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Hypersensitivity= humoralOlLI cell-mediated response0il 2/oH A SHCE.
-8 MU Ag-Ab complexOl Slalif MI|= branchOll A

humoral Y
immediate hypersensitivityel &tCt. Ol= sensitized recipientdt &0 S

Z £= AZE LHOI BF=2 0l LIEFECE. 3JHXI immediate typell hypersensitive reaction
O QUCH:  IgE-mediated  (type 1),  antibody—-mediated  (typell),  immune
. =
complex—mediated (typelll)SO0IC}.
o : = =
- 4B1WS type& cell-mediated branch2 A Tom celll 2o AIFEE=2 0l
ape s = _ = — =
delayed-type hypersensitivity (DTH)2t St Ol= Agll ==& = HE UCHL S40I
LIEFE.
ADCC ! & ® Antigen —
i e , \
%%Uo £ complex g @ ﬁ/'/_h\'. 4
B/ ff ) ey \ k\_ i
N =T b
Allergen  Fo receptor T \_ ){\ ?Q__‘ @ Sensitioed THTH ™
N, torigE / iyl i b
o Fe re ( eplor {_ ‘llll o) Complement "hv :'.?,
1y “Surface activation f§ Cyiokines
T ':?‘"_ angen f \
s ‘/ Complement j { Q 2
\Y activation f—————— 3 : — % e
Trmune '\ll:‘uh'uphll & L i~ j‘%/ 7—/79
/> complex .@
Degranulaton /‘l ‘ =" "—_r = v Activated macrophage four lypes of
Typel Type 11 Type 1L Type IV -
IgE-Meduted Hypersensitivity laG-Mediared Cytotxic Immune Complex-M ediated Cell-Medied Hypersensitivity hypefsenS/f/ Ve
|Hypersensitivity Hypersensitivity
Ag induces crosslinking of — [Ab directed against cell surface | Ag-Ab complexes deposited sensitized Tpypy cells release responses.
lgE bound o mast cells and - fantigens meditaes cell in various gssues induce cytokines that activare
Basophils with release of dlestruction via complement complement activagion and macrophages or T cells which
vasoactive mediators Lactivation or ADCC an ensuing inflammarory mediate direct cellular damage
| respanse mediated by massive
| Linfiltration of neutrephils
Typical munifestations include | Typical manifestations mchude Typical manifestitions inchide Typical manifesttions include
systemic anaphykixis and | blesod teansfusion reactions, localized Arthus reaction and  [conct devmatins, tubercular
localized anaphylaxis such as !cr) throblastosis fetalis, and genetalized reactions such Tesions and gradt rejection
hay fever, asthma, hives, food autcimmune hemolyiic as serum sickness, necnotizing
allergics. and cczemi |nemia vasculins, glomerulnephrits,
rheumatond artheis, and
systemic lupas eryvihenntosus

lgE-mediated (Type—-1) hypersensitivity

Type |

humoral response2| It&

pS=}
oo

- 0l IgE=
affinity 2 A
mediator&=
O L.
Ct.

hypersensitivity=
plasma cellO] IgEE
tissue mast cellOl

Z&0otH
t

Active mediator=2

EX

—-/ o
St s&st

=Zblettts
Lt

OIS
=dletth.

cell=

AHEH O

antigen, allergens
nyES HECL &

ZOIC.

blood basophils2l
O] degranulation=

(et

A0 U= “Fc" receptorOfl
Ota| oI-I-I (@] E actl
Z 1} vasodilationO|L} smooth—muscle contractionOl

22X € =% JD systemicOl € =%

2OHA

oy

30 Mo o o

(‘D

S0l 2ol LM Ol HAAQI
AFA Ol humoral response®t2| X0l



Allergen e

\# smooth muscle cell
) —-1-:_ ”’ C[)/-fi,_/““«_
=k ey / B
/ Ut \ i
i | / Small blood vessel

Mucous gland

i : . Fc receptor
." for IgE o
\ o § Blood platelets

o Sensory-nerve
Memory (‘l:l] Flasma CL]H /'/ \ Degranulation endings
L] Allergen- Sensitized mast cell
specific

IgE

Eo.-;i nophil

_1&/: General mechanism underlying a type | hypersensitive reaction.

