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Immunobiology of Cytokines

For discussion
– Cytokine structure
– Stimuli leading to cytokine synthesis
– Cell(s) responsible for cytokine production
– Cytokine-responsive cell(s)/receptor structure
– Signaling induced by cytokine binding
– Preclinical/clinical status of cytokine

Not for discussion
– Cytokines in the pathogenesis of malignancy
– Other clinical aspects of cytokine manipulation

• Autoimmune disease
• Infectious disease

– Homeostatic cytokines



Cytokines during iSBTc 2007

• IL-2, many sessions, especially 
reconstitution and cellular therapies

• IL-7, Crystal Mackall, Friday Nov 2, p.m.
• IL-12, Mehmet Kilinc, Friday Nov 2, p.m. 
• IL-24, Nancy Poindexter, Fri Nov 2, p.m.
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Cytokine and Cell Interactions
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Generic cytokine
signaling



GM-CSF as immunotherapy
• Cells of origin

– Th1, Th2 
– Others include epithelial, fibroblast, tumor

• Target cell: immature DC (& myeloid progenitor)
• Biological functions

– Stimulation of T cell immunity via effect on APC
– Myeloid cell proliferation, differentiation

• Clinical development
– Hematopoietic support
– Not a potent stand-alone cytokine in cancer
– Transgenic expression (GVAX)
– Adjunct to immunotherapy 

• Uncontrolled data for benefit in adjuvant Rx of melanoma
• Phase III results pending +/- peptide



GM-CSF Xgenic Tumor
“GVAX”



Interferons
• Type I

– Alpha interferons: produced by WBC, mφ
– Beta interferon: produced by fibroblasts, epithelial cells

• Type II
– IFN-γ: produced by T and NK cells
– Extensive range of targets

• Immunomodulatory effects
– MHC class I/II upregulation
– Modulation of T/NK cell cytolytic activity
– Modulation of macrophage/DC function

• Direct effects on tumor cells
– MHC upregulation
– Antiproliferative/pro-apoptotic effects

• Anti-angiogenic effects
– IP-10
– Thrombospondin



IFN-α
Signaling



IFN-γ Signaling



Rates of Recurrent Melanoma:
High-Dose and Low-Dose IFN

Rates of Recurrent Melanoma:
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> HDI reduced risk of 
disease recurrence 
by 26%, P2 = 0.00009

> Trend for increased 
benefit with high 
dose, 
P = 0.02
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disease recurrence 
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dose, 
P = 0.02

Cancer Treat Rev. 2003;29:241-252.P2=2-sided P
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High-dose IFNa-2b
toxicities



Gogas H, et al. NEJM 2006;354:709-18.

Autoimmunity-Adjuvant  IFN-α2b-Melanoma



Autoimmunity 
and benefit 
from adjuvant
IFN-a2b



Interleukin-2
• Short chain type I cytokine
• Four α-helical bundles
• Produced by activated T cells
• TCR/CD3 engagement plus 

CD28 ligation required 
• Main targets are T, NK cells
• Stimulates immune responses 

and prevents tolerance
• Also downregulates immune 

response: role in Treg
development/activity



Interleukin-2
• “T cell growth factor”
• Produced by Th1 cells for T cells but…
• Many other cells express IL-2R

– B, NK/NKT, monocytes
– Variable affinity depending on subunit expression
– Response to IL-2 depends on cell type, receptor, milieu

• Signaling 
– JAK-STAT>
– MAPK
– PI3K

• Proliferation, 
cytotoxicity



IL-2 Signaling



Cytokines that share 
the common gamma

chain receptor





IL-2
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Pioneering NCI
studies
• Biology/source

– T cell growth factor
– Jurkat source 
– Recombinant E. coli

• Preclinical models
– DLTs due to CLS
– Toxicities vary by species
– Dose-dependent activity

• Early clinical studies+LAK

• Role of IL-2 in adoptive
cell-Rx strategies

Extramural IL-2 
studies

In solid tumors
– With LAK cells
– Single agent
– With α-IFN
– With other cytokines
– With chemotherapy
– Toxicity modulation

• In heme malignancies
– Trial methodology challenging
– Phase II data promising
– Phase III data disappointing



HD IL-2 in Melanoma:
Summary of Efficacy in 270 Patients

1.5-158+8.91643CR + PR

1.5-91.55.91026PR

3-158+Not yet reached617CR

RangeMedian%No.Response
Response Duration (mo)

1.5-158+8.91643CR + PR

1.5-91.55.91026PR

3-158+Not yet reached617CR

RangeMedian%No.Response
Response Duration (mo)

• Median survival for all responders: 62+ mo
• 29% of responders progression-free at 9 years

Atkins MB, et al. J Clin Oncol 1999;17:2105.

