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Cellular Response to Stress

A Stressors

A Pathologic: ischemia

A Physiologic: pregnancy
A Adaptation

A Reversible change in response to stress
Alnjury

/A ReversibleA irreversible

ACell death
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Cellular Adaptations

AHypertrophy

Increase in cell size
AHyperplasia

Increase in cell number

Often occurs with hypertrophy

A Atrophy

Decrease in cell size

AMetaplasia
Change in phenotype
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Hypertrophy

Alncrease incell size
More proteins, filaments

AMay occur together with hyperplasia
AMuscle tissue: hypertrophy with more workload
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Hypertrophy

APhysiologic examples
Body builders (muscle hypertrophy for use)
Uterus in pregnancy (hormone driven)

A Pathologic example:
Left ventricular hypertrophy gyi dHoImstaikie i
Response to hypertension or increased workload

Boards&Beyond
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Hyperplasia

Alncrease incell number

A Often due to excess hormone stimulation
A Physiologic or pathologic

A Often accompanied by hypertrophy
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Physiologic Hyperplasia

ABreast growth at puberty
Hyperplasia and hypertrophy of glandular epithelial cells

ALiver regeneration
Partial liver donation A liver grows back to full size
Hyperplasia of remaining hepatocytes

A Bone marrow

AnemiaA hyperplasia of red cell precursors
Red blood cell production may increase by 8x

Wikipedia/Public Domain
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Pathologic Hyperplasia

AEndometrial hyperplasia
A Growth due toestrogen

A Prostatic hyperplasia
/A Excessive response tandrogens

AHuman papilloma virus
A Skin warts (epidermal hyperplasia)
A Genital warts (mucosal hyperplasia)
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Malignancy

A Often develops from hyperplasia
Alncreased cell division

AMore chances for error in cell cycle control
AUncontrolled growth

BoardS&Beyond_ Wikipedia/Public Domain
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Benign Prostatic Hyperplasia

A Pathologic hyperplasia
ADoes not lead to malignancy

Boards&Beyond Wikipedia/Public Domain
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Hypertrophy vs. Hyperplasia

A Permanent/non-dividing cells
Myocytes, skeletal muscle cells, nerves
Permanent GOOAOA | OOAOI ET AT 1T U AEE
Hypertrophy
A Cells capable of growth/division
Epithelial cells (Gl tract, breast ducts, skin)
Commonly undergo hyperplasia
May lead to dysplasia/cancer
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Atrophy

AReduction in size of organ/tissue
ADecrease in cell size and/or number of cells

A Physiologic examples:
Embryonic structures (notochord)
Uterus after childbirth (loss of hormone stimulation)
Breast/uterus at menopause
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Pathologic Atrophy

AUnused skeletal muscle
Bed rest
Immobilization (cast after fracture) s

A Cachexia
Poor nutrition

A Decreased blood supply
Senile atrophy of brain (atherosclerosis)

ALoss of innervation
Neuromuscular disorders

CDC/Public Domain
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Atrophy Mechanisms

AUDbiquitin -proteasome pathway
Proteins tagged by ubiquitin
Transported to proteasomes for degradation
Stressors may activate ligases that attach ubiquitin
A Autophagy
O3A1 £ AAOET Co
Cellular components fused with lysosomes
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Metaplasia

AChange in cell type to adapt to stress

ANew cell type able to withstand stress

A Commonly from oneepithelial cell type to another
A Potentially reversible

ACan lead to dysplasia/malignancy
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Metaplasia

A Respiratory tract in smokers
Normal columnar epithelium in trachea/bronchi
Changes to squamous epithelium (most common metaplasia)
Squamous epithelium more durable
Loss of ciliaA more vulnerable to infections

PixabayPublic Domain
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Metaplasia

A" AOOAOOB6O AOI PEACOO
A Gastric acid (stressor) in esophagus
A Normal stratified squamous epithelium
/A Changes to columnar epithelium (intestines)

>, < Ve ;1&.-.‘7 ‘ & 5
BoardS&Beyond_ Wikipedia/Public Domain
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Metaplasia

AMyositis Ossificans (heterotopic ossification)
Musclemetaplasia to bone fot epithelial cells)
Mesenchymal cellsA osteoblastic tissue
Forms lamellar bone in muscles
Follows trauma (hip arthroplasty)

Muscles become stiff

Tdvorak/Wikipedia
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Vitamin A Deficiency

Almportant for maintaining epithelial cells
A Deficiency: epithelial metaplasia and keratinization

AUpper respiratory tract
Epithelial metaplasia
Epithelium replaced by keratinizing squamous cells
Abnormal epithelium A pulmonary infections
A Xerophthalmia (dry eyes)
Normal epithelium secretes mucus
Replaced by keratinized epithelial cells
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Apocrine Metaplasia

AForm offibrocystic change in breast

AT OT  AdhigriefitheliaDAl OAOAOQET T 6
A Alterations to lobular epithelial cells

ATake on appearance of apocrine (gland) cells

A Does notead to dysplasia/cancer
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Dysplasia

ADisordered proliferation

ANon-neoplastic but can be precancerous
A Mild dysplasia may resolve
A\ Severe dysplasia may be irreversiblé, cancer

AUsually occurs in epithelial tissues
AUsually preceded byhyperplasia or metaplasia

