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What is meant by pathogenesis?

*Mechanisms (processes) of disease

* Related topic: mechanobiology of
disease (1ow)


https://www.mechanobio.info/what-is- echanobiology/what-are-some-common-themes-in-mechanobiology/

What is meant by etiology?

* Etiology: the cause, set of causes, or manner of
causation of a disease or condition.

* Types of causation
* Inherited genetic susceptibility
* Environmental triggers of disease



Cell Injury
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What are the major causes of cell/tissue injury?
(to be considered in more detail below)

* Hypoxia (oxygen * Genetic abnormalities

deficiency) e Nutritional
* ischemia (reduced blood imbalances

supply)

 Toxins Physical agents

* Infectious agents *Aging

* Immunologic reactions
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What are two major kinds of cell injury?

. . Cell
!Vl.ajor kinds of cell

injury are:

potential recovery '“l“rV Injury
*Irreversible injury 2

cell death CeII CeII
recovery death



Reversible Cell injury = Cell Recovery
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What morphological changes occur with
reversible cell injury?

1. Cellular swelling

- Due to failure of energy dependent ion pumps in
plasma membrane

- Accumulation of clear vacuoles in cytoplasm
2. Fatty change (1i-1, 1i-2)

- Accumulation of small and large lipid vacuoles in
cytoplasm

3. Various alterations in cellular membranes
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https://www.google.com/search?q=reversible+cell+injury+morphology&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjFw52x0L_aAhUPH6wKHWwHAmYQ_AUICigB&biw=1166&bih=572#imgrc=1ORy17TOxFLXrM:
https://www.google.com/search?q=cellular+swelling+reversible+cell+injury&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjNmP770L_aAhVHSq0KHXweD3QQ_AUICigB&biw=1166&bih=572#imgrc=v0BJ5vrfXINR-M:
https://www.google.com/search?biw=1166&bih=572&tbm=isch&sa=1&ei=ywfVWoLsL8mGsAXs8Z-QCQ&q=fatty+change+in+cell+injury&oq=fatty+change+in+cell+injury&gs_l=psy-ab.3..0.5669.10881.0.12233.15.3.0.12.12.0.60.154.3.3.0....0...1c.1.64.psy-ab..0.15.190...0i67k1j0i24k1.0.4YGDdmAS2V0#imgdii=Ovl9X4kn15UYFM:&imgrc=ueQ0z31aABrxaM:
https://www.google.com/search?q=fatty+change+in+cell+injury&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwin4puItZviAhWPqp4KHSvyAVgQ_AUIDigB&biw=918&bih=426&dpr=1.25#imgrc=NdwR-bPh4Td38M:
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=918&bih=426&tbm=isch&sa=1&ei=nuraXPzdKIOsswXSjrmQDQ&q=fatty+change+in+heart&oq=fatty+change+in+heart&gs_l=img.3..0.7186.14870..16741...0.0..0.94.1337.16......1....1..gws-wiz-img.......35i39j0i24j0i8i30._AlIwSrbQ04#imgrc=nDqyM_mfNhzgiM:
https://www.ncbi.nlm.nih.gov/pubmed/24686523

Irreversible Cell Injury = Cell Death
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What are two pathways in cell death (1ow)?

* Necrosis (1i): Cell Irreversible
death secondary to injury
severe injury

e Apoptosis (1i):
Programmed cell
death
m
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https://www.ncbi.nlm.nih.gov/pubmed/26626938
https://www.us.elsevierhealth.com/robbins-basic-pathology-9780323353175.html?campid=BEQ5E18278&utm_source=google&utm_medium=cpc&utm_term=+robbins +basic +pathology +10th +edition&device=c&matchtype=b&adgroup=43538772478&geo_interest=&geo=9026907&gclid=EAIaIQobChMIv47WhZfY3wIVlLrACh2EkQtlEAAYASAAEgLI2PD_BwE
https://en.wikipedia.org/wiki/Necrosis
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1163&bih=633&tbm=isch&sa=1&ei=Mm55XJqtL4WA5wKS04uYDg&q=cell+necrosis&oq=cell+necrosis&gs_l=img.3..0l2j0i7i30j0i30j0i5i30j0i8i30l4j0i24.14549.16972..23453...0.0..0.112.478.4j1......1....1..gws-wiz-img.......0i8i7i30.SmguHLb1huE#imgrc=BiG3iEIZL8fddM:
https://en.wikipedia.org/wiki/Apoptosis
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1163&bih=633&tbm=isch&sa=1&ei=Mm55XJqtL4WA5wKS04uYDg&q=cell+necrosis&oq=cell+necrosis&gs_l=img.3..0l2j0i7i30j0i30j0i5i30j0i8i30l4j0i24.14549.16972..23453...0.0..0.112.478.4j1......1....1..gws-wiz-img.......0i8i7i30.SmguHLb1huE#imgrc=BiG3iEIZL8fddM:https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1163&bih=633&tbm=isch&sa=1&ei=Sm55XNTtOp7ljwSgkbuoAQ&q=Apoptosis&oq=Apoptosis&gs_l=img.3..35i39l2j0j0i67l3j0l2j0i67l2.101037.103420..105587...0.0..2.128.1246.6j6......2....1j2..gws-wiz-img.....0..0i30j0i5i30j0i8i30j0i24.3kRMAlHcN4c

Cellular Necrosis
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What are the cellular features of necrosis?

Cellular Features (1pm, 2pm, 3ow)
* Cell size: swelling or fatty change

* Cytoplasm: increased eosinophilia; glassy and moth-eaten
appearance

* Nucleus: pyknosis (chromatin condensation)->
karyorrhexis(chromatin disruption) - karyolysis (nuclear
distruction)

* Plasma membrane: disrupted (cellular contents leaked out)
* Inflammation: none
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https://en.wikipedia.org/wiki/Cell_damage
https://www.ncbi.nlm.nih.gov/pubmed/29076500
https://www.ncbi.nlm.nih.gov/pubmed/26587781
https://www.us.elsevierhealth.com/robbins-basic-pathology-9780323353175.html?campid=BEQ5E18278&utm_source=google&utm_medium=cpc&utm_term=+robbins +basic +pathology +10th +edition&device=c&matchtype=b&adgroup=43538772478&geo_interest=&geo=9026907&gclid=EAIaIQobChMIqomyhOPZ3wIVCz1pCh3UXAE0EAAYASAAEgIQC_D_BwE
https://www.amazon.com/Robbins-Basic-Pathology-International-ebook-dp-B06XHLLPN8/dp/B06XHLLPN8/ref=mt_kindle?_encoding=UTF8&me=&qid=
https://en.wikipedia.org/wiki/Cell_damage#Cellular_swelling
https://en.wikipedia.org/wiki/Cell_damage#Cellular_swelling
https://www.ncbi.nlm.nih.gov/pubmed/27331412
https://www.life.illinois.edu/mcb/458/private/lectures/ppt_pdf/Path_ggf_2_2017.pdf
https://www.google.com/search?q=pyknosis+karyorrhexis+karyolysis&source=lnms&tbm=isch&sa=X&ved=0ahUKEwigiNH11b_aAhUJVa0KHYBiCiUQ_AUICigB&biw=1166&bih=572#imgdii=TvCDo797ClN5eM:&imgrc=gtEvI4h2nfG5dM:
https://www.google.com/imgres?imgurl=https://upload.wikimedia.org/wikipedia/commons/5/51/Nuclear_changes.jpg&imgrefurl=https://en.wikipedia.org/wiki/Pyknosis&h=431&w=717&tbnid=TvCDo797ClN5eM:&q=pyknosis&tbnh=132&tbnw=219&usg=AI4_-kSZQEmMVNcAbFoJ6b3Zbk6WnfHn5Q&vet=12ahUKEwj4gOTi3frfAhWEx4MKHXvyBTMQ9QEwAHoECAQQBg..i&docid=DlhtgxK9IuRSgM&sa=X&ved=2ahUKEwj4gOTi3frfAhWEx4MKHXvyBTMQ9QEwAHoECAQQBg
https://en.wikipedia.org/wiki/Pyknosis
https://en.wikipedia.org/wiki/Karyorrhexis
https://en.wikipedia.org/wiki/Karyolysis
https://www.ncbi.nlm.nih.gov/pubmed/9105031

What are the different patterns of necrosis?
(1pm, 20w, 30w)
* Coagulative necrosis.
* Liquefactive necrosis.
* Caseous necrosis.
* Fat necrosis.
* Fibroid necrosis.
* Gangrenous necrosis.


https://www.ncbi.nlm.nih.gov/books/NBK430935/
https://www.pathologystudent.com/a-quick-summary-of-the-6-types-of-necrosis/
https://www.us.elsevierhealth.com/robbins-basic-pathology-9780323353175.html?campid=BEQ5E18278&utm_source=google&utm_medium=cpc&utm_term=+robbins +basic +pathology +10th +edition&device=c&matchtype=b&adgroup=43538772478&geo_interest=&geo=9026907&gclid=EAIaIQobChMIv47WhZfY3wIVlLrACh2EkQtlEAAYASAAEgLI2PD_BwE

What coagulative necrosis?

* In coagulative necrosis (1i, 2i, 3i, 4i), tissue is
preserved for several days after injury (typical of
ischemic necrosis)
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https://en.wikipedia.org/wiki/Coagulative_necrosis
https://www.google.com/search?q=coagulative+necrosis&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjQhKzVlMraAhUkzIMKHQ0ACzcQ_AUoAXoECAAQAw&biw=1172&bih=585#imgrc=8coIT4__EIhn8M:
https://www.google.com/search?q=coagulative+necrosis&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjQhKzVlMraAhUkzIMKHQ0ACzcQ_AUoAXoECAAQAw&biw=1172&bih=585#imgrc=R9WoPk4lMpeSWM:
https://www.google.com/search?q=coagulative+necrosis&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjQhKzVlMraAhUkzIMKHQ0ACzcQ_AUoAXoECAAQAw&biw=1172&bih=585#imgrc=_EbCJxXFaq9ACM:https://www.google.com/search?q=coagulative+necrosis&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjQhKzVlMraAhUkzIMKHQ0ACzcQ_AUoAXoECAAQAw&biw=1172&bih=585
https://www.google.com/search?q=coagulative+necrosis&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjQhKzVlMraAhUkzIMKHQ0ACzcQ_AUoAXoECAAQAw&biw=1172&bih=585#imgrc=DNZKxaTeNDzX8M:

What is liquefactive necrosis?

e With liquefactive necrosis (1i, 2i, 3i, 4i), there is rapid
tissue destruction and accumulation of inflammation.
Tissue becomes liquefied.
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https://en.wikipedia.org/wiki/Liquefactive_necrosis
https://www.google.com/search?q=liquefactive+necrosis&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjp96vZmcraAhVB9IMKHcgXC_4Q_AUoAXoECAAQAw&biw=1172&bih=585#imgrc=oFlfyN0tznvtxM:
https://www.google.com/search?q=liquefactive+necrosis&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjp96vZmcraAhVB9IMKHcgXC_4Q_AUoAXoECAAQAw&biw=1172&bih=585#imgdii=TMYnKwbacHocTM:&imgrc=oFlfyN0tznvtxM:
https://www.google.com/search?q=liquefactive+necrosis&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjp96vZmcraAhVB9IMKHcgXC_4Q_AUoAXoECAAQAw&biw=1172&bih=585#imgrc=5R3U21FsguvjQM:
https://www.google.com/search?q=liquefactive+necrosis&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjp96vZmcraAhVB9IMKHcgXC_4Q_AUoAXoECAAQAw&biw=1172&bih=585#imgrc=3rmysobosP1bHM:

What caseous necrosis?

» Caseous necrosis has a cheese-like appearance.
Microscopically, the cellular architecture is
characterized by acellular pink areas of necrosis
surrounded by a granulomatous inflammatory
process. It is typical of tuberculous necrosis

(granulomas).

www.ReviewPathology.com


https://en.wikipedia.org/wiki/Caseous_necrosis
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1118&bih=632&tbm=isch&sa=1&ei=NI1DXL6OAteojwSqtpiwAg&q=caseous+necrosis+pathology+gross&oq=caseous+necrosis+pathology+gross&gs_l=img.3...40250.43453..45549...0.0..0.86.495.6......1....1..gws-wiz-img.......0i30j0i24.72jDG2vH9nY
https://www.google.com/search?q=tuberculosis+necrosis+granuloma&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjL5Mj73PrfAhUI0oMKHaZ6BDkQ_AUIDigB&biw=1118&bih=632

What is fat necrosis?

