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Lymphocyte maturation

Stage of S— Pro- Pre- Immature Mature leﬁggggted
i lymphocyte lymphocyte  lymphocyte lymphocyte

Maturation ymphocy ympnhocy ympnhocy ympnocy lymphocyte
Anatomic : Generative organ | [ Peripheral lymphoid
BHa 0 - (bone marrow or thymus) ~|__organ or tissue
Major Early maturation Antigen | Selectionof | | Performance |
E i (] and growth factor— [0 E] receptor [F20T [0 repertoire; acquisition [T ] [T of effector [

vents mediated expansion expression of functional competence functions
Sgggsgence [ No B Self antigen |2 | [] Foreign antigen |71
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Pre-B/T antigen Antigen Positive and
Proliferation receptor Proliferation receptor negative
expression expression selection
Weak Mature
antigen T/B cell
recogmtlon

Immature
B/T cell:
Pre-B/T cell: expresses
expresses complete Positive
one chain of antigen selection
antigen receptor receptor
Bro- —
B/T cell
== Strong
antigen
recognition

. <
Failureto '~

express
_ antigen
roea. O o
cell dea
pre- Iymphocyte
receptor;
cell death
Negative
selection
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(A) Thymic CD4+CD8+ .
epithelial cell thymocyte

Positive || N 5 Liut

Selection ':J;.'"_’. . -;}_,

Low-affinity/avidity recognition
of peptide-MHC complex on

Rescue from
programmed
cell death;
conversion to
single positive

thymic epithelial cell
® Thymic

epithelial cell

CD4+CD8* s
thymocyte

Lack of -
positive Apoptotic
selection cell death
Failure to recognize peptide-MHC
complex on thymic epithelial cell
Thymic antigen-
% presenting cell %5;;%3%
Negativ _
o Apoptotic
cell death

High-avidity recognition

of peptide-MHC complexes on
thymic antigen-presenting cell
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Stage of
maturation

Proliferation

RAG expression

TdT expression

Ig expression None None

Surface
markers

Anatomic
site

Response
to antigen

Stem cell Pro-B

Unrecombined Unrecombined
Ig DNA, RNA (germline) (germline)
DNA

DNA

Recombined
H chain gene
(VDJ); w mBRNA

Cytoplasmic 1 and

pre-B receptor—

Recombined H
chain gene (VDJ),
K or & genes (VJ);
1 or k or A mRNA

Membrane IgM (1 +

associated u

K or A light chain)

|g|v|lo
CD43"

Mature B

Alternative splicing |
of VD-CRNA
(primary transcript) to |
form Cy, and Cg mRNA Y|

Membrane
IgM and IgD

A e e B
e

= EEES S
- é

Negative selection
(deletion), receptor
editing

Activation
(proliferation and
differentiation)
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(germline) (germline)
DNA DNA
_ R None None
c-kit + c-kit+
CD44+ CD44+
CD25" CD25+

None None

Unrecombined Unrecombined

Recombined
f chain gene
[V(D)J-C];

Pre-T receptor

(B chain/pre-T )

c-kit +
CD44+
CD25+

Double
positive

o chain genes

Membrane
o TCR

CcD4+CD8+

TCR/CD3lo

Positive and
negative
selection

Single positive
(immature T cell) mature T cell

Recombined 3, Recombined B,
¢ chain genes

[V(D)J-C]; B and [V(D)J-CJ; p and
B chain mMRNA o chain mRNA o chain mRNA

Membrane

op TCR

- CD4+CD8" or
TCR/CD3hi

Negative

- selection

Naive

Recombined B,
o chain genes
[V(D)J-C]; g and
o chain mBNA

Membrane
off TCR

CD4+CD8" or
CD4-CD8+
TCR/CD3hi

Activation
(proliferation and
differentiation)
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Bone marrow
fetal liver

Cortex

Thymu

S
Medulla

Periphery

- Cpg* ~
TCRp low

| Positive/
—.| negative

selection

¥
- T
i
¥
¥

Selection ?

1
3
¥
Il
¥
¥
i
B
¥
i
¥
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CD4+ helper

T lymphocyte

"5‘

CD8+ cytolytic

T lymphocyte
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Lymphocyte Activation

« Adaptive Immune Response
— Ag-specific
— Humoral Immune Response
* B lymphocyte > Ab

— Cell-mediated Immune Response
e T lymphocyte = Th/Tc

- ‘Lymphocyte activation’
- Elimination of Ag



* Adaptive Immune Responsex*

1) 2) 3) 4) 5)
Recognition Activation Effector Decline

phgse phase phase (homeostasis) | |Memory
Antlbody e
producing @; Effector T Elimination | ! ;
cell = |ymph00yte of antigens | ! :
Differentiation |
Humoral
Immunity ; ;

