AT

7 &\
CHS 2413 Pathology and Pathophysiology [/ 2 %)
WENEINEN wasweNs&ITINeN \3 M

£/
7
Yo v-'ﬁ‘
fan ;1‘-“,/

“wendsnenii il 2

SA. WAL AIINT USATWUG e



WeNgInenuasneng&3sinen

zf’*’ﬁ\
CHS 2413 Pathology and Pathophysiology { % FI
T?’Qvir.}.f.;»“’.'b

WENRINENNHANAY
Immunopathology

SA.WEL.AIVNT UTATWUGR

«
b



Wianw

ANUUNEUDY WendInennliauau”
Snwagiiluuasszuunddusy
ANTAALAUAI TUTTLUNTAN AU
msmauauaaﬁﬁmﬂnﬁmao'szuu@ﬁﬂj’uﬁ’u

— Agniiiu (Hypersensitivity)

— ANl utay (Autoimmunity)

— anzadiaunuunwsay (Immunodeficiency)
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INNATE IMMUNITY

., Microbe
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T-cell effector Fhl. Th2 __Tho.
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Functional activity lgG1 lgG2 1gG3 lgG4

Neutralization ——- -—- + ++ ++ ++ ++ ++

=== | Does not apply
Opsonization === === + + +++ = ++ +

+ | Applies

Sensitization for killing by L . . . - . - L
NK cells

+4+ | Strongly applies
Sensitization of mast cells === +++ == == + == + ===

+++ | Heavily applies
Activates complement . . + - 5 .

system




ANUAALAAUITZUUNTANAU

1. angadihiiu (Hypersensitivity)
2. AMMzuniautay (Autoimmunity
3. AMgWsaImIniiAaunu (Immunodeficiency)

<
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AUAADINNICHATUN

Typel Typell Typelll TypelV

IgE- IgG & IgM- IgG & IgM- T cell-
mediated mediated mediated mediated

Immune Delayed
complex hypersensitivity

reaction reaction

Anaphylactic Cytotoxic
reaction reaction

18



4

Type I hypersensitivity

Immediate or Anaphylactic Hypersensitivity
Hunsiaaniginiainisnenialauuudaunau
(tHuurid) navlesu antigen Aaelagsuunnau
nsElATULSY ALLinITITI9naEanIn anaphylactic
syndrome M TiAaNTUANI2AIRAARNANNU
matdumalaiazt&atdioles

faeNI1IA;
» Allergic rhinitis, Drug sensitivity, Anaphylactic reaction
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Example of the disease of Type I
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wenanmuiauadType I

» aneafidudulAunuu §
IgE 1iluna'lanan

» &5Aaniluw > dendritic cell
- n5eeiu TH 2 Tviay
cytokine wiandugedayaa
laldiv B cell TasayL6iule
\Wana IgE

Basophil

Mast cells & mediators
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Ax'lnuadnsiiaType I
Sl APC L

=0 TH2 lgE
production
Allergen B cell
IgE attachment to
mast cell
First exposure to allergen
Mast cell
Allergen

Q=0

Exposure to

allergen Allergen-specific
IgE

Mast cell with
allergen-specific IgE

Degranulation

Second exposure to allergen
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Type II hypersensitivity

Cytotoxic Hypersensitivity

\nan IgG way IgM antlbodles FUAU antigen uuUR?
iaansaLiafialaanse HIATATEHUNIUTIUL
complement inbitAnNsvnaN LA i 0 © O

AacelA:

» Hemolytic disease of the newborn, Transfusion reactions,
Autoimmune hemolytic anemia, ITP

» Graves’ disease
» Pemphigus vulgaris
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aatinaType II hypersensitivity

o TN

Graves’ disease

Hemolytic disese of the newborn Pemphigus vulgaris

24



AalnaadnsinaType 11

Antigen

Red blood
cell

IgM antibody
attaches to
cellular antigen

Complement
IS activated



AxlnaadnIstAaType II

Pituitary gland Autoantibody
to receptor

> Q TSH

TSH receptor

Negative
feedback

conlrol//

T

Healthy Stimulates Stimulates
Thyroid hormone hormone
synthesis \ synthesis
A \_/ /
_ N Ny
Thyroid cell >
oo |
@o@ o O¢ -
° ®e,0 0@
e o (@] ()
©0 o o

Regulated production of
thyroid hormones

Unregulated overproduction
of thyroid hormones

Stimulating autoantibodies (Graves’ disease). In Graves’ disease, binding of autoantibodies to
the receptors by thyroid-stimulating hormone (TSH) induces unregulated activation of the thyroid, leading
to overproduction of the thyroid hormones (purple dots).
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Type III hypersensitivity

