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LECTURE:
INTRODUCTION TO PATHOLOGY.
REVERSIBLE AND IRREVERSIBLE
CELL INJURY. PROTEINS |
INTRACELLULAR ACCUMULATIONS.
HYALINOSIS. AMYLOIDOSIS.



Pathology

m Pathology literally 1s the study (logos)
of  suffering  (pathos).  More
spectfically, 1t 1s a bridging discipline
involving both basic science and
clinical practice and 1s devoted to the
study of the structural and functional

changes in cells, tissues, and organs
that underlie "diseases".



By the use of

molecular,
microbiologic,
immunologic,
morphologic techniques,

pathology attempts to explain the "whys"
and "wherefores'" of the signs and
symptoms manifested by patients while
providing a sound foundation for rational
clinical care and therapy.



Core of pathology
1) Cause (etiology),

2) The mechanisms of its
development (pathogenesis),

3) The structural alterations
induced in cells and organs or the
body morphologic changes)

4) The functional consequences of
morphologic changes (clinical
significance).



One agent = One disease - Malaria
Several agents =2 One disease - Diabetes

One agent =2 Several diseases - Smoking



Pathogenesis: Development

mSequence of events 1n the
response of cells & tissues to a
stimulus/pathogen”starting
from the initial sttimulus to the
ultimate expression of disease.



Morphology: Structure Change

m Structural changes in disease.
mTumor in a cancetr.

mUlcer in a2 infection.

m Atrophy 1s dementia. e
m Gross & Microscopic. @‘%j)




Clinical Significance:

m Patient Signs and symptoms are related to
underlying pathology...

m Why a malaria patient has fever?

m Why not diarrhea?

m Prognosis of disease depends on inside

pathology:.
m What treatment is suitable for this patient?

m [s he going to recover or die soon?



Classification of Diseases:

m Developmental — genetic, congenital.

m Inflammatory — Trauma, infections,
immune, etc.

B Neoplastic — tumors cancers

m Degenerative — ageing.



Disease Types:

m Inflammatory / Neoplastic /
Degenerative

m Acute / Chronic

m Acute — short days to weeks.

= Chronic — long — months to years.
m Congenital / Familial / Acquired '
m Genetic / Environmental
m Mild / Moderate / Severe



History of Pathology

m “animism’ — Philosophies of Plato —
God/devil

m Magic — Primitive thoughts

® Humors — Phlegm — excess/def — c300
B Abiogenesis — Spontaneous — to c¢1800
m Environmental — Modern - from 1850.

m Genetic — Molecular — from 20™ century



Scope of Pathology

m Clinical Pathology

m Experimental Pathology
® Molecular Pathology

m Forensic Pathology

m Chemical / Microbiology
® [mmunopathology

B Genetics & Disease.



Subdivisions of Pathology:

m Histopathology

m Cytopathology

m Haematology

®m Microbiology

® Immunology

®m Chemical Pathology
® Genetic Pathology
m Toxicology

m Forensic Pathology



Learning Pathology:

m General Pathology

m Common changes in all tissues.

mE.o. Inflammation, cancer, ageing.
m Systemic Pathology

m Specific changes in organs.

mE.o. Goiter, pneumonia, breast cancet.



Causes of cell injury and disease

m Oxygen deprivation ( hypoxia,

ischemia)
m Nutritional imbalances
m Physical agents
m Chemical agents and drugs
m [nfectious agents
® Immunologic reactions

m Genetic derangements



MECHANISMS OF CELL INJURY AND
CELL DEATH

* The cellular response to injurious stimuli
depends on the type of injury, its duration, and
its severity.

* The consequences of an injurious stimulus also

depend on the type, status, adaptability, and
genetic makeup of the injured cell.

