time between exposure and

maximal response

— Non-antigen-specific — Antigen-specific

— EXxposure results in no immunologic memory — EXxposure results in immunologic memory
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Causes of Inflammation

— Infectious inflammatory stimuli (viruses, bacteria, fungi and parasites)

— by non-infectious inflammatory stimuli, as in rheumatoid arthritis and graft-
versus host disease

— by tissue necrosis as in cancer

— by burns and toxic influences caused by drugs or radiation
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Clin Microbiol Rev. 2012 Oct; 25(4): 609-634.

Insult Uncontrolled infection/major trauma/circulatory shock/tissue necrosis/apoptosis/anaphylaxia
1 PAMPs DAMPs
Trigger LPS, LTA, lipoproteins, peptidoglycans, bacterial DNA, etc. HMGB-1, heat-shock protein, DNA, uric acid, etc.
\ J
Y
l Complex protein systems Vascular and tissue cells Blood and lymphatic cells
o . .
Sensors and = 00 |(.
effector cells Q2 5 \. j
OQ oo | - \
Complement Coagulation |{Endothelial Epithelial Adipose Granulocytes Macrophages/  Lymphocytes
system system cells cells tissue monocytes (T-cells, B-cells)
RV g W |
’o \‘ Py
C5a, aPPT, Endothelial Acute phase || Cytokines/chemokines Cell surface
Mediat d C3a, PT stress response: || reactants: Soluble receptors: markers:
bomikas E B AT ELAM-1, CRP,LBP, IL-6, IL-8, IL-4,IL-10 mHLA DR,
o e C5b-9, ProteinC || ICAM-1, PCT, etc. MIF, HMGB1, sSTNF, CD64,CD48,
etc. etc. Selectins, suPAR, sTREM-1, etc. C5aR, etc.
\ J
Y
Brain Cardiovascular Kidney Liver Micro-
circulation
Impacton
organ function
Confusion Respiratory Oliguria/ Excretory Loss of barrier  Capillary leak
distress Anuria failure function,ileus  edema, DIC
Effective source control Ineffective source control
Outcome Normalization of biomarker abnormalities Persistence of biomarker abnormalities
Resolution of organ dysfunction; recovery Multiple organ failure; death
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Danger recognition by the innate Immune

system

— PRRs such as TLR, NLR, and
RAGE sense danger associated
with infection via recognition of
evolutionarily conserved PAMPs
on pathogens or sterile injury via
recognition of DAMPS.

— Activation of cell surface or
Intracellular PRRs leads to
Intracellular signaling and
Inflammatory responses

34 Definujte zapati — nazev prezentace nebo pracovisté

Danger recognition by the innate immune system DAMP cellular mechanisms
Cellular
" S » e Cytoplasm
& 0 G:ut microbia vW' N
Tissue dama : o - \ 8 v
< Translocation
g Active
secretion § ¥
DAMPsg vy . PAMPs / v Y
vV hnEL g Y Extracellular
v : {:} S Ak Al ¥ DAMPS
P g bl RE
s o Defective ) g Necross{
v "' autophagy i necroptosis
§ Intracellular (DAMP escape) Cystoic  (passive release)
Intracellula si
gnaling DAMPs
DAMPs
v \ Inflammatory
v N\,
i ln > . % N response
' S
Intracellular ER stress

PRRs
Innate immune cell

Stressed IEC cell or innate cell

Mucosal Immunology volume 9, pages567-582 (2016)
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Contribution of DAMPSs to inflammatory
response in IBD ..

IEC apoptotic cell death and shedding

IBD
Overwhelming inflammatory cell death and DAMP release creates an inflammatory
milieu leading to further DAMP release and a cycle of inflammation

Necrosis, Necroptosis
Mucosal oxidative stress

— nonapoptotic cell death,

Deregulation of homeostatic

. . Tissue damage e%:; %a ¥y pathways, e.g., autophagy, UPR
mucosal oxidative s o S
- & E ..... / Priming factors, e.g.,
stress, and deregulation . o e
of homeostatic R L AR sy
tissue homeostasis/ ¥ ¥ "Danger” sensed ' HMGB18 4

'OOQ\'DS

' o Upregulation of DAMP Neutrophil
' 8 pathways, e.g., RAGE, TREM-1

U Calprotectm 9 E)