@ Components of Type | reactions
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ii ) Reaginic Antibody (IgE)
- H 4019 serum IgE level ; 0.1~0.44g/me
allergic individual serum IgE level ; >1ug/me
- 2942 heavy (g) chaindt 2J42 light chain@2 A0 JACH (MW 190 kDa).
lgG2t HIWE [ heavy chainOil & &tLI2l Cyd constant domainOl EIHAIH 01210] Fc&R
290 XN d&= 0I™ basophilolLt mast cellel EG0| U_es Fc receptordil & 2§ &
= QUA Bt
i) Mast cells and Basophils

— Basophils — granulocypes
- 0.5% ~ 1.0% of the blood WBC
- basic dye0Oll ZA=Ct (D2 A basophilOlet
— contains numerous granules

- Mast cells — found through out connective tissue (E20IL+ lympha =<0
gy,

o

Ct. )

- skin, &I, 23J] =82 mucous membrane =20 2.
- contains numerous granules
iv) IgE-binding Fc receptors (FceR)
- 2879 FceRIt €A M QULH FceR | and FceRlI
- FceR | (High-affinity receptor)
* |gE2} high-affinity2 bindingstCh (U0 IgEQl ==t ¥0IZ binding
g & QU SO,
* opy2
* o ChainO| IgeQl Cp3/Cx32t Cy4/Chd domaindt interacttCh.
* ychain0l Qe immunoreceptor tyrosine—based activattion motif (ITAM)
0l protein tyrosine kinase® interactionct allergic signal transductiong 223 z&HA
© 2 mast cell degranulationg = & g&tCt.

- FceRIl (Low=affinity receptor)
* CD23
* affinity to Cy3/Cu3 domain of IgE
* Atopic individualE2 =2 =%£2 CD232 JH&IL.
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® Mechanism of IgE—-mediated degranulation (mast cell€ O0Z &0

degranulation mechanims2 & 2) receptor
i ) Receptor Crosslinkage
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i) Intracellular events leading to Mast cell degranulation
- FceR | & protein tyrosine kinase (PTKs)2t associated & 0 RUCH.
Allogen—IgEJt FceR | Ol crosslinkageE & &0t FceR | 0l associated &I0U= PTKIL
84350  FceR1 2  ITAM2 tyrosine &JIE  phosphorylation Al212  SAl0
phospholipaseCE phosphorylation Al2! = signal transductiongs &OJHol CF2Fet
secondary messengers= MAH ot 2= degranulation0l &0 L.
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- FceR | @ crosslinkage= phosphatidylserine (PS)S phosphatidylethanolanne (PE)2
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© Mediators of type | reactions
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i) Primary®t secondary mediatorE& LIS O &IC

— Primary mediators

granules @t

Z=Mat2 degranulationOl

20 LI

2/ membrane fluidity?t SJtEl D Ca®* channel
0 Z2 Ca®Ql influxJt 47|11 0l= phospholipase A2Z  activation
ZoHAIZIC}.
& EHEICE

crosslinkage= membrane adenylate cyclaseE &&3t AlH LAIHSZ
LHsolle
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cAMP=

granule—-membrane protein=2
D 0 B2 granuledl 23 Ca**2 pearmeabilitydt EIHE O
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mediators =2 2 &6t histamine, proteases, eosinophil chemotactic factor, neutrophil

chemotactic factor, heparin

- Secondary mediators: target-cell activation =0 4«
factor, leukotrienes, prostaglandins, bradykinin, cytokines
I VELE 16-3 PRINCIPAL MEDIATORS INVOLVED IN TYPE | HYPERSENSITIVITY
Mediarar Effects
Primary
Histamine Increased vascular permeability; smooth-muscle contraction
Serotonin Increased vascular permeability; smooth-muscle contraction

