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Organization of the human immunoglobulin IgH locus and its

somatic modifications to generate a primary and secondary B-cell

repertoire (I6. 32µ-5=3-5F [1])
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* Bruton's tyrosine kinase

stem

cell

early

pro-B

cell

late

pro-B

cell

large

pre-B

cell

small

pre-B

cell

immature

B cell

mature B

cell

Ig !"

expression

no yes yes yes yes yes yes

btk* no little yes yes yes yes yes

Membrane

markers

CD34 CD34

CD45

(B220)

Class

II

CD45R

Class

II

CD19

CD40

CD45R

Class II

pre-B-R

CD19

CD40

CD45R

Class II

pre-B-R

CD19

CD40

CD45R

Class II

IgM

CD19

CD40

CD45R

Class II

IgM

IgD

CD19

CD21

CD40



Pro-B    Pre-B1    Pre-B2   Immature B   Mature B   Plasma

MHC II

CD19

CD22

CD34

Ig!/"

VpreB, #5

CD10

CD20

D-J VDJ V-J light



[3]



[4]



[5]



[6]



[7]



$-<J99?@?:

4<0?1G-A32 39/; CJµ/

4056/78 <6=;:;

>5?./@/0/1232



, -<0?1G-A32 9:; CAµ/<A99B@:;

71;-9?5 75B ;?

(1) ?;?7;:@1D/A; 1G5? ?;957H;?, 0/A

9/AF 0?@/A35BD/;9?5 ?0H 9?

?;957/;/0?@/A35?395<B <J99?@? 9/A

CJµ/A,

(2) µ- 92 3:398 K2µ5<8 3A77L;-5?.





• %5 5;9-@6-A<1;-F IL-2, IL-4, IL-7 and IL-15,

H0:F <?5 2 ?;95-?0/09:95<8 0@:9-1;2

MCL-1, -02@-BD/A; 32µ?;95<B 92;

-05I1:32 9:; CAµ/<A99B@:; <?9B 92

G5B@<-5? 92F :@1µ?;32F, G5?./@/0/1232F

<?5 -<0?1G-A38F 9/AF 39/ CJµ/, 0/A

3A;9-6/J;9?5 µ- 0?@B66262 ?;?G5B9?M2

9:; 7/;5G1:; VDJ.



• , ?;?G5B9?M2 9:; 7/;5G1:; VDJ, C? -05.L@-5 92
G2µ5/A@71? µ-7B6/A ?@5Cµ/J CAµ/<A99B@:; 9?
/0/1?, H9?; =@5µ? 05B I7/A; 392 0-@5.L@-5?, C?
LK/A; µ1? 9-@B395? 7<Bµ? $ ?;957/;5<=;
A0/G/KL:; (TCR) (1/<J99?@/) 0/A C? 9/AF
-059@L0-5 ;? ?;?7;:@13/A; L;? 9-@B395/ ?@5CµH
ML;:; ?;957H;:;.

• , G5?G5<?31? ?;?7;=@532F 392 0-@5.L@-5?
3A;9-6-19?5 H0:F <?5 39/; CJµ/.



Medawar

&

Burnet





(-@5.-@5<8 ?;/K8:

• !; 9? 5G1? 8 ML;? ?;957H;? -1;?5 0/6J 30B;5?,
9H9- 9? $-<J99?@? G-; 9? I6L0/A;.

$/ .?5;Hµ-;/ ?A9H 6L7-9?5 ?;/3/6/75<8 B7;/5?
(= immunological ignoranceimmunological ignorance)

• !; 9? 1G5? 8 ML;? ?;957H;? -1;?5 0B@? 0/66B, 9?
$-<J99?@? 0/A 9? ?;?7;:@1D/A; 71;/;9?5
?;-@75<B 8 0-C?1;/A; (= anergy anergy or or clonalclonal
deletiondeletion).





$? 6-µ./<J99?@? -05</5;:;/J; µ-9?MJ

9/AF, H0:F <?5 µ- B66? <J99?@? 9/A

?;/3/0/5295</J 3A398µ?9/F, µL3: 9:;

<A9/<5;=; 8 <A99?@/<5;=;.

