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The pathology of various disease, mechanisms, cell differentiation and
pathogenic or malfunction organs, characteristics of the diseases, dysfunction
organs, and applied in healthcare and health promotion
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wenginenia i (General pathology )

B studies mechanism & the characteristics of principle
types of disease processes e.q.
o g7sumRuaEAR lAuaINITLAN 1A

o ATUTuMILRAITANURILARSN
o WeNdInenNANANNU

o AsAALEUANsAaLia

o ANURAUnRuaILRan
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WeNaINenauseul (Systemic pathology )

B studies specific diseases in specific organ systems. e.g.

HUMAN BODY ORGAN SYSTEMS
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ANMUKUNE " WeNdInen " & “wendgasrInen”

® Pathology
pathos = disease, pain, suffering

logos = science ﬁ

[[b m===> e Pgthophysiology =
Science of disease nature

®* Physiology
fysis = nature; logos = science



Disease
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“Homeostasis” “Disease”
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MTwlsalalngn1snsiaund

(USUAL TIME OF DIAGNQOSIS)
Aansiasuiuasiusiane

(PATHOLOGIC CHANGES)
v o 1119
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A9AUITARUARINITLAMLTA

1.Cause

2.Mechanism

3.Clinical chahAgAes‘ |

4.Complications
and sequelae




"

gLamIails

ANANAGANIILAALIA

Reduced immune §

responsiveness
(immunosenescence)

2e

Reduced
function of
mucosae

1A 1nn1alu
2A9519N ¢

Reduced Cenet
muscular mass benke c ;
(sarcopenia) ackgroun

......................................................... Disease T

\ Co-morbidities ?|
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Physical o Pharmacological
&= activity ﬁ Frailty Stress ; treatments
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o Atom

\
d Molecule
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nsuatau(Injury)

tress

SASP
amplification

Senescence
induction

Chronic
inflammation

Senescent
cell

SASP L 4
production @ ®

Senescent cell
accumulation

Senescent cell

clearance
Secondary
senescent cell
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SILUAAITUIALAL

Hypoxia: Ischaemia, anaemia

Chemical: poisons (arsenic,
cyanhide, mercury)

Physical: extreme heat or cold
Infection: Microorganisms

Immune: Hypersensitivity,
Deficiency

Nutritional deficiency (or
excess!)

Brg -

Free Radicals

Ultra Viloet \
Rays ' -
)
L LIRS

>

Protected by

to i
Pollution
Antioxidants

&5

Stress

el

7

Damaged Cellular No’r‘mal l,(ellular
Membrane embrane
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suuuNITAauRUIUDILARA

1. a1nuAIsUNaLIVAILURE

Reversible cell injury
Irreversible cell injury and Cell Death: Necrosis wag Apoptosis

2. MsdFusuasieiad (Cellular Adaptation)

3. MadgzaunaznAstd{aunlavaavsgisnratuttaa
(Intracellular accumulation)

4. nsusruagiaaa (Cellular Aging)
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1.nsunataussautaias (Cell Injury)
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nasunatIunagttas (Cell injury)
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Asanvinaranadivdsenauiad
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NsgnvinalaniiLA3aa

IONISING RADIATION
»ENTERS THE NUCLEUS

OF A HUMAN CELL 3
=
—
=
=
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%
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s
RADIATION CAUSES DNA S

TO BREAK, POTENTIALLY s
CAUSING A MUTATION

18



.

ANSUIALAUINATLAULLRE

molecule

organelle
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NATUNALILUDIDTEIE

Ischaemic preconditioned exosomes

Treat

* Organ injury
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ANTUNALAULZAFTZUL

>

Healthy live

Yellowing of the
eyes and skin
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F9UNRINNNTHAUIUAIUDILURA

e
R .4

Damage e M

/ , \
(chemical change) 2 \ i
& Cells ’

Repair enzyme DNA |

Incomplete repair Repair failed
s
i’ o Mutation Cell death or cell

i i Possibility of Possibility of
hereditary effects effects on fetuses

No hazard

degeneration




sHuuunstdaunidasuagiuad

Normal cell 1
Reversible injury

Reversible injury
or adaptation
swelling

&/

Membrane blebbing

Ribosomal detachment

Cellular swelling

Nuclear chromatin
clumping

“Homeostasis”