Eosinophil chemotactic factor (ECF-A)
Neutrophil chemotactic factor (NCF-A)
Proteases

Plateler-activating factor

Leukatrienes (slow reactive substance of anaphylaxis,

SRS-A)
Prostaglandins
Bradvkinin
Cytekines

1L-1 and TNF-u

1L-2, IL-3, IL-4, IL-5, IL-6, TGF-B, and GM-CSF

Eosinophil chemotaxis

Newtrophil chemotaxis

Bronchial mucus secretion; degraclation of blood-vessel
basement membrane; generation of complement split
products

Secondary

Platelet aggregation and degranulation; contraction of
pulmonary smooth muscles

Increased vascular permeability; contraction of pulmonary
smooth muscles

Vasodilation; contraction of pulmonary smooth muscles;
platelet aggregation

Increased vascular permeability; smooth-muscle contraction

Systemic anaphylaxis; increased expression of CAMs on
venular endothelial cells
Various effects {see Table 12-1)

ii) Histamine — histidine2 decarboxylationOil 2/o 24

— mast cell granuletill =XHGt= major component
- @=510 LY target celldl &Xot= Hy, Ho, Hze Histamine

Ol binding &tCH (O
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; platelet activating

receptor
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@ Consequence of Type | reactions
i ) Systemic anaphylaxis
- Type | hypersensitivity reactionOl 2lo & A0l = & Ol L0lLt= LS9
ShockE Ol0FJ|otH &F Ot= XIZXEO|C}.
- In guinea pigs, egg albumin2 guinea pigWl F=AISI0 sensitizeAlZl & 2= F =
22 SRS iv.2 FAGHH 12 Ol HL 2= otll, 80| I, =201 E0HA
= 59 E&0l UEtUD Gl trackOlILt bladder2 smooth muscleS0l ==ot22A OH
AHO 20| BIIoHLD, Z2UELZ= FA 2~4F OILHOUI ashyxiationOl 2|8t bronchiole
constriction2z ==l 0l ZEXH2=Z 0/0JI5tH 2tSE S0l =e

Off 2ol ZMst systemic vasodilationit smooth—muscle, contraction &0 S =& 0|

fuge il
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&l mediators
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- ANEQ HRT Hl=xst HoZ MAECE AIES ¥R 240 28 MHS0 HH &
Of “=EAS I =2 LMUGIH, 0/s BHESE L2II= antigensE; EUHM L2 =4,
wasp, hornet, ant stings ; penicillin, insulin, antitoxin, seafood, nuts.

- XIZ M : Epinephrine ; 0l= histamineOlL}t leukotrients Elt= BIHHE 2FE 0|2AAI3|
1 vascular permeabilityE SJtAIZICEH L8t mast cell2l cAMPsZE ZSIHAIA
degranulationE %f=Ct.
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i) Localized Anapholaxis (Atopy); S& ZZ0|Lt organ? =20 anaphylaxisJt &
o ZFR0l] Ol =2 allergen0l S0H2 22 epithelial surfacetil A Z&45HCH Ol &
S48 RAMCZ Sdt= &0l U= 0IE atopyet StCH. Atopic allergies= CH
gt Ige-mediated disorder2AM OIE =9 allergies rhinitis, asthma, atopic dermatitis,
food allergies.