Stressor

_l. Hyperplasia QS Dysplasia
Metaplasia
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Dysplasia

A Pleomorphism
AAbnormal nuclei (hyperchromatic, large)
AMitotic figures (clumped chromatin)




Cervical Dysplasia

Normal

Dysplasia
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Cellular
Injury
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Cell Injury

A Four general causes of cell injury § 'R ]'P
Capacity for adaptation exceeded
Exposure to toxic/injurious agents
Deprived of nutrients
Mutation disrupts metabolism

A Reversible to a point
A Severe or persistent injury may be irreversible
AMay lead to cell death

PixabayPublic Domain
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Cell Death

ATwo ways cells die:
Necrosis:inflammatory process
Apoptosis:non-inflammatory

ANecrosis preceded by classic cellular changes
Reversible change#, irreversible changes
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Reversible Cell Injury

ACellular swelling
A Major feature of most forms of reversible injury
A Hydropic change = water accumulation in cell
A Hard to see under microscope
As . AT+ 1 40A0A DPOI DO

Less Activity = More Na/Ca in cell

BoardssBeyond.
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Reversible Cell Injury

AFatty change
A Seen only in systems that heavily metabolize fatty acids
A Liver, heart, skeletal muscle
A Lipid vacuoles appear in cytoplasm




Reversible Cell Injury

A Mitochondrial swelling

AMembrane blebbing
Disruption of cytoskeleton

A Dilation of endoplasmic reticulum
Ribosomes detach from ER
5 POl OAET OUI OEAOEO
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Irreversible Cell Injury

Necrosis

AMembrane damage
Contents leak
Causes inflammation
Serum detection of cell contents (troponin, lipase)
Calciumdependent phospholipases

ARupture of lysosomes
Enzymes degrade cellular contents
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Irreversible Cell Injury

Classic Nuclear Changes

AKaryolysis (loss of basophilic/dark color)
APyknosis (nuclear shrinkage)
A Karyorrhexis (fragmented nucleus)

KARYOLYSIS PYKNOSIS KARYORRHEXIS
Nuclear fading Nuclear shrinkage Nuclear fragmentation
chromatin dissolution due to DNA condenses into shrunken Pyknotic nuclei membrane ruptures & nucleus
action of DNAases & RNAases  basophilic mass undergoes fragmentation

I—B Nuclearc!issolution ﬁ—l

ANUCLEAR NECROTIC CELL
Wikipedia/Public Domain
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Mechanisms of Injury

AATP depletion

A Calcium

A Mitochondrial damage
AFree radicals
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ATP Depletion

AMany causes
| UCAT OOPDPI U
Mitochondrial damage
Direct effect some toxins
A Loss of membrane pumps

A Loss of protein synthesis
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Calcium

ANormally very low compared with outside cell

ACalcium influx: hallmark of injury
A Released from intracellular storage
A Influx across cell membrane

A Causes cellular injury
A Calcium-dependent phospholipases

A Activated by increased calcium
A Breakdown of membrane phospholipids

ADamages mitochondria
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Mitochondrial Damage

ALack of oxygen
A Reactive oxygen species

A Mitochondrial permeability transition pore
Opened bycalcium
Loss of membrane potential
Failure of oxidative phosphorylation

Blausengallery 2014". Wikiversity Journal of Medicine
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Free Radicals
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Mechanisms of Injury

AATP depletion

A Calcium

A Mitochondrial damage
AFree radicals
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Vocabulary

AFree radical

Single, unpaired electron in outer orbit

Highly reactive

May damage many cellular components
A Reactive oxygen species

Oxygen free radicals

Several forms

Superoxide (02

Hydrogen peroxide (H,0,)

Hydroxyl radical (OH)
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Free Radicals

AGenerated in cells under normal conditions
Alnactivated in cells

A Cell maintain low level under normal conditions
AHigh level A cell injury

Low level

»

Free Radicals Inactivation

»

Generation

BoardssaBeyond
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Free Radical Generation

ANormal metabolism involving oxygen

A Oxidative phosphorylation
Yields small levels of superoxide (O2
Converted to HO, by superoxide dismutase
H,O, more stable and can cross membranes
Converted to HO

O,A OA HOA ORA H0O

N\

Superoxide
Dismutase
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Free Radical Generation

ARadiation (UV light, Xrays)
AMechanism ofradiation therapy for cancer
AMetabolism of drugs
ATransition metals
A Respiratory burst

Dina Wakulchik/Wikipedia
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Drug Metabolism

APhase 1: drug modification
APhase 2: conjugation
APhase 3: additional modification and excretion

A Cytochrome P450 enzymes
Smooth ER in liver

Part of phase 1 metabolism
" AT AOAOA OAET AAOCEOA ET OAOI AAE

P450 _
Drug > Drug-Free-Radical
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Liver Zones

P450 Enzymes
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Liver Lobules

Reytan/Wikipedia
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Acetaminophen

Tylenol

AMetabolized in liver to NAPQI
N-acetyl-p-benzoquinone imine

ANAPQIis a reactive oxygen species (ROS)

A Causes free radical liver damage

paracetamol H

N NAPQI N
7 <= Iy
I ,
HO ©
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Transition Metals