* Cell injury usually results from functional and
biochemical abnormalities in one or more of a
limited number of essential cellular components



Damage (injury)

Under t_he mflue_nce pf ToRAL CELL ——
excessive phyS|O|0g|Ca| (homeostasis) INJURY
andpathological stimuli T irious vid,
cellsprocess of adaptation smss transient

If the limits of the adaptive Inabilty

to adapt
response of cells are
exhausted, cell damage occurs.
IRREVERSIBLE

B Up to a certain limit cell NJURY
damage is reversible.

B If unfavorable factor is CELL
N . NECROSIS | pgaTy | APOPTOSIS
permanent or its intensity is very

large, it leads to irreversible cell
damage and death.

progressive




Cell injury

Normal myocyte

Adaptation:
response to
increased
load

Adapted
myocyte
(hypertrophy)
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Reversible damage

In the classic pathology reversible (non-lethal) damage is
called dystrophy (in english sources - degeneration).

m Dystrophy - a pathological process (condition),
which Is based on a violation of the tissue
(cell) metabolism, leading to structural changes.

B This type of cell damage can be manifested by
Intracellular or extracellular appearance of
abnormal substances or accumulation (loss) of
various substances in abnormal amount: '

m water, lipids, proteins and carbohydrates;

®m abnormal substances, including exogenous,
such as lons, impaired metabolism products;

H pigments.



INTRACELLULAR ACCUMULATIONS

1)a normal cellular constituent accumulated in
excess, such as water, lipid, protein, and
carbohydrates;

2) an abnormal substance, either exogenous, such as
a mineral, or a product of abnormal metabolism;

3) a pigment or an infectious product. |

These substances may accumulate either transiently
or permanently, and they may be harmless to the
cells, but on occasion they are severely toxic.



Processes of intracellular accumulations divided:

= 1. A normal endogenous substance is produced at a normal ot
increased rate, but the rate of metabolism is inadequate to
remove it. (ex. fatty change in the liver due to intracellular
accumulation of triglycerides.

= 2. A normal or abnormal endogenous substance accumulates
because it cannot be metabolized or is deposited intracellularly
in an amorphous or filamentous form. One important cause is a
genetic enzymatic defect in a specific metabolic pathway, so that
some particular metabolite cannot be used. The resulting
diseases are referred to as storage diseases.

= 3. An abnormal exogenous substance is deposned and
accumulate because the cell has neither the enzymic machinery
to degrade the substance nor the ability to transport it to other
sites. Accumulations of carbon particles and as silica particles
are examples of this type of alteration. Viral inclusions also fall
into this category.



Classification of metabolic
disorders (dystrophies).
Depending on the localization ot deposits:
m Parenchymal dystrophy;
m Stromal-vascular dystrophy;
m Mixed dystrophy.
According to the chemical nature:
m Protein dystrophy; . |
m Fatty (lipid) dystrophy;
m Carbohydrate dystrophy;
m Mineral dystrophy.



PROTEINS

m Fxcesses of proteins within the
cells sufficient to cause
morphologically visible
accumulation are less common
than accumulation of lipids. They
usually appear as rounded,
eosinophilic droplets, vacuoles, or
masses.



1. Reabsorption droplets in proximal renal tubules. This 1s
seen in renal diseases associated with protein loss in the urine.
It a protein leaks across the glomerular filter, it passes into
the proximal tubule, where it is reabsorbed by the epithelial
cell through pinocytosis. Pinocytotic vesicles fuse with
lysosomes to produce phagolysosomes, which appear as pink
hyaline droplets within the cytoplasm of the tubular cell.
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*Cell Injury: Histological expressions

* Hyaline droplet change.
Mallory bodies

(structural filaments).




m 2. Immunoglobulin in plasma cells. The endoplasmic reticulum
of plasma cells enlarged in active synthesis of immunoglobulins
may become hugely distended, producing large, homogenous
eosinophilic inclusions called Russel bodies.

m Crystalline inclusions: Are
the consequence of delayed
secretion in the presence of
enzymopathy or in secreting
tumors. In plasmocytoma, a

‘malignant plasma cell tumor,
they consist of
immunoglobulin chains. In
histologic contexts, these
inclusions are called Russell

bodies




3.Alpha-1-antitrypsin in liver cells. In alpha-1-
antitrypsin deficiency, the enzyme accumulates in
the endoplasmic reticulum of the liver in the
form of globular eosinophilic inclusions.