=

o] —

- Allergic rhinitis (=2, 20| UE allergy): JI& Eo6tH 2 %= Us Allergy &
Moz A BI| S0 U= allergenOl conjunctivaelt nasal mucosalll U= sensitized
= Y=stth 0l

mediatorS0| 28 & vasodilationE 223|10 A2 EWAHES =IJHAIA conjunctivae,

mast celldt interactionotOd mast cell0] 2e|&XHOZ 22 S mediators

=
nasal mucosa, upper respiratory tractOll watery exudation2 ZH|ot12 S8 sneezingt
coughing& &M StCH,

Asthma
allegic asthma; pollens, dust, fumes, insect products
* intrinsic asthma: allegen&i0l £ M- cold, 2s....

*

* asthma= allergic rhinitis2t H2l &= mechanism0| HI=otLt XtOIEE nasal
mucosalllAd Z0Li= 2d0] OtLID =2X BHZ0l lower respiratory tractilAl 20HU= &
S OICH.

* asthmatic reaponse= 2JtAl early response, late response2 Lt=0{&ICtH

- ZJ| Br22 allergen =& F == U0 LOHUOH histamine,
leukotriense(LTC4), prostaglandin D, (PGD2)S0l &MHotH brancho-constriction,
vasodilations 2 22ICt.

- F)| BE2 = A2t 20l UEtlese B8z M f29 factors 20



IL-4, IL-5, IL-6 |INF-a, eosinophil chemotactic factor (ECF), platelet—activative
factor(PAF)S0| Z2t0{&tCt. Ol A& Z Qloll endothelial cell adhesionS ZJHAIZ| 10,
eosinophilOlLt neutrophilZ2| inflammatory cell&2 brochial tissueZ recruitAl2IH & Ct.

0l=2l neutrophil2t eosinophil toxic enzyme, oxygen radicals, cytokineEsS &H|5H0
tissue injuryE 2 22ICt.
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- Food allergies: 20AM &Yst Hl=st & S0| gastrointestinal trackOl A 2Lt
= &Y. localized smooth—-muscle contractiondt vasodilation0l ZJb T2 M
vomitingdt diarrheadt A 21Ct,
- Atopic dermatitis; Atopic dermatitis (allergic eczema)= LIF2 EFT B8 9
(]

SlLIZ2A 0l JHHS AN Hd&u dEs A20| UL 0l =2 el 0IsSHHAM 2Ol
20l €5 Igk s%JF =0 0 2YZ JI& &Xt= erythematous puss0l 28 LI =
A0l AL DTH2ES XIOIEE Tul cell IHE0] OFLIZD atopic dermatitis tissuelll= Th2

cellOl 10 eosinophil@ =XiJt L.

© Detection of Type | Hypersensitivity
- skin testot 20| 0IS& . A2 allergen2 1LIdt Aol EtS2 2&&

- ™ A0l =& allergentll allergic ot™, =522 mast cell&0| degranulateT O



histaminelt 2t 2 mediator2 2=0 302 OlUdHl EtSS L2210},

- Measurement of total IgE antibody level.

® Therapy for Type | Hypersensitivity
- Immuno therapy (allergy vaccine)

) X ABLE 16-4 MECHANISM OF ACTION
allergenS = BH= 5101 FASHOI | OF SOME DRUGS USED TO TREAT TYPE |
hyposensitizedtH |6t woigtEes £ | HYPERSENSITIVITY
Ol2X+ &. |IgG (blocking antibody) 2t &  Drug Action
0l B=HAH OIS |QG%O| allergerﬂ} Antihistamines Block H, and H, receptors

o on larget cells
bindin ng= oe & allergenOI |QE9_|' blndlng Cromolyn sodium Blocks Ca* ' influx into
8 % Q= DB Z0I02A BUSS mast el
- Theophylline Prolangs high cAMP levels in
=2 = UL mast cells by inhibiting

phesphodiesterase, which
cleaves cAMP to 5'-AMP*
— Drug therapy Epinephrine (adrenalin) Stimulates cAMP production
by binding to B-adrenergic
receptors on mast cells”
Cortisone Reduces histamine levels by
blocking conversion of
histidine to histamine and
stimulates mast-cell
production of cAMP*

— anergy induction ; 18 10-5

“Although cAMP rises transiently during mast cell activarion,
degranulation is prevented if cAMPE levels remain high.