* Fat necrosis (1i, 2i) results from the action the
enzyme lipase on adipose tissue. Fatty acids
released by lipolysis complex with calcium to form
soaps. Fat necrosis is most often seen in areas
adjacent to the pancreas in cases of pancreatitis, or
in breast tissue after surgery.



https://en.wikipedia.org/wiki/Fat_necrosis
https://www.google.com/search?q=Fat+necrosis&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiBytP4nsraAhWBx4MKHdoWAZgQ_AUoAXoECAAQAw&biw=1172&bih=585#imgrc=6nZtsZ1VakNx0M:
https://www.google.com/search?q=Fat+necrosis&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiBytP4nsraAhWBx4MKHdoWAZgQ_AUoAXoECAAQAw&biw=1172&bih=585#imgrc=vMqmBUp8NR1krM:

What is fibrinoid necrosis?

* Fibrinoid necrosis consists of proteinaceous
material. It occurs in the walls of arterioles in
malignant hypertension. It also occurs when
complexes of antigens and antibodies deposit in

arteries.
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https://en.wikipedia.org/wiki/Fibrinoid_necrosis
https://www.google.com/search?q=fibroid+necrosis.&source=lnms&tbm=isch&sa=X&ved=2ahUKEwia3t6Eo8raAhUI64MKHUL2AkoQ_AUoAXoECAAQAw&biw=1172&bih=585#imgrc=oa_mz6Kg3gQ6xM:
https://www.google.com/search?q=fibroid+necrosis.&source=lnms&tbm=isch&sa=X&ved=2ahUKEwia3t6Eo8raAhUI64MKHUL2AkoQ_AUoAXoECAAQAw&biw=1172&bih=585#imgrc=PUTkvKrvGhRoAM:

What are the different forms of gangrenous
necrosis (gangrene)?

* Dry gangrene: Chronic ischemia without infection
* Wet gangrene: Chronic ischemia with infection

* Gas gangrene: A bacterial infection (e.g., Clostridium
perfringens) that produces gas in necrotic tissues in
gangrene

* Internal gangrene: Necrosis of an internal organ (e.g.,
small intestine or colon)

* Necrotizing fasciitis: Rapid spread of necrosis in soft
tissue
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https://en.wikipedia.org/wiki/Gangrene#Dry_gangrene
https://www.google.com/search?q=dry+gangrene&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjxwOjq0r_aAhUCHqwKHVFiCcUQ_AUICigB&biw=1166&bih=572#imgrc=zeDst4XSnr47OM:
https://en.wikipedia.org/wiki/Gangrene#Wet_gangrene
https://www.google.com/search?biw=1536&bih=849&tbm=isch&sa=1&ei=ka5xXKXnHeLCjwT3_72ADA&q=wet+gangrene&oq=wet+gangrene&gs_l=img.3..0i67j0l2j0i67j0j0i67j0l4.27207.28215..37290...0.0..0.132.373.0j3......1....1..gws-wiz-img.......0i7i30.xLCxQIlRDoM
https://en.wikipedia.org/wiki/Gas_gangrene
https://www.google.com/search?q=gas+gangrene&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiO9Pa029LgAhUM44MKHaIzCpQQ_AUIDigB&biw=1163&bih=633
https://en.wikipedia.org/wiki/Mesenteric_ischemia
https://www.google.com/search?q=internal+gangrene&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiAgKz207_aAhVSmK0KHWdZBSMQ_AUICigB&biw=1166&bih=572#imgrc=6rBVyr4QvAa8bM:&spf=1550954497380
https://en.wikipedia.org/wiki/Necrotizing_fasciitis
https://www.google.com/search?q=necrotizing+fasciitis&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjN3JSk1L_aAhUMnq0KHfXcB9MQ_AUICigB&biw=1166&bih=572#imgrc=voYpZE7gNEfsRM:

What is a granuloma?

A granuloma consists of:
* A form of caseous necrosis

A nodular lesion

* A collection of macrophages and other inflammatory
cells

* An example: tubercular granuloma
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https://en.wikipedia.org/wiki/Granuloma
https://www.google.com/search?q=caseous+necrosis&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjRwcLT27_aAhUSVa0KHewxApkQ_AUICigB&biw=1166&bih=572#imgrc=thAz0Nx7fCMkmM:
https://www.google.com/search?q=granulomatous+inflammation&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiFpt6m3L_aAhXomq0KHQenCFQQ_AUICigB&biw=1166&bih=572#imgdii=ej-BekSXAKO-cM:&imgrc=o0prGhw4kzdGXM:
https://www.google.com/search?q=tubercular+granuloma+lung&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjY4fiV27_aAhUBLqwKHVHfCEcQ_AUICigB&biw=1166&bih=572#imgrc=5jZlcBWQ_iVp8M:

Apoptosis: Programmed Cell Death
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What is apoptosis?

Apoptosis (1pm, 2w, 3i) is:

* Programmed cell death, or apoptosis, is a distinct
energy-dependent biochemical mechanisms for
normal cell turnover.

* Apoptosis is necessary for development and
functioning of the immune system, hormone-
dependent atrophy, embryonic development and
chemical-induced cell death.



https://www.ncbi.nlm.nih.gov/pubmed/17562483
https://www.ncbi.nlm.nih.gov/pubmed/7856735
https://en.wikipedia.org/wiki/Apoptosis
https://www.google.com/search?q=apoptosis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwigwbya_9LgAhUSUt8KHcMeAU8Q_AUIDigB&biw=1163&bih=633#imgrc=_C9mW_iLeIwbcM:

KARYOLYSIS PYKNOSIS KARYORRHEXIS

What are cellular and nuclear changes ‘ ‘ ’
associated with apoptosis?

Nuclear fading Nuclear shrinkage Nuclear fragmentation

chromatin dissolution due to DNA condenses into shrunken  Pyknotic nuclei membrane ruptures & nucleu
action of DNAases & RNAases  basophilic mass undergoes fragmentation

|—b Nuclear dissolution <2

ANUCLEAR NECROTIC CELL

Blebbing (1w,)
Cell shrinkage

Nuclear changes

e Chromatin and DNA condensation
(pyknosis)

 DNA fragmentation (karyorrhexis)

Cell shrinkage

MNucleus fragmenting (karyorrhexis)

MmRNA decay.

Apoplotic body

Phagocyte engulfs
apoptotic bodies
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https://www.ncbi.nlm.nih.gov/pubmed/18755002
https://en.wikipedia.org/wiki/Bleb_(cell_biology)
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cell+Death+and+Differentiation+(2002)+9,+1307+%C2%B1+1310
https://www.ncbi.nlm.nih.gov/pubmed/11838706
https://en.wikipedia.org/wiki/Pyknosis
https://en.wikipedia.org/wiki/Karyorrhexis
https://www.ncbi.nlm.nih.gov/pubmed/25959823

What are the pathways of apoptosis?

* Intrinsic (mitochondrial) Cell Extornal
sensing cell stress (1i, 2i) E
stimulated by signals from pathway path""ay
other cells (1ow, 2i, 3i, 4i)
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https://www.ncbi.nlm.nih.gov/pubmed/19659442
https://www.google.com/search?q=intrinsic+pathways+of+apoptosis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwievI2-qNjfAhVlzIMKHcxJAygQ_AUIDigB&biw=1118&bih=632#imgrc=CL64nEcmIZnXnM:
https://www.google.com/search?q=apoptosis+and+intrinsic+pathway&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwje34-ritPgAhUnpIMKHYqNA88Q_AUIDigB&biw=1163&bih=633#imgdii=aZbqgY0UBBoLGM:&imgrc=xDhwR4elAaszcM:
https://www.ncbi.nlm.nih.gov/pubmed/24974288
https://www.nature.com/articles/1209608
https://www.google.com/search?q=extrinsic+pathway+of+apoptosis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjC-N3Kq9jfAhVH2IMKHSszCRYQ_AUIDigB&biw=1118&bih=632#imgrc=VCyazTXdiapzlM:
https://www.google.com/search?q=extrinsic+pathway+of+apoptosis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjC-N3Kq9jfAhVH2IMKHSszCRYQ_AUIDigB&biw=1118&bih=632#imgdii=g0TRTVGz67HpCM:&imgrc=R39FFjdpJxYTFM:
https://www.google.com/search?q=extrinsic+pathway+of+apoptosis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjC-N3Kq9jfAhVH2IMKHSszCRYQ_AUIDigB&biw=1118&bih=632#imgrc=bcTFj9MsoXjbHM:

What are triggers that initiate the intrinsic
pathway of apoptosis?

* Glucocorticoids

* Heat

e Radiation

* Nutrient deprivation

* Viral infection

* Hypoxia

* Increased intracellular calcium concentration
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https://www.ncbi.nlm.nih.gov/pubmed/24709697
https://www.ncbi.nlm.nih.gov/pubmed/24861574
https://www.ncbi.nlm.nih.gov/pubmed/27935061
https://www.ncbi.nlm.nih.gov/pubmed/11522653
https://www.ncbi.nlm.nih.gov/pubmed/29168732
https://www.ncbi.nlm.nih.gov/pubmed/15452150
https://www.ncbi.nlm.nih.gov/pubmed/18955969

What are triggers that initiate the intrinsic
pathway of apoptosis?

Corticosteroids -
A

Intrinsic
pathway

- Hypoxia

Mintracellular
calcium

Nutrient
Deprivation
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What role does nitric oxide play and
apoptosis?

* Nitric oxide can prevent or induce apoptosis.

* It action depends on its concentration, cell type, and
the oxidative milieu.

* It inhibits apoptosis by S-nitrosylation of caspase.

* It enhances permeability of mitochondrial
membranes, causing release of cytochrome C, which
can trigger the intrinsic pathway.


https://www.ncbi.nlm.nih.gov/pubmed/12867993

What are the key mediators of apoptosis?

* Caspases (cysteine-aspartic proteases, cysteine aspartases
or cysteine-dependent aspartate-directed proteases) are
a family of protease enzymes that carry out apoptosis

(1w, 2ip, 3rgp).
* Types of Caspases

e Initiator caspases (caspase 2, 8, 9 and 10): activates
executioner caspases

* Executioner caspases (caspase 3, 6 and 7): kill the cell by
degrading proteins
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1134104/
https://www.ncbi.nlm.nih.gov/pubmed/12101390
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1134104/

What is necroptosis?

* Necroptosis (1i, 2i, 3ip): cell death with features of both
necrosis and apoptosis.

* Extrinsic signals that trigger apoptosis normally activate
the death-inducing signaling complex (DISC) (1a-w, 1b-i,
2i, 3i). But when DISC components are mutated or
inhibited, extrinsic death signhals activate the necrosome
(a complex consisting of RIP1, RIP3, and Fas-associated

protein with death domain)(1pm, 1i, 2i, 3ip), facilitating
necroptotic cell death.
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https://www.google.com/search?q=necroptosis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiXz_r1tIPbAhVixYMKHWTQClMQ_AUoAXoECAAQAw&biw=1022&bih=544#imgrc=BQ3lFA6LG6T0NM:
https://www.google.com/search?q=necroptosis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiXz_r1tIPbAhVixYMKHWTQClMQ_AUoAXoECAAQAw&biw=1022&bih=544#imgrc=NG0lMSyYBBY40M:
https://www.google.com/search?q=necroptosis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiXz_r1tIPbAhVixYMKHWTQClMQ_AUoAXoECAAQAw&biw=1022&bih=544#imgrc=omgL_LLDsdGrhM:
https://www.ncbi.nlm.nih.gov/pubmed/24874731
https://www.ncbi.nlm.nih.gov/pubmed/27959630
https://www.google.com/search?q=death-inducing+signaling+complex&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwj7xZSLt4PbAhUn7oMKHUsiDjoQ_AUoAXoECAAQAw&biw=1022&bih=544#imgdii=zj-DZ3MUT0BwDM:&imgrc=o1d-M3fHq1MA8M:
https://www.google.com/search?q=disc+apoptosis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi7iqSxuIPbAhWJwYMKHQCqAEUQ_AUoAXoECAAQAw&biw=1022&bih=544#imgrc=W-WVo6AVUto9iM:
https://www.google.com/search?q=necroptosis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiXz_r1tIPbAhVixYMKHWTQClMQ_AUoAXoECAAQAw&biw=1022&bih=544#imgrc=7jrH1TwlS8JfCM:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4887535/
https://www.ncbi.nlm.nih.gov/pubmed/24452471
https://www.google.com/search?q=necrosome&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjBmvHzuoPbAhVn9YMKHa-MDqgQ_AUoAnoECAAQBA&biw=1022&bih=544#imgdii=q1ymX6jHrKwIaM:&imgrc=nIRp7GfzfmXt_M:
https://www.google.com/search?q=necrosome&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjBmvHzuoPbAhVn9YMKHa-MDqgQ_AUoAnoECAAQBA&biw=1022&bih=544#imgrc=rvlYWkO2tuIC9M:
https://www.google.com/search?q=necrosome&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjBmvHzuoPbAhVn9YMKHa-MDqgQ_AUoAnoECAAQBA&biw=1022&bih=544#imgrc=9AL2ixbCYZV03M:

What is pyroptosis?