;D




4. Cell swelling (hydropic dystrophy).

* Swelling or hydropic

change.




appearance of the
cells: characterized by
swelling with granular,
light cytoplasm




m Mitochondrial DNA mutation disturbs ATP synthesis. This in turn
causes  compensatory  mitochondrial ~ proliferation.  The
consequence is that the cytoplasm becomes rich in mitochondria
and swells, in a process referred to as oncocytic cytoplasm
transformation



Mitochondrial Swelling

m Mitochondrial swelling 1s the ultrastructural
correlate of the “turbid swelling” of
parenchymal organs described by R. Virchow in
1852. It usually occurs together with
generalized cytoplasmic degeneration with
formation of vacuoles.

m Macroscopic appearance ot the organs:
characterized by enlargement with a doughy,
turbid cut surface.
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Ultrastructural aspect: The
swelling begins in response
to the change in osmotic
pressure with condensation
of the matrix and swelling
of the space between the
cristae (crista type). This is
followed by dissolution of
the mitochondrial matrix
and the mitochondrial
cristae (matrix type).



Vacuolization of the RER
(liver cells, EvG) x 200

mFormation of vacuoles in the
RER: Recognizable under the light
microscope, this reversible cell
injury is caused by interruption of
energy metabolism in which the
reaction chain involving Na+, K+-

ATPase fails. This causes water to
flow into the cell and the cisterns
ot the rough endoplasmic
reticulum. Where accompanied
by swelling of the smooth
endoplasmic reticulum and
mitochondtia, it results in
cytoplasmic degeneration with
formation of vacuoles



Swelling or hydropic change. H & E. X 100.




*Swelling or hydropic
change. Probably the result
of  defects in membrane
and/or mitochondrial
function. This 1s common to

many hepatic injuries.




Hyperkeratosis

Hyperkeratosts 1s thickening
of the stratum corneum of
epidermis, occurs in the
epithelium with an increase in | ;
its natural deposition of
keratin (on the skin) or with
the pathological appearance
of keratin masses (mucous
membranes). Perhaps in the
thickness of cancerous

tumors (''cancerous pearls").



Stromal-vascular proteinosis

mmucoid swelling;
mfibrinoid swelling (necrosis);
mhyalinosts; J

mamyloidosis.



Mucoid swelling of the valve with rtheumatism.
Toluidine blue. Magn. x40.




Mitral valve prolapse




Mucoid degeneration (aorta)
(HE) x 150 (aorta; EvG) x 150




Fibrinoid swelling

m [ibrinoid swelling 1s a deep and irreversible disorganization
of connective tissue, which i1s based on the breakdown of
protein (collagen, fibronectin, laminin) and GAG
depolymerization, which leads to the destruction of its
ground substance and fibers, accompanied by a sharp
increase in vascular permeability and the formation of

fibrinoid.

® A fibrinoid is a complex substance formed by proteins and
polysaccharides, decaying collagen fibers and the ground
substance, as well as plasma blood proteins and
nucleoproteins of destroyed cells of connective tissue. An
essential component of fibrinoid 1s fibrin.



Fibrinoid necrosis




HYALINE CHANGE

m The term "hyaline" is widely used as a descriptive histologic
term rather than a specific marker for cell injury. It usually
refers to an alteration within cells or in the extracellular space,
which gives a homogenous, glassy, pink appearance in routine
histologic sections stained with hematoxilin and eosin.

m Exracellular hyaline has been somewhat more difficult to
analyze. Collagen fibers tissue in old scars may appear
hyalinized, but the physicochemical mechanism underlying
this change 1s not clear. In long-standing hypertension and
diabetes mellitus, the walls of arterioles, especially in the
kidney, become hyalinized, owing to extravasated plasma
protein and deposition of basement membrane material.
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Hyalinosis of arteries in the spleen.