Antibody-mediated cytotoxic (Typell) Hypersensitivity
- =8 A 20U= Bt20l HEAC oloICH. &M= complement system2 A 3HAIA
incompatible transfused cell&2 Lt AIZ112, ADCCHl 2IoH cell&2 Tt AIZICEH.

@ Transfusion reactions (ABO blood—group antigens)

- ZLY
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OlM=20 HH
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kst antigenic

tein

ne

determinant=
0l immune
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- ABO antigenOH CHst autobodiesS& isohemagglutinonOl2td dtH Ol IgM classOl
Ct. AElE JI& AMEE B-like epitopelll intestinal microorganisms Q21 XIGtH B-like
epitopedil CHEH EXE E%EP. Ol AtEE A-like epitope2t= BHSOHAl 2=Ch QHLEGHH
A-like epitope OtJI0ll self2 QIAIGICEH S+ AE ALEOIH B2 EHE =+
25t AY ALEQ %“’SOH A= anti-B isohemagglutinon8l &0 2/aif 01=0l B blood
celldfl binding otHl T2 A2 Qlal complement system2 &ASIAIHA cell2 lysis AlZ!
Ct.

® Homelytic Desease of the Newborn
- AMOLOIH 2 0{Li= Hemolytic disease®. EHfOF2l blood-group antigentl CHoll S0IH
Ol AtRO| |gGIF EHEE Eoll OFII0AH AU JF EHOLSl Red—-blood cellS It AlZICH

ex) Erythroblastosis fetales (Rh*2l EHO}JF Rh antigenS RBCO| Z&dt, A2 Rh™
Z A Rh antigen0l gl AR)
- X HM YAoM= fetal RBCIOF &HZ200
activation AI2|Xl 24=Ch
-E46 BEUA HES Soll fetal RBCII &422 S0

U‘” FIO
P
S
_1-9
_>,_

SESXN 2Ot ME2 B-cell2

Of
HI
ol

b e,
DEVELOPMENT OF ERY THROBLASTOSIS FETALIS (WITHOUT RHOGAM) PREVENTION (WITH RHOGAM)
: S Maternal Mother Plasma I

7 e Il'(.uldt](!l}ﬁ ce 1|-'5(’-E\ : Mother g

\ k\ % LA \ % .(;‘j (treated with Rhogam)

NG k % @ 3 ©) B el
—_—— \ ~ , MW . AntiRh o ks

5 | \ 1) >t @ TgM = Rhogam
with Rh _// W/ Rhspecific B cell "-\-_.;] L
antigen Delivery Memory cell

1st Pregnancy
Prevents

B-cell activation
5, and memory cell

P ] \T\ formation
o @ &’i\
Mcm(:r)-' cell L L%u" \_

lgG

g S

2nd Pregnancy IgG anti-Rh Ab crosses placenta
’ and attacks fetal RBCs causing
crythroblastosis fetalis
— Rhogam ; antibody against Rh antigen (Rhogam)S Xl2Iot® antigenS 2S5 =Z A
B cell activation2 0|22 SUE LIEFHCT.

© Drug-induced hemolytic Anemia

- o™ &M (penicillin, cephalsporin, streptomycin) S RBC2l membrane protein0i|
nonspecifically £ %0 hapten—carries® &2 Q&S ot0 SHME A5 0/201 CHA
SNt ZEENH A=zs complextl ZE0HH complement mediated lysisE 223 XS
HOZ = anemiag & 22ICh.