* Pyroptosis: apoptosis initiated by proinflammatory
cytokines (1a-w)
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https://www.ncbi.nlm.nih.gov/pubmed/28462526
https://en.wikipedia.org/wiki/Pyroptosis

Apoptosis: Role of Protein Degradation
Systems



How does protein degradation regulate
apoptosis?
* Proteasomes are protein complexes which degrade

unneeded or damaged proteins

* Proteins are targeted for degradation by tagging with a
small protein called ubiquitin--followed by attachment of
additional ubiquitin molecules (polyubiquitination).

* Degradation of signaling proteins for apoptosis by
proteasomes is one regulator of apoptosis.

* Degradation of intracellular proteins through other
mechanisms also affects apoptotic pathways.
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https://en.wikipedia.org/wiki/Proteasome
https://en.wikipedia.org/wiki/Ubiquitin
https://www.ncbi.nlm.nih.gov/pubmed/18438605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delineating+Crosstalk+Mechanisms+of+the+Ubiquitin+Proteasome+System+That+Regulate+Apoptosis

What are the protein degradation systems?

* Ubiquitin-proteasome system (1w, 2i)

e Caspase (1w, 2i)

* Autophagy-Lysosome system (1w, 2i, 3i,)

 Calpain system (1w, 2i, 3i)
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https://en.wikipedia.org/wiki/Proteasome
https://www.google.com/search?q=ubiquitin-proteasome+system&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiTkM2oyv_fAhVL9IMKHWWlBYUQ_AUIDigB&biw=853&bih=485#imgrc=6NeJ9oOJ5ncF3M:
https://www.ncbi.nlm.nih.gov/pubmed/28574508
https://www.ncbi.nlm.nih.gov/pubmed/28574508
https://en.wikipedia.org/wiki/Caspase
https://www.google.com/search?q=caspase&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiTi-bCy__fAhVi04MKHZeZC48Q_AUIDigB&biw=853&bih=485#imgrc=bdBBWcETU62_NM:
https://www.ncbi.nlm.nih.gov/pubmed/27330054
https://en.wikipedia.org/wiki/Autophagy
https://www.google.com/search?q=lysosomes+and+autophagy&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj7ksePzf_fAhUX3YMKHQ-qAMcQ_AUIDigB&biw=853&bih=485
https://www.google.com/search?q=lysosomes+and+autophagy&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj7ksePzf_fAhUX3YMKHQ-qAMcQ_AUIDigB&biw=853&bih=485#imgrc=xDgRgwYXpbl3FM:
https://www.ncbi.nlm.nih.gov/pubmed/12843408
https://en.wikipedia.org/wiki/Calpain
https://www.google.com/search?q=calpain+system&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwihgcLZ6NnfAhXYqYMKHRrABOkQ_AUIDigB&biw=1118&bih=632#imgrc=kw4f0GaNplBNAM:
https://www.google.com/search?q=calpain+system&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwihgcLZ6NnfAhXYqYMKHRrABOkQ_AUIDigB&biw=1118&bih=632#imgrc=AHGsFiCPW4vWYM:

What is the ubiquitin-proteasome system?

* One pathway for the degradation of proteins is via
the ubiquitin-proteasome system (UPS).

* Degradation begins by conjugation of protein to
chains of ubiquitin.

* The conjugate is then directed to the 26S
proteasome (1w, 2i, 3i) a macromolecular protease.

* The outcome is digestion of proteins, causing cell
atrophy

Kleiger and Mayor.Trends Cell Biol. 2014 Jun:;24(6):352-9
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https://www.google.com/search?q=ubiquitin-proteasome+system&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiO-_2SncLaAhVPIqwKHQjdB30Q_AUICigB&biw=1248&bih=644#imgrc=3ePuR8fwxJExxM:
https://www.google.com/search?q=ubiquitin&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwix9YbPncLaAhVOgK0KHePHBm8Q_AUICigB&biw=1248&bih=644#imgdii=4-nIw_r3TmKevM:&imgrc=Z1OE6H4U815v8M:
https://www.ncbi.nlm.nih.gov/pubmed/28525752
https://en.wikipedia.org/wiki/Proteasome
https://www.google.com/search?q=26s+proteasome&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjdjpKRnsLaAhUHH6wKHexTBUYQ_AUICigB&biw=1248&bih=644#imgdii=zUIIgrEracAcKM:&imgrc=KzI7am9PZNAaxM:
https://www.google.com/search?q=26s+proteasome&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjdjpKRnsLaAhUHH6wKHexTBUYQ_AUICigB&biw=1248&bih=644#imgdii=ug-Q1dQPAYT-UM:&imgrc=rtMsH_7A1TmoNM:
https://www.ncbi.nlm.nih.gov/pubmed/24457024

What is the calpain system?

* Calpains (1a-w, 1b-i, 2i) are enzymes belonging to the
family of calcium-dependent, non-lysosomal cysteine
proteases. Their functions are not well understood. They
appear to be involved in cell mobility and cell cycle
progression. They may also regulate blood clotting and
the diameter of blood vessels, and play a role in memory.
Calpains are thought to contribute to apoptotic cell
death, as well as cellular necrosis.



https://www.ncbi.nlm.nih.gov/pubmed/12843408
https://en.wikipedia.org/wiki/Calpain
https://www.google.com/search?q=calpain&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjx7YvLn8LaAhVL-6wKHQN9D-0Q_AUICigB&biw=1248&bih=644#imgrc=O8rjk4YuThARZM:
https://www.google.com/search?q=calpain&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjPnLDiwaDiAhUBnawKHbKIB8gQ_AUIDigB&biw=918&bih=426&dpr=1.25#imgrc=hq2D8aIGrTQLbM:
https://www.google.com/search?q=CALPAIN+AND+CELL+MOBILITY&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjP6ImlocLaAhVBS6wKHWufDIsQ_AUICygC&biw=1248&bih=644#imgrc=zlDOJHFCYacRkM:
https://ars.els-cdn.com/content/image/1-s2.0-S1357272502000699-gr2.jpg

What is the caspase system?

e Caspases (1w, 2i, 3rg)are a family of protease
enzymes playing essential roles in programmed cell
death (including apoptosis, pyroptosis and
necroptosis) (see below); there are 11 or 12 known
caspases in humans (1i).

* Activation of caspases leads to degradation of
cellular components in a controlled manner,
carrying out cell death protecting surrounding
tissues from damage.
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https://www.ncbi.nlm.nih.gov/pubmed/28498362
https://en.wikipedia.org/wiki/Caspase
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=caspases&chips=q:caspases,g_1:apoptosis+pathway:s8bpetQcGQo%3D&usg=AI4_-kSA8_jzGA1gQaHR96p-V5ST3UddPg&sa=X&ved=0ahUKEwi97YbV-NTgAhVSOq0KHXL-C-wQ4lYIMCgE&biw=1163&bih=633&dpr=1.65#imgrc=6iS3kF_MHLUfzM:
https://www.google.com/search?q=Caspases+researchgate+images&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjP3fqv-dTgAhUDyoMKHf-dB_YQ_AUIDigB&biw=1163&bih=633#imgrc=0S147rcYVwZI3M:
https://www.google.com/search?q=programmed+cell+death&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjzkOnJo8LaAhUQ-6wKHWK2CxYQ_AUICygC&biw=1248&bih=644#imgrc=RAFyILeKqXUp3M:
https://www.ncbi.nlm.nih.gov/pubmed/25833847
https://cshperspectives.cshlp.org/content/5/4/a008656/F1.large.jpg
https://www.ncbi.nlm.nih.gov/pubmed/15273300

Autophagy
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What is autophagy?

* Autophagy (1w, 2i, 3rg) is a mechanism for
destruction of cellular components. It is a normal
homeostatic mechanism for turnover of destroyed
cell organelles.

* Autophagy occurs in the lysosomal system.
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https://www.ncbi.nlm.nih.gov/pubmed/23725295
https://en.wikipedia.org/wiki/Autophagy
https://www.google.com/search?q=autophagy&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiw4N-U_tTgAhVlooMKHUSEAWsQ_AUIECgD&biw=1163&bih=633
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=autophagy+researchgate+images&chips=q:autophagy+researchgate+images,online_chips:autophagy+pathway&usg=AI4_-kT7ycd505_K1gL95Glcqbv3lIcnKw&sa=X&ved=0ahUKEwiAgayi9qDiAhUPGKwKHcmNA5IQ4lYIKygC&biw=918&bih=426&dpr=1.25#imgrc=TxxmKrplOxepRM:
https://en.wikipedia.org/wiki/Lysosome

What are the steps in autophagy?

Cytoplasmic Endosomes Lysosomes
Components
Degradation
‘ ‘ =) And
Recycling
Phagaphore ‘ ‘Autophagosome ‘Amphlsome ‘Autophagosome
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https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=autophagy+researchgate+images&chips=q:autophagy+researchgate+images,online_chips:autophagy+pathway&usg=AI4_-kT7ycd505_K1gL95Glcqbv3lIcnKw&sa=X&ved=0ahUKEwiAgayi9qDiAhUPGKwKHcmNA5IQ4lYIKygC&biw=918&bih=426&dpr=1.25#imgrc=TxxmKrplOxepRM:

What is a phagaphore?

* A phagaphore (1i, 2rg) is a double membrane
that encloses and isolates cytoplasmic
components during macroautophagy.
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https://www.ncbi.nlm.nih.gov/pubmed/28077293

What is an autophagosome?

* Bilayered phospholipid membranes are key
components of the living cell.

* During autophagy, cytoplasmic components become
enclosed by a double bilayered membrane, called
the autophagosome (1w, 2i, 3i).

* This double-membraned vesicle fuses with
lysosomes--the contents of which are degraded and
recycled.



https://www.ncbi.nlm.nih.gov/pubmed/25568151
https://en.wikipedia.org/wiki/Autophagosome
https://www.google.com/search?q=autophagosome&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj9u-_mhtXgAhUj0YMKHbyHCtgQ_AUIDigB&biw=1163&bih=633
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1163&bih=633&tbm=isch&sa=1&ei=P-ZyXO33MIjojwTVyr6gDA&q=phagophore+researchgate+images&oq=phagophore+researchgate+images&gs_l=img.3...114122.125359..126687...0.0..0.105.1653.19j1......1....1..gws-wiz-img.......0j0i24.sbE0Tms1YZU#imgrc=2w5fmZ_CUBFKRM:

What are endosomes?

 Endosomes (1w, 2i, 3rg) are membrane-bound
compartments that contain molecules internalized from the
plasma membrane (e.g. low density lipoproteins).

* Endosomes mature into late endosomes (multivesicular
bodies), which feed into the lysosomal system.

* Contents of the endosome also can be recycled to the
plasma membrane to maintain its functionality.

www.ReviewPathology.com


https://www.ncbi.nlm.nih.gov/pubmed/26861668
https://en.wikipedia.org/wiki/Endosome
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What is an amphisome?

 Amphisomes (1pm, 2i, 3rg) are intermediate
organelles resulting from fusion between
autophagosomes and endosomes.
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What is an autolysosome?

* An autolysosome (1pm, 2i, 3i, 4i) is the product of
the fusion of a autophagosome and a lysosome.
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https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=autolysosomes&chips=q:autolysosomes,online_chips:autophagy&usg=AI4_-kRmn1hdmS7Rh68Syq_LB9WXdCQmXA&sa=X&ved=0ahUKEwjn85H1ldXgAhWM3oMKHaD4A98Q4lYILigF&biw=1163&bih=633&dpr=1.65#imgrc=3kro3F0EgMPqUM:
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=autolysosomes&chips=q:autolysosomes,online_chips:autophagy&usg=AI4_-kRmn1hdmS7Rh68Syq_LB9WXdCQmXA&sa=X&ved=0ahUKEwjn85H1ldXgAhWM3oMKHaD4A98Q4lYILigF&biw=1163&bih=633&dpr=1.65#imgrc=zRkiuGWt7vVl-M:
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What is an lysosome?

* A lysosome (1pm, 2pm, 3pm, 4w, 5i, 6i, 7rg) is a
membrane-bound spherical vesicle containing hydrolytic
enzymes that degrade a variety of biomolecules

* The lysosome is involved in various cell processes,
including secretion, plasma membrane repair, cell
signaling, and energy metabolism.

