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Overview of Host Defense

The three layers of vertebrate immune defense

Pathogens

& s
Immediate!
continuous

‘ Mechanical defenses
e—

Chemical dafemses
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The circulatory and
lymphatic systems

Heart <———

Blood (arterial pressure)

l

Fluid from blood vessels into
interstitial spaces of tissues

l

Interstitial fluids
collected into lymph

l
Lymph nodes (“homing”)

Piguare 24-3 . \l/ .
o o pap g Circulation ——— ¢

Anatomy of thoracic duct




Initiation of the adaptive immune response in lymph nodes

* Antigen-laden

dendritic cell

I Mature T and 8 cells
are delbvered wia the
circulation and take [ |
up residence in
Iymph nodes

Lymphocyte distribution
(Total: ~5x10'1)

-BM: 10%

- Thymus: 10%

- Spleen: 15%

- 2nd lymphoid organs: 40%

B cell binds soluble antigen
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1. C4b2b3b
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“Opsonization”

Engulfment of C3a- or
Ab-coated microbes by
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Natural killer (NK) cells

Type I IFNs (a, b, w)
- secreted by virally-infected cells
- good activator of NK cells e
,/r defense
Type I IFN (g) 1Py -
- secreted by activated NK cells e /- Wirus &
. o A o gniecre |
- increase p53 levels in infected I e T'( I\ n-lL__/ !
cells = promotes apoptosis Inhibits "'f' o
Hl.l'l'.tluﬂ
of MK cells E} “l'"r'ﬂ_
| perforin
@ f'rgpr.:nqmcr
| Normal ' n.l‘
I'M cell __,J"I v
Common features of IFNs B y. oy "
- antiviral activities e
- macro./NK activation ol Y

- increased MHC-I, II expressions i

Interplay of innate and adaptive immune responses
against a bacterial pathogen

Bacteriam

¢’

Complement v :'. P

After mechanical/chemical barriers breached by pendrisic cett—. 1% 1 Y=

pathogen ncoll 5 rﬁ':[. B~
Meewtrophil — 3° \5 i

Both complement system & inflammatory cells +" . antigen (T)

(e.g. neutrophils & macrophaes/NK cells) are
activated & attracted to the site of infection 2>
inflammation (4 hallmark signs)

Bacterial Ag (carried by DCs) & soluble Ag
(carried by lymph) = lymph nodes

T cells activated = effector T cells (Th & CTL)

B cells activated = plasma cells > Abs

Fogais
Fhakérisn Sl Mooy, Sianh Eirics
238 H Freen an anad Sovizany 10
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The discovery of antibody and complement in
serum from mocrobe-infected animals

Heated sersm falls
to kill bacteria
.

T i -
x: e;@_

Driphtheria toxin

| mymiai e serum

E kiits bacterla
Serum from -l
t Aaive animal -
b ! &
Dread hacteria
. 1
o o— = -~
Challange with Heatesd serums
) 'I"I'l.lhﬂlhl.‘lll'ilg + Dead bacteria
Fresh serum
from l

T - naive animal
- Fresh serum comtains
— “complement” destroped
by heating

Anbmal survives challenge

o

Animnal digs

Fogars M1
[ s L
A et il iy

Heating at 56°C for 30 min is sufficient to destroy complements (but not Ab)
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Immunoglobulins:
Structure and Function




The basic structure of
an immunoglobulin (Ig)

Structure of an antibody molecule

g

i)
o

Light chair}-\*\x‘ ,-ffj;’:Lightchain
Disulfide bonds
Heavy sl Wetury sheln Digestion of Ig by proteases:
Carbohydrate 1. Papain - F(ab)x2 + Fc
2. Pepsin > F(ab’), x1
M p (ab’),
Papain digestion Pepsin digestion

Flab): Flab): Fiab')y:
monovalent monovalent bivalent

e
\“\\\L o, f;/

£ 3T VL Py vian sl Con g g

Ig isotypes (classes) stabllized by sn dditional
ra polypeptide, the | chain
- H chain
mgda,e
- L chain
K, I

- Monomer (IgG, IgE)

- Dimer (IgA)

- Pentamer (IgM)