Irreversible injury

Irreversible injury
or cell death

1 Mitochondrial
permeability

Phospholipid membrane

Lysosomal rupture damage
Endoplasmic reticulum

Nuclear changes can result in
® Pyknosis (condensation) or @
* Karyorrhexis (fragmentation) or 43¢}

® Karyolysis (nuclear pallor)
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ILNUFNINTLU UL avuadltal

Stress

/

NORMAL CELL : REVERSIBLE
(homeostasis) INJURY 1
A
Injurious Mild,

stimulus transient

ADAPTATION

Inability

to adapt

2

N

CELL INJURY

Severe,
progressive

IRREVERSIBLE
INJURY

]

'

.

NECROSIS \D%i"T"H‘ APOPTOSIS \
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LUTHULALUA N UZANTONLUAILARN

07 6 Necrosis Apoptosis
Cell InjurV éo \Cell Sulclde alqﬁnsgﬁu Pathologic stimuli Physiologic or

T Pathologic stimuli

oy A ) _
s Seps D). S . AaAL Many cells Single cells
<\\j\%;{‘iﬁ) y / D) A
ij/\:/ d WENSANN (1) Membrane disruption (1) Chrom_atin
- . _ _ B condensation
Necrosis Apoptosis (2) Cytoplasmic eosinophilia

(3) Nuclear change;
Karyorrhexis — Karyolysis

(2) Fragmentation of cells

(3) Apoptotic bodies

asulaaunilas welfAsuinsdniau

R ERICIEETERT (Inflammation)

iue Phagocytosis uaz Laidl
UfAsunsaniau
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2. MsdFuamaaviad (Cellular Adaptations)

Aa traddnstdagutlasinsagsvuazaMITaNaR TULARA LAl
INanauguadInagItan (Stimuli) uagigadaI@INITaNAUAUR
AeLeN’le (reversible)

wudLilu 4 e
1. Hypertrophy
2. Hyperplasia
3. Atrophy
4. Metaplasia

IONIZING RADIATION
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1. Hypertrophy

Aa nsUFudvasdasgtaan1stinaue (Increase in cell size) wWavinou
\WNdu (Increase functional demands)

Pathologic hypertrophy

Physiologic hypertrophy



2. Hyperplasia

A N19UTUAIILERA LAAITLANITUIULRINAILNUTAITLANAUIAUDILA RS
IUAE

Normal Cells May Become Cancer Cells Normal Endometrial
endometrium hyperplasia

Normal —> Hyperplasia —> Dysplasia —> Cancer
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3. Atrophy

Aa NsUsuamaadtaRalaaN1ITAAUUIALNA TWLAaaYINd I URARY JINK T
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4. Metaplasia

LERAATUSULUABUNNHULUDILARN A LUIANLIZTULANTALRIATR
iy lililweiaaniasateniusidnaiinnils

METAPLASIA

( STRATIFIED
L SQUAMOUS

) EPITHELIAL
/{/ (—L N CELLS

MATURE COLUMNAR EPITHELIAL CELLS

Normal columnar epithelium Squamous me taplasia
(NKX2-1%) (SOX2* p63*)

External
stimuli
—_—

Columnar cell 'Basement membrane

squamous cell

Nature Reviews | Cancer
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4. Metaplasia

LRATUFUUR U N ULADILBRE AN LAARNLAFULANAULRIATIA

iy lililweiaaniasateniusidnaiinnils

2

Normal columnar epithelium Squamous metaplasia
(NKX2-1%) (SOX2' p63*)

External
stimuli

)
)
)

e 00

09D 0D O @ o o®

Columnar cell ‘Basement membrane

squamous cell

Nature Reviews | Cancer

Normal Columnar
squamous metaplasia
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Cellular Changes

1. Atrophy

2. Hypertrophy
3. Hyperplasia
4. Metaplasia

= 5. Dysplasia: cells vary in shape
and size

Usually results from chronic
infection or irritation

Precancerous cells are detected
= 6.Neoplasia = causes tumors

Dysplasia

Carcinoma in situ
(severe dysplasia)
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3. NM9FzaNUIF TN alUuLdaR
(Intracellular accumulation)

