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So many molecules 
So little time
n How do we cope?
n Patterns
n Subsets
n Practical application to disease when 

possible
¨ What information do we have for our veterinary 

patients?
¨ Can we extrapolate info from human disease?
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J Allergy Clin Immunol 138:984-1010, October 2016
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Why should veterinary dermatologists 
know so much about immunology in 
general and cytokines in particular?

n Skin is one of the largest immune 
organs

n Keratinocytes are second only to 
macrophages in cytokine-
producing abilities

n We deal with a large number of 
inflammatory and/or 
immunologic disorders mediated 
by cytokines

n Understanding cytokines leads to 
improved therapy

n WE ARE USING therapeutics that 
target them!

http://www.astrographics.com
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How do cells communicate 
with each other?

Surface molecules
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How do cells communicate 
with each other?

Soluble 
Mediators
Cytokines

Lipids

Bioactive
Amines &
Peptides
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How do cells communicate 
with each other?

Soluble 
Mediators
Cytokines

Lipids

Bioactive
Amines &
Peptides
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If you remember nothing else . . . 

No single cytokine can regulate a vital 
process like an immune response
Rather, it takes a constellation of 
cytokines, tuned in concert, that 
produce complex phenotypes like 
“tissue damage” or “recovery from 
tissue damage.”

Lawrence Steinman
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What are cytokines?

Small molecular weight regulatory proteins

Growth

Differentiation

Survival (or death!)

Effector function
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Chemokines

Cytokine subset

Lower molecular weight (8-10 kd)

Mediate chemotaxis (cellular 
migration along gradient)--this 
recruits inflammatory cells to
infection
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immune homeostasis
host defense
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Cytokines vs. Hormones
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Properties Hormones Cytokines
Producers Few Many
Targets Many Few
Biological Role Homeostasis Fight Infection

Tissue Repair
Redundancy Low High
Pleotropy Low High
Circulation Yes Rarely
Influence Widespread Local
Inducers Physiologic 

variation
External insults

Homeostasis
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Effective at very low concentrations

Tend to work locally 
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NFkb
AP-1

Intracrine Signaling:  pro IL-1a

Increased IL-6
Increased IL-8

Acts as TF

FGF and TGFb can also act by
intracrine signaling
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Restriction to Local Sites Is Critical
n Producer cells close to target cells
n Small amounts secreted
n Directional release
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Restriction to Local Sites Is Critical
n Producer cells close to 

target cells
n Small amounts secreted
n Directional release
n Receptor endocytosis
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Restriction to Local Sites Is Critical
n Producer cells close to target cells
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n Directional release
n Receptor endocytosis
n Bind to extracellular matrix
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Restriction to Local Sites Is Critical
n Producer cells close to target cells
n Small amounts secreted
n Directional release
n Receptor endocytosis
n Bind to extracellular matrix
n Quenching in circulation by soluble 

receptors, other binding proteins
¨ Basis by which Etanercept (Enbrel) works

n Natural antagonists
¨ IL-1 RA, TNFsRp55 (soluble TNF receptor)
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Restriction to Local Sites Is Critical

n High levels of circulating proinflammatory 
cytokines = “cytokine storm”

n The killer in toxic shock, severe influenza
n Severe malaise of food poisoning
n Post-viral encephalopathies
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Additional Controls On Activity

Secretion brief and limited                          
- not stored pre-formed                                 
- synthesis initiated by gene transcription   
- mRNA short-lived                                    
- cytokines produced as needed

Not all cytokines active after 
synthesis--must be processed
IL-1, TGF-b
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Cytokine Concepts
Pleotropy:  one cytokine has multiple activities, e.g.

IL-1

IL-2

IL-6

TNF-a

IFNg
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Cytokine Concepts
Pleotropy:  one cytokine has multiple activities

IL-1
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Interleukin-2 (IL-2)
n Produced by Th>>Tc, NK, NKT cells
n Main growth factor for T cells
n Affects function of many cells

IL-2
secretion

T cell

NK
Increase in NK

Cell activity

B cell Stimulation
of division

T cell

Stimulation 
of division and IFN gamma 

release (and other 
mediators)

Monocyte

Activation
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Interferon-gamma (IFN-g)
n Produced by Th cells >> Tc and NK cells
n Also produced by macrophages
n Numerous functions in both natural and specific

immunity

B
cell

Macrophage
NK

T cell

Th1 cell >
Tc cell

NK

Many cell types Many cell types

Induction of class I 
and class II MHC

Increase in 
NK

cell activity

Differentiation,
Stops cell divisionT cell activation

Weak anti-viral activity,
Stops cell division,

Stops hematopoiesis 

Activation

Granulocyte

Activation

Endothelial cell
Activation

IFN gamma
secretion
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Cytokine Concepts
Redundancy:  multiple cytokines have same or similar 

activities
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Cytokine Concepts
Redundancy:  multiple cytokines have same or similar 

activities (may come from different sources)