» Immune Complex Hypersensitivity
» IgM IgG uay IgA Judu circulating antigen tAatilu
antigen-antibody complex lunssugilan
» anntfulddanneiiiaifiasneg vy renal glomeruli,
skin venules, choroids plexus, daa wag synovium v
TWiiinn1sanLaL
> Mat1IlIA;
= gsystemic lupus erythematosus (SLE)
= rheumatoid arthritis

27



Type 111

MR EINY
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AR LnaavnIstAaType II1

= PHASE |
Immune complex formation

——Antigen
-

’ Plasma
cell

Antigen-antibody —
complex

PHASE Il

Immune complex
deposition; complement
and Fc receptor-

mediated leukocyte
recruitment and
activation
Complement
(C3b) receptor
~Fc receptor

complex - Complement deposition

Vasculitis

LK

Neutrophil lysosomal enzymes

PHASE Il

Immune complex-mediated

inflammation and
tissue injury
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Type IV hypersensitivity

» Delayed Hypersensitivity

» Hunseauguaguagilaciiatas lymphocyte way
macrophage sia antigen AdaLinsrennaua 24-48
21109

» AlaclvlsA:

» Contact dermatitis to poison ivy and metals
» Chronic inflammatory diseases like TB

30



niatgType IV

Clinical and patch test appearances of contact
Hypersensitivity /Type IV DTH
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niatgType IV

Bloodvessels

Foamy macrophage

Macrophage
Infected macrophage
Bacteria

Necrotictissue

Fibrous cuff

Epitheliodmacrophage
Lymphocyte

Multinucleated giant cell

In human pulmonary TB, the granuloma formation/Type IV DTH
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Ax'lhaadnstiaType IV

Y cos

O TH1 cell
T &9
Giant cell

’ In case of infection ]J
Persistent . ) )
(e.g., mycobacterium

A" 1 ® Activated
: | IFNy -
DC sHmulus and schistosoma) ‘ D — L @ 4 /— s
1 1 - :

A —_— e /4 % o ¢
) & 1 (} B 28 5V
Y FN N\ Ve Lo
IL-12 Y 7 Monocytes Cee « t;,
( | Q) & ;
=y ' el Granuloma { 9 ‘
@ o | l Fibroblast —1 * _l' l
‘ l Lymphocyte —1 L Macrophage
Macrophage Blood vessel
IL-2

P (1
’ ) ANgiogenesis
) LK)

Fibrosis

Fibroblast
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aatndLtlsauLneu Skin Reactions

Type | Immediate Type 1l Immune Complex Type IV DTH
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gelddauazlfAsenTsnnidun

Type of hyper-

Pathogenic immune

sensitivity

Immediate hyper-
sensitivity (Type I)

Antibody mediated
(Type II)

Immune complex
mediated (Type III)

T cell mediated
(Type IV)

response

IgE antibody,
mast cells

IgM and Ig& antibodies
against cell and matrix
antigens

Complexes of circulating
antigens and IgM or
IgG antibodies

CD4 and CD8 T cells

Mechanism of

tissue injury

Mast cell mediators

‘Phagocytosis
-Complement
‘Interference with
cell functions

Complement and Fc
receptor mediated
inflammation

-Cytokine-
mediated
inflammation
Killing by CTLs
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grUrlinuarssazIaIuad 1sAniun

Type |
(IgE-mediated)

Type Il
(cytotoxic)

Type Il
(immune complex

Type IV
(delayed, cell-

mediated)

=]
ININNAAUD

Uticaria, angioedema, bronchospasm, pruritus,
vomiting, diarrhea, anaphylaxis

Hemolytic anemia, neutropenia,
thrombocytopenia

Serum sickness, fever, rash, arthralgias,
lymphadenopathy, uticaria, glomerulonephritis,
vasculitis

Allergic contact dermatitis, maculopapular
drug rash

Timing of

reaction

Minutes to hours

Variable

1 to 3 weeks
after drug
exposure

2 to 7 days

36
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» Autoimmune diseases (ADs)
> UUNEHY AMNLATANAUGAFULARRAILAY LARINNAINN

4

uAwsad lunITAMIuANIIUIUAAY autoantibodies 13a
aNuAalnfuag cell-cell recognition

AlacelIA:

= gystemic lupus erythematosus (SLE)
= rheumatoid arthritis

38



“Autoimmunity”

' B-lymphocyte . T-lymphocyte |
°,° o
| 1
(—//— Bone 9.
— = .
Auto- 1/  marrow , T-cytotoxic
antibodies Autoimmune cells
React disease React
Against SELF Against SELF
antigens antigens

labpedia.net
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Triggering factors for autoimmune
diseases
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Autoimmune mechanism