* Defects in lysosomal degradative function causes
lysosomal storage diseases (1i, 2rg)
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https://www.ncbi.nlm.nih.gov/pubmed/25668017
https://www.ncbi.nlm.nih.gov/pubmed/29233882
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=lysosomal+storage+diseases&chips=q:lysosomal+storage+diseases,g_1:pathophysiology&usg=AI4_-kRhHIw6U_1Rp0iqNyoiWmU5J16AAA&sa=X&ved=0ahUKEwjXl7T0r9XgAhVBYK0KHfPoBRIQ4lYILigD&biw=1163&bih=633&dpr=1.65
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1163&bih=633&tbm=isch&sa=1&ei=dBVzXLvLKanYjwSVqZ3wCQ&q=lysosomal+storage+diseases+images+researchgate&oq=lysosomal+storage+diseases+images+researchgate&gs_l=img.3...0.0..40772...0.0..0.0.0.......1......gws-wiz-img.6Bhchfzm1NI#imgrc=x4neEH-h-eWe3M:

What are the steps in autophagy?

Cytoplasmic Endosomes Lysosomes
Components
Degradation
‘ ‘ m)  And
Recycling
Phagaphore ‘ ‘Autophagosome ‘Amphlsome ‘Autolysosome
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What are 3 forms of autophagy?

* Macroautophagy (1pm): removes damaged cell
organelles or unused proteins

* Microautophagy (1rg, 2rg): direct engulfment of
cytoplasmic material into the lysosome.

* Chaperone-mediated autophagy (1pm, 1a-pm, 2w,
3i): chaperone-dependent selection of soluble
cytosolic proteins that are targeted to lysosomes for
degradation.
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https://www.ncbi.nlm.nih.gov/pubmed/24366339
https://www.ncbi.nlm.nih.gov/pubmed/28596378
https://en.wikipedia.org/wiki/Microautophagy
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1163&bih=633&tbm=isch&sa=1&ei=VRlzXK_UGdKItQX8-K3IBQ&q=microautophagy+researcgate+images&oq=microautophagy+researcgate+images&gs_l=img.3...39428.52539..53787...0.0..0.108.1615.16j3......1....1..gws-wiz-img.......0j0i5i30j0i24.IYyLFAUsbQA#imgrc=HsdfsB-oehAlzM:
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1163&bih=633&tbm=isch&sa=1&ei=ixlzXObvJY26tQWq2ZW4Bg&q=microautophagy+researcgate&oq=microautophagy+researcgate&gs_l=img.3..35i39.199143.202245..204222...0.0..0.96.563.7......1....1..gws-wiz-img.k1Tt4qZZ2nE#imgrc=24PV4ZDgdOjraM:
https://www.ncbi.nlm.nih.gov/pubmed/26854402
https://www.ncbi.nlm.nih.gov/pubmed/26206599
https://www.ncbi.nlm.nih.gov/pubmed/29626215
https://en.wikipedia.org/wiki/Chaperone-mediated_autophagy
https://www.google.com/search?q=chaperone-mediated+autophagy&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjJ1eihudXgAhWE0YMKHUdBAE0Q_AUIDigB&cshid=1551048595812231&biw=1163&bih=633

What are 3 functions of autophagy?

* Disposal of cell organelles
* Disposal of macromolecules
* Disposal of cytoplasmic material



Who named autophagy?

* Belgian biochemist Christian de Duve won the Nobel
Prize in 1974 for discovery of autophagy.

* De Duve and student Russell Deter (1pm) first
showed that lysosomes are responsible for protein
(glucagon)-induced autophagy.
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https://en.wikipedia.org/wiki/Christian_de_Duve
https://www.nobelprize.org/prizes/medicine/1974/duve/facts/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2108350/

What is mitophagy?

* Mitophagy (1pm, 2pm, 3w) is selective degradation
of mitochondria by autophagy

* Promotes mitochondrial turnover.

* Regulated by PINK1 and parkin proteins.
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https://www.ncbi.nlm.nih.gov/pubmed/28366191
https://www.ncbi.nlm.nih.gov/pubmed/22743996
https://www.ncbi.nlm.nih.gov/pubmed/25858070
https://en.wikipedia.org/wiki/Mitophagy
https://www.ncbi.nlm.nih.gov/pubmed/28213158

How does Atg6/Beclin 1 protect against
apoptosis?

a

* Atg6/Beclin 1 is an @
autophagy-related protein. Wiioshendt

 Itis part of a lipid kinase @

complex and plays a central <
role in the cytoprotective \ }
function of autophagy and

opposing apoptosis. Y

No apoptosis



https://www.ncbi.nlm.nih.gov/pubmed/17893711
https://www.ncbi.nlm.nih.gov/pubmed/21311563

What are some key functions of autophagy?

Important functions of autophagy (1pm, 2pm, 3i, 4rg)
include:

* Nutrient starvation: removal of un-needed nutrients

* Xenophagy: degradation of infectious particles

* Repair: degrades damaged organelles

* Programmed cell death

* Basal metabolic homeostatis

* Preventing and causing cancer (tumor suppression)



https://www.ncbi.nlm.nih.gov/pubmed/18191218
https://www.ncbi.nlm.nih.gov/pubmed/26177004
https://www.ncbi.nlm.nih.gov/pubmed/29233873
https://www.google.com/search?q=autophagy+functions&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjnk8TEyNXgAhVQJKwKHXxBAgEQ_AUIDigB&cshid=1551052444949208&biw=1163&bih=633#imgrc=0Wgw4CavJQPjJM:
https://www.researchgate.net/figure/The-comprehensive-role-of-autophagy-in-innate-and-adaptive-immunity-The-many-presently_fig1_260268745

What are differences in cell size between
necrosis and autophagy?

*Necrosis = swollen cells
* Autophagy = shrunken cells



What is the difference in plasma membranes
between necrotic and apoptotic cells?

Necrotic cell membranes: disrupted
Apoptotic cell membranes: intact but altered



Mechanisms of Cell Injury
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What are major mechanisms of cell injury?

* Hypoxia

* Ischemia-perfusion injury

* Oxidative stress

* Protein misfolding (ER stress)
* DNA damage

* Inflammation



What are the main targets of cell injury?

* Cell membranes
* Mitochondria

* Cytoskeleton

* Cellular DNA



Hypoxia, Ischemia, and Cell Injury

www.ReviewPathology.com



How does hypoxia cause cellular damage?

* Hypoxia causes a deficiency of ATP.
* Oxygen is required for generation of ATP.

* This occurs via the electron transport chain in which the
mitochondrial membrane houses a series of complexes
that transfer electrons from electron donors to electron
acceptors, which couples with the transfer of protons
across the membrane. These protons drive the generation
of ATP via ATPase (1pm, 2w).

* Hypoxia disturbs cellular metabolism in other ways too.



https://www.ncbi.nlm.nih.gov/pubmed/21123733
https://www.ncbi.nlm.nih.gov/books/NBK21208/
https://en.wikipedia.org/wiki/Oxidative_phosphorylation
https://www.ncbi.nlm.nih.gov/pubmed/21123733

What is ATP used for?

* Membrane pumps and transport

* Protein synthesis

* Lipogenesis

* Phospholipid turnover

* Inclusive (1i, 2i, 3i)
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https://www.ncbi.nlm.nih.gov/books/NBK21592/
https://www.google.com/search?q=atp+and+protein+synthesis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjzraKr0dXgAhUq9YMKHUwmDXcQ_AUIDigB&biw=1163&bih=633#imgrc=e6xZoIEBoqgApM:&spf=1558197683900
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1163&bih=633&tbm=isch&sa=1&ei=UThzXK-gCczejwS5qpfQAg&q=atp+and+lipid+synthesis+researchgate+images&oq=atp+and+lipid+synthesis+researchgate+images&gs_l=img.3...44023.60317..61597...0.0..0.94.1612.20......1....1..gws-wiz-img.oCRL2J__wFw
https://www.ncbi.nlm.nih.gov/pubmed/9761729
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=910&bih=463&tbm=isch&sa=1&ei=ifk0XNL1FJK-tQXOgr_wCA&q=Functions+of+ATP&oq=oxidative+phosphorylation&gs_l=img.3...0.0..122339...0.0..0.0.0.......0......gws-wiz-img.KHBphBTh9Sc#imgrc=M95ZcRQMc0QM5M:
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=910&bih=463&tbm=isch&sa=1&ei=ifk0XNL1FJK-tQXOgr_wCA&q=Functions+of+ATP&oq=oxidative+phosphorylation&gs_l=img.3...0.0..122339...0.0..0.0.0.......0......gws-wiz-img.KHBphBTh9Sc#imgdii=rodOf3NMo9AxZM:&imgrc=M95ZcRQMc0QM5M:
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=910&bih=463&tbm=isch&sa=1&ei=ifk0XNL1FJK-tQXOgr_wCA&q=Functions+of+ATP&oq=oxidative+phosphorylation&gs_l=img.3...0.0..122339...0.0..0.0.0.......0......gws-wiz-img.KHBphBTh9Sc#imgrc=ukoOm_pd9v25cM:

What are hypoxia-inducible factors (HIF)?

* Hypoxia-inducible factors (HIF) (1pm, 2w, 3i) are a
family of proteins that protect against low oxygen
levels .
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC41725/pdf/pnas01488-0269.pdf
https://www.ncbi.nlm.nih.gov/pubmed/7836384
https://en.wikipedia.org/wiki/Hypoxia-inducible_factors
https://www.google.com/search?q=hypoxia-inducible+factors&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjfvtLFvNfgAhUNPq0KHc60DV0Q_AUIDigB&biw=926&bih=434#imgrc=l_wdtI_AxozCBM:&spf=1558198117559

What proteins are stimulated by HIF-1?

1. Vascular endothelial growth factor (VEGF)
(Signal protein that stimulates the formation of blood
vessels)

2. Proteins enhancing glucose uptake

(these proteins promote GLUT4-mediated glucose uptake
in the skeletal muscle cells)
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https://en.wikipedia.org/wiki/Vascular_endothelial_growth_factor
https://www.google.com/search?q=vascular+endothelial+growth+factor&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiH6_yj4frfAhVKRqwKHQKSAQwQ_AUIDygC&biw=1118&bih=632
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=glut4&chips=q:glut4,online_chips:glut4+translocation&usg=AI4_-kSh9bNmqpzPOwkiE4CLTa-Auz_7fQ&sa=X&ved=0ahUKEwjB6MHc4frfAhVrq4MKHU-WBOwQ4lYILygH&biw=1118&bih=632&dpr=1.65#imgrc=XtfiW1k1DsbqfM:&spf=1558198408260

How do liver and striated muscle protect against
hypoxia?

* Through production of ATP by anaerobic glycolysis.
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https://www.google.com/search?q=production+of+ATP+by+anaerobic+glycolysis&rlz=1C1CHBD_enUS751US751&oq=production+of+ATP+by+anaerobic+glycolysis&aqs=chrome..69i57j0.3694j0j9&sourceid=chrome&ie=UTF-8

What causes swelling of cells during hypoxia?

* Loss of ATP causes failure of the ATP dependent
pumps (Na*/K* pump and CaZ* pump)

* This causes a net influx of Na* and Ca?%*
ions leading to osmotic swelling (1i, 2i, 3i, 4i)
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https://en.wikipedia.org/wiki/Na+/K+-ATPase
https://www.google.com/search?q=hypoxia+cellular+swelling&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiHjMDu-d7fAhXKmq0KHb-_C8MQ_AUIDigB&biw=910&bih=463#imgrc=8K6k8ht95barlM:
https://www.google.com/search?q=hypoxia+cellular+swelling&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiHjMDu-d7fAhXKmq0KHb-_C8MQ_AUIDigB&biw=910&bih=463#imgrc=bgiob9w7IXk6JM:
https://www.google.com/search?q=hypoxia+cellular+swelling&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiHjMDu-d7fAhXKmq0KHb-_C8MQ_AUIDigB&biw=910&bih=463#imgdii=mfAGLCkI7Q1a2M:&imgrc=bgiob9w7IXk6JM:
https://www.google.com/search?q=hypoxia+and+cell+function&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjDl9_L-97fAhUN0awKHRwWC0YQ_AUIDigB&biw=910&bih=463#imgrc=_5VH-Dwfw-hGmM:

How does lactic acid accumulate during hypoxia?

* Hypoxia favors anaerobic glycolysis.

* Anaerobic glycolysis ends in lactate (1i)
e Lactic acid accumulation results in lactic acidosis (1i)
e Lactic acidosis is a form of metabolic acidosis.