Hematoxilin and eosin. X 100
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Hyalinosis

m Hyaline arteriolosclerosis 1s
demonstrated by the
markedly thickened arteriole
to the lower right ot this
glomerulus with PAS stain.
Hyaline arteriolosclerosis is
seen in the elderly, but more
advanced lesions are seen in
persons with diabetes
mellitus and/or with
hypertension.




AMYLOIDOSIS

IS a condition associlated with a
number of disorders in which
extracellular deposits of fibrillar
proteins are responsible for
tissue damage and functional
compromise.



Structure of amyloid.




Classification of Amyloidosis

Major Fibril Chemically Related

Flinicupathulugic Category Associated Diseases Protein Precursor Protein
Systemic (Generalized) Amyloidosis
Plasma cell proliferations with Multiple myeloma and other moneclonal Immuneglobulin light chains,

amyloidosis (primary amyloidosis) plasma cell proliferations chiefly A type
Reactive systemic amyloidosis Chronic inflammatery conditions AA SAA

(secondary amyloidosis)
Hemdlal}rslsqsmclated arn}rlc:m:lcrsls Chronic renal failure f},-microglobulin

Familial Mediterranean faver

Familial amyloidotic neuropathies ATTR Transthyre:'ln
(several types)
S}rstemlc senile amflmdasm Transthyretin
Senile cerebral Alzheimer disease
Endocrine Type 2 diabetes
Medullary carcinoma of thyroid A Cal Calcitonin
lslets of Langerhans AIAPP Islet amyloid peptide
lsolated atrial amyloidosis Atrial natriuretic factor
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4 15. AMUNIONA03 Cene3eHKn, cansHaa ceneseHka.
Cene3eHka yBenu4yeHa, nioTHan, ee NoBEePXHOCTL MaaKas, Kancyna HanpaxeHa.
Ha pa3spe3e nynbha kopu4yHeBaTtad, C calnbHbiM Oneckom

Amyloidosis of the spleen, "lardaceous' spleen.



(.‘ 5
oYW ot

'” .‘ﬁb. '.O A
“;W.t "‘?*.‘o
LA Yo e

(.\‘.

-
-
’.. . .

AT

- » - g _ -
4 16. AMUNONA03 Cene3eHKW, canbHaa CeENe3eHkKa.
B ﬂl‘1fv1q30l'1g:l,Hbl)( (DOJ'IﬂMKfv‘ﬂaX. MHTUME apTepm71 “ KpaCHOVI nynsne no Xxo4y peTUKYNAPHbIX
BOJIOKOH — OTJIOXEHUA PO30BbIX MacCC, BbITECHAKLWMX TKaHb CeEne3eHK! (: 1 )

Amyloidosis of the spleen, "lardaceous" spleen




s ‘>

_’7 ~p “, ;
.«

4.17. AMUNONA03 CENe3eHKN, CanbHas Cenes3eHKa (OKpacka KOHro KpacHbIM).
B numdouagHbIX (hONNMKyNax, MHTUME apTepuit U KPacHOW Nynbne No XOAY PETUKY NAPHbIX
BOMOKOH — OTNIOXEHMA MacC amMunouaa KOpUYHeBO-KpacHoro useta (1).

Amyloidosis of the spleen, "lardaceous" spleen




Amyloidosis of the spleen,
«sago spleen».
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4.18. AMUNOMJ03 CENE3EHKW, caroBan Cene3eHka.
B MHTUME UeHTpanbHbIX apTepun n B NMMMOongHbIX (ponnukynax
MMEKTCA OTNOoXeHua macc amunouga (1).

Amyloidosis of the spleen, ""sago

"



Amyloidosis of kidney




Amyloidosis of kidney.
Congo red.X 400.
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Amyloidosis

m This is a Congo red
stain to reveal orange-
red deposits of amyloid,
which 1s a proteinaceous

- material that can collect
in cells and tissues.