& Surviving
_ \[Cell-mediated | i
: immunit : —1
Clonal y Apoptosis| |

Agiigen- " expansion

presenting

o Naive T

L2~ Naive B
= lymphocyte

Days after antigen exposure
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Clonal Selection Hypothesis”

Lymphocyte

Lymphocyte
clones mature
in generative

lymphoid organs,
in the absence
of antigens

Clones of mature
lymphocytes
specific for diverse
antigens enter
lymphoid tissues

Antigen-specific
clones are
activated

("selected")
py antigens

Antigen-specific
immune
responses occur

Y.
Fd

===\ “===._ lymphocyte

Anti-X
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Cytokines,

Cytokine—R,
transcriptional 1) 2) 3) 4)
proteins N o Proliorat
ew protein roliferation ; — >
synthesis ||(clonal expansion) Differentiation Homeostasis

Effector B &
lymphocyte: ® 3>y
antibody-
secreting cell

Antigen +

second
B ” ’ . TR : ~| B cell
ce Naive B Lae L
lymphocyte lymphocyte eSS
{lymphoblast) =
Effector T
lymphocyte:
cytokine-
producing
Antigen + cell or CTL
second
signals ~ A¥

Naive T Large

lymphocyte lymphocyte e SN
(lymphoblast) -




“ Two-signal hypothesis”

Antigen “Two Signals”
receptor
s 1. e
’ antigen Ol=0 CHet & &
BtSol 42

2
18

et

Molecule produced
. or induced by
microbe

Lymphocyte
proliferation
and differentiation




T cell Activation

Effector
functions

Clonal
expansion

Antigen
recognition

Activation Differentiation

Activation of
= | Macrophages,
it B cells, other
| Effector cells

CD4+
T cell

Killing of
infected
=3> & "target cells";
Cytokines Bffactor macrophage
(e.g., IL-2) CD8+Tcell | activation
(CTL)
Memory
CcDgt
T cell
Lymphoid organs Peripheral tissues
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< The role of co—stimulators in T cell activation

« B7 on APC + CD28 on T cell = T cell activation

Antigen recognition T cell response
®
(costimulator-- __:}c e
deficient) s\ Naive
. No response
| or anergy
Activation of APCs by microbes,
innate immune response
® : S Effector -
Activated Tcells Jd=d
increased e f
expression of - A
costimulators,
secretion of
cytokines  cyiokines T cell proliferation
(e.g., IL-12) and differentiation
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<+ The role of CD40/CD40L in T cell Activation

« Ag recognition by T cell (TCR) = induce CD40L expression
- CD40 on APC + CD40L on T cell = induce B7 expression on APC
> B7 (APC) + CD28 (T cell) > T cell activation

- T cells recognize
‘antigen (with or without
B7 costimulators)

Activated T cells

express CD40L, which
binds to CD40 on APC

APCs express more
B7 and secrete T cell—
activating cytokines

Signal leading to
expression of CD40L

Signal leading to
expression of B7;
secretion of cytokines

CD40 ligand

e
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Enhanced T cell
proliferation

a4 _|| and differentiation




ECEE

CD4/CD8

Adatr
proteins

Initiation of
TCR-mediated
signals
e - - = ;ﬂ% ________
PLCYl |t GTP/GDP
activation| = exchange on Ras
Biochemical %%i :
intermediates £ “{%
Diacylglycerol (DAG) Ras*GTP
mmmmmmmmmmmmmmmmmm B ==
Distal signaling -
enzymes . Calcineurin PKC MAP kinases :
Transcriptio v@ﬂ
cr n
factors NFAT NF-«B AP-1
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rylation, release, Dephosphorylation : MAP kinase, SAP
radation of IxB of cytoplasmic NFAT kinase pathways

Cytoplasmic
NFAT £ o

Ca2* ions
~,_Calmodulin

kinase

== [IL-2 mRNA
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B cell Activation

T " Acivaton phase: 8 cel
~ phase proliferation and differentiation

Helper T cells, _ Antibody
herstimli Clonal —,
Resti other stimuli : secretion
=g 7 expansion
IgM*, IgD* :
mature B cell T
4
¥ = Isotype
JE,_ Activated switching
¥ B cell
Affinity
maturation

High-affinity 1g-
expressing B cell
affinity 1gG

Memory
B cell




Primary
antibody response

Secondary
antibody response

First Repeated
infection IgM > 1gG infection

. Antibody-secreting 5
' cells in peripheral ;
. lymphoid tissues !
t

Activated & N7 .-\ Low-level

B cells Yok ./ \antlbody I
i, v production

I
|
I
|
|
|
|
|
|
I
1
|
I

Long-lived'