Immune Complex—mediated (Typelll)Hypersensitivity

- ggrmeo

Hu
]
0
£l

&M complex® OI&™H phagocytic cellS0 2ol {2
tXIGH (2= tissue-damageE 2 23|= Type Il hypersensitivity

Ir
19
gﬂ
o
Ol

clearance ot
reactionES S &L,

- Immune complexJt complement system= activateAl2ICt. Anaphylatoxin® C3a,
C4a, Cbhas0| localized mast cell degranulationE 223|/1 =2HSZ vascular
permeabilityE ZIHAIZICH. =B OtLIct 0IS2 chemotactic factor2A D&S G6tH
neutrophil2l accumulation= MOHStCH. Typelll reactionOll 2|8t tissue damage2l = R¢@l
2 neutrophil0l 2tE= lIytic enzyme2l Z=0ICH. C3bJt opsonin22 HEGHHW immune
complexE coatingdt2 012101 neutrophil®ll bindingdtd HAXXQOlI BIEE2 HXY =SA=S2
Bt= 0 tissue damageE &=Ct.

@ Localized Typelll reactions

. - 2R = HIot =AS M O &0 CHet
= =) = . . =L = —
Lytic e ©Antigen %2 antibodiesdt =2olH M=z =0H&
o C3b  Immun
. ht.?mzm’? ~C3b I“‘ Z/L::mplc;: antigendt localized immune complexE Ol
Neutrophil 53
(e - u,h‘“ 20{ 0l2401 4~8AI2 Ol acute
Lytic¢ N2 _/
enzymes . '\ (nmplcmem “ArthUS“E O'O@EP.
| /(' activation
C3d = 5 =
@2 (“.'.,:: C3a C4a CSa
€5b67 //
i @
L L
R - Insect bites=, 2480 U= AIEHS
RS =g%s” Mast cell _
Wvtrepdi \\@ \33» +4 localized type lll reaction@ Ss&tlCt. &
/Hisl‘am‘mc T 4~8AI2F & ME X0l “Arthas" reaction
L] receptor . —
"’;?—_I“_ o I 0l == Akl o LIEtHCH Ol=2
r_*_:-__l__'a—_—"_—:\"r’ o W B — (L.;_i == _
— r’ﬁ%\ R erythema, edema® SHEHZ LIEHLCEH
(N &>/ e )
-

_1&!/: Development of a localized "Arthas” reaction

® Generalized typelll reaction

— Autoimmune disease; lupus, rheumatoid arthritis

— Drug reactions; allergies to penicillin and sulfonamides

— Infective disease; poststreptococcal glomerulonephritis, meningitis, hepatitis,
malaria
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Torn—mediated(typelV) hypersensitivity

- TypelV reaction2 antigen0l sensitized & Tpmy cell& activationAlZ2 2
=Lt antigenOll 2o Tory cellOl activation&l ™ IL-2, INF-y, MIF, TNF-BS2
cytokines&2 =UI&tCt. 0I1=2l cytokine=2l I& 2 2lo macrophagess 22

A

[m]
19 00

12
On mo ror o

2
9|
StCt. OI= macrophage=S0l 2 lytic enzymeESS =®clotl]l phagocyotsisE 22
oF NtCt BtE2 = tissue damageE L 22ICH.
- TypelV= CHE hypersensitivity2t= €l 2&EsH Al2H0] Xt
* M. tuberculosis — tuberculosis
* contact dermatitis reaction - formaldehyde, trinitrophenol, nickel, turpentine,

J

|,|_|,

-

{0

& 01 L.

cosmetics, hair dyer, poison oak, poison ivy.

Poison oak
(Toxicodendron radicans)

Pentadecacatechol
L
a ¥
Skin J 5
o p JI Selfprotein
Sensitized TpTH

TFN-
= Q:y SR
sl
[ “mer lo AN
Langerhans cell (.a\l}(“) \1IF — b

e

CNZymes

aﬁ:i?%[;) C\J\:I‘issue macrophage
'“Cf ¥
0l

-I(\_.
Tissue macrophage

&/ Development of delayed—type hypersensitivity reaction after a second exposure
to poison oak.
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