HLA
Cytokine pathways
AIRE

Environmental l
triggers

Infection > ' (G-
Microbiome

Traumatic Autoreactive
T cell APC

Tissue
injury

insult

Activation and proliferation
of autoreactive T cells

Defective regulation

FOXP3, CTLA-4, IL-2, etc.
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Spectrum of autoimmune diseases

| Organic specific diseases

1. Multiple sclerosis

Thyroid gland

1. Hashimoto’s thyroiditis
2. Thyrotoxicosis

3, Primary myxedema
Stomach

1. Pernicious anemia

1. Diabetes mellitus
Insulin-dependent

Adrenal gland

1. Addison’s disease

1. Premature menopaus

Non-organic specific diseases

[ Skin

1. Systemic lupus erythematosus
2. Scleroderma

Kidne
1. Systemic lupus erythematosus

1. Dermatomyositis

1. Rheumatoid arthritis
2, SLE

labpedia.net

42



Systemic lupus erythematosus (SLE)

» HulsazaseiAmdasduviaigadene vy 1a, 12 way
NI

» 1aa B — cell gnnsz6ulniagsny autoantibody unn
LAuld Teenanizeia DNA

» ey immune complex Tunszusilanxziatnzlalu
LNauNnateeLaINILAUTULANNITANLRULALUNAY
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Systemic lupus erythematosus (SLE)

» HulsaFaseriiAedasiunataadeny wiu e, 142 wag
NI

» autoantibodies tAgn2asAY self — antigen “aaading L2y
1. Tusdulunaraun (complement component wag clotting factors)

d 2. antigen vufltaaauay lymphocyte neutrophil tn5al&an wae

8o

LRAALLAY

3. lafleawan&du 1y microfilament , microtubule , lysosome ,
ribosometay RNA

4. nuclear DNA , ribonucleoprotein tag histones

44



WeNndALliauav1saSLE

1. B lymphocyte &319 IgM IgG wag IgA antibodies siaginuiy
ftad(autoantibodies) Laiu
= TdsduTuwaraun (complement component wag clotting factors)
= antigen uufilymphocyte neutrophil tn5aldan wastiintdanuas

= lefTawanadu 2y microfilament , microtubule , lysosome ,
ribosome uag RNA

= nuclear DNA , ribonucleoprotein wag histones
2. innsvungutiluansdsenauniiquiu (antigen — antibody
complex) aaalunssusiian

45



WeNndALliauav1saSLE

3. asusznaunfiduduazldanzidlaciasieg i
=  renal glomeruli,
= skin venules,
= choroidsplexus,
= 1am uay
= synovium
4,  virtviAanisunatduludnraisaieg tadu
= vasculitis ,
= synovitis way
= glomerulonephritis (n7e'laantau)



WeNantiinaad1saSLE

Immune complexes

GLOMERULONEPHRITIS

Epithelial —

1
\

'\.‘ Endotnelial cell

\
Glomerular
basement membrane

COMPLEMENT ACTIVATION
Anaphylatoxins C3a, C5a

Capillary

£ '\, Bronchiole

Smooth muscle
coniraction

Vasopermeability, edema
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COVID-19 infection
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COVID-19 infection

Target organ

| (lung, gastrointestinal tract)

y

Innate immune responses

Lgﬂ l
W

o2

Adaptive immune responses

f; - SARS-CoV-2

Target cell — Receptor virus ‘
(ACE2, TMPRSS2) |

Body reaction

Main symptom

\\“[F q l 1 * Fever \
|Macrophage MC-‘.T .\ T cell ; . C9ugh
- Antlbodv * Diarrhea
- ’ - . l ® Chest tightness
|Neutrophil ) Bmd S and . d =
. NKl N sranin B cell IL(_?}y(t)())kme storm(e.g. IL-6,
\ Monocyle Chang\efuncmm y e
and phenotype % et
z*x ==mJe  NK:nauralkiller cell
L MC:mast cells
Recovery Organ damage/ARDS Death DC:dendritic cell 49



Long COVID Sync_:lrome by autoimmune

@

Mental Health
- Anxiety

- Depression

- Sleep problems

- Substance abuse

Respiratory System
- Cough
- Low blood oxygen

- Shortness of breath

- Acute kidney injury
¢ - Chronic kidney disease

Gastrointestinal
- Diarrhea

- Acid reflux

- Constipation

Skin Disorders
- Rash
- Hair loss

Blood Disorders
- Anemia

- Blood clots

®

& @& v

Nervous System
- Stroke

- Headaches

- Memory problems

- Loss of smell and taste

Cardiovascular

- Arrhythmia

- Palpitations

- Heart failure

- Acute coronary disease

Metabolic/Endocrine
- Obesity

- Diabetes

- High cholesterol

Musculoskeletal
- Joint pain
- Muscle weakness

General

- Fatigue

- Malaise

- Mitochondrial dysfunction

50
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9

Immunodeficiency

e Hunangiimnuauisauay
seuuNiANAulunITaag i
Tsadialiaanatrzannaly

o HunaliitAnTsadiadaladie
wagUat SATvninaenn

naglobulinaemia .