Antibody-
Secretmg
cell ===

Long-lived
plasma cells
in bone marrow

plasma cells :
' Naive B cell in bone marrow |
0 74 45 >30 0
Days after antigen exposure
% v
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Extracellular
space

Immunoreceptor
tyrosine-based
activation motif (ITAM)

[ I L
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Cross-linking
of membrane
Ilg by antigen

Tyrosine
phosphorylation
events
PLCy GTP/GDP exchange
activation on Ras, Rac
Biochemical 2 1
intermediates /4 Ny |
Increased B s | RaseGTP,
cytosolic Ca2+ Diacylglycerol (DAG) | === RacsGTP
= H i
- s - i e A==
\\i"f \/
Active Ca2+-dependent enzymes PKC ERK, JNK
enzymes L i
i i
Transcription y /
factors NFAT NF-xB AP-1
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Antigen binding to Activation of Changes in
and cross-linking B cell phenotype,
of membrane Ig B lyaipnocyies function :

e Increased survival
e Mitosis

Increased expression
of B7-1/B7-2

Increased expression
of cytokine receptors
(e.g., IL-2, IL-4 receptors)

Migration out of
lymphoid follicles
into T cell-rich areas
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Receptor-mediated
endocytosis
of antigen

Antigen processing
and presentation

T cell recognition
of antigen

Microbial
protein
antigen

|

wis 1 I

V. MHC-peptide
§ _» complex

as ‘APC’

Th cell)
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Antigen
presentation

Activation of T cell;
expression of CD40

Activation of B cell
by cytokines and
CD40 ligation

to helper T cell

ligand,cytokine secretion

B cell
proliferation and
differentiation

: m%a

CD40

Cytokines |
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 Endocytosis of Ag by BCR-> Ag processing in B cells
- Ag presentation by B cells to Th cells

> activation of Th cells : CD40L] cytokines |

- activation of B cells
- B cell proliferation & differentiation




<|sotype switching of H chain>

Mucosal tissues;
cytokines
(e.g., TGF-B)
Isotype = _
switching N~ ey
=5 s
IgG subclasses
oM | (1gG1, 19G3) ok I9A
Principal | Complement Fc receptor- Immunity Mucosal
effector activation dependent against immunity
functions phagocyte helminths (transport of
: responses; IgA through
complement Mast cell epithelia)
activation; degranulation
neonatal immunity | (immediate
(placental transfer) | hypersensitivity)




Rearranged DNA in
IgM-producing cells

Naive

VDJ S, Cy

B cell

Microbial
antigen

L N

No signals from
helper T cells

Signals from helper T cells
(CD40 ligand, cytokines)

j \

VDJCy

=mE—-AAA L mRNA

B U proteln

VDJCy

=

VDJ SMCMCS IySYCJﬂgSECg

—=m— AAA Y mMRNA

Germline y

Y protein

VDJCe:
—=m 11— AAA £ mRNA

€ protem

Germline £
transcript

—

18 9-14. = S| 217 7|17,




Immunologic Tolerance

StH L SLIAT SN Al ESEUS I HEEHSO|
2OUA &= &4
Immunogenic ot IS A2 el
Normal antigen 2
immune
response

Proliferation and
differentiation

Anergy
(functional
unresponsiveness)

Tolerance| -

Tolerogenic| «
antigen

Immunogenic| . No
antigen | % |response

Deletion
(cell death)
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O S

+

Inject leukocytes

: : Skin graft from
00, from strain B Q\\strain B

6 weeks

-
T

Inject leukocytes Skin araft from
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2) AorEE2 SIHX J|H

(central tolerance)
— Deletion
— Treg

. =4S

(peripheral tolerance)
— Anergy

— Deletion

— Treg

N

(immature) clones V
of lymphocytes . 4/

Generative (primary)
lymphoid organs

Peripheral (secondary)
lymphoid tissues

Lymphoid

I
ewly emerged

|
|
\/

Maturation of clones
not specific for
self antigens present
in generative organs

i S Self antigen present
% = ingenerative
\1‘*\ . lymphoid organ

Central tolerance:
deletion of lymphocytes
specific for self antigens

present in generative organs

i

i NL
ature v/ |
mphocytes L et

: I
1
RS
5 1
Foreign X
antigen

Immune response
to foreign antigens

Self antigen in
: peripheral tissues

Peripheral tolerance:
deletion or anergy
of lymphocytes that
recognize self antigens
in peripheral tissues
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T&X

21T 1 BX K EH

O - M

JH (deletion)

Periphery

Negative
selection:
deletion

Development
of regulatory
T cells

Immature
T cells specific
for self antigen

Regulatory
T cell
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(Clonal anergy)
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-
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—_ O

=04
- = ]