IL-1a and IL-1b
IL-2 and IL-15
IL-4 and IL-13
TNFa and TNFb
IL-31 and TSLP

28

Cytokine Concepts
Synergism:  Two cytokines acting together to enhance

a biologic effect

B IgE
IL4

IL13
IgE IgE

TNFa

IFNg
Macrophage

Why we have
Innate and
Adaptive Immunity
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Cytokine Concepts
Antagonism:  Two cytokines oppose each other’s effects

IL-4

IL-4
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Development of Th-17 cells inhibited
by IFN-g or IL-4
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Cytokine Concepts
Antagonism:  Two cytokines oppose each other’s effects

TNFa

IL8 NO

Macrophage

32

Cytokine Concepts
Antagonism:  Two cytokines oppose each other’s effects

TNFa TGFb

IL8 NO

Macrophage
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Cytokine Concepts
Cytokines act in context

Effects of a cytokine are determined by 
target cell’s state of activation or differentiation 

or the milieu into which it is secreted

TGFb

1.  activates monocytes but deactivates macrophages 
2.  anti-inflammatory at low concentrations but profibrotic at 

high concentrations
3. In the absence of proinflammatory cytokines, induces Treg; 

in the presence of proinflammatory cytokines induces Th17
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Cytokine
Network

Macrophage

Neut Eos

Baso

B cell

T cell

Mac

Mast
cell

35



5/10/23

Cytokine Cascades

Other chemokine Other chemokine

Chemo 1 Chemo 2

Cyto 1

Chemo 3 Chemo 4 Cyto

Cyto 2

Cyto

Cyto 3

Upstream Cytokine

36

T cell subsets
37



5/10/23

Let’s focus on disease-related 
cytokines that we work with DAILY
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Oh no!  Are there more?
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Long term humoral immunity
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T-bet

GATA3

RORgt

BCL6

FoxP3

RORgt

PU.1
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Dendritic cell activity:  DC1 vs DC2
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Langerhans cells are special

CCR4

CCR4
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THE COMPLEXITY OF CYTOKINES IN ATOPIC DERMATITIS

https://www.emjreviews.com/dermatology/symposium/translating-evidence-to-practice-from-clinical-
research-to-real-world-experience/
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JID 2015; 135:673

Innate lymphoid cells in AD
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Courtesy, Alan Irvine

Courtesy, Alan Irvine

Skin alarmins: innate cytokines that stimulate Type 2
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Courtesy, Alan Irvine

Courtesy, Alan Irvine
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Courtesy, Alan Irvine
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Phenotypes and endotypes

Czarnowicki et al.  J Allergy Clin Immunol 2019; 143:1-11
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Breed differences in distribution 
of atopic dermatitis

22:143-149, 2010

Will we learn that 
these have endotypes?
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Skin biopsy microarray
Epicutaneous challenge

with HDM
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4 PHENOTYPIC SYNDROMES
ARE THESE FELINE ENDOTYPES?

§ Self induced alopecia
§ Miliary dermatitis
§ Eosinophilic dermatitis 

(eosinophilic granuloma 
complex)

§ Head and neck pruritus

Andrea Cecilia Wolberg DVM and Alejandro Blanco, DVM - 08/05/2015
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TRANSCRIPTOME OF EOSINOPHILIC PLAQUES
2023; 34:40

4 affected, 5 healthy
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HORSES
2020

Epidermal barrier
ü Downregulation mRNA 

tight junction
ü Alterations in keratins
Immune signatures for 
Th2 and Th1
ü IL-13R
ü IL-5R
ü IL-4R
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Impact of Type 2 cytokines (and 
others) on the skin barrier

Hanel et al.  Int J Mol Sci 2013; 14:6720 
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Additional impact of IL-4 and IL-13 
revealed by dupilumab in atopic humans

n Inhibition of neutrophil 
chemotaxis and 
phagocytosis

n Inhibition of neutrophil 
killing

n Inhibition of neutrophil 
NETS (neutrophil 
extracellular traps)

n Neutrophil function 
restored in patients 
treated with dupilumab

56

What we are learning now – new potential targets

Th1

Th17

Th22

TNF-a, OSM
IL-1b , IL-2, IFNϒ
IL-2, 4, 5, 6, 
13, 31

IL-17A-F, IL-24

IL-22

IL-1b
IL-12
IL-23

OSM
IL-31
IL-36

IL-1b
IL-17E

IL-24
IL-33
IL-36

TSLP

Keratinocytes

Langerhans 
cells

T-lymphocyte subsets

B-cells:  Induction of 
isotype class switching to 
IgE

a)

Peripheral neurons:  
Induction of Pruritic 
signals to the brain and 
scratching responses

b)

Eosinophils:  Induction of 
eosinophil chemotaxis

c)

d)
Epithelium:  Induction of 
inflammation in the skin 
and breakdown of the skin 
barrier

Macrophages/dendritic 
cells:  Tissue inflammation

e)

f)
Fibroblasts:  Tissue 
inflammation and fibrosis

Mediators of allergy released by 
keratinocytes, dendritic cells and T-
lymphocyte subsets found in the skin

Effects of Mediators

Th2

Courtesy, Dr. Andrea Gonzales, Zoetis
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� Interleukin 31
�TSLP
� IL24
� IL-4
� IL-13
�Proteases and PARs
�Histamine via H4R
�Serotonin
�Neuropeptides

� Substance P
� CGRP (calcitonin gene-related peptide)
� GRPR (gastrin-releasing peptide receptor)
� VIP

These use JAK-1
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Other things you want to know
n How do steroids work in atopic dermatitis?