A Superoxide (Q) converted to H,0O, for inactivation
A Fenton Reaction forms hydroxyl radical (OH")
H,O, + Fe?* A Fe**+ OH-
H,O, + Cu*A Cu*+ OH-
ACATTAEOT I AOI OEOFY7EI OT 160

lron and copper toxicity




Transition Metals

A Metal storage and transport proteins:
Transferrin/Ferritin/Lactoferrin (Fe)
Ceruloplasmin (Cu)

Tomihahndorf

BoardssaBeyond
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Respiratory Burst

APhagocytes engulf bacteria in phagosome
A Generate H,O, in phagosome to kill bacteria

AUses three key enzymes:
NADPH oxidase
Superoxide dismutase
Myeloperoxidase bacte“u"'sf%"):“

phagocytosis

phagosome

phagolysosomes

%

soluble debris

lysosome

exocytosis

GrahamColm/Wikipedia
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Respiratory Burst

° NADPH

NADPH

Oxidase
NADP+

O,

Superoxide j \

Dismutase

HZOZ —>

Ct
Myeloperoxidase

HOCI
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Free Radical Inactivation

A Spontaneous decay

A Antioxidants
Free radical scavengers
Vitamin E, A, C, glutathione

‘ Low level ,
. Free Radicals .
Generation Inactivation
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Free Radical Inactivation

AEnzymes
Catalase (peroxisomes)
Superoxide dismutase (mitochondria)

Glutathione peroxidase (cytoplasm of cells)
Requires glutathione: GSH + 0, A H,O

Catalase

7N

O,A OA HOA ORA H0O

N~

Superoxide Peroxidase
Dismutase
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CGD

Chronic Granulomatous Disease

ALoss of function of NADPH oxidase
A Phagocytes cannot generate J@,

A Catalase (+) bacteria breakdown H,0O,
Host cells have ndH1,0,to useA recurrent infections

A Catalase {) bacteria generate their own HO,
Phagocytes use despite enzyme deficiency

AFive organisms cause almost all CGD infections:
Staph aureus, Pseudomonas, Serratidpcardia, Aspergillus

m Boards&Beyond Source:UpToDate
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G6PD Deficiency

A Limited supply of glutathione
ARBC damage by free radicals hemolysis

A Classic trigger: fava beans
Containvicine
Converted to divicineA ROS
Depletes glutathione

0
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Free Radical Cell Damage

A Peroxidation of lipids
Peroxide: OO
Damages membranes

A Oxidation of proteins
Damage enzymes

A Disruption of DNA
Breaks, crosslinking

SSSSSSSSSSS

Lipid Peroxidation

Unsaturated lipid

Lipid perOX|de

R

—L / Lipid radical

Initiation

Propagatlon

Lipid peroxyl radical




Reperfusion Injury

AMyocardial infarctionA 8 Al T T A /El
AReperfusionA W AT T T A &l T x
Some reversibly injured cells recover (good)
Some cells damaged by reperfusion (badparadoxical)
A Several mechanisms
Av T @UCAR gen@aidniofUree radicals
Antioxidants lost from injury
Damaged mitochondria incompletely reduce oxygen
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Carbon Tetrachloride
CCl,

AIndustrial solvent
AHistorically used for dry cleaning
ALiver highly sensitive to damage

A Converted to CCl free radical (CYP450 enzymes)
Lipid peroxidation
Inhibition of lipoprotein synthesis/secretion
Accumulation of lipids

AResult:fatty liver
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Lipofuscin

Alnsoluble cellular pigment

A Yellow-brown color

A Containoxidized lipids

AThought to be derived from lipid peroxidation
AAccumulates over time in lysosomes

ANot pathological

A Seen withaging
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Lipofuscin



ApOopPtosIs
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Apoptosis

AProgrammed cell death

A Cell activates its own enzymes to destroy cell
AMembrane remains intact

ANo inflammation

A Cell ultimately consumed by phagocytes

RIP

>
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Apoptosis

A Active process
ATP-dependent
Contrast with necrosis

A Some stimuli causeapoptosis and necrosis
Example: myocardial ischemia
Evidence for both forms of cell death
Initial cellular response: apoptosis (avoids inflammation)
Later response: necrosis (ATP depleted)

BoardssaBeyond
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Apoptosis

Causes

AEmbryogenesis

AHormone withdrawal

Occurs in hormonedependent tissues

Endometrium with progesterone withdrawal
Almmune cells

T-cells in thymus

B-cells in germinal centers

Death of selfreactive immune cells

Immune cells after inflammation resolves

T lymphocyte B lymphocyte
Boards&Beyond
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Apoptosis

Causes

ADNA damaged cells
AAbnormal cells
AlInfected cells (especially viral)

CD8+ T cell

Perforin e
Wikipedia/Public Domain
Granzymes

Class | MHC——
molecule

Infected cell
(target cell)

Wikipedia/Public Domain
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Apoptotic Mechanisms

A Causedby caspaseenzymes
Inactive enzymes in cytosol
When activatedA apoptosis

Adx] OPAOExAUOO6 A O AAOPAO
Alntrinsic (mitochondrial) pathway
Initiated by mitochondria

A Extrinsic (death-receptor) pathway
Membrane death receptors activated
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Intrinsic Pathway

AOpening of mitochondrial membranes

A Release otytochrome ¢
Binds to APAF1 (apoptosis-activating factor)
Activation of caspases

A Controlled by BCL2 family of proteins
Some preapoptotic; some anttapoptotic
Balance determines if cell undergoes apoptosis