* Symptoms may include nausea, vomiting, rapid breathing,
and cardiovascular collapse (1i, 2i, 3i, 4i).
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https://en.wikipedia.org/wiki/Anaerobic_glycolysis
https://www.google.com/search?q=lactate+metabolism&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjVj6udht_fAhVSs6wKHTmPBYAQ_AUIDigB&biw=910&bih=463#imgdii=C0Pi-1AaGsaiZM:&imgrc=-GPNRMooXz6hMM:&spf=1558198918182
https://www.google.com/search?q=lactic+acidosis&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjE4qjZht_fAhVIlKwKHezzBjYQ_AUIDigB&biw=910&bih=463#imgrc=bJGi9huueZqtUM:
https://en.wikipedia.org/wiki/Lactic_acidosis
https://www.google.com/search?q=symptoms+of+lactic+acidosis&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj7hYzjh9_fAhVP7qwKHa40ALYQ_AUIDigB&biw=910&bih=463#imgrc=_flH8Y9skBekcM:
https://www.google.com/search?q=symptoms+of+lactic+acidosis&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj7hYzjh9_fAhVP7qwKHa40ALYQ_AUIDigB&biw=910&bih=463#imgrc=_flH8Y9skBekcM:
https://www.google.com/search?q=symptoms+of+lactic+acidosis&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiR_dnMiN_fAhUHKawKHWFECTEQ_AUIDigB&biw=910&bih=463#imgrc=693nguz6GtL7dM:
https://www.google.com/search?q=symptoms+of+lactic+acidosis&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiR_dnMiN_fAhUHKawKHWFECTEQ_AUIDigB&biw=910&bih=463#imgrc=VFz40_EeRlMawM:
https://www.google.com/search?q=symptoms+of+lactic+acidosis&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiR_dnMiN_fAhUHKawKHWFECTEQ_AUIDigB&biw=910&bih=463#imgrc=vMWj2N7Mvo5-XM:

What is the principle form of cell death caused
by hypoxia?

* Cellular necrosis (but may include apoptosis).

* Apoptosis may be prevented by anti-apoptotic
proteins, Bcl-2 and Bcl-X,
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Lenihan+CR+and+The+impact+of+hypoxia+on+cell+death+pathways
https://www.ncbi.nlm.nih.gov/pubmed/24789981
https://www.ncbi.nlm.nih.gov/pubmed/21304176

How does cyanide simulate hypoxia?

* Cyanide inhibits cytochrome oxidase (1i, 2i, 3i, 4i)

* This impairs ATP production

* Cyanide can be released by burning of several types
of plastic

* Cyanide was used as a poison in Nazi gas chambers
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https://en.wikipedia.org/wiki/Cyanide_poisoning
https://en.wikipedia.org/wiki/Cytochrome_c_oxidase
https://www.google.com/search?q=cyanide+poisoning+mechanisms&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjD2LTTjd_fAhUK5awKHUy1DpsQ_AUIDigB&biw=910&bih=424#imgrc=uA0Enszn982GuM:
https://www.google.com/search?q=cyanide+poisoning+mechanisms&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjD2LTTjd_fAhUK5awKHUy1DpsQ_AUIDigB&biw=910&bih=424#imgrc=w_gG_BO1HObLVM:
https://www.google.com/search?q=cyanide+poisoning+mechanisms&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjD2LTTjd_fAhUK5awKHUy1DpsQ_AUIDigB&biw=910&bih=424#imgrc=4DT9tJUUMmy7-M:
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&tbm=isch&q=cytochrome+oxidase&chips=q:cytochrome+oxidase,g_1:cyanide:-jR-nDIImdQ=&usg=AI4_-kRyK-Raa7mCnkwEDpwILep4LjMG1Q&sa=X&ved=0ahUKEwiw_Lukj9_fAhUQ5awKHYSoAvAQ4lYIKSgA&biw=910&bih=424&dpr=1.25#imgrc=mDNGfKtM1RyhHM:

Reactive Oxygen Species and Cell Injury

www.ReviewPathology.com



What are reactive oxygen species?

Reactive oxygen species (ROS) are chemically reactive
molecules containing oxygen that may damage cell
structures (oxidative stress). Examples include:

» Superoxide

* Peroxides

* Hydroxyl radicals

* Singlet oxygen

* Nitric oxide
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https://en.wikipedia.org/wiki/Reactive_oxygen_species
https://en.wikipedia.org/wiki/Oxidative_stress
https://www.google.com/search?q=superoxide&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjbpJ34j9_fAhVKR60KHUdOBLwQ_AUIDigB&biw=910&bih=424
https://www.google.com/search?q=peroxides&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjhgruukN_fAhVD5awKHR4uArEQ_AUIDigB&biw=910&bih=424#imgrc=LT9-lAvAuxLieM:
https://www.google.com/search?q=hydroxyl+radicals&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiu6rmdkd_fAhVF-6wKHbbNCQkQ_AUIDigB&biw=910&bih=424#imgrc=TiWgz9RO4ubZQM:
https://www.google.com/search?q=singlet+oxygen&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjZv8bLkd_fAhUDL6wKHYkkDsQQ_AUIDigB&biw=910&bih=424#imgrc=XMYal_fX7Hlc_M:
https://www.google.com/search?q=nitric+oxide&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjOqMLNkt_fAhUHbK0KHWxOC5oQ_AUIECgD&biw=910&bih=424#imgrc=9fgcyKzYGLNcWM:

What is a superoxide?

* A superoxide is a compound that contains the
superoxide anion and with the chemical formula O,

* It is produced by acquisition of a free electron on
oxygen (O,).

* Superoxide is a precursor to other reactive oxygen
species produced by the immune system to kill
invading microorganisms.
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https://en.wikipedia.org/wiki/Superoxide
https://www.ncbi.nlm.nih.gov/pubmed/12626552

What are the biological properties of
superoxide?

* Superoxide is produced incomplete reduction of
oxygen during mitochondrial oxidative
phosphorylation and by phagocyte oxidase in
leukocytes

* Superoxide is converted to another reactive oxygen
species, hydrogen peroxide, by superoxide
dismutase.

* Superoxide damages lipids, proteins, and DNA.
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https://www.ncbi.nlm.nih.gov/pubmed/17050190
https://sco.wikipedia.org/wiki/Hydrogen_peroxide
https://en.wikipedia.org/wiki/Superoxide_dismutase
https://www.ncbi.nlm.nih.gov/pubmed/25834301

What is the main biological function of
reaction oxygen species (ROS)?

* ROS are produced by neutrophils and macrophages
for the purpose of destroying invading
microorganisms



What are peroxides?

* Peroxides are compounds with the structure
R-O-0O-R.
*The O-0 group is called peroxide or peroxo.

* The most common peroxide is hydrogen peroxide
(HOOH).
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https://en.wikipedia.org/wiki/Peroxide
https://sco.wikipedia.org/wiki/Hydrogen_peroxide

What are the biological properties of
hydrogen peroxide?

* Hydrogen peroxide is derived from superoxide by
action of superoxide dismutase.

* It is converted to water and oxygen by catalase and
by glutathione peroxidase.

* |t can be converted to hydroxide ion and perchlorate
ions, which can destroy microbes and cells.
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https://en.wikipedia.org/wiki/Hydrogen_peroxide
https://en.wikipedia.org/wiki/Superoxide_dismutase
https://en.wikipedia.org/wiki/Catalase
https://en.wikipedia.org/wiki/Glutathione_peroxidase
https://en.wikipedia.org/wiki/Hydroxide#Hydroxide_ion
https://en.wikipedia.org/wiki/Perchlorate

What are hydroxyl radicals?

* The hydroxyl radical is ®OH -- not a hydroxide ion
(OH").

* Hydroxyl radicals can be produced by action of UV
light on hydrogen peroxide.

* They are also formed by decomposition of
hydroperoxides (ROOH).

www.ReviewPathology.com


https://en.wikipedia.org/wiki/Hydroxyl_radical
https://www.sciencedirect.com/topics/chemistry/hydroperoxide

What is singlet oxygen?

* Singlet oxygen (0=0 or '0,) is a high-energy form of
oxygen (=0).

* Ingestion of certain pigments can produce singlet
oxygen when activated by light.

* This reaction in the skin can cause severe
photosensitivity of skin resulting in phototoxicity
and photodermatitis.
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https://en.wikipedia.org/wiki/Singlet_oxygen
https://www.ncbi.nlm.nih.gov/pubmed/28793448
https://www.ncbi.nlm.nih.gov/pubmed/9595711
https://www.ncbi.nlm.nih.gov/pubmed/3741478

How does nitric oxide act as a reactive
oxygen species?

* Nitric oxide (NO) is a free radical. (*NO)
* In inflammation, nitric acid act as a reactive oxygen species.

* NO also is a signaling molecule having multiple actions:
vasodilatation, neurotransmission, and immune activation.

* The Nobel Prize in Physiology or Medicine 1998 was awarded
jointly to Robert F. Furchgott, Louis J. Ignarro and Ferid Murad
"for their discoveries concerning nitric oxide as a signalling
molecule in the cardiovascular system.
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https://www.ncbi.nlm.nih.gov/pubmed/14726604
https://en.wikipedia.org/wiki/Biological_functions_of_nitric_oxide
https://www.nobelprize.org/prizes/medicine/1998/summary/

What enzymes or reactions generate free
radicals?

* NAPDH Oxidase: converts oxygen to superoxide
(0,7)

* Myeloperoxidase (MPO): converts peroxide (H,0,)
into hypochlorous acid (HOCI)

* Fenton Reaction (using iron) generates hydroxide
(OH") from peroxide (H,0,)
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https://en.wikipedia.org/wiki/NADPH_oxidase
https://en.wikipedia.org/wiki/Myeloperoxidase
https://en.wikipedia.org/wiki/Fenton's_reagent

What is the Fenton reaction?

* The Fenton reaction * Hydroxyl radicals attack

(1i) results in the DNA at deoxyribose and

creation of hydroxyl : .
radicals (OH-) from bases, producing mutagenic

hydrogen peroxide and changes.
an Iron (ll) catalyst.

Fe’* + H,0, - Fe?* +
OH- + OH"
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https://en.wikipedia.org/wiki/Fenton's_reagent
https://www.google.com/search?q=fenton+reaction&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiJ_-D7ov3fAhUE6oMKHaL5BygQ_AUIDigB&biw=985&bih=632#imgrc=oBVgtb_bM5ZN7M:
https://en.wikipedia.org/wiki/Hydroxyl_radical
https://en.wikipedia.org/wiki/Free_radical_damage_to_DNA#Radical_hydroxyl_attack

What enzymes destroy free radicals?

* Superoxide dismutase: converts superoxide to
peroxide (H,0,)

* Catalase: converts peroxide (H,0,) to water

* Glutathione peroxidases: converts hydroxide to
water
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https://en.wikipedia.org/wiki/Superoxide_dismutase
https://en.wikipedia.org/wiki/Catalase
https://en.wikipedia.org/wiki/Glutathione_peroxidase

What is superoxide dismutase (SOD)?

* Superoxide dismutase alternately catalyzes the
dismutation (or partitioning) of the superoxide
(O,7) radical into either ordinary molecular oxygen
(O,) or hydrogen peroxide (H,0,)

*SOD is an important antioxidant defense in nearly
all living cells exposed to oxygen.
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https://en.wikipedia.org/wiki/Superoxide_dismutase
https://www.ncbi.nlm.nih.gov/pubmed/28842347

What are the 3 forms of superoxide dismutase
(SOD) and where are they located?

*SOD 1: Cytoplasm
*SOD 2: Mitochondria
*SOD 3: Extracellular
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https://en.wikipedia.org/wiki/SOD1
https://en.wikipedia.org/wiki/SOD2
https://en.wikipedia.org/wiki/SOD3

What is catalase and what its functions?

e Catalase is an enzyme that catalyzes breakdown of
hydrogen peroxide into water.

* It is a highly active enzyme and destroys hydrogen
peroxide that a great rate.

* Catalase polymorphisms have been linked to various
common diseases.



https://en.wikipedia.org/wiki/Catalase
https://www.ncbi.nlm.nih.gov/pubmed/25152049

Where is catalase located?

* Perioxisomes (1i, 1b-i, 1c-i, 2rg) are small vesicles
with a single membrane containing oxidative
digestive enzyme for breaking down toxic materials.

