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Cytokines Play a Pivotal Role”“;&
in Regulating Immune

System Functions

Different forms of severe combined immunodeficiency
(SCID) diseases occur as a result of inactivating
mutations in multifunctional immune system reg-
ulators. These mutations lead to developmental or
functional defects in T lymphocytes, which can also be
accompanied by variable defects in B lymphocytes
and/or natural killer cells. The most common form of
SCID, X-linked SCID (XSCID), is caused by mutations in
the common cytokine receptor y-chain (y). The vy,
subunitis an essential component of the IL-2, IL-4, IL-7,
IL-9, IL-15, and IL-21 receptor complexes, indicating
that signaling by one or more of these cytokines is
required for normal immune system development.
Multiple studies have now demonstrated that
cytokines belonging to the y_family serve as critical
regulators of the development, survival, proliferation,
differentiation, and/or function of cells of both the
innate and adaptive immune systems. The unique and
overlapping effects of these cytokines on different
immune cell types are summarized here.
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'y, FAMILY CYTOKINE-INDUCED EFFECTS ON:

IL-9

IL-9 Receptor-expressing cells:
T cells, B cells, mast cells, eosinophils, macrophages, neutrophils, epithelial cells

Common y-Chain Family Cytokines Play a Pivotal Role in Requlating Immune System Functions

v, Family Cytokines Have Unique & Overlapping Effects on Different Inmune Cell Types

(ytokines belonging to the common cytokine receptor y-chain (y,) family include IL-2,
IL-4, IL-7, IL-9, IL-15, and IL-21. Members of this family signal through receptor

emphasized by the fact that mutations in v /IL-2 Ry in humans are associated with a
disease known as X-linked severe combined immunodeficiency (XSCID), which is char-
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This illustration represents general processes suggested in the scientific literature and should be considered neither comprehensive nor definitive.