- J chain & tail piece C-CLI

IgA IgM

(IgA and IgM) e

- C domain numbers &
-IgE & IgM (4) IgE 961 N e
- the rest (3) :tmhmmm*m-n

& N Y o P ard Cormpasy
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Ig isotypes (classes)

IgM
- pentamer
—=— - J chain (IgA and IgM)
= -camonerae | - 150 Ab present in
- the primary Ab response
- B cell development
- Best Ig class to initiate the
classical complement pathway

/11-‘;"\_

! i
] = ':, o
7 = chaim

b | ]

Ly
=
-

R
;=
£ Complement activators

| igh - The best: IgM, IgG3
R - Moderate: the rest IgG sub-classes
-The worst (none): IgA, IgE

Transcytosis of IgA and IgG

Rodent

Circulation Milk in the

Epithelial Cells ) 'm“. \;ﬂ;‘:—l—;’d :“rn:;:::l;l
i the neonate
3) 5
- |
/D t ;ﬁ’

_._(T:rlr?m

_{ Eﬂ;——/ Fafin

e
Dimeric lgh Release of
binds to dimaric lgA
i with pigR

polymeric
bg Receptor (plgh) fragmentby o
Fw'i [T e —
"l":""“'-m?;(';'.l'?'rneric IgR (pIgR) Neonatal Fc receptor (FcRn)
-Secretory piece - found on:

a. rodent’s gut epithelia
b. human’s placenta trophoblast |,
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Clonal selection

Each activated B cell produces a unique, clonally distributed Ig type.

Activation of B cell

222 % 2Re ?
Clonal mn:lm:””‘ g - receptor
R 2
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Hypervariable regions

M3
I'CDR31

Warkability

Immunoglobulin fold

2 b sheets e Residue rumber
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HV2 #
LICDR2) s

Loops = HV regions 18
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Immunoglobulin structure

_ Light chain “Epj 5
= — plt'ope' '
’ Antigen _'_'_""“'-——-_.________‘_‘én_tlgenlc determinant”

o
Complementarity
detarmining .
Light chain region [COR} - fntigen

Heavy chain

Figurs 24-13
Budecalar Cel Bafogy, Suth Eben
& Y H Fresriisn avidl oy

Ab-Ag are held together by non-covalent forces
- Electrostatic forces - hydrogen bonds
- van der Waals forces - hydrophobic forces

243
Generation of Antibody Diversity and
B-Cell Development
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Rearranged later

(a) Kappa (k) light chain

c
@—{  }3’ Germ-line DNA

v J
5 (H?

Rearranged first

(b) Heavy chain

v D J C

Figure 24-14
Blufecaar L‘1M|u..\l.vﬁ Eibien
& 00 Y P vl

“Somatic recombination”
(BER=ELH) 21

Organization of human’s germline
Ig heavy- and light-chain loci

& light-chain locus
L1 w1 L2 W3 T ] 1 I [ 1,3 Eu2 IN] c.4

i light-chain locus i
L1 Wi L W2 L3 'K.j L W =i

[=D=-ﬂ =[|=E|:D{I=I]=-=
Heavy-chain locus

LT Wyl L2 W2 L3 W3 L,,,w] | Dy1-25 ] 1,16 €

Figaarr &4 Irusveas ety P 10 G Bl Shnce JOAES

Light chain Light chain

Disulfide bonds
Heavy chain Heavy chain

Carbohydrate
22
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Mechanism of rearrangement of Ilg gene segments
via deletional joining

Heavy & light chains use similar mechanism

Recombination Recombination

signal sequance [R55) signal saquance {RS5) |
Coding region I | Codiing region
'U'mg]m ||'IIJEI'I‘H1|I‘Ig DA - i D segment
L T T I _akl
— '—E' TT |
I:l.:-hpspmar a 13-bp spacer I |
heptamer haptamar
::-.In-l-l:: S “7_12_9” “9_23_7”

& PNV H Fieerian and Sonpanp

The “12/23 bp spacer rule” of recombination signal sequence (RSS)
- V gene: after 3’-end, 7-12-9 bp