v .
© ©

K @

s
©

% Hypogammaglobulinaemia l
b

ntibodies | Cell-media d immunity

@

d rali f

Recurrent bacterial infections ‘ Rec f l p ‘

Nature Reviews | Disease Primers
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Immunossupressive

Malnutrition
drugs

Infectious diseases:

HIV \
Adaptive

and Innate Immuno-
Old age P mmunity - deficiency -

Genetic diseases ‘//

Metabolic diseases Surgery and trauma




AUAADINTANAULANWIAY
|

1. azniinuAuunnsavaidalsund 2. ANTAIANAULANIAIAUANA LN
(Primary immunodeficiency) (Secondary immunodeficiency)
o anuinfuuddidia uazaraaranaane o aAmuiAaduluniands Lilaiiuuwe
Wugnssu amnuAndndianaiinduniszassng ALla a1LARAURERILAG
q lutfumauwuas immune cell development o 124U
o 12U 1. Acquired immunodeficiency
1. Antibody defects (B cells) syndrome (AIDS)

2. T- cell deficiencies of
3. Combined deficiencies
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Distribution of the primary immunodeficiencies

Combined cellular
and antibody
deficiencies 15%

Cellular
deficiencies
5%

Complement
deficiencies
5%

Antibody
deficiencies
65%




MatlsnnlAuAuunAwIadLLulsund

» Immunodeficiency syndromes:
» X-Linked Agammaglobulinemia
» DiGeorge Syndrome: T cell V

» Severe Combined Immunodeficiency (SCID):
» ¥ humoral and cell-mediated

» Wiskott-Aldrich Syndrome: thrombocytopenia

56



ANANAULANWIAILUUNALN

9 9 U

Acquired immunodeficiency syndrome
(AIDS)

<

Lﬁaawtuq : human immunodeficiency virus
(HIV) 1 uae 2

tiia HIV 12in'ldlu CD4+ (helper) T
lymphocyte vinlvitnadgnvinarauagidanuliu
AARY LAAAINUUAWIDIUDINTAUAU
Nihedadinannnsiiatiaaralana

TsALanAILALIAIFUNLIEIS aNU WA DILAY
Kaposi sarcoma

U
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1fauad1lsALtans

» fagwmnda HIV-1 daiflu enveloped RNA
retrovirus
= 4] reverse transcriptase atinalu
= RNA core gnaauszphospholipid agziuiis
glycoprotein atinnalulaaianig gpl20 way gp4l
» Fusardn’ldatlueiadaeg'le tau B
lymphocyte, macrophage, glial cell, uasiziaa
aywdea la
» wetaaiuunada CD4+ T lymphocyte dodl
navirlvdnwugas anadliluatinounn
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JBEFRE -
jon of intestinal epi '\
nd lymphoid tissue probably a»
utes 1o.cty ] ‘ / Infection of several types
nd weight loss. of brain cells probably
» ‘ contributes to lethargy
and HIV dementia.

two major targets

CD4* Thi inflammatory cells are he
principal target o l HIV. Thesecek
for

ivation and cell-mediated i
through CD8 cytotoxic cell activation.

CD4* macrophages, dendritic and
other antigen-presenting celis harbor
HIV but are not usually killed by it.

The celis are a continuing source of
the virus and can carry it into the brain,
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Pathogenesis of HIV infection

gp120
gpH

Reverse
transcriptase
_, enzyme

——Envelope
~

Core with
protein coat

Glycoprotein spike:

Viral envelope

HIV Attachment, Fusion, and Entry
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Latent vs. Active HIV Infection in CD4+ T Cells

Provirus

Virus beginning to bud from T cell

Progeny HIV
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Active HIV Infection in Macrophages

Core with viral RNA
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HIV infection induces cell death

Pro- Pro-
apoptotic Anti- apoptotic Anti-
apoptotic apoptotic

®

® Attachment = Entry ™ Integration ™ Translation
® Uncoating ® [ atency ® Packaging
® Reverse Transcription

Anti- 1 Anti- 1
apoptotic apoptotic
©

Pro- Pro-

apopto% apopto%

- P ©

& )
fe 9
Bystander Necroptosis due to Productively infected
apoptosis Abortive infection cell apoptosis
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