T Cells Mast Cells or Basophils PRIMARY BIOLOGICAL EFEECTS OF IL-9 SIGNALING complexes that contain the y,/IL-2 Ry subunit. The y, subunit associates with different  acterized by the absence of T cells and natural killer (NK) cells, and the presence of non-
B Cells Dendritic Cells Promotes Mast Cell cytokine-specific receptor subunits to form unique heterodimeric receptors for IL-4,  functional B cells. Knockout studies in mice have demonstrated that the lack of T cell and NK
NK or NKT Cells Epithelial Cells Regulates Activated Regulates | . ) FH[[H = i i -2/ = = in this di imari i i -
IL7 Receptor-expressing cells p! g AGIE gilatesty Proliferation T e IL-7, IL-9, and IL-21, or associates with both IL-2/IL-15 R3 and IL-2 Rovor IL-15 Rocto - cell development in this disease can be primarily attributed to the respective loss of IL-7 and
[L-7 T cells, pre-B cells, dendritic cells T Cell Proliferation Production & (ytokine Secretion form heterotrimeric receptors for IL-2 or IL-15, respectively. y family cytokines generally  IL-15 signaling, while the loss of both IL-4 and IL-21 signaling leads to defective B cell
.. activate three major signaling pathways that promote cellular survival and prolifera-  function. Similar studies revealed that in contrast to humans, B cell development in mice
PRIMARY BIOLOGICAL EFFECTS OF IL-7 SIGNALING 2Ly AL i N tion, the PI 3-K AJ\kt pgthwag F;he RA)Sl MAPKppathway and the JAK-STAT [;athway also requires IL-7 signaling. Several additional unique and overlapping efFf)ects of the
: IL9R ¥ MR§ n ) K- ) a ) g L - k Y,
Promotes Human |  Promotes Regulates Regulates the Generation N i LA i i ; ; T 17if ; ; ; ;
ettt | ot ol Acgivated g e Surlof Regulates V(D)) Recombination at the | Promotes Mouse B ’. fcthated! Differences in the expression patterns of the cytokines or their unique receptor  family cytokines on different immune cell types have been documented. A number of
) I TCR & Distal Ig Heavy Chain Loci Cell Development Activated components, along with the activation of different STAT proteins may account for some - these effects are highlighted here to demonstrate the central role that y, family cytokines
Development Homeostasis | T Cell Proliferation Memory T Cells B Cell o ) ) . ) L . . ) -
— . of the distinct effects mediated by y_family cytokines. play in controlling immune system functions. Understanding the mechanisms by which
“IL7 (D4 or (D" “ 2 19 . W Gl . ) ) . . . i ir signali
IL—7R‘\§\\ Il7R‘\ Nhe IL7R\ Effector T Cells IL7R '\ IHM‘Q IL-7R-\\\ . > Signaling by y, family cytokines plays a major role in regulating the development, survival, these cytokines act and how their signaling pathways can be requlated may have
rAmvade(e" ® . Pro-T Cell MMI!. Plasma Cell V _.fprollferatlon differentiation and/or function of cells of the immune system. The importance therapeutic implications not only for a variety of immunodeficient disease states, but
) ro-T Cel . i q i T
ThymicT Cell . Pre-B Cell Lymphoid ® MR.\ S / Zofthe . family cvtokines for the establishment and maintenance of the immune svstemis  also for disorders resulting from aberrant or exaggerated immune system activation.
recursor Naive T Cells 10-B Cell i i Ye as] Y
J . o ® LIRSS, | maumocls@ @ I \
g -7 T s PROLIFERATION/SURVIVAL o '9{%6'[)'3?%363, o PR(T)tIFF-EBR'APTrI:)I:SS MUCUS PRODUCTION [/ \
‘\‘\‘«. IL7R 4" or (08" '{!’ mnam" i f IL-15 IL-15 Receptor-expressing cells: \ \
7R <€ Abdy ;’f TR MemoryT el © o 182 7R \ : i f T cells, NK cells, NKT cells, dendritic cells, monocytes W
i Bcil i £ - i
NaiveT el W (P R / \ S| e g L 0 I PRIMARY BIOLOGICAL EFFECTS OF IL-15 SIGNALING
TRy Expressmn Variable Ig Synthesis 1 Regulates th Protect P t
HOMEOSTATIC - { 4 qulates the rotects romotes »
TCELLDEVELOPMENT |  PROLIFERATION | PROLIFERATION/SURVIVAL PROLIFERATION/SURVIVAL V(D)) RECOMBINATION B CELL DEVELOPMENT Y,/IL-2 Ry S ¢ Regulates Inhibits ; : ' Promotes NKCell | Promotes Dendritic
. i1 ’ A Maintenance of Intestinal Expansion .
77 N Activated Activation-induced Naive & M | ithelial &H ) Development Cell Priming of NK