- D gene: before 5’-end, 9-23-7 bp

- Both gene segments are stabilized by the RAG1/RAG2 complex

23

Mechanism of rearrangement of Ilg gene segments
via deletional joining

Intervening

—— RAG1/RAG2 complex

nonamer —/——— binding region

12-bp spacer 23-bp spacer

heptamer

Coding segment Coding segment

iy ok Vo
i T T .
T R T

24
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Coding region

71297 9237
7 ﬁgmmhlnaﬂnn signal :unmcng o Coding region

V region (R55] D segment
5 I — 3
s = . @
c Single-strand break
5

TOH
% NI

" 3
]

D)

/,Cli.lan double-strand break

S — 11111

5] REL
P .
3 —!_) H opened up by Artemis

p-ning of hairpin

5t

“P-nucleotides”

&

3T
— @ . 8

e
Covalently closed hairpins at coding regions o e
= - o

Symmetric opening of hairpin

Added nucleotidas \m :. ﬂ

1
3 ML~ Palindromic overhang

Addition of N-region by terminal

deoxynucleotidyl transferase (TdT]

:', ...uﬂ]— *Filling in" of ovarhangs —[m :',

Could be either “filling in’ or ‘removal’ of overhangs

, - “Junctional imprecision” 3
x ||||m Covalent closing of coding joint ]
3" I L 5

Figurs 24-13¢
Biweralar Coll Bwivgy, Sieth Bltm
& N W o v e Cormpary

“Junctional imprecision”
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(1]

Somatic recombination

of the heavy chain

D' and J segments in the germ-line configuration
are salected randomly for D-) rearrangement (rod
lires), Laually hath b lagaus ch

A I:I'J &

Selection of ¥ segment for V-DJ rearrangement is
largely random. if rearrangamant on one chrome-
same (] is productive, s functional . heavy chain
can be expressed and B-cell dovelopment pro-
repde No rearrangament sreurs on the hnms.
logous chromazome,

IF first W-DU rearrang it is monproductiva [step
caden p |, theisr rear £an GEeUT an
the second chromasome [b).

9

If second V-0 resrrangement is productive, then
tha g heavy-chain can be sxpressed and B-call
develppment proceeds,

If second V-DJ rearrangement akso is nonproduct-
ive, no functional eavy chaln is made and the
developing B cell dies.

“Allelic exclusion”
(EMNERETFHS)

26

02/10/2012

13



B-cell development requires input
from a pre-B receptor

— Pra-BCR—— — BOR ——

Light-chain

Ha@ VipreE and b5 ; FEETIR QT

s b
lgm Expression of i

1. RAGI1/2 expressions stop | Pre-BCR:

(allelic exclusion) R L
2. B cells proliferate. Present after VDJ joining of

3. VpreB/l 5 expression the H Cha_m
turned off. - 3 subunits
4. RAGI2 expressif)ns a. mheavy chain (no
gn resume for L-chain cytoplasmic tail)
) rearrangement. .
T s b. Surrogate chain
- VpreB, | 5
c. lga/lgb accessory
proteins

B-cell receptor (BCR) = membrane-bound Ig 97

Switching from making membrane-bound Ig
to secreted Ig by B cells

SSWDJ  Cpl Cp2 Cud| Cpdpg || TMITMZ
Primary 5 3
transcript

|
Enhancer M{Afiihi

[a) Polyadenylation

(b} Pelyadenylation
at upstream site

at downstream site

mBNA - [ =@ ahanrans | AARAARA
‘Ir 5p“{‘|l\gl_
Secreted IgM h 1 ARAAAAR

. Membrane Igh
mlocus:

a. 2 transmembrane segments (TM1 & TM2), combined to
form a complete TM region

b. 2 poly-adenylation sites
- Upstream site used - secreted IgM
- Downstream site used > membrane IgM

- B-cell receptor (BCR) = membrane-bound immunoglobin B
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Class switch recombination in the Ig H-chain locus

Switch sites IgG1:1L-2, 4,5
i ion- IgG2a: IFNg
(recombination-prone) oA IL-1, 5,40, TGFb

IgE: IL-4

vV DJ TR 3 y1 2 - o
n—e— +{ &1 o1 o1 01 011

Factors required CDAT cells
for class switching: IL-4

AlD (activation-inducedydeaminase)

v DJ 42 € o Vi o
m—e—{—1e1 11— o —e-ir—1—

IgA - secretion across epithelia

lgG+2 - blood immunogloebulin

Light chain type is not affected by class switching of heavy chain!!!