¨ What is the GR?   How does it work?
n How does cyclosporine work?

¨ What molecule does it bind?  How does that work?
¨ Why does it take several weeks to provide efficacy?

n How does oclacitinib work?
¨ What does oclacitinib bind?   How does it work?
¨ What is JAK?  What is STAT?
¨ Be able to describe the selectivity of oclacitinib with 

regard to mechanism of action at recommended dosage 
and frequency

n How does Lokivetmab (Cytopoint) work?
¨ What does it bind?
¨ Why is the target important?

n How does allergy immunotherapy work?
¨ Why does it take so long for this approach to provide 

help?
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Stimulate gene transcription
Inhibit gene transcription

60

mRNA

5. RNA polymerase
transcription of DNANucleus

6. 
Translation
of mRNA

produces
proteins

3. Calcineurin
activated

2. Increase in
cytoplasmic
calcium (Ca2+)

4. NFAT (Nuclear factor 
of activated T-cells,     
a transcription factor)
dephosphorylated

7. 
Cell function
changed

Antigen
presenting
cell

T cell
receptor

MHC

Cyclosporine binds cyclophilin, 
which inhibits calcineurin
Inhibition works upstream blocking 
production of pro-inflammatory cytokines
such as IL-2, and those of 
pro-inflammatory pathways

NFAT

T cell

Cyclosporine
Mechanism of 
Action:  
decreases 
production 
of cytokines
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CsA inhibits more than IL-2 
production
n Calcineurin inhibitors like CsA directly affect function of 

the innate immune system as well as the acquired 
immune system

n Directly affect keratinocytes

n Cyclophilins are present in most cells

n We don’t know all the effects of calcineurin inhbitors

62

63

mRNA

JAK (Janus kinase)

1. Cytokine binds receptor

3. STAT 
phosphorylation

4. STAT 
dimerization

Cell 
membrane Nucleus

6. 
Translation
of mRNA
produces
proteins

7. Cell function changes:
A. ↑IgE production
B. Lymphocyte proliferation 
C. ↑Cytokine production
D. ↑Cytokine receptor 

expression 
E. ↑Chemokine production

2. Receptor dimerization
and JAK phosphorylation

STAT

DNA

Ribosome

Phosphates

5. RNA polymerase
transcription of DNA
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JAK (Janus kinase)

1. JAK inhibitors bind JAK

2. Cytokine binds receptor

3. Receptor dimerization

JAK inhibitor

JAK inhibitor

3. JAK inhibitors block downstream
activity in the cell

JAK inhibitors only work to block the 
activity in cells where activity is mediated 
by cytokines that work 
through JAK.

Cell 
membrane Nucleus
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CYTOPOINT
neutralizes

only
IL-31 cytokine
before binding

to receptor

IL-31 cytokine

Downstream 
signaling is 

not 
triggered

Cytokine binds receptor
IL-13

APOQUEL
binds JAK
and works 

after
cytokines 
bind to 

receptor

JAK 

Blocked
Pathways

IL-6

IL-2

IL-4

IL-31

65



5/10/23

Post Grooming
Folliculitis/Furunculosis

+ Culture for
Pseudomonas aeruginosa

Let’s hypothesize
the cytokine response
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Endotoxin binds TLR on keratinocytes 
and Langerhans cells
(TLR2, 4 on KC, TLR4 on LDC)

KC and LDC secrete proinflammatory
Cytokines (IL1, TNFa) and chemokines
(IL8, others-CCL2/MCP-1, CCL20/MIP3a), 
upregulation of defensins, MHC Class II, 
ICAM-1

Endotoxin binds TLR 4 on dermal DC
and macrophages (tissue ones AND the
ones called in by the chemokines!)

Secretion of IL-1, TNFa, IL-6,
IL-8, others), upregulation of killing
power in macrophages

Meanwhile, the neutrophils are coming!
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Neutrophils phagocytose and kill when 
they can (reactive oxygen species)

Neutrophils also die and release
NETS (neutrophil extracellular traps)
which are chromatin decorated with
antimicrobial peptides from granules

Bacteria and toxins mopped up

Why are these dogs so painful?

Endotoxins stimulate prostaglandins
which sensitize nerve fibers to lesser
stimuli; other factors e.g. substance P, 
histamines, etc.
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