* The major oxidative enzyme in proxisomes is
catalase.


https://en.wikipedia.org/wiki/Peroxisome
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=isch&sa=1&ei=8_OCXMbHHNDAtQXyg53YDg&q=Peroxisomes&oq=Peroxisomes&gs_l=img.3..35i39l2j0i67j0j0i67j0l5.96703.99696..118515...0.0..0.48.93.2......1....1..gws-wiz-img.Q05I0icIc08
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=isch&sa=1&ei=avSCXM2wOJDStAX26rXIBA&q=peroxisomes+structure+and+function&oq=Peroxisomes&gs_l=img.1.5.35i39l2j0l8.51674.52212..59693...0.0..0.48.94.2......1....1..gws-wiz-img.......0i67.NTBsC_GI_m8
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=isch&sa=1&ei=avSCXM2wOJDStAX26rXIBA&q=peroxisomes+structure+and+function&oq=Peroxisomes&gs_l=img.1.5.35i39l2j0l8.51674.52212..59693...0.0..0.48.94.2......1....1..gws-wiz-img.......0i67.NTBsC_GI_m8
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=isch&sa=1&ei=p_SCXMuMCcyEsAWLiKv4DA&q=peroxisomes+function+in+animal+cell&oq=peroxisomes+function&gs_l=img.1.4.0j0i7i30l2j0i24l7.142962.143687..153447...0.0..0.44.88.2......1....1..gws-wiz-img.XJIBfiyyc_k#imgrc=ZMXzwmaltlRG9M:&spf=1558216887293

What are glutathione peroxidases and what
are their functions?

* Glutathione peroxidases are a family of enzymes
that protect against free radical damage.

* Glutathione peroxidases catalyze breakdown of
hydrogen peroxide into water.
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https://www.ncbi.nlm.nih.gov/pubmed/21087145
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=isch&sa=1&ei=p_SCXMuMCcyEsAWLiKv4DA&q=Glutathione+peroxidases&oq=Glutathione+peroxidases&gs_l=img.3..35i39.10579.10579..12690...0.0..0.38.38.1......1....2j1..gws-wiz-img.F-sC9UWwPCM

What are sources of ROS?

* Radiant energy (sunlight/X-rays)

* Exogenous chemicals (xenobiotics/cigarette smoke)

* Inflammation (cytokines and growth factors)
* Metals
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https://www.ncbi.nlm.nih.gov/pubmed/29722183
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&tbm=isch&q=sunlight+and+ros&chips=q:sunlight+and+ros,online_chips:species+ros&usg=AI4_-kQPRv_7t4KwGINwHPprStSo4v9RZA&sa=X&ved=0ahUKEwjRmKii1_PgAhWmx4MKHfnSA6AQ4lYIKSgA&biw=926&bih=434&dpr=1.25
https://www.ncbi.nlm.nih.gov/pubmed/12105992
https://www.ncbi.nlm.nih.gov/pubmed/16080163
https://www.ncbi.nlm.nih.gov/pubmed/19440393
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=isch&sa=1&ei=0_aCXMatLMyMtgWhoZk4&q=Inflammation+and+ros&oq=Inflammation+and+ros&gs_l=img.3..0i24l2.101416.106073..107457...0.0..0.48.390.9......1....2j1..gws-wiz-img.......0j0i5i30j0i8i30.ZX8UE5FyV08
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=cytokines+and+ros&chips=q:cytokines+and+ros,online_chips:proinflammatory+cytokine&usg=AI4_-kSKXiVCcuE7fWX4zw4TwOsGak8yyw&sa=X&ved=0ahUKEwjQ5rn-6vPgAhUEVd8KHerrBkgQ4lYILygG&biw=1163&bih=633&dpr=1.65
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=growth+factors+and+ros+researchgate+cartoons&chips=q:growth+factors+and+ros+researchgate+cartoons,online_chips:oxidative+stress&usg=AI4_-kRkn38TYHxfzTWLUMzU3KDpn5bD2Q&sa=X&ved=0ahUKEwjRtLLC7PPgAhXhzIMKHe45AJoQ4lYIKSgA&biw=1163&bih=633&dpr=1.65
https://www.ncbi.nlm.nih.gov/pubmed/23333964

How does radiant energy produce ROS?

* The absorption of radiant energy (e.g., ultraviolet
(UV) light (1rg) and x-rays produce reactive oxygen
species.

* lonizing radiation can hydrolyze water into hydroxyl
(¢OH) and hydrogen (He) free radicals.
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https://www.ncbi.nlm.nih.gov/pubmed/23378590
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=isch&sa=1&ei=qfiCXLPAAoPIsAWE_azwAw&q=ultraviolet+(UV)+light+and+ros&oq=ultraviolet+(UV)+light+and+ros&gs_l=img.3...132101.141266..142363...0.0..1.96.1188.24......2....1j2..gws-wiz-img.....0..0i24j0i30j0i8i30.WWKL61mIamw#imgrc=ByAmNkYH0z21LM:
https://www.researchgate.net/figure/Mechanisms-of-UV-radiation-induced-apoptosis-At-physiologically-relevant-doses-UV_fig1_7778102
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=isch&sa=1&ei=EPqCXJ_sMo-itQWKz4WwCg&q=xrays+ros+cartoons+researchgate&oq=xrays+ros+cartoons+researchgate&gs_l=img.3...21946.39091..42787...0.0..0.46.761.19......1....1..gws-wiz-img.N1CO--0XjAo

How do exogenous chemicals produce ROS?

e Various mechanisms have been implicated,
depending on the chemical.
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https://www.ncbi.nlm.nih.gov/pubmed/23477340
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=isch&sa=1&ei=8vqCXISmD6bSjwSB0K7gBQ&q=exogenous+chemicals+and+ros+researchgate&oq=exogenous+chemicals+and+ros+researchgate&gs_l=img.3...25047.31094..32703...0.0..0.47.542.13......1....1..gws-wiz-img.drgVlD_XZ7Q#imgrc=EICBk5lJOlAzCM:&spf=1558217348140

Where do ROS come from?

* The endogenous sources of ROS include different
cellular organs such as mitochondria, peroxisomes
and endoplasmic reticulum, where the oxygen
consumption is high.

* During inflammation, ROS are producing large
amounts by white blood cells (leukocytes).
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https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=isch&sa=1&ei=E_uCXP7xJMfYtAWHs5yABA&q=endogenous+sources+of+ROS+researchgate&oq=endogenous+sources+of+ROS+researchgate&gs_l=img.3...72158.76357..82860...0.0..0.45.199.5......1....2j1..gws-wiz-img.7_UMCMzAxrA
https://www.google.com/search?q=inflammation+and+ros+researchgate&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiZ95K82vPgAhUK5awKHfIOCp8Q_AUIDigB&biw=926&bih=434

What are endogenous sources of ROS?

Organelles and cells Intracellular constituents
* Mitochondria e Cytochrome P450

* Peroxisomes * NADPH oxidases

* Endoplasmic reticulum * Nitrogen oxide synthase

* Phagocytes * Xanthine oxidase

e Heme proteins

* Metal lons
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https://www.ncbi.nlm.nih.gov/pubmed/28842493
https://www.ncbi.nlm.nih.gov/pubmed/17034877
https://www.ncbi.nlm.nih.gov/pubmed/24702237
https://www.ncbi.nlm.nih.gov/pubmed/19302038
https://www.ncbi.nlm.nih.gov/pubmed/26233903
https://www.ncbi.nlm.nih.gov/pubmed/23970124
https://www.ncbi.nlm.nih.gov/pubmed/29047082
https://www.ncbi.nlm.nih.gov/pubmed/22967988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heme+Induces+Neutrophil+Migration+and+Reactive+Oxygen+Species+Generation+through+Signaling+Pathways+Characteristic+of+Chemotactic+Receptors
https://www.ncbi.nlm.nih.gov/pubmed/?term=Metal+interaction+with+redox+regulation:+An+Integrating+Concept+in+metal+carcinogenesis?

What is a respiratory burst?

* Respiratory burst is the release of ROS from immune
cells, e.g., neutrophils and monocytes, as they come into
contact with different bacteria or fungi.

* Its actions are to degrade internalized particles and
bacteria.

* Driving factors include:

NADPH oxidase
Myeloperoxidase
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https://en.wikipedia.org/wiki/Respiratory_burst
https://www.ncbi.nlm.nih.gov/pubmed/27558335
https://en.wikipedia.org/wiki/NADPH_oxidase
https://en.wikipedia.org/wiki/Myeloperoxidase#Function

What are major dietary antioxidants?

*Vitamin E
*Vitamin A
 Vitamin C (1w, 2i)
* Beta-carotene
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https://www.ncbi.nlm.nih.gov/pubmed/17561088
https://www.ncbi.nlm.nih.gov/pubmed/10218665
https://ac.els-cdn.com/S8755966886800217/1-s2.0-S8755966886800217-main.pdf?_tid=404ca282-3c3f-4616-9afb-2d0eb5aa1da6&acdnat=1551202480_a62ed6b2edcf6ad547ede54b96ba4ed7
https://en.wikipedia.org/wiki/Vitamin_C
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&tbm=isch&q=vitamin+c+and+antioxidant&chips=q:vitamin+c+and+antioxidant,online_chips:mechanism&usg=AI4_-kTNdxj066Oz3-lmp3bKEToyWi92Ow&sa=X&ved=0ahUKEwiV7t2Q-tngAhVOZawKHWPWB3AQ4lYIKygC&biw=926&bih=434&dpr=1.25
beta-Carotene: an unusual type of lipid antioxidant

What is oxidative stress?

* Oxidative stress (1w) is tissue damage produced by
reactive oxygen species (among other definitions
and concepts [1i, 2rg])
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https://www.ncbi.nlm.nih.gov/pubmed/25588755
https://en.wikipedia.org/wiki/Oxidative_stress
https://www.google.com/search?q=oxidative+stress+wikipedia&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiLqP7e-9ngAhUBnq0KHZElB9wQ_AUIDygC&cshid=1551203744122409&biw=926&bih=434
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=isch&sa=1&ei=pH11XOPwGMy-tQWl1bnIAQ&q=oxidative+stress+reseachgate+images)&oq=oxidative+stress+reseachgate+images)&gs_l=img.3...100671.115241..117832...0.0..0.64.1237.28......1....1..gws-wiz-img.......0i24j35i39j0i8i30j0j0i67.MiBkbNmy798

What are some of the conditions in which
oxidative stress has been implicated?

* Cellular aging * Atherosclerosis

* Chemical and radiation * Diabetes
injury » Cataract (1i)

» Tissue injury caused by * Retinal degeneration (1i, 2rg)
inflammatory cells * Rheumatoid arthritis (1rg)

* |schemia-reperfusion injury. ° Parkinson’s disease (1pm, 2pm)

e Cell death (necrosis, * Alzheimer disease (1pm, 2pm)
apoptosis) * Psoriasis
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Cellular aging
https://www.ncbi.nlm.nih.gov/pubmed/26484802
https://www.ncbi.nlm.nih.gov/pubmed/24483238
https://www.ncbi.nlm.nih.gov/pubmed/16757157
https://www.ncbi.nlm.nih.gov/pubmed/21030723
https://www.ncbi.nlm.nih.gov/pubmed/23373015
https://www.google.com/search?q=oxidative+stress+and+cataract&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjH7MG08fPgAhVp64MKHSzuB_AQ_AUIDigB&biw=1163&bih=633
https://repository.wit.ie/1354/1/Beatty2000A.pdf
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=Retinal+degeneration+and+oxidative+stress&chips=q:retinal+degeneration+and+oxidative+stress,online_chips:pathogenesis&usg=AI4_-kSNFSET9cUksiEcU7vbhnJ_DJWAEQ&sa=X&ved=0ahUKEwjH9rXp8vPgAhWJ64MKHSLgAC8Q4lYILSgE&biw=1163&bih=633&dpr=1.65
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=Retinal+degeneration+and+oxidative+stress+researchgate+cartoons&chips=q:retinal+degeneration+and+oxidative+stress+researchgate+cartoons,online_chips:molecular+mechanisms&usg=AI4_-kQf_V5qN6MRYsnpBsSKL95VzKuL2w&sa=X&ved=0ahUKEwi9npWx8_PgAhUi5IMKHd83DqIQ4lYINCgL&biw=1163&bih=633&dpr=1.65
https://www.ncbi.nlm.nih.gov/pubmed/27340664
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1163&bih=633&tbm=isch&sa=1&ei=4BaDXPjBOIXZjgTz8Ky4Ag&q=rheumatoid+arthritis+and+oxidative+stress+cartoon+researchgate&oq=rheumatoid+arthritis+and+oxidative+stress+cartoon+researchgate&gs_l=img.3...29186.41809..44112...0.0..0.88.1042.14......1....1..gws-wiz-img.TulawzJjSK8
https://www.ncbi.nlm.nih.gov/pubmed/28017782
https://www.ncbi.nlm.nih.gov/pubmed/23064436
https://www.ncbi.nlm.nih.gov/pubmed/23643800
https://www.ncbi.nlm.nih.gov/pubmed/29080524
https://www.ncbi.nlm.nih.gov/pubmed/27392670
https://www.ncbi.nlm.nih.gov/pubmed/25511446
https://www.ncbi.nlm.nih.gov/pubmed/30429845

What are some of the products of signaling cascades that

generate ROS?