29

24.4
The MHC and Antigen Presentation

30
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How to obtain mice ‘congenic’ for the MHC phenotype?

N

7:;.55 et

‘ . \I/
o ﬁ;)
et I-H'I_“_r
_!- =
If skin graft =

?:Q_/- t— .

“Congenic” strains >

b Two mice (e.g. mice A and C) strains with
-E‘ 3 identical genetic background, except for ONE

genetic trait (e.g. MHC)

With each sucoessive backaross
ta Strain A, the genetic contribution
o Siralm A |5 ncreased,

At each sucoessive generation after
tha F-l..du:ll whether skin fram
offspring shows raphd rejection by
& pure Strain A animal.

If yes, offspring possesses an MHC
that iz mon- A, therefore it must be

02/10/2012

MHC B,

By continuing to select for the

rejected by A
backcrossing
L T A %
desired trait {MHC B, allatypic
marier), a congenic line of

Fa lll:A
—oe (3 mice is obtained,

C
4 — Breed to hamaozygasity
' .-'«“7'{; " for MHC B by brother/sistar
o P mating, Straln Is genstically
20 Genarations —| ;Efs'.?-"t = *A” with the exception of MHEC
which ks AL

Flgam T30
Wderialor Sefl Moleye SLiv fulirias
2FE W H Froaisn deal Doy

31

{a) Mouse MHC (H-2 complex)

H-2K I-A I-E
—

H-2D L

— —
% %ﬁ %ﬁ % % b microglobilin

(b) Human MHC (HLA complex)

HLA-DQ HLA-DR  HLA-B HLA-C HLA-A
— —

iﬁ‘?ﬁﬁﬁ?ﬁ?%

MHC-II - activates CD4" T, lymphocytes
MHC-I - activates CD8* Tc lymphocytes (CTL)

Class Il f,nl,
MHC

protein

MHC Cumplex
HLAR
Ber 22070
- "
= [ L T
[
B s
LA cosliami
.
e T =
[—] q
HLADR |- ke
o T
DM |=|
~%
HLA-D#
haman chramasama &

32
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Flu

4——) Targat
| ) .uf}',':, To detect the presence of CTL
Spleen @ — - aterTcots || specific for a particular virus
Single-cell 4 -
SUspension -~
N “S1Cr release assay”
|- Virus-infected
rod | = 27 targetcell
s Ml KN T ool
b
Mo killing ﬂ ‘o Killing .
p| |¥ cytotoxic T lymphocyte (CTL)
b = CD8&" T lymphocyte
© | Messurecrin -> Interacts with antigen-
+: oL thesupernatant . .
6 presenting cell with MHC-I
;l:i.‘wi:::'m!ulhmw 33
Infact mouse® with virus X
o
| To detect the specificity of CTL-
HarvestT colis mediated cytotoxicity
B e O W Target®
Infected with virus X CTL activity is both

1. pathogen-specific
2. MHC-restricted

" i
a # Target® — ¢ !
B e ©— 2 etk

Infected with virus ¥
Ak
cTL? O - O Targat®?¥
Infected with virus X

X
a g™ rgetX
Pigurs 2412

Miurualar Col By, Sinty Bdiien
& TN A Freser s o] v e 34

¥
i
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Class | MHC molecule

peptida:binding

Class | MHC molecule
HA paptida
b

iy By
micraglabulin
Ml e sumcins | Peptide & MHC-! cleft . g
-8-10 a.a. Figurn 1-15 imweamabidegy, Aed it Garard toisnos S|
- closed end cleft 35

Class Il MHC molecule

Class Il MHC molecule

pepiide-binding
HA peptide Lo

o __r.: ,_.-ﬁ? __”wt,-.:
e
T
s

By

Figuis 3821t
olacotar G Ry Sk [aives s - ey, T, 1 i it SRY
T T -

36
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Peptide binding and MHC restriction

by

Steric

clash

| Lack of
complementarity

Allelic variants
Peptide . micd of MHC molecules
antigen Peptide-binding Different with different
specificity :‘:":I:: peptide binding
ket kets
pocksts ired poc
Figure 24-34
Heiriobor Cel Bafogy, Sodh Elbtiee
R, H P o oy
37
655 Exterior Class |