High-dose IL-2 in advanced 
melanoma-270 patients
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Incidence of Severe Toxicities in Patients 
Treated with High-Dose Bolus IL-2
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Severe toxicities of high-dose IL-2



IL-2 Conclusions ~1985-2000
• 15-20% pts w/RCC, 

melanoma benefit
• Rx ratio not improved by

– IL-1 receptor agonist (decoy)
– TNF blockade (Ab or decoy)
– Lysophylline (lipid mediators)
– Histamine (inhibit mφ ROS)
– iNOS blockade (inhibit CLS)

• Dose-response inconclusive
• Not effective in biochemo

– RCC w/pyrimidines, vincas
– Melanoma w/DTIC, CDDP

• Novel strategies did not 
improve therapeutic  index
– With IFN α or γ
– With tumor-directed Ab
– With agonistic OKT3 Ab
– Structure-function alterations 

• PEG-IL-2
• Liposomal IL-2
• IL-2 “specific agonist”
• Albuleukin

Worth Worth pursuipursuing in RCC, melanoma, ?ng in RCC, melanoma, ?hemeheme



IL-2: 2001-2007 and beyond

• Structural alterations
• Toxicity modulating agents 
• Rational combinations hold promise for 

improving therapeutic ratio
– Anti-vascular Rxs, small molecules, cytotoxics
– Unique toxicities need further understanding

• ↑ insight into mechanisms
– Host-immunogenetics, pharmacodynamics
– Tumor (“Select” trial to validate CA-IX in RCC)



InterleukinInterleukin--44

PleomorphicPleomorphic cytokine signals through STAT 6cytokine signals through STAT 6
ThTh22 cytokine mediates Tcytokine mediates T--B, other interactionsB, other interactions
Net effects depend on cytokine and cell milieuNet effects depend on cytokine and cell milieu
–– Mainly a B cellMainly a B cell--stimulatory cytokinestimulatory cytokine
–– Inhibits nonInhibits non--specific NK activity specific NK activity 
–– Enhances other adaptive immune functionsEnhances other adaptive immune functions

Growth factor for Th2Growth factor for Th2
Promotes proliferation and Promotes proliferation and cytotoxicitycytotoxicity of CTLof CTL
Stimulates MHC class II expressionStimulates MHC class II expression
Contributes to DC maturationContributes to DC maturation
Enhances mEnhances mΦΦ tumorcidaltumorcidal activityactivity



IL-4 Signalling



Promising data/proof of principle in Promising data/proof of principle in XgenicXgenic
tumor (prototype for the GVAX strategy)tumor (prototype for the GVAX strategy)
Clinical experience limitedClinical experience limited
–– Studied like ILStudied like IL--22
–– Unfavorable therapeutic indexUnfavorable therapeutic index

Most promise as Rx to Most promise as Rx to ““elicitelicit”” moDCmoDC from from 
PBMCPBMC
–– Used ex vivo w/GMUsed ex vivo w/GM--CSFCSF
–– ? Comparison w/IL? Comparison w/IL--1313

InterleukinInterleukin--44



ILIL--4 and IL4 and IL--1313

SimilaritiesSimilarities
–– Predominantly antiPredominantly anti--

inflammatory effectsinflammatory effects
–– Favor ThFavor Th22 responsesresponses
–– Partially common receptorPartially common receptor
–– Promotes Promotes IgIg class switchclass switch
–– Used w/ GMUsed w/ GM--CSFCSF→→moDCsmoDCs

Differences Differences 
–– ILIL--13 activity on 13 activity on 

monocyte/mmonocyte/mΦΦ cellscells
–– ILIL--13 lacks B, T cell effects13 lacks B, T cell effects

ILIL--13 receptors on tumor 13 receptors on tumor 
cells, especially cells, especially gliomaglioma
–– ImmunotoxinsImmunotoxins
–– ChimericChimeric T cell Ag receptorT cell Ag receptorAssortment of 

receptor subunits 
depend on cell type



Trikha, M. et al. Clin Cancer Res 2003;9:4653-4665

Fig. 1

IL-6 A very pleiotropic
cytokine





ILIL--66
Tumor sourceTumor source
–– Unfavorable prognostic factor in renal CA, melanomaUnfavorable prognostic factor in renal CA, melanoma
–– An important growth factor for myelomaAn important growth factor for myeloma
–– Major Major effectoreffector of of paraneoplasticparaneoplastic thrombocytosisthrombocytosis