8 v l Activation of innate immune cells

-) —
IL 33\"/ Maturation of DCs [a O

APC/T-cell interactions " \
APC

pathways lead to
overwhelming release ,,:‘:i I
of DAMPSs, creating a

L [ " f ’\
p rO I nfl a.l I I I I I ato ry I I I I I I e u Phagocytosis by Chemotaxis of immune cells maturation
< d macrophages
< Pathogenic T-cell activation Toell
Apoptlosis Pro-resolution activation
factors

LA R AR R R R R R R R R R AR R R R R RRRERRRRRERE R Ll Rl R LR RRERRERZ.EZ} ;N
«

Mucosal Immunology volume 9, pages567-582 (2016)
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Types of inflammation

— Acute

— Chronic

— Local

— Systemic
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General and local clinical symptoms of the

acute phase reaction

Local symptoms General symptoms

calor fever

rubor tachycardia
dolor hyperventilation
tumor tiredness
functio laesa Loss of appetite
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L ocal Inflammation

The acute inflammatory response
Involves three processes:

— changes in vessel caliber (=

vasodilation) and, consequently, slower

blood flow

— Increased vascular permeability and
formation of the fluid exudate

— formation of the cellular exudate by

emigration of the neutrophil polymorphs

Into the extravascular space.

cell

ARTERIOLE

blood flow

endothelial _

CAPILLARY

VENULE

i neutrophil
| I

——— ——— Complement+_ ?f J\\Q
e ///7//// mo‘?ecule v i \antibody l
: st exudation of ~ cell
= smooth serum proteins / ngratlon
muscle LCQh %
)
tissue



Early Stages

The steps involved in the acute inflammatory response are:

« Small blood vessels adjacent to the area of tissue damage Iinitially become dilated with
Increased blood flow, then flow along them slows down.

» Endothelial cells swell and partially retract so that they no longer form a completely intact
internal lining.

» The vessels become leaky, permitting the passage of water, salts, and some small proteins
from the plasma into the damaged area (exudation). One of the main proteins to leak out is
fibrinogen.

« Circulating neutrophil polymorphs initially adhere to the swollen endothelial cells
(margination), then actively migrate through the vessel basement membrane (emigration),
passing into the area of tissue damage.

« Later, small number of blood monocytes (macrophages) migrate in a similar way, as do
lymphocytes.
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Systemic manifestation of inflammation

 Acute phase reaction

opsonin

Like the inflammation marker C Reactive Protein (CRP)

Justin Root
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Acute phase reaction

(The acute phase reaction is the body's first-line inflammatory defense system, \
functioning without specificity and memory, and in front of, and in parallel with,
the adaptive immune system.

In the acute phase reaction, several biochemical, metabolic, hormonal and cellular
changes take place in order to fight the stimulus and re-establish a normal functional
state in the body.

An increase in the number of granulocytes will increase the phagocytotic capacity,
an increase in scavengers will potentiate the capability to neutralize free oxygen
radicals, and an increase in metabolic rate will increase the energy available for
cellular activities, despite a reduced food intake.

Some of these changes can explain the symptoms of an acute phase reaction, which
are typically fever, tiredness, loss of appetite and general sickness, in addition to local
symptoms from the inducer of the acute phase.

\. /

Inflammatory stimulus
(e.g., tissue injury, infection, heat stress,
muscle breakdown, psychological stress)

Activation of monocytes and macrophages

Release of cytokines

IL-1
IL-6
TNF-c
IFN-y
TGF-B

Metabolic

Muscle breakdown
A Muscle enzymes
Osteoporosis

Neuroendocrine

Fever
A CRH, ACTH, cortisol
Iliness behaviour

Acute phase proteins

e.g., M CRP, a-1 antichymotrypsin, fibrinogen,
haptoglobin, complement components,
ceruloplasmin, serum amyloid A

e

Systemic response

W albumin, transferrin

Hematologic Biochemical
' fe
Cu
In
Leukocytosis ¥ Iron
(e.g., CPK) Thrombocytosis V¥ Zinc
Anemia A Copper