Pro-apoptosis

Anti -apoptosis
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Electron Transport

Cytosol
Outer
X Membrane
Inner
Membrane | H* /e-\A Cytc /e\
Space
Inner
Membrane
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Intrinsic Pathway

AMany, many BCL2 family proteins

A Anti-apoptosis:BCL-2, BCL-XL, MCL1proteins
Found in mitochondrial membranes
Prevent cytochrome c from entering cytosol

A Pro-apoptosis:BAX and BAK proteins
Bind to anti-apoptotic proteins
Open pores in mitochondrial membranes
Promote apoptosis

A As are forApoptosis
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Intrinsic Pathway

Cytosol

Mitochondrial
Membrane




Intrinsic Pathway

Caspase

Cytosol

HEmmmmmmm; Mitochondrial
im“““““m”””” Membrane




Follicular Lymphoma

A Subtype of norHodgkin lymphoma
A B-cell malignancy

A Overexpression of BCL-2

A Mitochondrial pores will not open
A Caspases cannot activate

A Cell will not undergo apoptosis
AResult: Uncontrolled cell growth
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Intrinsic Pathway

Triggers

AWithdrawal of growth factor
Hormones for hormonesensitive tissue (uterus)
Cytokines for immune cells
Embryogenesis
ADNA damage
DNA damage (radiation, chemotherapy)
P53 can active BAK and BAX
AAbnormal proteins
Caused by heat, hypoxia, low glucose
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Extrinsic Pathway

ADeath receptors
All part of TNF family of receptors
Span plasma membrane into cytoplasm

AFAS (CD95)

Well-described death receptor found on many cells
Binds FASligand
Triggers sequence that leads to activation of caspases
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CD8 TFcells

Killing of virus infected cells

A Activated by presentation of foreign antigens (MHC1)

A Release perforin and granzymes
Lead toactivated caspases

AProduceFasligand CD8+ T cel
Binds to Fas(CD95) on surface of cells

Perforin

Granzymes

Class | MHC——
molecule

Infected cell
(target cell)

Wikipedia/Public Domain
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Extrinsic Pathway

AThymic medulla
T-cells that bind to selfantigens die (negative selection)
Death occurs via extrinsic pathway
FASFASIigand interactions

Capsule

Thymic corpuscle
Cortex
Medulla

Interlobular septum

Thymic lobule

Thymus

Public Domain/Wikipedia
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Extrinsic Pathway

A Autoimmune lymphoproliferative syndrome
Defective FASFASIigand pathway for apoptosis
Poor negative selection (more 1cell survival)
Overproduction of lymphocytes
Lymphadenopathy, hepatomegaly, splenomegaly
High risk of lymphoma
Autoimmune diseases

SSSSSSSSSSS




Apoptosis

Cellular Changes

ACell shrinkage

Contrast with necrosis/swelling
AChromatin condensation

Pyknosis

Hallmark of apoptosis

Boards&Beyond.
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Cell shrinkage

Mucleus fragmenting (karyorrhexis)

i
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Apoptotic body @

Phagocyte engulfs
apoptotic bodies

Wikipedia/Public Domain




Apoptosis

Cellular Changes

AMembrane blebbing

A Formation apoptotic bodies
Membrane fragments
Cell organelles
Ligands for phagocyte receptors
Consumed by phagocytosis

Cell shrinkage

Mucleus fragmenting (karyorrhexis)

&
Apoptotic body @

Phagocyte engulfs
apoptotic bodies

Wikipedia/Public Domain
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DNA Laddering

A Apoptotic caspases cleave DNA at specific regions
A Forms pieces in multiples of 180185 kbp

A&T O1 O A OI AAAAOOG
ANecrosis: random fragments

STUDY SMARTER
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Apoptosis and Necrosis

Apoptosis Necrosis

Non-inflammatory Inflammatory
Cell shrinkage Cell Swelling
Membrane blebs Membrane blebs
Intact Membrane Membrane damage
Single cell effected Many cells affected
DNA laddering No laddering
Can be physiologic Always pathological

Boards&Beyond
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Necrosis
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Necrosis

AForm of cell death

A Cell membrane loss

A Leakage of cellular contents

A Elicits inflammatory response

A Affects tissue beds

AResults in gross and microscopic changes

RIP
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Necrosis

ATwo major types
Coagulative
Liquefactive

A Other types
Caseous
Fibrinoid
Fat
Gangrenous

SSSSSSSSSSSS
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Coagulative Necrosis

A Preservation of tissue architecture for days

Alnjury damages cellsand enzymes
Major difference from liquefactive necrosis
Loss of enzymedsimits proteolysis
Tissue architecture remains intact for days

APhagocytosis of cell remnants (takes time)
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Coagulative Necrosis

A Gross: tissue becomes firm
A Microscopic:

Architecture preserved
Cell nucleil lost

Red/pink color on H&E stain (cell takes up more stain)
Inflammatory cells
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Coagulative Necrosis

Ryan JohnsonFlikr

TTTTTTTTTTTT




Coagulative Necrosis

Normal Heart Post myocardial infarction

Ryan JohnsonFlikr

BoardssBeyond.
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Coagulative Necrosis

ASeen withinfarctions and ischemia
A Myocardium
A Kidney
A Spleen

AKey exception:brain (liquefactive necrosis)