Flasma membrans
t a
—f—‘ High errar sats
1] _Errar I translation
W targots misfits o, Cytaeal
for Ub sddition T
1 and protealysis @
2 Gelgi camplax

O Vasloulas transpart
1mmun0proteasome

Amincpeptidases

Peptide Culrﬂkl.ﬁ'n
ﬂlih'me u'rP i |

i, Sy
Pqnun-:.
= Peptice .
ephope Y AT
20— Uil quitin P
k) Tapz TAPT [ MHE
| Tapasin i
[Prvsice-toading compbes |
FPigure 24-1%
Bwrusiar Co Berfoyy, Stk Ebdion
& 0 Y Firian a7l o

MHC pathway

“peptide-loading complex”
- Chaperones
- Calnexin
- Calreticulin
- Tapasin
- Oxidoreductase
- ERp57
- Transporter/ATPase
- TAP1/TAP2

38
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Mucroghages Class Il

Dennrﬁlc cellz B oeli

[ | e MHC pathway

hﬁ.wlm mediaped FCR-mudiatid
Phagooyot ey endocyinsi

@ le;bmll .a
AR T ARF :
l l
' % - Only seen in professional
e ] I APCs (B, DC, Macro.)
/ - Via the engulfment of foreign
! ‘3}' substances.
LN L/ - the acidity of lysosome &
ﬂri?..'.;““( \ ’f / :m-?_:-- endosome accelerates the
Fducion o8 -

‘E

o w Nnﬁdu “cathepsins” TMEWM - unfolding of proteins
R e e . degradation by peptidases

7 i, { B ﬂ_ﬁ ~ . - li assists sorting of MHC-Il into
="1."'-_ﬂ3’='_—_ie '?ﬁ’ (_é cue & - ) late endosome > (abli),

Clasell

g W
Imvarians taBlil, MHE L 'P:-':"-

.

- cleaved of li by proteases,

chans (5}
(Hm-DM) .
[ - — — leaving the CLIP fragment
privrat s gt fonowale - removal of CLIP by chaperone
St oo DM > ab

O N W hvwesa el Covpa

- binds peptide & transported
39

Presentation of lgG-opsonized antigen by phagocyte

=Fc necepior

FeyRl
{ =Class | MHC

restricted peptide Opsonized
[ =Class Il MHC pathogen

restricted peptide

[ =Lipid antigen J_x_\\ }—_;{__-{ B ::::'TJ:::, I(-\—" \\

|I of hacterium
n IgG-decorated

r::;:""h"‘* / tomtens ﬁ“y
Phagocytic cell

Imacrophage;
dandrithe call)
& =
("‘—’H_"' 5 ] Fressntation of - A
| /fr Lacterial antigemns o
B ActivercyR 7 /ﬁ'-. to T cells via class |
stimulates _r"‘J [ | oross-presentation

phagocytasis \.L_l\;/ amd class il MHE i\v/

“cross presentation”

1. Only seen in DCs.
In addition to traditional MHC-II pathway, DCs can acquire other
forms of Ag that escape from phagosomes/endosomes (via
phagocytosis) and/or immune complexes - present them via the
MHC-I pathway. (So, both Th and CTL can be activated.) 40
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Antigen presentation by B cells (MHC-II pathway)

Do ®
:. %F’—Prmlnamigm 1
[ 1] 3::::::9 |/3\ I:I'nlu‘p-t 2.
=D |p -

endocytosis
Ag peptide presented via
MHC-II pathway to Th cells.

T help to activate B cells.
e, B cell _ ~ e
B Complax /__ A epitope Ag Spelel(?
internalized %] f’ | - MHC-restricted
Co
Somples, g o
and T-cell L Coecan f \\,
epitope |I i } =tilin T |
ted by B ! /
s
T cell provides help ta
B call in antigen-spacific
fashion
Pigurs 24-18
mmmmm Cook Buwogy, Sarth Edaon

U P P i eV

via receptor (BCR)-mediated

Activated Th cells can provide

41

24.5
T Cells, T-Cell Receptors, and
T-Cell Development

42
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Structure of the TCR and its co-receptors

TCR components
- a subunit (via VJ joining)
- b subunit (via VDJ joining)