%5 <A9/<1;-F -1;?5 76A</0@:9-N;-F

µ5<@/J µ/@5?</J IB@/AF (~15 kD)
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<A9/<1;-F



Th2

<A9/<1;-F



Cytokine secretion by T helper cells
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)ACµ5395<B/<?9?39?695<B

T-<J99?@?



(@H3.?9? (>2000) ?;?<?6J.C2<-

A0/062CA3µHF $ <A99B@:; µ-

<?9?39?695<LF / @ACµ5395<LF 5<?;H929-F

• Regulatory T-cells. 2005. Nature Immunol,

6(4):327-361.





!A9B 9? <J99?@? <?9?39L66/A; 92;

-;-@7/0/1232 9:; CD4 <?5 CD8 T-

<A99B@:; in vitro µL3: L<<@532F

<?9?39?695<=; <A99?@/<5;=; <?5

-;HF ?7;=39/A µ2K?;53µ/J 0/A

(µB66/;) -M?@9B9?5 ?0H 92 .A35<8

-0?.8 µ-9?MJ <A99B@:;.





In vivo, ?A9B 9? <J99?@? <?9?39L66/A; 95F

?A9/B;/3-F ?3CL;-5-F µL3: µ/;/0?95=; 0/A

-;-@7/0/5/J;9?5 ?0H 92; -0?.8 <A99B@:;

8/<?5 ?0H µ/;/0B95?  0/A 0A@/G/9/J;9?5 ?0H

<A9/<1;-F.









• $? $ @ACµ5395<B <J99?@? (T regulatory

cells, Tregs) 0?1D/A; /A35?395<H @H6/ 392

G5?98@232 92F 53/@/01?F 9/A

?;/3/0/5295</J 3A398µ?9/F 392

0-@5.L@-5?.



• O?µ26/1 ?@5Cµ/1 Tregs ± µ-5:µL;2

6-59/A@71? 9/AF ----> ?A9/B;/3? ;/38µ?9?

(<A@1:F ?A9=; 0/A -05GA<;-1/A; µ5?

0H6:32 9J0/A Th1 8 Th17).

• !AM2µL;/5 ?@5Cµ/1 Tregs ± ?AM2µL;2

6-59/A@71? 9/AF ----> ;-/06?31-F



$? ?;C@=05;? $ @ACµ5395<B <J99?@? LK/A; 9/AF

?<H6/AC/AF .?5;/9J0/AF:

CD4+CD25+

CD4+CD45RO+

CD8+

CD28+

CTLA-4

CD8+CD28-

TCR 7G+

CD4-CD8-TCR ?I+

HLA-G

NKTr --> IFN-7, IL-4, IL-10, TGF-I



• +9/; B;C@:0/, 317/A@? Tregs C-:@/J;9?5 ?A9B
0/A -<.@BD/A; 9? µH@5? -05.?;-1?F
CD4+CD25high/medium CD127low <?5 9/;
µ-9?7@?.5<H 0?@B7/;9?  FoxP3 39/; 0A@8;?.

• Expression of interleukin (IL)-2 and IL-7 receptors
discriminates between human regulatory and activated T
cells. Seddiki et al., J. Exp. Med . 2006; 203(7):1693-
1700.2.

• CD127 expression inversely correlates with FOXP3 and
suppressive function of human CD4+ Treg cells. Liu et al.,
J. Exp. Med. 2006;203(7):1701-1711.



Foxp3 C-95<B <J99?@? 3- ?3C-;8 µ- ;H3/ 9/A

Crohn 0@1; + µ-9B C-@?0-1?F µ- 9/ anti-TNF-

? ?;913:µ? Infliximab



• #1? G-J9-@2 /µBG? $ @ACµ5395<=;
<A99B@:;/<?9?39/6L:; µ0/@/J; ;? -0?KC/J; in
vivo µ-:

• 1. +9/µ?95<8 L<C-32 39/ ?;957H;/,

• 2. E?665L@7-5? 9:; $ 6-µ./<A99B@:; µ-
<A9/<1;-F (<A@1:F IL-10),

• 3. !66?78 92F 6-59/A@71?F 9:; G-;G@595<=;
<A99B@:; µ- .B@µ?<?