Accumulations of
Constituents of

Accumulations of

Abnormal substances

Accumulations of

Normal U pigments
Cell metabolism abnormal
Cell metabolism
Fats Storage diseases Endogenous
pigments
Proteins Inborn errors of
metabolism Exogenous
Carbohydrates pigments
1 ; : \3‘ O o e | ﬁ;.'.;r of " ot
s C D8 =2 6 2t 3 K 7
—— ) —— e ! ‘ "| \'-" | 2:. | A .‘ ‘
‘ Complex . Solubl . : -:( ? 4 5 "“\ < ~ R
7@ (\s‘*’ \ 1@ (w substr: s products O ::;;:lncm\_x_{, ] ‘t&, ‘;!p o, % e Q«\“
I call Lysosomal storage disease Accurm
r;;v;‘ 'nl:; . exogeanou
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ME. 19AMUAINNNTREINAAIFITA U TULARN

1. &sdaantugrusanIangs
TavutIaLau Taiu

2. fsfiedadannuauaddudi
NaUnG
g15fadnfNnAEUaNLLUN

4. “alcohol hyaline”

Stages of liver damage

[ I
|
. i?'%
I
I
|
I I
I | Fibrosis |

|

|

[

I

| | Cancer
|

I | Cirrhosis |
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M. 15A'l6

1. &9daanlugrusanangs
1Tauatay 1Udsau Uaa

2. d@isdadannanutaldnanig
Wugnssu

3. fsfedadannuauaddudi
NaUNG

4, FIINHIIAALUDALANN

‘U

ximal tubular
ithelial cell
s DNA synthesis |
Growth factor,

(EGFPDGFFGFII

\G“ ,HGF,VEGF)

Glc IIyI
AG
R

xidativ dmg'
TGF- production |

cumulatio l

0s production |
DNA damage |




4, s naadtaaa (Cellular Aging)
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WENEINEN AT IATNUAILU AR

Pathologic cellular senescence feedback loop

Stress
N SASP
) amplification
ﬂv

Chronic
inflammation

Senescence
induction

[ )
Senescent
cell 2 @ R
= (@

sAsp o @
production

Senescent cell
accumulation

Senescent cell

clearance
Secondary
senescent cells
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AN LANT52AS1UAILA AR

o 11.111'&
b
NH, : iati ;
Chemotherapy Replicative stress Ra<latlon W
i i K Oncogenic signalling

O,

<— Oxidative stress b Q NO-
HO-

[e3 OH o
OH
LI Joon
H
L 0 OH 0,~,£0J/
~

1 OoH

Lysosomal
accummulation

Autocrine
signalling

Chromatin
remodelling

Paracrine
signalling

Cell cycle arrest >, = .°0 o
Anti-apoptotic response oo ©© © °°°o - ‘
@ oe
0. o 0. o0 ®
e 0© g%
Senescence-associated Growth factors (EGF, FGFs,
secretory phenotype BMPs)

Cytokines (IL1, IL6)
Chemokines (IL8, CCL2)

ECM components and modifiers
(fibronectin, MMP2, MMP3)
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g15nANNNAILA AN

Senescence
reinforcement

Expansion
of AMD-like Cleavage of tight
changes junctions of BRB

collagen accumulation

in BrMb
Chronic

X : Defective removal
inflammation

of cellular debris
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ILNUKNINA LANTT2AIURILARR

1) DNA damage

2) replicative

3) decreased or

SENescence, misfolded proteins.
Environmental and Telomere Abnormal
metabolic insults shortening protein homeostasis
l ROS? 1 l
Accumulation of ¥ Cellular ¥ Proteins,
mutations in DNA replication damaged
proteins

Defective
DNA repair

DECREASED CELL FUNCTIONS,

CELLILOSS

CELL LOSS

DECREASED
CELL FUNCTIONS

|

CELLULAR AGING
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suuunIsdFuMI2aIL BRI UTIAN