” IL-2/IL-15 RB Cis-presentation T Cell Proliferation | Cell Death (AICD) alche8+T (eelrl:)ry C;::;E:c;tz of(;\;ﬁo(s(:ﬁzls & Survival Cell Activation
; )
IL-4 Receptor-expressing cells: IL-15 Rox Y 5 o
".-4 T cells, B cells, NK cells, basophils, mast cells A ls 2R | en Seilise o :sz Accessory Cel a ? IL-15R e
L 1/IL-2Ry “!B\ v RI Activated T Cell Polfeting L gy, | (Al W i J PP
PRIMARY BIOLOGICAL EFFECTS OF IL-4 SIGNALING i 5 f k}‘k’ : ° e pre1cl y ‘ i7,~ o NKCell o
; j ak3 . Y . 2l L L1 L 115 2
Regulates Regulates Promotes Regulates Priming & /IL-2 R S STATS STATS 0 \"’x”-'z/ IL-15 RB oo IL-15Rat e Proliferation/Survival ./ / ;
’ PromotesTh2 orTh9 | Promotes B Cell ) . . 1 Y STAT1:. © %N ® Anti IR surviva ® DEVELOPMENT Perforin/
Activated Differentiation Proliferation Ig Production Mast Cell Survival | Chemotaxis of Mast © 4 v (P) & ) IL-2 « Antigen ln;r:]epl;]lggltleal SORVAL <5 ranzymes
T Cell Proliferation & Class Switching & Proliferation Cells & Basophils STAT3  STAT3 o, rans p[?sen ation L 15- i 115 . Qﬂﬂgen > ® fiocs | |- e > ik
SN A L “iLisR y -
IL-4,11-21 -4 e NN sl2RE o] Adi t8d-2 IFN- Target Cell
| o ‘\DC IL-4 ‘ /. " 4R 0 (P} "’\Qﬂ.‘ f f A§Fas L/TNF-of (%éw%t(?edll. %JIHS M?y](a}:s arget Cel
I c . Fee R NN 2
4R actvatedTcel | Naercen R B | 4 At @ 4R ez Rl R ® I ‘\‘ o Z
® YTE\F . . B Cell IEI iy ([ @ Memory Maintenance e Cell Death
L4 B - IL-21 e 8+ Cel YT CELL NKT CELL
T PROLIFERATION/SURVIVAL | - INHIBITS AICD PROLIFERATION/SURVIVAL|  SURVIVAL/EXPANSION | EXPANSION/HOMEOSTASIS | NK CELL DEVELOPMENT | NK-MEDIATED CELL DEATH
o|TGF-p “Basophi
LOTCTIM > asop
IL-4 Y "
STATG VCAM-1
Plasma Cell
[FLRA » L /' Z ® v e ol I1-21 IL-21 Receptor-expressing cells:
o ® The Cell (@ . . Site i X T cells, B cells, NK cells, NKT cells, dendritic cells, lymphoid tissues
PU
Th2 or ThO DIFFERENTIATION/ 196,196, 196, 1gG,, IgF MAST CELL & BASOPHIL PRIMARY BIOLOGICAL EFFECTS OF IL-21 SIGNALING
PROLIFERATION/SURVIVAL | CLONAL EXPANSION PROLIFERATION PRODUCTION PROLIFERATION/SURVIVAL | PRIMING/CHEMOTAXIS
Promotes Follicular Helper Promotes Th17 Enhances Cytotoxicity of Promotes B Cell Promotes B Cell Regulates Inhibits DC
T Cell Generation & Ger- Differentiation (D8*T Cells, NK, Proliferation Apoptosis in the Absence Ig Production Maturation
- minal Center Formation | & Clonal Expansion & NKT Cells & Differentiation of BCR&T Cell Signals & Class Switching &Function
". 2 IL-2 Receptor-expressing cells:
~£ | Tcells, B cells, NK cells @ BE <. e % = 21(“[)‘;5”?‘(9:" o RIL?'I/L_/I‘ e SN T [ s Crpn nrg 0
. 8 21
Naive T Cell ; v
PRIMARY BIOLOGICAL EFFECTS OF IL-2 SIGNALING /'Lm 7R i . B v/ 2. .Afg'g}fd ol
. -6 HIFN IL-4R IL-4R (CR7 Expression
Regulates Promotes Promotes Treg Cell Inhibits A“D/a‘e T6F- 21 4perfurn Production PROLIF}RATION . Immature e
: A o Promotes B Cell Promotes Ig @4T el B B el
Activated Activation-induced Development, Division of (D8" T 2l e N N Rl O\ e C.X.CB ..... /~ NK Cell ‘/ I-21 )
. . . . Proliferation Production Developlng Germinal Center 1121 TLR Signal
T Cell Proliferation | Cell Death (AICD) | Survival & Maintenance | MemoryT Cells 4 APC Function
(emrocyle 1121 X el N a0
112 IL’Z/R’* IL-2,T6F-B IL-2 IL-2 et RORt IL-21 fPerforln Production Nolr?g::(%ge" 7
Proliferating/ Activated n - 4Granular Morphol i 1
2R 0 Aaedr | 11274 e @ 05Tl “\‘ BCel o STAT Dimer ,L 10 LB~V Im o o T ranular Morphology DIFFERENTIATION Signal PasmaGll
,ZAcnvatedT(ell TCells e el ¢ . B Cell (P} /\Tfh § I-23 NKT Cell Yy ~ Q .
Thi7 Cell <
K 2 QRS 0 @ .,
Ant ‘ O AN : (D4*or (D8*T Cells
12 AR o) Treg Development | Division '& ( TV Plasma cglnory i STAB.]L,'WA’FRORYI 12:::3;?%25;}%?;;?" Plasma Cells  Memory B Cells Cell Death
FasL/TNF-ox ' > IL-22 196,196,196, 1gG, IgE INHIBITS T CELL
L2 / A 2 P 0 \ Tfh CELL DIFFERENTIATION Th17 DIFFERENTIATION INCREASED CYTOTOXICITY B CELL EFFECTS B CELL APOPTOSIS PRODUCTION RESPONSES
ﬁ\ g [ ] F% Treg Cells Plasma Cell 1
f Maintenance Treg Cell .
® /r AICD ’ \/TGF—B, 10,135 | % emory . .
® MAINTENANCE OF © Téfector Cells gy 05Tl
PERIPHERAL IMMUNOGLOBULIN
PROLIFERATION/SURVIVAL | SELF-TOLERANCE EFFECTS ON REGULATORYT CELLS | INHIBITS DIVISION PROLIFERATION PRODUCTION