e Tumor necrosis factor-alpha

. Monqcvte chemoattractant
protein-1

e Colony-stimulating factor-1;
 Nuclear factor-kB
* Interleukin

* Heat shock protein
Cyclooxygenase-2

 |nterferon-gamma
e Platelet derived growth factor

Reviewpathology.com

Mitogen-activated protein kinase

Nitric oxide synthase (1w)

Epidermal growth factor (1W)

c-Jun NH2-terminal kinase (1W)
Phospholipase A2

Heparin-bound EGF
Fibroblast growth factor-2

Insulin growth factor |

Hepatocyte growth factor

 Transforming growth factor

Thannickal and Fanburg Am J Physiol
Lung Cell Mol Physiol. 2000; 279: L1005-28



https://www.ncbi.nlm.nih.gov/pubmed/11076791
https://en.wikipedia.org/wiki/Tumor_necrosis_factor_alpha
https://www.ncbi.nlm.nih.gov/pubmed/19441883
https://en.wikipedia.org/wiki/Macrophage_colony-stimulating_factor
https://www.ncbi.nlm.nih.gov/pubmed/20457564
https://en.wikipedia.org/wiki/Interleukin
https://www.ncbi.nlm.nih.gov/pubmed/12225989
https://www.ncbi.nlm.nih.gov/pubmed/10688427
https://www.ncbi.nlm.nih.gov/pubmed/18483217
https://en.wikipedia.org/wiki/Mitogen-activated_protein_kinase
https://www.ncbi.nlm.nih.gov/pubmed/21890489
https://en.wikipedia.org/wiki/Nitric_oxide_synthase
https://www.ncbi.nlm.nih.gov/pubmed/24527320
https://en.wikipedia.org/wiki/Epidermal_growth_factor
https://www.ncbi.nlm.nih.gov/pubmed/22260670
https://en.wikipedia.org/wiki/C-Jun_N-terminal_kinases
https://en.wikipedia.org/wiki/Phospholipase_A2
https://en.wikipedia.org/wiki/Fibroblast_growth_factor
https://en.wikipedia.org/wiki/Insulin-like_growth_factor
https://en.wikipedia.org/wiki/Hepatocyte_growth_factor
https://en.wikipedia.org/wiki/Transforming_growth_factor
https://www.ncbi.nlm.nih.gov/pubmed/11076791
https://www.ncbi.nlm.nih.gov/pubmed/11076791

What post-translational modifications are affected by
ROS, which influence intracellular signaling?

* Phosphorylation

* Ubiquitination

* Acetylation

 Oxidative modification

* Nitrosative modification

Hu N and Ren J. Reactive
Oxygen Species 2(4):264-271, 2016
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https://www.ncbi.nlm.nih.gov/pubmed/9788899
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4403231/
https://www.ncbi.nlm.nih.gov/pubmed/20705415
https://www.ncbi.nlm.nih.gov/pubmed/24251116
https://www.ncbi.nlm.nih.gov/pubmed/20876760
https://www.aimsci.com/ros/index.php/ros/article/view/42
https://www.aimsci.com/ros/index.php/ros/article/view/42

Endoplasmic Reticulum (ER) Stress and
Cellular Injury



What is endoplasmic reticulum (ER) Stress?

* ER stress is endoplasmic reticulum overloaded with
unfolded proteins .

* Unfolded/misfolded proteins elicit the unfolded
protein response (1w, 2i).

* This response promotes unfolded protein removal by
chaperone proteins.
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https://www.ncbi.nlm.nih.gov/pubmed/25387057
https://en.wikipedia.org/wiki/Endoplasmic_reticulum
https://en.wikipedia.org/wiki/Protein_folding
https://www.ncbi.nlm.nih.gov/pubmed/29107536
https://en.wikipedia.org/wiki/Unfolded_protein_response
https://www.google.com/search?q=unfolded+protein+response&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiGzoXF7PrfAhVi34MKHX7vBOEQ_AUIDigB&biw=1118&bih=632
https://www.ncbi.nlm.nih.gov/pubmed/23459247

What is kinase IRE-1?

* Kinase IRE-1 (1w, 2i) is a molecular sensor of ER
stress.

* It triggers the adaptive unfolded protein response
(1pm)
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https://www.ncbi.nlm.nih.gov/pubmed/23880584
https://en.wikipedia.org/wiki/ERN1
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&tbm=isch&q=Kinase+IRE-1&chips=q:kinase+ire+1,online_chips:er+stress&usg=AI4_-kQoXPRTwFlHLgIBTpSCZKVq6ILjuw&sa=X&ved=0ahUKEwj_ydWfuNrgAhVB9IMKHR_tBOUQ4lYILygG&biw=926&bih=434&dpr=1.25
https://www.ncbi.nlm.nih.gov/pubmed/25956028
https://www.ncbi.nlm.nih.gov/pubmed/29107536

Mitochondria in Cell Injury and Cell Death



What is the role of mitochondria in cell
injury and cell death?

 Defective oxidative phosphorylation = cell necrosis
 Excess oxidative phosphorylation =2 I~ROS =2
apoptosis

* Mitochondrial damage = release of cytochrome C
into cytoplasm = apoptosis
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https://www.ncbi.nlm.nih.gov/pubmed/27646922
https://www.ncbi.nlm.nih.gov/pubmed/27646922
https://www.ncbi.nlm.nih.gov/pubmed/9714780

Cellular Toxicity
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What are xenobiotics?

* Xenobiotics (1i) are chemicals present in cells that
are not naturally present.

* Examples include carcinogens, drugs, environmental
pollutants, food additives, hydrocarbons, and
pesticides

* Xenobiotic metabolism (1i) involves multiple
pathways.

www.ReviewPathology.com


https://en.wikipedia.org/wiki/Xenobiotic
https://www.google.com/search?q=xenobiotics&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjJ3ZjX6drgAhXL44MKHUBhCiMQ_AUIDygC&biw=1280&bih=596#imgrc=0WkAlMXw6In9hM:
https://www.ncbi.nlm.nih.gov/pubmed/21059794
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1163&bih=633&tbm=isch&sa=1&ei=7EGDXJ3WCeHQjwSFkYToCQ&q=Xenobiotic+metabolism++cartoons&oq=Xenobiotic+metabolism++cartoons&gs_l=img.3...59352.59352..69015...0.0..0.72.72.1......1....1..gws-wiz-img.9RHLvsOFl0Q

How does the body rid itself of xenobiotics?

* Primary modification consists of Interactions with hepatic microsomal cytochrome
P450 enzymes (1i). Reactions include

- Oxidation
- Reduction
- Hydrolysis
- Hydration
» Secondary modification consists of conjugation (1a-pm, 1b-i, 1c-l, 2pm) with
- Glucuronic acid
- Sulphuric acid
- Glutathione

www.ReviewPathology.com


https://en.wikipedia.org/wiki/Cytochrome_P450
https://www.google.com/search?q=cytochromes+p450&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjj4dLZnvTgAhUOoYMKHULfBgMQ_AUIDigB&biw=1163&bih=633
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1280&bih=675&tbm=isch&sa=1&ei=yrK8XKOaH4rGsQWkioaYDg&q=cytochromes+p450++conjugation&oq=cytochromes+p450++conjugation&gs_l=img.3...124985.128236..141477...0.0..0.216.1334.4j7j1......1....1..gws-wiz-img.2S0doohNKv8
https://www.ncbi.nlm.nih.gov/pubmed/16584116
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1280&bih=675&tbm=isch&sa=1&ei=J6-8XJeRKIKWsQWztYDQAw&q=cytochromes+p450+researchgate+conjugation+reactions&oq=cytochromes+p450+researchgate+conjugation+reactions&gs_l=img.3...72380.76851..77788...0.0..0.306.1339.0j9j0j1......1....1..gws-wiz-img.-IlPPk2qt_g
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=cytochromes+p450++conjugation&chips=q:cytochromes+p450+conjugation,online_chips:xenobiotic+metabolism&usg=AI4_-kT8aIax23h_-86-bWofdC2WWKt-xw&sa=X&ved=0ahUKEwiYzJvu5eHhAhUBnq0KHezhAIEQ4lYIMigJ&biw=1280&bih=675&dpr=1.5
https://www.ncbi.nlm.nih.gov/pubmed/23333322

What are potential dangers of xenobiotics?

e Oxidative stress

* Inflammation

* Cell necrosis

* Apoptosis (1pm)

* Carcinogenesis

* Other potential dangers (1pm, 2pm, 3pm)
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https://www.ncbi.nlm.nih.gov/pubmed/28494612
https://www.ncbi.nlm.nih.gov/pubmed/28494612
https://www.ncbi.nlm.nih.gov/pubmed/19842215
https://www.ncbi.nlm.nih.gov/pubmed/29137141
https://www.ncbi.nlm.nih.gov/pubmed/2809884
https://www.ncbi.nlm.nih.gov/pubmed/27123158
https://www.ncbi.nlm.nih.gov/pubmed/27837601
https://www.ncbi.nlm.nih.gov/pubmed/28642381
https://www.ncbi.nlm.nih.gov/pubmed/28111348
https://www.ncbi.nlm.nih.gov/pubmed/28911535

What is a toxin?

e "...the term "toxin" means the toxic material or
product of plants, animals, microorganisms
(including, but not limited to, bacteria, viruses, fungi,
rickettsiae or protozoa), or infectious substances, or
a recombinant or synthesized molecule, whatever
their origin and method of production..."

Title 18 of the United States
Code




What are the major categories of toxins?

* Direct-acting toxins: Combine with cell component
or molecule

* Latent toxins: Not inherently toxic, but must be
converted to direct-acting toxin



What role does intracellular calcium play in
reversible cell injury?

Cell _ Calcium
|njury Influx

\
Activation
l of enzymes
I Phospholipases I I Membrane damage I
| Proteases | | Membrane damage |
| D

| Endonucleases | | Nuclear damage |

Metabolic
www.ReviewPathology.com ‘ derangement \



https://www.ncbi.nlm.nih.gov/pubmed/2190804

Cellular Adaptations to Stress



What are major cellular adaptations to cellular
stress/injury?

* Hypertrophy (1i, 2yt): increased cell size
e Hyperplasia (1i, 2yt) Increased cell number
e Atrophy (1i): Degeneration of cells

 Metaplasia (1i, 2yt): transformation of one differentiated
cell type to another differentiated cell type

e Dysplasia (1i, 2yt): Acquired abnormality of cellular
development or differentiation

e Cellular or tissue accumulations of abnormal substances.
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https://en.wikipedia.org/wiki/Hypertrophy
https://www.google.com/search?q=hypertrophy+definition&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiE37eA7tzgAhUHLK0KHWJ3Ba8Q_AUIDygC&cshid=1551303159200539&biw=926&bih=434&dpr=1.25
https://www.youtube.com/watch?v=n8ijwy8k99A
https://en.wikipedia.org/wiki/Hyperplasia
https://www.google.com/search?q=hyperplasia&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjuxvKE8NzgAhVM1qwKHaihCrYQ_AUIDigB&biw=926&bih=434https://en.wikipedia.org/wiki/Hyperplasia
https://en.wikipedia.org/wiki/Hyperplasia
https://www.youtube.com/watch?v=5uLXaCHiE54
https://en.wikipedia.org/wiki/Atrophy
https://www.google.com/search?q=atrophy&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj6h_S089zgAhUJW60KHUXYAZoQ_AUIDigB&biw=926&bih=434
https://en.wikipedia.org/wiki/Metaplasia
https://www.google.com/search?q=metaplasia&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjN1sjA99zgAhVJKawKHc1ZAHEQ_AUIDigB&biw=926&bih=434
https://www.youtube.com/watch?v=IwB46brAp_s
https://www.google.com/search?q=Dysplasia&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj3h9OJ-dzgAhVNL6wKHfpGAX8Q_AUIDigB&biw=926&bih=434https://en.wikipedia.org/wiki/Dysplasia
https://www.google.com/search?q=Dysplasia+pathology+mini+tutorials&rlz=1C1GCEU_enUS821US821&tbm=isch&source=lnms&sa=X&ved=0ahUKEwjV6vfW-dzgAhUMna0KHXsBBscQ_AUICigB&biw=926&bih=434&dpr=1.25
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=vid&ei=VQ13XMPUGYaqtQWU7ZuQDQ&q=Dysplasia+pathology+mini+tutorials&oq=Dysplasia+pathology+mini+tutorials&gs_l=psy-ab.3...24121.58501.0.60781.27.27.0.0.0.0.130.1873.25j2.27.0....0...1c.1.64.psy-ab..0.24.1634...0j0i13k1j0i13i5i30k1j0i5i30k1j0i30k1j33i299k1j33i160k1.0.FM8pDwUuEUQ

What are examples of organ hypertrophy?*

* Heart: Left ventricular hypertrophy (hypertension, valvular disease,

heart failure); Right ventricular hypertrophy (congenital heart disease,
obstructive lung disease); hypertrophic cardiomyopathy

* Kidney: compensatory hypertrophy after loss of one kidney
e Gravid uterus: pregnancy

* Bladder: lower urinary tract obstruction

* Skeletal muscle: exercise

* May increase some increase n cell number as well as increased cell
size
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https://en.wikipedia.org/wiki/Ventricular_hypertrophy
https://en.wikipedia.org/wiki/Left_ventricular_hypertrophy
https://en.wikipedia.org/wiki/Right_ventricular_hypertrophy
https://en.wikipedia.org/wiki/Hypertrophic_cardiomyopathy
https://en.wikipedia.org/wiki/Compensatory_growth_(organ)
http://srsree.blogspot.com/2013/12/physiological-adaptations-in-pregnancy.html
https://www.ncbi.nlm.nih.gov/pubmed/9186330
https://www.ncbi.nlm.nih.gov/pubmed/26644989

What is the stimulus to cellular
hypertrophy?