Adaptive systemAdaptive system
–– B cell growth/differentiationB cell growth/differentiation
–– CTL differentiationCTL differentiation
–– Type 2 responsesType 2 responses

Preclinical data showed activity in selected tumor modelsPreclinical data showed activity in selected tumor models
Phase I and II clinical dataPhase I and II clinical data
–– Hematologic (Hematologic (thrombocytosisthrombocytosis, anemia), arrhythmias, , anemia), arrhythmias, neurotoxneurotox
–– Insufficient clinical activityInsufficient clinical activity
–– Concern about potential tumorConcern about potential tumor--promoting effects  promoting effects  

Paradox:Paradox: ILIL--6 6 AbAb now in clinical trialsnow in clinical trials



IL-7
Signaling

Jak1, Jak3/STAT5
PI3K activation, mTOR activation
IL-7 signaling and/or T-cell activation→receptor
downregulation

Opposite regulation compared to IL-2, IL-15
IL-7 accumulates during lymphopenia as a result of
diminished utilization
Homeostatic expansion of naïve cells during lymphopenia
Can substitute for IL-15 for homeostatic expansion of
memory cells during lymphopenia

IL-7Rα expression marks cells destined to become
memory during the evolution of the immune 
response
(Kaech, Nat Imm 2003)



ILIL--1212

Link between innate, adaptive immune responseLink between innate, adaptive immune response
–– Receptors on variety of immune cellsReceptors on variety of immune cells
–– Prototypical type I cytokine, induces IFNPrototypical type I cytokine, induces IFN--γγ

Potent inducer of Potent inducer of counterregulatorycounterregulatory type 2 cytokinestype 2 cytokines
–– Emerged in clinical trials for advanced malignancyEmerged in clinical trials for advanced malignancy
–– Schedules and doses may be manipulatedSchedules and doses may be manipulated

Clinical potentialClinical potential
–– Vaccine adjuvantVaccine adjuvant
–– Induction of antiInduction of anti--angiogenesisangiogenesis
–– In combinations e.g. w/In combinations e.g. w/αα--IFN, ILIFN, IL--2?2?



IL-12 and
innate/

adaptive→
immune
system

IL-12
family
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Jak/Stat Signaling: IL-12 versus IL-2



IL-15 and IL-2 compared

• IL-2
– Activated T, B 

express high-
affinity αβγ

– Prolif/differentiation 
NK, T, B

– Elimination self-
reactive T (AICD)

– Maintenance Treg
– -/- has autoimmune 

phenotype

• IL-15
– Produced by DC, mono
– Surface-bound on 

DC/mono ↔ receptors 
on NK, CD8a1 cells

– Promotes prolif NK, T, 
B, memory CD8

– Inhibits AICD
– -/- is lymphopenic for 

same populations



ILIL--1818
Member ILMember IL--1 family with IL1 family with IL--18BP 18BP 
counterregulationcounterregulation
Activates NK cells and induces type I cytokinesActivates NK cells and induces type I cytokines
Promotes Th1 and memory CD8 T cellsPromotes Th1 and memory CD8 T cells
UpregulatesUpregulates FasLFasL on on effectoreffector lymphocyteslymphocytes
Antitumor activity in animals Antitumor activity in animals 
–– AloneAlone
–– W/ILW/IL--2, IL2, IL--1212

Phase I Phase I DLTsDLTs
–– LeukopeniaLeukopenia

IFN-γ

IL-12

NK

Monocyte
IL-18

IL-18BPaIFN-γ

1)

2)

3)

4)

5) IL-18:IL-18BPa

6)

IL-18



ILIL--21: another 21: another pleiotropicpleiotropic γγcc cytokinecytokine



Phase I i.v. outpatient ILPhase I i.v. outpatient IL--2121
J. Thompson et al, ASCO 2006

Phase II studies plannedPhase II studies planned
RCC w/TKI (Phase I/II); Melanoma as SARCC w/TKI (Phase I/II); Melanoma as SA

∧
(Mel, RCC)



Thank youThank you
[and to Jared [and to Jared GollobGollob]]

Any questions?Any questions?