(@H3.?9-F µ-6L9-F, LG-5M?; 3Aµµ-9/K8 9:; $
@ACµ5395<=; <A99B@:; 3- 05/ 0/66/JF 9/µ-1F H0:F:

1. !;?39/68 92F ?;/3/?0H<@532F 3- H7</AF,

2. !0/I/68 µ/3K-AµB9:;,

3. !66-@71-F ,

4. !3CL;-5? µ/3K-Jµ?9/F <?9B M-;5398,

5. %M-1-F <?5 K@H;5-F ?3CL;-5-F.



• $? Tregs -<.@BD/A; 9/; (?@;295<H)

µ-9?7@?.5<H 0?@B7/;9? foxp3 0/A

?;9?7:;1D-9?5 µ- 9/; (C-95<H) µ-9?7@?.5<H

0?@B7/;9? NFAT 75? 92; 1G5? CL32

0@H3G-32F 39/; A0/<5;298 7/;5G1:;

<A99?@/<5;=; -µ0/G1D/;9?F L935 92;

-;-@7/0/1238 9/AF.



Marson et al. 2007. Foxp3 occupancy and regulation of key

target genes during T-cell stimulation. Nature, 445:931-935.



'-;-95<8 L66-5P2 9/A Foxp3 (Foxp3 deficiency):

• !QR)*(%+)

R?;?92.H@/ ?A9/B;/3/ 3J;G@/µ/ IPEX (=immune
dysregulation, polyendocrinopathy, enteropathy,
X-linked // <A@1:F 39/AF B@@-;-F, 39/AF /0/1/AF
-<G26=;-9?5 3-4 IG/µBG-F µ-9B 92 7L;;232)

• (%Q$"E")

Scurfy (C?;?92.H@? 0/6A<6:;5<8 -;-@7/0/1232 µ-
µ?D5<H 0/66?06?35?3µH 9:; $ <A99B@:;, 0/A
-<G26=;-9?5 7 µL@-F µ-9B 92 7L;;232)



IPEX

• #?D5<HF 0/66?06?35?3µHF 9:; 6-µ./<A99B@:;

• #?D5<8 6-µ./<A99?@5<8 G58C232 0/66=;
/@7B;:;

• S0-@7?µµ?3.?5@5;/0BC-5?

• !A9/B;/32 ?5µ/6A95<8 ?;?5µ1?

• "G5/0?C8F C@/µI/0-;5<8 0/@.J@?

• !66-@71-F

• T<D-µ?



Interleukin-17 and Type 17

Helper T Cells

NEJM, 361(9):888-898, 2009



Helper T-Cell (Th) Subgroups and Effector Functions. The cytokine profile

(including key cytokine receptors as denoted by R), the effector cell type that is

activated, and the corresponding types of infections are shown for each Th subgroup.





Differentiation of Mouse Th17 Cells. Naive mouse T cells can differentiate into one of

three effector helper T-cell (Th) subgroups. Each pathway is under the control of a different

set of cytokines. The Th17 pathway is under the control of TGF-I + IL-6 + IL-1 or TGF-I +

IL-21 followed by IL-23. This pathway is inhibited by IFN-$ and IL-4. The transcription

factor (T-bet, ROR-$t, or GATA3) characteristic of each pathway is shown.



Differentiation of Human Th17 Cells. Key cytokines for the development of human Th17 cells are TGF-I plus IL-6,

IL-21, and the inflammatory cytokine IL-1, followed by IL-23. In addition to the classic Th1 and Th17 subgroups, a mixed

Th1-Th17 subgroup has been identified, which expresses both T-bet and ROR-c. In inflammatory tissues, fully differentiated

cytokine-producing cells have been observed. The micrographs show immunohistochemical staining of the cytoplasm for

antibodies against IL-17 (brown) in human blood CD4+ T cells activated in vitro for 24h and a plasma-cell-like cell in a

section of rheumatoid synovium. These cell have lost their TCR and the CD3 complex.



Effects of IL-17 on Cell Functions and Its Role in the Pathophysiology of Diseases. For

each key effect of IL-17, the target-cell type involved and the products released in response to

IL-17 are shown. Each biologic effect is linked to examples of conditions in which an

association with the presence of IL-17 has been observed. CRP=C-reactive protein,

MMP=matrix metalloproteinase, RANKL=receptor activator of NF-%B ligand.