Canadian Medical Association Journal 182(18):E834-8
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Fever

r , r = < 1
\\ o/ | Peripheral heat responses
® . o) | R X
\p2 [ ] (conservation/production)

| . .
Monocyte | Elevated set-point
activation i\

Systemic effects of acute/chronic \
Inflammation =

Hypothalamic
thermoregulatory ;:ontor

Neurotransmitters, cCAMP

EPs *A’KAK@?X&

°
®  PGE,

- Pyrexia N
Polymorphs and macrophages produce compounds known as endogenous o
pyrogens, which act on the hypothalamus to set the thermoregulatory mechanisms /.

at a higher temperature. Release of endogenous pyrogen is stimulated by
phagocytosis, endotoxins and immune complexes.

- Constitutional symptoms

Constitutional symptoms include malaise, anorexia and nausea. Weight loss is
common when there is extensive chronic inflammation.

Fenestrated Capillaries
of the Portal Vasculature

— Local or systemic lymph node enlargement commonly accompanies inflammation,  #orcancerces; 1160: 567-72. @201 aacr
while splenomegaly is found in certain specific infections (e.g. malaria, infectious MUNTI
mononucleosis). MED



Systemic effects of inflammation

Haematological changes
— Increased erythrocyte sedimentation rate. An increased erythrocyte sedimentation rate is a non-specific
finding in many types of inflammation.

— Leukocytosis.
— Neutrophilia occurs in pyogenic infections and tissue destruction;
— eosinophilia in allergic disorders and parasitic infection;
— lymphocytosis in chronic infection (e .g. tuberculosis), many viral infections and in whooping cough; and
— monocytosis occurs in infectious mononucleosis and certain bacterial infections (e.g. tuberculosis, typhoid).

— Anaemia.
— blood-loss in the inflammatory exudate (e.g. in ulcerative colitis),
— haemolysis (due to bacterial toxins), and
— 'the anemia of chronic disorders' due to toxic depression of the bone marrow.

Amyloidosis

— Longstanding chronic inflammation (for example, in rheumatoid arthritis, tuberculosis and
bronchiectasis), by elevating serum amyloid A protein (SAA), may cause amyloid to be deposited iml
various tissues resulting in secondary (reactive) amyloidosis. T
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Difference between anaemia
of chronic disease and iron-

deficiency anaemia

Ferroportin [ Ferroportin
i

oooooo
oooooo

J Clin Invest. 2007;117(7):1755-1758. https://doi.org/10.1172/JCI32701.

_ Anemia of Chronic Diseases Iron Deficiency Anemia

Seru Iron

Transferrin

Transferrin Saturation
Ferritin

Soluble transferrin receptor
Cytokine level

Hepcidin

Bone marrow iron stores
Ery

Reduced

Reduced to normal

Reduced

Normal to increased
Normal

Increased

Increased

Normal to increased
Normal, microcytes

Reduced
Increased
Reduced
Reduced
Increased
Normal
Reduced
Reduced
Microcytes



Acute phase proteins

— Induction of the acute phase reaction - changes In

synthesis of many proteins in the liver

— measured in plasma.

Adouunpfi

— Regulation of protein synthesis - at the level of both

transcription (DNA, RNA) and translation to protein. /m\

— The cells have intricate systems for up- and down-regulation of protein synthesis,
initiated by a complex system of signals induced in the acute phase reaction.




TABLE 1. HUMAN ACUTE-PHASE PROTEINS.

Protcins whose plasma concentrations
increasc

Complement system

Acute phase proteins

Factor B
C1 inhibitor
C4b-binding protein
Mannose-binding lectin
Coagulation and fibrinolytic system
. Fibrinogen
Function related to
Tissue plasminogen activator
Urokinase
Protein S
Vitronectin
Plasminogen-activator inhibitor 1

— limiting the negative effects of the acute phase stimulus A v nhiitr

a-Antichymotrypsin
Pancreatic secretory trypsin inhibitor
Inter-a-trypsin inhibitors
Or Transport protcins
Ceruloplasmin
Haptoglobin
. . . Hemopexin
—re p air Of | nﬂ ammaito ry in d uce d d am ag e Pusiclosnsin uflamnatoryresponses
" Sccreted phospholipase A,
Lipopolysaccharide-binding protein
Interleukin-1—receptor antagonist
Granulocyte colony-stimulating factor
Others