TCRab-CD3 complex is
required for surface
expression & signaling

TCR co-receptors
- CD4 - binds MHC-II
- CD8 - binds MHC-I

43
TCR B chain : TOR o chain
Germline DNA H
55 ¥l B¥ym Gy ay Lyl D2 e 2 st ".-1;\-“1 11\-", Iyt . BErh
S IO - (e
o
ol I Y L' ! n
§ HMH— O - | . ‘Ot
Primary RNA transeript l Transcripticn l Transcriptiam
by g 5 35 w1, %
SO — OO -3 i B e o T S L
l RNAprocessing | l RNA procassing (splicng]
Messenger RNA {mANA} {splicing)
(13 fﬁ'ﬁ‘b‘ : R RIS
il 5 -
e i e —
L H v oL
l Transtation : l Translation
Assembled TCR meleculs OQ
(Ul — U= " ou—
L ¥ C
Figere 38-30
Moleraier [nfl Walagy, S Bdidian 44

£ 3008 W, W, Fressan and Comgsind

02/10/2012

22



Signal transduction from the TCR and BCR

g - Src kinases activation
Binding of ligand
to receptor activates

Src kinases (Lck, TAM, -/
S iy (o

Src kinases
phosphorylate ITAMs

- ITAM phorphorylation

Phosphaorylated ITAMSs
recruit ron-5Src kinases
wia SH2 domain (ZAP-70, 3
Syk), which are activated SHZ Fyn, Lyn
by Lok Fym, Lyn Soronmlm MLk

- Non-Src kinases activation

Activated non-5rc
kinases recruit and
phosphorylate 1'
multiple adapuor % 1 Sigmaling pathways activated
proteins (LAT, SLF65) | Re= Jnk, PHC, MFAT)
Figure 24-11

Call Riodogy. Sixth Editi, 45
AU W H. Freeman and Campany

- Adaptors activation

T-cell and B-cell development

Differentiated
Stam Ian A e Mature atfector
ool Pra-l h B " by hymphooyrte hymphocyts
Pra-BLR
—_—
Blineage ‘\]ﬁ‘ K jc'\ \IQ
e _
Y
= 5
— ® &,
C'rwkhe:
."“":l"i: EBone marraw or thymus Pariphery
d.:.nﬂw-: Ne Sl antigen Foreign
L hesian of antis
Majar Early maturation Pri-amigen ;T:m;::ladlmﬁ“ Performance of
Events anal expamsion g P receptor repertolre; ‘effector fFunctions

The “avidity model” of T-cell selection

1. AT cells must be capable of engaging self-MHC!! (otherwise - apoptosis)

2. AT cell must undergo selection by interaction with self-peptide:MHC complexes
(-) selection: too strong interaction with self-peptide:MHC - apoptosis

(+) selection: weak interaction with self-peptide:MHC - survive and mature
- 46
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Signals for T-cell activation and termination

Signal via TCR
{Signal 1}

€028 on T cell
interscts with
D&, CDBS on
APC [Signal 2}

CD80 =B7.1
CD86 = B7.2

Figisre 28-31
Moierwlar Cell Bizdagy, Sterh Edition
& H08 W.H. Freewnan and Company

‘Dual-signal activation’
- T cell activation requires both signals #1 & #2

47

Perforin- and granzyme-mediated cell killing by CTLs

Perforins can act on BOTH plasma
membrane and endosome to form
pores where granzymes can pass
through.

JOORY = Freerman s Coragany 48
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24.6
Collaboration of Immune-System
Cells in the Adaptive Response
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Toll-like receptors

LR LR ILRGACR TLA
Ach
L |
=
i
o L Leuing-rich
mepeats
I I ——— -
| i Extarior Human TLR3 extracellular domain

:, J - TLR1/2, TLR2/6: lipopeptide
M:B'ﬁ MyDes - TLR4: lipopolysaccharide
iR&kK o — - TLRS: flagellin

Specificity (cell surface structure of pathogens)

]

B

IL-1, 6,12 - TLR3: viral dsRNA
TNF - TLR7: viral ssRNA

- TLRO: bacterial unmethylated CpG DNA
IRAK:

Specificity (pathogen-derived nucleic acids)

interleukin-1 receptor-associated kinaase

Toll and IL-1 signaling are similar = activation of NF-kB pathways
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Collaboration between T and B cells
to initiate Ab production
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End of Chapter 24
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