* Mechanical

. . transduction | — | synthesis
* Biochemical Y

(Excessive stimulation = degenerative changes)



What are the categories of hyperplasia?

* Hormonal hyperplasia: proliferation of the glandular
epithelium
* Physiological: normal hormonal stimulation
* Pathological: driven by growth factors

 Compensatory hyperplasia: regrowth from loss of
tissue

* There are several examples of hyperplasia under the
above categories.
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https://erc.bioscientifica.com/view/journals/erc/23/1/R1.xml
https://en.wikipedia.org/wiki/Compensatory_growth_(organ)
https://en.wikipedia.org/wiki/Hyperplasia#Types

What are examples of hormonal
hyperplasia?

* Breast epithelium: pregnancy

* Prostate: benign prostatic hyperplasia
(histopathology)

* Endometrium: estrogen stimulation (histology)
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https://www.google.com/search?q=Breast+epithelium:+pregnancy&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwimreGM-9zgAhUKOawKHSWCA5cQ_AUIDigB&biw=926&bih=434
https://www.google.com/search?q=benign+prostatic+hyperplasia&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiOmae7-9zgAhVR-qwKHRhxCnMQ_AUIDygC&biw=926&bih=434
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&tbm=isch&q=benign+prostatic+hyperplasia&chips=q:benign+prostatic+hyperplasia,g_1:histopathology:R0rXQVPXfEg%3D&usg=AI4_-kSOj5xDBUD_KFk-2NLbbIRcnyUd_w&sa=X&ved=0ahUKEwisnY7A-9zgAhUIPq0KHbwEA28Q4lYIPigL&biw=926&bih=434&dpr=1.25
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=isch&sa=1&ei=4Q93XO2bHcbEsAXwop6oDA&q=Endometrium:+estrogen+stimulation&oq=Endometrium:+estrogen+stimulation&gs_l=img.3...126218.126218..128813...0.0..0.46.46.1......1....2j1..gws-wiz-img.VPp38wtGawI#imgrc=e4DfCyzRIbqo4M:
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=isch&sa=1&ei=9BB3XInUG4HcsAXWsJz4Bg&q=Endometrium:+estrogen+stimulation+histology&oq=Endometrium:+estrogen+stimulation+histology&gs_l=img.3...10943.16496..18398...0.0..0.66.503.10......1....1..gws-wiz-img.gQNBzjmd5Os

What is cellular/tissue atrophy?

* Atrophy is the partial or complete wasting of cells,
tissues, organs, or parts of the body.



https://en.wikipedia.org/wiki/Atrophy

What are the causes of atrophy?

Causes of atrophy include:

Genetic mutations

Poor nourishment

Impaired, circulation

Loss of hormonal support

Loss of nerve supply to and organ
Excessive apoptosis

Lack of exercise

Tissue disease

Loss of hormonal input


https://www.humpath.com/spip.php?article3344

What is metaplasia?

* Metaplasia (1i, 2yt) is the change of one
differentiated cell type to another differentiated cell

type.

* If the stimulus causing metaplasia is removed, the
tissue returns to normal pattern.

* Sometimes, metaplasia may be the first change in
the development of a cancer.


https://en.wikipedia.org/wiki/Metaplasia
https://www.google.com/search?q=metaplasia&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjN1sjA99zgAhVJKawKHc1ZAHEQ_AUIDigB&biw=926&bih=434
https://www.youtube.com/watch?v=IwB46brAp_s

What is dysplasia?

* Dysplasia (1i, 2yt) is a pathological change in a tissue,
usually epithelial tissue, that may precede the
development of cancer.
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https://www.google.com/search?q=Dysplasia&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj3h9OJ-dzgAhVNL6wKHfpGAX8Q_AUIDigB&biw=926&bih=434https://en.wikipedia.org/wiki/Dysplasia
https://www.google.com/search?q=Dysplasia+pathology+mini+tutorials&rlz=1C1GCEU_enUS821US821&tbm=isch&source=lnms&sa=X&ved=0ahUKEwjV6vfW-dzgAhUMna0KHXsBBscQ_AUICigB&biw=926&bih=434&dpr=1.25
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=926&bih=434&tbm=vid&ei=VQ13XMPUGYaqtQWU7ZuQDQ&q=Dysplasia+pathology+mini+tutorials&oq=Dysplasia+pathology+mini+tutorials&gs_l=psy-ab.3...24121.58501.0.60781.27.27.0.0.0.0.130.1873.25j2.27.0....0...1c.1.64.psy-ab..0.24.1634...0j0i13k1j0i13i5i30k1j0i5i30k1j0i30k1j33i299k1j33i160k1.0.FM8pDwUuEUQ

Storage Diseases



What are examples of cellular or tissue
accumulations of abnormal substances?

* Atherosclerosis: cholesterol
 Amyloidosis: amyloid protein

* Metastatic calcification: calcium
* Hemochromatosis: iron

* Porphyria: various porphyrins

* Lysosomal storage diseases: cholesterol, various
lipids, glycogen
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https://en.wikipedia.org/wiki/Atherosclerosis
https://en.wikipedia.org/wiki/Amyloidosis
https://en.wikipedia.org/wiki/Metastatic_calcification
https://en.wikipedia.org/wiki/Iron_overload
https://en.wikipedia.org/wiki/Porphyria
https://en.wikipedia.org/wiki/Lysosomal_storage_disease

DNA Damage



What are types of DNA damage?

e 1. Oxidation of bases

2. Alkylation of bases (usually methylation)

* 3. Hydrolysis of bases
* 4. Bulky adduct formation

* 5. Mismatch of bases (due to errors in DNA replication)

* 6. Monoadduct damage cause by change in single
nitrogenous base of DNA

e 7. Diadduct damage
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https://en.wikipedia.org/wiki/DNA_oxidation#Oxidized_bases_in_DNA
https://www.ncbi.nlm.nih.gov/pubmed/17339242
https://www.ncbi.nlm.nih.gov/pubmed/12582026
https://en.wikipedia.org/wiki/DNA_mismatch_repair
https://en.wikipedia.org/wiki/DNA_adduct
https://en.wikipedia.org/wiki/DNA_adduct

What are the features of DNA damage
caused by various forms of cellular toxicity?

* DNA damage can occur “naturally” or pathologically
changes the structure of DNA that prevents normal
replication .

* Errors in replication can lead to mutations or
epigenetic alterations that can be passed on to
subsequent cell generations.

 Damaged DNA can modify gene expression (and may
contribute the development of cancer)
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https://en.wikipedia.org/wiki/DNA_damage_(naturally_occurring)
https://www.nature.com/scitable/topicpage/dna-replication-and-causes-of-mutation-409
https://en.wikipedia.org/wiki/Epigenetics

What are some of the products of DNA
damage?

* Breaks in a strand of DNA
* DNA base deletion (1rg)
* DNA base changes (mutations)

-Example: formation of 8-oxo0-2'-deoxyguanosine
(8-ox0-dG)
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https://www.google.com/search?q=Breaks+in+a+strand+of+DNA&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiq267VpPTgAhUs7YMKHZe-C14Q_AUIDigB&biw=1163&bih=633
https://en.wikipedia.org/wiki/Deletion_(genetics)
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1163&bih=633&tbm=isch&sa=1&ei=mEqDXP7DM-TLjwTvh40w&q=DNA+DNA+base+deletion+researchgate&oq=DNA+DNA+base+deletion+researchgate&gs_l=img.3..35i39.36080.39078..40976...0.0..0.80.654.9......1....1..gws-wiz-img.hVWrvfS1loI
https://en.wikipedia.org/wiki/Mutation
https://en.wikipedia.org/wiki/8-Oxo-2'-deoxyguanosine

What is the significance of 8-oxo0-2'-
deoxyguanosine (8-oxo-dG)?

e Cellular concentrations of 8-oxo-dG a measure of
oxidative stress.

* 8-0x0-dG appears to promote methylation of DNA,
which can produce epigenetic changes in DNA
expression.


https://en.wikipedia.org/wiki/8-Oxo-2'-deoxyguanosine

What are the mechanisms of DNA repair?

* Base excision repair (1i, 2i, 3i, 4i)

* Nucleotide excision repair (1i, 2i, 3i)

* Homologous recombinational repair (1sd, 2i, 3i)

* Transcriptional pausing to scout ahead for DNA
damage
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https://en.wikipedia.org/wiki/Base_excision_repair
https://www.google.com/search?q=base+excision+repair&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjBlZ3CtP3fAhWr5oMKHYDQB2IQ_AUIDigB&biw=985&bih=632#imgrc=jfBXQt4Wc8p2bM:
https://www.google.com/search?q=base+excision+repair&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjBlZ3CtP3fAhWr5oMKHYDQB2IQ_AUIDigB&biw=985&bih=632#imgdii=yukJBROBdBKlfM:&imgrc=jfBXQt4Wc8p2bM:
https://www.google.com/search?q=base+excision+repair&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjBlZ3CtP3fAhWr5oMKHYDQB2IQ_AUIDigB&biw=985&bih=632#imgdii=f8xaMEqXA-BtiM:&imgrc=_FRDefyJmm3YyM:
https://www.google.com/search?q=base+excision+repair&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjBlZ3CtP3fAhWr5oMKHYDQB2IQ_AUIDigB&biw=985&bih=632#imgdii=3B88XVGJqpEaWM:&imgrc=6J3j0wSAX6BRbM:
https://en.wikipedia.org/wiki/Nucleotide_excision_repair
https://www.google.com/imgres?imgurl=https://upload.wikimedia.org/wikipedia/commons/thumb/d/d3/Nucleotide_Excision_Repair-journal.pbio.0040203.g001.png/400px-Nucleotide_Excision_Repair-journal.pbio.0040203.g001.png&imgrefurl=https://en.wikipedia.org/wiki/Nucleotide_excision_repair&h=351&w=400&tbnid=nYCHg75MSFLtHM:&q=nucleotide+excision+repair&tbnh=160&tbnw=182&usg=AI4_-kSE9LuUaQ5P82aRC4_NVqGq71HdOw&vet=12ahUKEwjh_MSGt_3fAhVi9YMKHRP3BrQQ9QEwAHoECAcQBg..i&docid=5ACRcNSqf53fRM&sa=X&ved=2ahUKEwjh_MSGt_3fAhVi9YMKHRP3BrQQ9QEwAHoECAcQBg
https://www.google.com/search?q=nucleotide+excision+repair&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjh_MSGt_3fAhVi9YMKHRP3BrQQ_AUIDigB&cshid=1548024170490777&biw=985&bih=632#imgrc=l4-NymwI1Zii1M:
https://www.google.com/search?q=nucleotide+excision+repair&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjh_MSGt_3fAhVi9YMKHRP3BrQQ_AUIDigB&cshid=1548024170490777&biw=985&bih=632#imgdii=GthRuj32ZjoRrM:&imgrc=l4-NymwI1Zii1M:
https://en.wikipedia.org/wiki/Homologous_recombination
https://www.sciencedirect.com/science/article/pii/S0027510701001154
https://www.google.com/search?q=Homologous+recombinational+repair&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjchc-Ouf3fAhXM3YMKHUl0D04Q_AUIDigB&biw=985&bih=632#imgrc=QuRFwNUeuzhoAM:
https://www.google.com/search?q=Homologous+recombinational+repair&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjchc-Ouf3fAhXM3YMKHUl0D04Q_AUIDigB&biw=985&bih=632#imgdii=G31KFZDViWxJ0M:&imgrc=8LIL7Y98FENhYM:
https://www.ncbi.nlm.nih.gov/pubmed/?term=Transcriptional+pausing+to+scout+ahead+for+DNA+damage