Liquefactive Necrosis

AAbscesses (bacterial/fungal) and brain infarctions
Cause in brain infarctions poorly understood

AlInfection draws inflammatory cells

A4 EOOOA EO OI ENOAEEAADLG
AEnzymes from microbes

AEnzymes from lysosomes of dying cells
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Liquefactive Necrosis

AGross: liquid/pus or abscess cavity
AMicroscopic: numerous neutrophils

STUDY SMARTER




Liquefactive Necrosis

Brain after stroke




Liquefactive Necrosis

R.Geethd Slideshare

Boards&Beyond.
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Caseous Necrosis

AO#EAAOA 1 EEAOG

ARarely occurs outside of tuberculosis infection
AMycobacteria resist digestion

AMacrophages form giant cells

A Slow breakdown of infection

AMycolic acid and lipids give cheesdike appearance

SSSSSSSSSSS




Caseous Necrosis

AGross: Cheesyike (caseating) substance

AMicroscopic: granulomatous inflammation
Necrotic center
Ring of lymphocytes and macrophages
Epithelioid cells
Giant cells (fused activated macrophages)
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Caseous Necrosis

Wikipedia/Public Domain
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Caseous Necro

Public Domain

Boards&Beyond
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Fat Necrosis

ANecrosis of fat

A Classic exampleacute pancreatitis

Causelipases released from pancreatic cells
Breakdown of peritoneal fat

Fatty acids combine with calcium (saponification)
O# EAXEERIOASG OEOOOA
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Fat Necrosis

Wikipedia/Public Domain
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Fat Necrosis

A Fat necrosis of breast
A Results fromtrauma
A Often biopsy, surgery
A Sports injury, seatbelt injury
A Can mimic breast cancer

BoardssBeyond.
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National Cancer Institute

Wikipedia/Public Domain



Fat Necrosis
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Gangrenous Necrosis

A Subtype of coagulative necrosis

A Caused by ischemia

A Lost blood supply tolimbs or bowel
AMultiple tissue layers involved

ADry gangrene: dry, black, shrunken tissue

AWet gangrene:
Superimposed bacterial infection
Coagulative and liquefactive necrosis
Moist, soft, swollen
Pus, foul smelling
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Dry Gangrene

James Heilman, MD/Wikipedia

Boards&Beyond.
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Wet Gangrene

S Anand/Slideshare
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Fibrinoid Necrosis

AOccurs inblood vessels
A Only visible under microscope (no gross findings)

A Occurs inautoimmune disorders
Antibody-antigen complexes deposit in vessel walls
Type Il hypersensitivity reaction

AFibrin leaks into vessel wall (pink on microscopy)
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Fibrinoid Necrosis

Nephron/Wikipedia

BoardssBeyond.
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Fibrinoid Necrosis

AClassic disorderpolyarteritis nodosa
Purpura
Renal failure
Neuropathy

A Severe hypertension/preeclampsia
Not autoimmune
Damage to vessel waly fibrin leak

STUDY SMARTER




Inflammation
Principles

Jason Ryan, MD, MPH
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Inflammation

AProcess for eliminating:
Pathogens
Damaged tissue

A Commonly seen with infections, trauma, surgery

AMay cause damage to host:
Excessive inflammation (sepsis)
Prolonged (infection fails to resolve)
Inappropriate (autoimmune disease)
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Inflammation

A Acute inflammation
Rapid onset (minutes to hours)
Quick resolution (usually days)

A Chronic inflammation
May last weeks, months, or years
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Cardinal Signs

A Described by the ancient Romans

ARubor (redness) and calor (warmth)
Caused by vasodilation and increased blood flow

ATumor (swelling)
Increased vascular permeability
Brings cells/proteins (complement) to site of inflammation

A Dolor (pain)

A Loss of function
Caused by other cardinal features

SSSSSSSSSSSS




JamedHeilman, MD/Wikipedia
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Vasodilation

Rubor and Calor

A Arteriolar vasodilation A increased blood flow




Vasodilation

Rubor and Calor

AHistamine
Mast cells, basophils, platelets
Preformed A released quickly

A Prostaglandins
Mast cells, leukocytes
Synthesized via arachidonic acid

N NH, ) J\A o
Oy O

H

Wikipedia/Public Domain

Histamine PGE2
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Eicosanoids

Lipids (cell membranes)

Arachidonic acid

Phospholipase A2

Arachidonic acid

Leukotrienes
/ Thromboxanes

Prostaglandins

Boards&Beyond

STUDY SMARTER



Factor XI|

Hageman Factor

AComponent of clotting cascade (minor role)
A Also producesbradykinin via the kinin system

Xl > Xlla

|

Prekallikrein (PK) —— Kallikrein

High molecular weightkininogen

LMWK —> Bradykinin
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Bradykinin

AVasodilator
Alncreases vascular permeability
APain (B is for boeboo)

A Degraded by angiotensin converting enzyme (ACE)
ACE inhibitors can raise bradykinin levels
Dangerous side effectangioedema

A Also degraded by C1 inhibitor (complement system)
C1 inhibitor deficiency A hereditary angioedema

SSSSSSSSSSSS




Vascular Permeability

Tumor

AMay be caused by direct injury

A Also many mediators
Leukotrienes: LTC4, LTDA4, LTE4
Histamine, bradykinin

A Contraction of endothelial cells creates gaps
A Occurs inpost-capillary venules

