Cellular Pathology: The Strategy of Survival

Analyzing Growth Adaptations, Injury Mechanisms, and the Limits of Homeostasis.

STRESS
Stability Adaptation Maladaptation Failure
(Homeostasis) (Growth/Change) (Injury) (Cell Death/Neoplasia)
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The Imperative of Homeostasis

The
Golden Rule

An organ exists in
homeostasis with the
physiologic stress
placed upon it.

Physiologic
Stress

The Catalyst

Pathology arises when
this balance is disrupted
by an increase, decrease,

or fundamental change in

the nature of the stress.

The Outcome
The cell must adapt to

survive.
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Strategies for Increased Load: Size vs. Number

HYPERTROPHY HYPERPLASIA

Hypertrophic

Increase in organ size via Increase in organ size via
increase in cell SIZE. increase in cell NUMBER.

Synergy: These strategies generally occur together (e.g., Uterus during pregnancy) to handle increased stresg .




The Mechanism of Hypertrophy

Gene Protein Production of Structural
Activation Synthesis Organelles Expansion

To support a larger size, the cell treats the nucleus as a factory blueprint.
It ramps up gene expression to synthesize proteins and build new
organelles, resulting in a cell capable of generating more force.
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The Constraint of Permanent Tissues

The Limit

Permanent tissues cannot
make new cells. They lack
the capacity for hyperplasia.

The Consequence

These tissues undergo
hypertrophy only.

Clinical Correlate: LVH

In response to systemic
hypertension, cardiac

myocytes cannot divide.

Instead, the wall of the left
ventricle thickens as

iIndividual cells grow larger

(Left Ventricular Hypertrophy). A
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The Risk of Proliferation

-.a-"-if’?_f- ogic Hyperplasia Pathologic Hyperplasia

_ Dysplasia / Cancer
[CHe Pregnancy) (e.g., Endometrial) / .

The Mechanism The Rule The Exception: BPH
Hyperplasia involves the Pathologic hyperplasia acts as Benign Prostatic Hyperplasia
production of new cells from a fertile ground for genetic (BPH) is a notable exception.
stem cells. errors. It can progress to Despite being a pathologic
dysplasia and eventually proliferation, it does not
cancer. increase the risk for prostate
cancer.
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Strategy for Deprivation: Atrophy

Decreased Hormones
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Decreased Blood Supply

Decreased
Nutrients

Definition
A decrease in organ size

via a decrease in cell
size and number.

The Goal

Metabolic conservation.
When resources are low,
the cell deletes
expensive machinery to
survive via apoptosis.
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The Cellular Recycling Plant

Ubiquitin-Proteasome System

Proteasome

Cytoskeleton is tagged and destroyed
to reduce cell size.

Autophagy

Autophagic
Vacuole Lysosome

Self-eating via lysosomal enzymes breaks
down cellular components for energy.
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Strategy for Irritation: Metaplasia

Stem Cell Reprogramming

/b Definition
B A change in stress leads to a
Normal “ — :
: change in cell type.
Environment _4 & = A
Stress g 7 The Logic
V4 Cell Type A New stress requires a new

shield. Metaplastic cells are

better suited to handle the

\ - 4 specific adverse environment.
Pt The Mechanism
em Ce Stress Reprogramming of stem cells

Environment to produce the new cell type.
Most commonly involves

Cell Type B surface epithelium.
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Case Study: Barrett Esophagus

Normal —» -

Metaplastic —»

The Stressor
Acid reflux from the stomach.

The Adaptation

Squamous Epithelium (Good
for friction) replaces itself with
Columnar Epithelium (Good
for acid, mucin-producing).

The Trade-off

The organ is protected from
the acid, but the biological
function is altered.
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Systemic and Structural Metaplasia

Vitamin A Deficiency Mesenchymal Metaplasia
(Keratomalacia) (Myositis Ossificans)

Vitamin A is necessary for differentiation.

Deficiency leads to metaplasia of the thin el
conjunctiva into thick, stratified Connective tissue changes to bone

keratinizing epithelium. during healing after trauma.
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The Reversibility Threshold

Persistent
Stress Metaplasia
Reversible if

stress removed.

Dysplasia

Reversible.

Cancer
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Irreversible.

The Rule

Under persistent stress,
metaplasia can progress
to dysplasia and
eventually cancer (e.g.,
Barrett esophagus =
Adenocarcinoma).

The Exception

Apocrine Metaplasia of
the breast carries no
increased risk for cancer.
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Dysplasia: Disordered Growth

Definition
Proliferation of precancerous cells.

Origin
Often arises from longstanding

pathologic hyperplasia or metaplasia
(e.g., CIN in cervical cancer).

Distinction

Dysplasia is theoretically reversible
with alleviation of stress. Carcinoma is
not.
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Failure at Launch: Aplasia vs. Hypoplasia

Aplasia - Total Failure Hypoplasia - Partial Failure
r

|

Unilateral \ W/
Renal Normal /* i X Turner
Agenesis ovary AN Syndrome
\ _
Total failure of cell production Decrease in cell production during
during embryogenesis embryogenesis, resulting in a small organ
Developmental Failures  Definitions
Distinct from atrophy (which implies Aplasia: Total failure of cell production during embryogenesis.
shrinkage of a developed organ). Hypoplasia: Decrease in cell production during embryogenesis,

resulting in a small organ.
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The Spectrum of Cellular Adaptation

Stressor Adaptation | Mechanism | Reversible? | Cancer Risk?

Increased Hypertrophy / Gene Activation Yes
Load Hyperplasia / Stem Cells (Except BPH)

Decreased Apoptosis / N/A

Load Atrophy Autophagy

Stem Cell Yes
Reprogramming (Except Apocrine)

Irritation Metaplasia

Precancerous High

Disorder Dysplasia Brolifaratisn

“The cell will do anything to survive—until the adaptation itself
becomes the disease.”
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