C-reactive protein
Serum amyloid A

Examples are enzyme inhibitors limiting the negative effect of enzymes released  « e

Fibronectin

from neutrophils, scavengers of free oxygen radicals, increase in some transport Ao
Protcins whosc plasma concentrations

proteins and increased synthesis and activity of the cascade proteins such as decrease

Albumin

coagulation and complement factors. Taeuis

a,-HS glycoprotein

The protein synthesis may be upregulated even if plasma levels are normal, due i, v

Insulin-like growth factor I

to increased consumption of acute phase proteins. Factor 11

N Engl J Med 1999; 340:448-454

DOI:10-1056/NEJM199|E\T|113(TO]\| j—
MED
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Protease inhibitors
Coagulation proteins (serin

proteinases)

Complement factors

Transport proteins

Scavenger proteins

Others

Alfa 1-antitrypsin
Alfa 1-antichymotrypsin

fibrinogen
prothrombin
factor VIII
plasminogen

Cls

C2b

C3, C4, C5
C9

C5b

haptoglobin
hemopexin
ferritin

ceruloplasmin

alfal-acid glycoprotein (orosomukoid)
serum amyloid A protein
C-reactive protein

4 x
6 X

8 X

2 X

8 X
2 X

4 X
4 X

1000 x
1000 x
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Biochemistry and physiology of the acute
phase reaction

©

9 &
IL6R LIL-1R _ Plasma
P CRP

— CRP Is a major acute phase protein acting mainly
through Ca2+-dependent binding to, and
clearance of, different target molecules in
proteins, having evolved almost unchanged from R A \\
primitive to advanced species. o AN T

- '
C
he's: ! O 9
= 4 1 ®) /‘
CX_, Complement noptotic cell € ,:/ ,/ J
Bacterium i .KC-‘;mem‘O! Pt
/

Nature Reviews Rheumatology volume 7, pages282—-289 (2011)

{ ol R
(1 / CRP=S» Cjﬁ

NFxB ) o
C/EBPR SO

N
Hepatocyte Nucleus

microbes, cell debris and cell nuclear material.

In an acute phase reaction there may be a more than 1000-fold increase in the

serum concentration of CRP. CRP is regarded as an important member of the family

of acute phase, having evolved almost unchanged from primitive to advanced species. |1 U N
E

MED




C-reactive protein

Most functions of CRP are easily understood in the context of the

body's defenses against infective agents.

The bacteria are opsonized by CRP and increased phagocytosis
IS iInduced.

CRP activates complement with the split product being
chemotactic, increasing the number of phagocytes at the site of
Infection. Enzyme inhibitors protect surrounding tissue from the
damage of enzymes released from the phagocytes.

CRP binds to chromatin from dead cells and to cell debris which
are cleared from the circulation by phagocytosis, either directly
or by binding to Fc-, C3b- or CRP-specific receptors. Platelet
aggregation is inhibited, decreasing the possibility of thrombosis.

CRP binds to low density lipoprotein (LDL) and may clear LDL
from the site of atherosclerotic plaques by binding to cell surface
receptors on phagocytic cells.

Time after Inflammatory Stimulus (days)

N Engl J Med 1999; 340:448-454 I\/I U I\I I
DOI: 10.1056/NEJM199902113400607

MED



Biologically active products of complement
activation

Chemotactic factors

C5a and MAC (membrane attack complex C5b67) are both chemotactic. C5a is also a potent
activator of neutrophils, basophils and macrophages and causes induction of adhesion molecules
on vascular endothelial cells.

Opsonins

C3b and C4b in the surface of microorganisms attach to C-receptor (CR1) on phagocytic cells and
promote phagocytosis.

Other biologically active products of C activation

Degradation products of C3 (iC3b, C3d and C3e) also bind to different cells by distinct receptors
and modulate their function.




Biologically active products of complement
activation

Activation of complement results in the production of several biologically active
molecules which contribute to resistance, anaphylaxis and inflammation.

Kinin production

C2b generated during the classical pathway of C activation is a prokinin which
becomes biologically active following enzymatic alteration by plasmin.

Anaphylotoxins

C4a, C3a and Cbha (in increasing order of activity) are all anaphylatoxins, which
cause basophil/mast cell degranulation and smooth muscle contraction.