Wikipedia/Public Domain
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Oncotic Pressure

Tumor

AOncoticpressure § 6Q AEAT CAO AOEOA
ARises in interstitial space (protein influx)

Capillary

Interstitial

5 C
Space 5.

V<« T
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Tissue Edema

AExudate
Inflammatory edema from high vascular permeability
Seen in infection, malignancy (leaky vessels)
High protein content (similar to plasma)
High specific gravity (concentrated)
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Tissue Edema

ATransudate
A#AOOAg v EUAOI OOAOEA DBPOAOOOO
A Fluid leak NOT due to inflammation
A Low protein content (albumin remains in plasma)
A Low specific gravity (dilute, not concentrated)

Capillary
P

c

|5c
\ |
\
|5i

l Interstitial
p  Space
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Pleural Effusion

A Causes:
Exudate (infection, malignancy) T
Transudate (heart failure, low albumin) James Heilman, MD

AThoracentesis

AFluid tested for protein, LDH

A, ECEOO6 O Exu@ake @A OE A
Pleural protein/serum protein greater than 0.5

Pleural LDH/serum LDH greater than 0.6
Pleural LDH greater than 2/3 upper limits normal LDH
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Pain

Dolor

AKey mediator: PGE2
Alncreases skin sensitivity topain
AAlso causes fever
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Systemic Inflammation

AFever
A Leukocytosis
A Acute phase reactants

STUDY SMARTER




F
Fever P(EEZ
A V

APyrogens
' cyclooxygenase activity in hypothalamus | E
' prostaglandins in hypothalamus N R

Lipopolysaccharide: exogenous pyrogen
IL-1 and TNF: endogenous pyrogens

AProstaglandins alter temperature set point
Especially PGE2

PGE2
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Leukocytosis

ANormal WBC: <11.000/mm3
AlInfection: 15,000-20,000/mm3 n
ARaging infection: 40,000100,000/mm3  BruceBlausWikipedia
O, ACEAITEA OAAAOQEITO
Resembles leukemia
A Cytokines (TNF and IE1) A cells from bone marrow
A Bacterial infections: neutrophils (neutrophilia)

AViral infections: lymphocytes (lymphocytosis)
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|eft Shift

ANormal response to infection
AMore bands and neutrophils

WBC 10,000/uL | 17,000 /pL
Neutrophils 55% 80%
Bands 5% 12%

BoardssBeyond.
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Acute Phase Reactants

ASerumproteins
A Levels rise with inflammation (acute or chronic)
AMostly produced byliver

A Synthesis increased byytokines often IL-6

A C-reactive protein
A Serum amyloid A
A Ferritin
AHepcidin
AFibrinogen

PixabayPublic Domain
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C Reactive Protein (CRP)

ALiver synthesis in response tdL-6 (macrophages)
ABinds bacterial polysaccharides

A Activates complement system

A Chronic increased levels associated with CAD
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Serum Amyloid A Proteins

SAA Proteins

A Apolipoproteins
AMany roles in inflammatory response

A CausesAA (secondary) amyloidosis
Occurs in chronic inflammatory conditions
Rheumatoid arthritis, ankylosing spondylitis, IBD




Ferritin

ABinds iron

Alron storage protein

A Stored intracellularly as ferritin

A Stored inmacrophages of liver and bone

A Clinical significance:
Diagnosis of iron deficiency during infection

Boards&Beyond_ Tomihahndorf
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Hepcidin

A Anti-bacterial properties

A Inhibits iron transport
Binds toferroportin in enterocytes, macrophages

Alron trapped in cells as ferritin
A Contributes to anemia of chronic disease

BoardS&Beyond_ Public Domain
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Fibrinogen

AFactor | of the clotting cascade
A Promotescellular adhesions
A Platelets, endothelial cells
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ESR

Erythrocyte Sedimentation Rate

/A Rate of RBC sedimentation in test tube
Normal 0-22 mm/ hr for men; 0-29 mm/ hr for women

Alncreased by acute phase reactants in inflammation




ESR

Erythrocyte Sedimentation Rate

A Determined by balance of factors
Pro-sedimentation: APRs, especially fibrinogen (sticky)
Anti-sedimentation: negative charge of RBC

AHigh levels APR# red cells stick together
A Faster sedimentationA increased ESR
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ESR

Erythrocyte Sedimentation Rate

AESR > 100 (normal <30) seen in:
Endocarditis
Temporal arteritis
Polymyalgia rheumatica
Trauma/surgery
Malignancy

AAnemia: Increased ESR

Sedimentation of red cells slower with more red cells
2AA AAT 1 O EI PAAAA TTA AT T OEAC
ARenal disease (some due to anemia)
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ESR

Erythrocyte Sedimentation Rate

AReduced ESR (<5)

Hypofibrinogenemia

Heart failure (controversial; mechanism unclear)
AAbnormal red cell shapes

Sickle cell anemia

Spherocytosis
Microcytosis

A Polycythemia (opposite of anemia)
AResult: ESR may be normal despite inflammation
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Negative APRs

AlLevels fall in inflammation

A Synthesis inhibited by cytokines
AAlbumin

ATransferrin

ATransthyretin
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Acute & Chronic
Inflammation

Jason Ryan, MD, MPH
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Inflammation