18 10-5

o0

® B7-11 B7-2 (A152)2 &2

@ CTLA-4:B7

AL APCEl €20l S



Antigen recognition T cell response

Effector
T cells 7 ™%
Normal || costimulators |
response B7
Antigen recognition T cell proliferation
with costimulation and differentiation

Costimulator-
deficient
APC

Antigen recognition
Clonal without costimulation

anergy

T cell anergy

SNkl Restimulation with APC
expressing costimulators

CTLA-4

Antigen recognition
with CTLA-4:B7 interaction
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— ANZ2+=EX (death receptor) OHH
« Fas—Fas L &g > JIALIOLAl AMEtS & 4d3t > ML A}
Hol R 2> AIZAHEZ= ZAMHIZZN &JoH HlAH : 2= XHD|
=20 et T ME 2282 HlA

IL-2

[Activation-
| induced
 cell death

Apoptosis

Activated
T cell

Expressmn of
Fas and FasL
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3) ZETEHIZR (T reg)lll 28t 248

[ Antigen recognition| [T cell response |

T cell proliferation

and differentiation

"\ Effector

Bormial - ) Teells

response

Inhibition of A
T cell activation 1

Inhibition of T cell
effector functions

» % Regulatory
J Tceells

™

Antigen T cell proliferation Effector functions
recognition | |and differentiation of T cells

3 10-10. T M= of7i& x|

Effector T cells Activated
(Th1) A macrophage

BE e

4

Contact- Cytokine-mediated
dependent inhibition of T cell
inhibition of responses:
T cell responses IL-10, TGF-

‘;T_. Regulatory
1 Tcells

Jd810-11. DB T HES £80|H




0l

ol 52

0l = Z0 o=

oKl ir KiJ o o

3F = - 8r >

kil B | = |5 =3

2 = s aE ok

m == o = o0 =

o] 5 ] = ol | Ar

ol L mW 353 | K

= =5 | <

ol ujm 11, Wm gl | = R0 Zo | Lo

60 5 |} 4o Jre | I odl | of

™ o | = R wr__.l_ Qﬁa n0

K < il TUNERS RS

i

I

& on | K | o

: 7 = ko

™~ 00 2 oFJ m

5 o R R

nr L Eln P | =

ks =) = = = <

ol or! Ror | & o nr

QMQ o [ e = ..O.P =
o LSRR LD e B

fall] — e iy o

gl o ~rol opll | S of =
5l o ~Er - ok m__.ﬁ = md __-
KR = o = 100 1— TTE

0

= wjr

HERR G

(ol S

oF ) =

0 I WM )

o- 100 ol o B

o = Gl o mﬂ.L ol

. U R AT 100 60




O
=0lN AR ==S =2 Klot=EC s 21AGH= 0|4
=B EEIA=2 MAHEZHU 0|49 BHalE 2o
CiotA (multivalent) XEDIEHRI0 2o & 2 - B X229
Hel &322 WXt 28 > HA=2=222l -0 0 &L
o NS 2K 0|= LI DNA 2t 22 =& A=
18 10-12
« 0I8=THIES SHMEN RASH J|A

T
« =2 & (receptor editing

S )
~ 240 Y 014 B FID ADIHAS HUT FX Y= X

|
§
0k
g
X
5
AN
>
e
M
2
[}
0x
fou
mn
M o
=
HU
M0
e
]9
y
HU
HI
s
oy 0



UF XN AIIGAS QAlGHs A% B YIRS 2X
THIZS SS0| 9O8 BISAS AAGIHL ZZAR

I
o

1 10-13

IS BHEIESSR E0| BEXTAHEE CHLUIE B Al
Ol Fas@t T MIEZ2| FasL 2| BtSo = 282 B HIXE
I SIH & - FasUt FasLOll HO| A2 XIDFEHA|

rc

1o

b~ 0 [lr H 40

Hl 0x >

HH K| (follicular exculsion) J1& 0= BAIZE 2t &
| 43} AlI|K= 2otK B HZ2IC! ==X
CXCR5H)9| &aisS ANE MO S/AX=2 ER

ol

—~



HEL-specific

. Bcells Transgenic mouse
oy expressing HEL as Negative selection

a self antigen of HEL-specific T

cell in thymus

~ Transfer of
~ HEL-specific
B cells into HEL-
expressing recipient

A
~ Mature B cells
_encounter No Th cell
- self antigen in
peripheral tissues
Block in antigen
receptor—induced
-COn_sequence_s signals (anergy)
Otsebanligen:. || ]
recognition in . 51 %1
peripheral tissues : 18 10-13. ¥&d
Exclusion of Bt MEOIM S5
B cells from o= Ml orx
lymphoid follicles || == B 4% ¥
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