Negative proteins of acute phase

— Decreases in albumin, transferrin, cortisol-binding globulin, transthyretin and vitamin A
binding protein temporarily lead to an increased supply of free hormones, which usually bind
to these proteins.

— Transthyretin (pre-albumin binding thyroxine, transports thyroid hormones from the plexus
choroideus to the cerebrospinal fluid) inhibits the production of IL-13 by monocytes and
endothelial cells. Its decline can thus be considered as a pro-inflammatory mechanism.
These changes in blood protein profiles appear to be partly related to muscle starvation and
catabolism. It is also an offer of amino acids for the production of positive acute phase
proteins.
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Cytokines

—generic name for a diverse group of soluble
proteins and peptides

—act as humoral regulators at nano- to
picomolar concentrations under normal or
pathological conditions i

— modulate the functional activities of individual .. =~ |
cells and tissues.

— These proteins also mediate Interactions
between cells directly and regulate processes -
taking place in the extracellular environment.

Nature Reviews Immunology volume 19, pages205-217(2019)
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Cytokine network

- This term essentially refers to the extremely complex interactions of cytokines
by which they induce or suppress their own synthesis or that of other
cytokines or their receptors, and antagonize or synergies with each other In
many different and often redundant ways.

—>These interactions often resemble Cytokine cascades with one cytokine
initially triggering the expression of one or more other cytokines that, in turn,
trigger the expression of further factors and create complicated feedback
regulatory circuits.

—>Mutually interdependent pleiotropic cytokines usually interact with a variety of
cells, tissues and organs and produce various regulatory effects, both local
and systemic. MunI
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IL-1 family

IL-1, IL-18, IL-33 IL-6 family ULV
IL-6R
IL-1R
family
- SHP2 v. DD RIPKT Non-ubiquitylated RIPK
‘. on-ubiquitylate: 1
MYD88 g TRADD T actiSe gaspases
} STAT3.  TRAF2/5 Non-ubiquitylated RIPK1 \-\"’—
IRAK1/4 ¥ clAP1/2 inactive caspases .
| [ biquitylated RIPK1 | \ ; Pro-caspase 8
TRAF6 : ’ Homodimerization ‘ : : I
\ ] l : CTAKT . RIPK1 e .
- : . Pro-caspase
; SOCst - P : P
4 Pro-inflammation : pzltﬁfvgy : p’;ﬂtﬁpg > i MLKL Apoptosis
i} i : : way : : :
| Pro-or/and anti : o : : Necroptosis | .. :
. .., Y, Damaging the oral
: el : mucosa barrier
NF-«B Pro-inflammatory “/socst Pro-inflammatory
U [ | cytokines VNN [ [SOCS3| (Eaiiau | cytokines

) 0000000000000000000000000000000 ¢

. 2 ‘u
» M Promotion of myeloid cells
f Differentiation of Th1, Th2, TH17 -—f- Plasma cell development and Ig production : Induction of ost:;oclastic activity
f Pro-inflammatory cytokines secretion 4 Differentiation of Th17 4 Suppression of osteoblastic activity
‘f Promotion of myeloid cells ‘f Inhibition on Treg

4 Pro-inflammatory cytokines secretion
International Journal of Oral Science volume 11, Article number: 30 (2019)
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“‘cytokine storm”

— extreme increase in inflammatory

cytokines, including IL-1p3, IL-2, IL-

6, IL-7, IL-8, IL-10, granulocyte-

colony stimulating factor (G-CSF),

granulocyte macrophage-colony
stimulating factor (GM-CSF),
Interferon-inducible protein-10
(IP10), monocyte chemotactic

protein 1 (MCP1), macrophage

iInflammation protein-1a, IFN-y, and

TNF-a.