A Acute inflammation
Rapid onset (minutes to hours)
Quick resolution (usually days)

A Chronic inflammation
May last weeks, months, or years
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Acute Inflammation

APart ofinnate immunity

AThree hallmark features
Increased blood flow (vessel dilation)
Increased vascular permeability
Emigration of neutrophils into tissues
A Rapid onset/short duration
Occurs within minutes of trigger
Resolves in minutes/hours/days
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Innate Immune System

APhagocytes (debris clearing)
Macrophages
Neutrophils

A Complement

ANatural Killer Cells

A Eosinophils

AMast cells and Basophils
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Macrophages

AMacrophages: guardians of innate immunity

AFound in tissues; capable of phagocytosis
ARecognize cellular damage, microbes, foreign bodies
Alnitiate acute inflammatory response

A Similar role played by mast cells, dendritic cells

O%d |

- Boards&Beyond Dr Graham Beards/W|k|ped|a
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Macrophages

A2 AAT CT EUA 111 AAOQI

AOS Al AODT AEAOCAA i
Present only when tissue damage occurs
Example: mitochondrial proteins, DNA

AOOAOEACAITAEAOAA i
Present on many microbes
Not present on human cells
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Macrophages

A+ AU OAATIbIGE rexépthrs©® § 4, 20(Q
Macrophages, dendritic cells, others
Found on cell membrane and endosomes
Pattern recognition receptors
Recognize PAMPs/DAMPA secrete cytokines

Activation A cytokines, inflammatory signals

A Other activators:
Fc portion of antibodies
Complement proteins
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Inflammasome

A Cytosolic protein complex found in many cells
A Key for recognition of cell damage

A Activated by components oflamaged cells:
Uric acid
Extracellular ATP
Free DNA

A Leads to production oflL-1
ALeads to release of inflammatory mediators
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Inflammatory Mediators

7z ~ Pal L4 L]

Histamine
Serotonin

A Lipid products (arachidonic acid derived)
Prostaglandins
Leukotrienes

A Complement

STUDY SMARTER




Neutrophil

A Derived from bone marrow

A Circulate ~5 days and die unless activated

A Drawn from blood stream to sites of inflammation
A Enter tissues: phagocytosis

A Provide extra support to macrophages

2 ) ] ' 73‘
002 Ya 2%

Dr Graham Beards/Wikipedia
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Neutrophil

Blood stream exit

A Exit vascular system at postapillary venules

A Four steps to extravasation (exit vessels to tissues)
Rolling, crawling, transmigration, migration

Capillaries

Tissue cells

Wikipedia/Publidoainm
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Acute Inflammation

Typical Timeline

ANeutrophils dominate early (<2 days)
Many in blood stream
Attach firmly to adhesion molecules
Apoptosis after 2448hrs
AMonocytes/macrophages dominate late (>2 days)
Live longer
Replicate in tissues
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Acute Inflammation

Typical Timeline
Macrophages &

Edema Neutrophils Monocytes

Activity

1 Days 2
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Acute Inflammation

Typical Timeline: Exceptions

APseudomonas infection
Neutrophils dominate for days

AViral infections
Lymphocytes often appear first

A Hypersensitivity reactions
Eosinophils dominate

STUDY SMARTER




Acute Inflammation

Resolution

AThree potential outcomes

A#1: Resolution of inflammation
Removal of microbes/debris
Tissue returns to normal

A#2: Healing/scar
Tissue damage too extensive for regeneration
Connective tissue growth

A#3: Chronic inflammation
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Chronic Inflammation

AProlonged inflammation (weeks/months)

AMay follow acute inflammation

A- AU AACET OI T x1 U jOOIT1AA
ATissue destruction and repair occumat same time
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Chronic Inflammation

Causes

A Persistent infections
Difficult to clear microbes
Mycobacteria
Parasites
Prolonged infectionA type IV hypersensitivity reaction

A Autoimmune diseases
A Prolonged exposure
Silica
Cholesterol (atherosclerosis)
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Chronic Inflammation
Cells

AMononuclear cells
Macrophages
Lymphocytes (T and B cells)
Plasma cells
AMacrophages are dominant cell type
Secrete cytokines
Active T-cell response
ATwo forms activated macrophages

M1: Activated via classical pathway to destroy microbes
M2: Activated via alternative pathway for tissue repair
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Chronic Inflammation

Macrophage Activation
AO#1 AOOEAATI &6 AAOEOAOQET I
AMicrobes activate macrophages

Example: endotoxinA TLRs on macrophages

AT-cell releaselFN-r

A Activated macrophage response
Reactive oxygen species
More lysosomal enzymes
Secrete cytokinesA drive inflammation

ATissue destruction may occur

SSSSSSSSSSSS
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Chronic Inflammation

Macrophage Activation
AO!I'1 OAOT AOEOAG AAOEOAOQET I
A Cytokinesother than IFN -r

Produced by T cells
IL-4, IL-13

A Activated macrophage (M2) response
Inhibit classical activation
Main role istissue repair
Growth factorsA angiogenesis
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Chronic Inflammation

Outcomes

AScarring
Chronic HBVA liver cirrhosis

A Secondary amyloidosis

AMalignancy
Lots of cell stimulation/growth
Similar to hyperplasiaA dysplasia/neoplasia
Chronic hepatitisA liver cancer
H. pylori A gastric cancer
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Acute Inflammation