Epigenetic / Nucleolar / Spindle stress

Hypoxia / Reoxygenation DNA damage / Mitogen activation

Developmental programming \‘\. l ‘/‘/ Oncogene Activation

Critical telomere shortening —_— <+—— Oncosuppressor inactivation

(Oncogene or

‘  \Wpressor rEIatEd)
v
Aissaiavesnies AN  .oooc..s
(j@ lelted

SASP &+

Apoptosis Acute Senescence Full Repair
+ clearance

I
'J

Neoplastic transformation

-
S

Full SASP
Full SASP

Chronic Senescence
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AsUTuM LRI UTIAN(LE)

Key to cell types

@ Tubular epithelia (TEC)
@ Apoptotic/Necrotic TEC
' Proliferating TEC

' 1°Senescent TEC

@ 2°senescent TEC

22* SASP release

Q> Blood vessel
)&9 Neutrophil
A Pericyte

A Myofibroblast

Renal Injury
* Autoimmune

* Toxic

Healthy kidney

* Quiescent epithelia

* Resident
macrophages

* Healthy vasculature

* Quiescent pericytes

* |schaemic

Acute tubular injury

* Cell necrosis+
apoptosis

* Acute senescence

* Inflammation

®
S x %X *

* % SASP release

Maladaptive repair

* Persistence of chronic
senescent cells + SASP
release

* Proliferation of
myofibroblasts

* Chronic inflammatory
infiltrate

SASP release

*¥ x  SASP release

Chronic Kidney Disease

Chronic senescence +SASP
release

Paracrine senescence
Proliferation of myofibroblasts
& macrophages

Fibrosis deposition

Vascular loss

Tubular loss
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N132AT16UsTUU (Systemic Aging)

\

1 Fibrosis

’ T Thymic atrophy
T Nerve inflammation 1 Efficient T-cell development
TTNF-q, IL-1B, IL-6, IFNy, COX-2 1 Migration of naive T cells ﬁ'
4 Brain function, plasticity, memory &
>
4 Quantity, completeness
T Fibrosis, fat
( 1 Sennescent cells )
1 Fibrosis T Inflammation
T Pro-inflammatory cytokines -
1 Antioxidant enzymes
4 Stem cell function ' Dysfunction HSCs
1 Inflammation
T Accumulation of aging MSCs
( ‘ 1 Impaired B-cell migration
T Inflammation 1t Impaired antigen-presenting
Tl i P 1 Impaired T-cell function
1 Adaptive immune response
-

1 Accumulation of ROS damage |
T Inflammation & chemokines
1 Cardiac dysfunction or failure

i T Immune dysfunction
\ T Mitochondrial dysfunction

TInflammation & oxidative stress

(.

1 Renal cell proliferative capacity

T Fibrosis
T Pro-inflammatory cytokines

T Glomerulosclerosis
4 Immune response

vy

TInflammation
T Malignant bacteria

4 Probiotic bacteria
4 Colonic transit
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1. na'lnnssheaauasignia(Homeostasis)

Red Blood Cells
(Erythrocytes)

Threads build network
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2. mMsasaLasua uLdely (tissue regeneration)

>
* change of secretion

profile
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2. nMsasaLaEsuRIuL&aune (Regeneration)

Hemostasis Inflammation
' scab
- Blood =2y
. ¥ - | o0 % 4 &"—\—-
/-’Nf—\ g . .. / Fibroblast
Fibroblast LY A Macrophage Y ' Neutrophil
4 % Mastocyte
e
Proliferation Remodeling
Freshly healed
epidermis

< i

- Freshly healed Gl
0 / dermis ¢
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3. mMsedaunaugruniidaly (tissue repair )

Tissue repair

(=Y D=
=& _

Trophic factors

Immunomodulation T

MSC

ED

'

Exosomes @

ap EVs “
/

- @

e

Nanoghost
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3.msedaunausruiiie’ly (Repair)

RBC Platelet Fibrin
o*,l e .\-\L..'; '/.\%é

«® .,0&. e & |
. "2 3 .
...‘ ‘8 !{L.

AP )
Macrophage Neutrophil

dadeiideme NSLUAUNISONLEY

Fibroblast

Clagen
mMsveuugaiiaie
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A9ZUIUNNITA AU UAIAAIIIANNE

Bacterial cell

ANTRUNULAZ AU LN ALY wenaIneniiAuiu
Healing & Repair Inflammation Immunopathology
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