. NKG2A
) NKG2A
b Y I
CD8* T cell NK cell ;& ‘
/@‘\ £ /—\\\\' - :
(@
/ T cell NK cell
\— -—// \'~— = exhaustion exhaustion
* |
GO o l B l IL-2, TNF-a, IFN-y
Lymphopenia T cell activation Lymphocyte dysfunction
1 t !
The immunopathology of COVID-19
| } !
Abnormalities of Increased production of T
granulocytes and monocytes cytokines ncreased antibodies

Yo \5) o. 9 oo © .o

001:)0° OD O
gﬁg o%ooooooooo T)- )"ﬂ(
LA 0000000 0O

RN 50000 09¢ Y "‘ o
NeutrophllT Monocyte l © Qr

Eosinophil l Basophil l

IL-1B, IL-1RA, IL-2, IL6, IL7,

IL-8, IL-, IL-10, IL-17, TNF-a,

IFN-y, G-CSF, GM-CSF, IP10,
MCP1, MIP1a, etc. T

v r X r

IgG T Total antibodiesT

Signal Transduction and Targeted Therapy volume 5, Article number: 128 (2020)
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Dendritic cell

Delayed expression of IFN-y

Activatel
antiviral}
gene |

——— o e

-
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MARS-CoV-2

* * TNF, IFN-a/B, IL-6, IL-1B

% , -
\ ‘ TLR7 antagonists *

’------------------------~

CCR2 Blockers

'

| P —

3P —¥k

Chemokines: CCL2,
CCL7,CCL12, etc

* Induction of high level of cytokines:

Pulmonary endothelial cell
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IL64 IFN-y 4
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IFN-a/B | , cytokines 4
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Journal of Infection 80 (2020) 607-613



Chemokines

v'Generic name given to a family of pro-inflammatory activation-
Inducible cytokines. These proteins are mainly chemotactic for
different cell types.

v All chemokines possess a number of conserved cysteine
residues involved In intramolecular disulfide bond formation,
which allows chemokines to be grouped into families according

to the presence or absence of one or more conserved cysteine

- MUNI
residues. ME D



Chemokines

— According to their mode of expression and function, chemokines
have been categorized as inflammatory chemokines and
homeostatic chemokines.

— Inflammatory chemokines are expressed usually by leukocytes or related cells only upon cell
activation. These factors mediate emigration of leukocytes.

— Homeostatic chemokines are expressed constitutively and are involved usually in relocation
of lymphocytes or other cell types.

— Dual-function chemokines can act as inflammatory cytokines or homeostatic cytokines.
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INNATE ADAPTIVE
Pathogen/Trauma

WoundIHealing
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Wound healing

—Wound healing is the process of repair that follows injury to the
skin and other soft tissues.

— Healing is the interaction of a complex cascade of cellular events
that generates resurfacing, reconstitution, and restoration of the
tensile strength of injured tissue.

—Under the most ideal circumstances, healing Is a systematic
process, traditionally explained in terms of 3 classic phases:
iInflammation, proliferation, and maturation.
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Wound healing

— The inflammatory phase:

—a clot forms and cells of Inflammation
debride injured tissue.

— The proliferative phase:

— epithelialization, fibroplasia, and
angiogenesis occur; additionally, granulation
tissue forms and the wound begins to
contract.

— The maturation phase:
— Collagen forms tight cross-links to other
collagen and with protein molecules,
iIncreasing the tensile strength of the scar.

WOUND HEALING

Hemostasis & Coagulation
—Blood clot

,' - 3 g

Fibroblast —

—

Macrophage —— =5

Inflammation
_-Scab

S
Proliferative & Migration

P

Fibroblasts ' T
proliferating  —————— 3%

Subcutaneous fat T T ’
Remodeling

Freshly healed ———=—""" e
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epidermis

Freshly healed —
dermis

-
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l. Inflammatory Phase
Immediate to 2-5 days

— Hemostasis

— Vasoconstriction
— Platelet aggregation
— Clot formation

— Inflammation

— Vasodilation
— Phagocytosis

— Fibrin products
— essential to wound healing and

WOUND HEALING

Hemostasis & Coagulation
~——Blood clot

Inflammation
= ,---Scab

Fibroblast - .~
-
Macrophage ——_ =

T
-
Blood vessel — g | . o—
Proliferative & Migration
P —

Fibroblasts , ' i
proliferating™™ ——————_5 2 °

\
U

Subcutaneous fat T_.______.... 4
Remodeling

Freshly healed —— T"*“’ : |

epidermis T TR
_ﬂ—‘-'-’-‘-”—‘

Freshly healed — o
dennt: I—

— primary component of the wound matrix into which inflammatory cells, platelets,

and plasma proteins migrate.
— Removal of the fibrin matrix impedes wound healing.
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ll. Proliferative Phase