Neutrophils
Multi -lobed nuclei

STUDY SMARTER

Chronic Inflammation

Mononuclear cells
Single, round nuclei




Granulomatous
Inflammation

Jason Ryan, MD, MPH
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Inflammation

A Acute inflammation
Rapid onset (minutes to hours)
Quick resolution (usually days)

A Chronic inflammation
May last weeks, months, or years
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Granulomatous Inflammation

ASubtype ofchronic inflammation

AMacrophages transform to :
Epithelioid cells
Langhans giant cells

AT-cell mediated hypersensitivity reaction
Type IV (delayedtype) hypersensitivity reaction
Cell mediated immune process
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Granulomas

AOPEOEAI ET EA6 | AAOI PEACADO
A Large, pink, activated macrophages (look like epithelial cells)
ASurrounded by lymphocytes (sometimes plasma cells)

ASome epithelioid macrophages fus#, giant cells
/A May contain 20 or more nuclei

BoardssBeyond.
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Granulomatous Inflammation

AAccumulation of TH1 CD4+ T cells
High CD4.CD8 ratio

A Secrete 12 and interferon-r
IL-2 stimulates TH1 proliferation
IFN-r activates macrophages

AUltimately leads to granuloma formation
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Granulomatous Disease

ATuberculosis

A Sarcoidosis (granulomas = diagnostic criteria)
A# OT E1T 60 AEOAAOA

A Leprosy (mycobacterium leprae)

A Catscratch disease (bartonella henselae)

A Schistosomiasis

A Syphilis

ATemporal arteritis

AMany others
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CGD

Chronic Granulomatous Disease

A Loss of function of NADPH oxidase
A Phagocytes cannot generate J@,
ARecurrent catalase (+) bacteria infections

A Five organisms cause almost all CGD infections:
Bacteria: Staph aureus, Pseudomonas, Serratia, Nocardia
Fungi: Aspergillus

A Granuloma formation

BoardS&Beyond_ Source:UpToDate
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Caseating Granuloma

A Gross pathology : cheeslike (caseating) necrosis
AMicroscopy: Granulomas with necrotic core

A Classically seen irtuberculosis infection

AMost granulomas: noncaseating (e.g., sarcoid)

Public Domain

Ll BoardsaBeyond
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Tumor Necrosis Factor Alpha
TNFJ

AMaintains granulomatous inflammation

A Released by macrophages and-dells

A Attracts and stimulates macrophages

ATNF-blocking drugs
50AA ET OEAOI AOTEA AOOEOEOEON
Infliximab: anti-TNF antibody
Etanercept : decoy receptor TNH

APPD testing done prior to starting therapy
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Hypercalcemia

ASeen in many granulomatous diseases
A Best described insarcoidosis

A Activated vitamin D produced only in kidney
Responds to PTH

AMacrophages: high 11 hydroxylase activity
A Leads to increased vitamin D levels (calcitriol)

1) - hydroxylase SR
25-OH Vitamin D —+_ Yo% 1,25-0OH, Vitamin D
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Pathologic
Calcification

Jason Ryan, MD, MPH
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Pathologic Calcification

AAbnormal deposition of calcium in tissues

A Dystrophic calcification
Local process

A Metastatic calcification
Systemic process
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Dystrophic Calcification

Carotid Artery

Result ofnecrosis
Occurs In diseased tissues

Examples:
Atherosclerotic vessel lesions
Damaged heart valves
Lung nodules

May indicate prior necrosis

May also cause disease
Aortic stenosis

Ed Uthman
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Dystrophic Calcification

APurple deposits on H&E staining

B AN

Wikipedia/Public Domain
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Chronic Pancreatitis

CT scan: classic finding isalcified pancreas

Hellerhoff/Wikipedia
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Psammoma Bodies

A Calcifications with an layered pattern
ASeen in some neoplasms (e.g., thyroid cancer)




Dystrophic Calcification
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Dystrophic Calcification

ASerum calcium levelsiormal
A Damage tophospholipid membranes in cells
A Calcium binds phospholipids

AEnzymes add phosphate
Similar to calcium-phosphate of hydroxyapatite in bone

A Generates microcrystals
A Crystals propagated calcification
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Metastatic Calcification

ASeen inhypercalcemia and/or hyperphosphatemia
AOccurs in normal tissues

A Mostly tissues that secrete acid
Create high pH internally
Favors calcium phosphate precipitation
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Metastatic Calcification

AClassic locations:
Gl mucosa
Kidneys
Lungs
Arteries
Pulmonary veins
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Metastatic Calcification

Alveolar Walls

BoardS&BeyOnd Yale RosenFlikr
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Calciphylaxis

A Seen in chronichyperphosphatemia in CKD

A Excess phosphate taken up by vascular smooth muscle
A Smooth muscle osteogenesis
AVascular wall calcification
Alncreased systolic blood pressure
A Small vessel thrombosis

A Painful nodules, skin necrosis

Niels Olsen/Wikipedia
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Nephrocalcinosis

A Calcium deposition inkidney tubules
A# AOOAd v OOEIT AOU AGAOAOQEI
A Seen in hypercalcemia and hyperphosphatemia
e.g., hyperparathyroidism, sarcoidosis
ACommon in patients with kidney stones
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Nephrocalcinosis

Wikipedia/Public Domain
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