2 days to 3 weeks

—B) Granulation

— Fibroblasts lay bed of collagen - scaffold for migration
and further fibroblast proliferation

— C) Contraction
— Wound edges pull together to reduce defect

— D) Epithelialization
— Crosses moist surface

— Cell travel about 3 cm from point of origin in all
directions

Proangiogenic
factors
)
® 6.9 !
}’y o 0 o @
° @
®

o N
_ N { A A _ N

@ Proteolysis of basement membrane @ Anastomosis

@ endothelial cell proliferation and migration ® Re-establishment of the blood flow

@ Elongation of sprouting vessel due to chemotaxis ® Restore of basement membrane

Journal of Theoretical Biology 459, 2018, 1-17

vascular network is also re-established
through angiogenesis

- main regulator of angiogenesis is the vascular
endothelial growth factor (VEGF) family, which
includes VEGF-A, VEGF-B, VEGF-C, VEGF-D
and placental growth factor (PIGF)
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l1l. Maturation Phase

— During the maturation phase, fibroblasts leave the wound and
collagen is remodeled into a more organized matrix.

— Tensile strength increases for up to one year following the injury.
While healed wounds never regain the full strength of uninjured

skin, they can regain up to 70 to 80% of its original strength.
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COMPONENTS OF WOUND HEALING

Cell Types Involved

Coaquiation Platelets
Process o
Platelets
Inflammatory (’ /.:j-;}' Macrophages
Process ks Neutrophils
g 2
Migratorys ——— nacpages
: ymphocyt
Praliferative %_/_‘__,_b- Fibroblasts
Process Epithelial cells
Endothelial celis
Remodeling <> | Fibroblasts
Process
Injury Hours Days Weeks

Kane DP, KrasnerD. It Chone Wound Care, 2 ed, Heakh Management Publications Ing 1997:.14




Acute vs. chronic wound

Acute wound Chronic wound
— Acute wounds e e — 5 . .
. . c e © Re-epithelization ELimited re-epithelizationk - =
— adequate ang|ogen95|3 promOteS . Fibroblasts proliferation :Microorganism infection ;
. T . . . Novel blood vesséls ~ : — ¢ — Keratinocyte
re-epithelialization, fibroblasts s , . .
proliferation, and neutrophils' anti- - Morpd f-:f‘,c \ @ — Bacterium
infection activities. = ' @ A\ —Fibroblast
Neutrophils ' ; : : :
. . & ' Neutrophils fail to kill bacteria - :
— C h ron |C WO u n dS & f ' due to limited O, availability. (L_(- ~=:Nautrophil

«

— persistent local bacterial infections
hinder the formation of novel blood
vessels. The restricted
angiogenesis hampers fibroblasts'
proliferation and the neutrophils’
anti-infection activities.

Adequate angiogenesis

De'm's Limited angiogenesis
Subcutaneous fat

Front. Bioeng. Biotechnol., 11 June 2020
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Factors affecting wound healing

Systemic factors

Age

Nutrition

Trauma

Metabolic diseases
Immunosuppression

Connective tissue
disorders

smoking

Local factors

Mechanical injury
Infection

Edema

Topical agents
lonizing radiation
Necrotic tissue

Low oxygen tension
Foreign bodies




Wound healing in DM

l Diabetes l
Sustained Pro- Peripheral Peripheral
hiperglycemia mflamatory vascular disease neurophaty
environment l :

e Altered immune cell function

e Ineffective inflamatory
response

¢ Endothelial cell dysfunction

e Impaired neovascularization

I

Abnormal wound healing

International Journal of Research in Medical Sciences 2017: 5(10):4206
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Thank you for attention
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Regenerative medicine

Regenerative
medicine
therapy

| B A

Bior‘riiLHeﬁc vl
Gene th

scaffolds o ooPY

E!é_ctricgl Skin regeneration
Mecha)lcal manipulation
forces D <
Cell-based therapy
(for example, with
epithelial stem cells)

Fresh wound

Classic
wound
healing ]

Scar formation

Nature volume 453, pages314—-321(2008)
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