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Lecture outline

• Intro to T cell mediated immunity

• Discovery and overview of Th subsets

• Phases of CD4+ T cell responses and Th 
subset differentiation

• Functions of subsets and roles in human 
disease

• Additional considerations: hybrid subsets, 
plasticity

• Therapeutic targeting of Th subset cytokines
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The life history of T lymphocytes

Precursors mature in the thymus

Naïve CD4+ and CD8+ T cells enter the circulation 

Naïve T cells circulate through lymph nodes
and find antigens

T cells are activated and develop into
effector and memory cells

Effector T cells migrate to sites of infection

Eradication of infection



Types of T Cell–Mediated Immune Reactions

-Microbes that live inside phagocytes
-Microbes that are readily killed by phagocytes

Microbes that live inside 
tissue cells



Cytokine-Mediated Functions of CD4+ Th Cells

All this done by one 
cell type? 
or 
are there subsets of 
helper T cells with 
different functions?



CD4+ Helper T cell subsets:
definitions and properties

• Populations of CD4+ T cells that make 
restricted and non-overlapping sets of 
cytokines 

– Early after activation, T cells can produce multiple 
cytokines

– Progressive activation leads to “polarization”: 
production of selected cytokines 

• Distinct functions, migration properties, roles 
in disease



Subsets of CD4+ Th Cells

,
inflammation
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(others)
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Induction of CD4+ Helper T Cell Response



Effector Phase of Cell-Mediated Immunity

1

2

3
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Th1 Th17 

Naïve CD4
T cell

Th2 
Follicular helper 
T cells (Tfh)

CD4 effector T cell subsets 

Migrate to sites of 
infection and 
inflammation  

Remain in lymphoid organ, 
migrate into follicles

Help B cells to produce 
high-affinity antibodies Elimination 

of microbes

Lymph node
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Differentiation of Th subsets from naïve 
CD4+ T cells: general principles 

• Different subsets develop from the same naïve CD4+ T 
cells 

• Cytokines produced at the site of antigen recognition 
drive differentiation into one or the other subset

• Major sources of cytokines: APCs responding to 
microbes, T cells themselves, other host cells

• Each subset is induced by the types of microbes that 
subset is best able to combat  

• Commitment to each subset is driven by transcription 
factors 

• Transcriptional activation of cytokine genes is followed 
by epigenetic modifications of the cytokine locus  

• Cytokines produced by each subset amplify that subset 
and inhibit the others (basis of “polarization”) 



Th subset differentiation: Summary of Cytokines 
and Transcription Factors Involved

Naïve 

CD4+ T cell

TH1

TH2

TH17

TGF-b,

IL-6 or IL-1

IL-23

IFNg,

IL-12

IL-4

IFNg

IL-4

IL-5

IL-13

DC APC

IL-17

IL-21

IL-22

T-bet

(Stat 1, 

Stat 4)

GATA3

(Stat 6)

RORgT

(Stat 3)



Microbes Drive Differentiation of the 
Th Subsets Needed for their Defense

Th1

Th2

Th17



Jak-STAT  Cytokine Signaling

JAKS
Jak1
Jak2
Jak3
Tyk2

STATS
STAT1
STAT2
STAT3
STAT4
STAT5 (A and B)
STAT6



Th subsets express distinct sets of chemokine receptors 
which dictate specific recruitment patterns 

Th1

Th2

Th17

Adapted from:  F Annunziato,  C Romagnani, and S Romagnani J Allergy Clin Immunol 2015;135:626-35

CXCR3 CXCL 9,10,11

CCR5 CCL 3,4,5

CCR3 CCL11

CCR4 CCL 22,17 

CCR8 CCL 1

CCR6 CCL 2,4,5,17,22

CCR4 CCL 20

Chemokine 

receptors 
Chemokines





Macrophage Activation by Th1 Cells



Chronic Th1 Responses May Lead 
to Granulomatous Inflammation

Tuberculosis
Some fungal infections
Sarcoidosis



Genetic Evidence for Functions of Human Th1 cells:
…required for defense against intracellular microbes 

• Mendelian susceptibility to mycobacterial disease (MSMD): 

inborn errors of IFN-g dependent immunity.

• Genes involved: IL-12Rb1, IL-12p40, IFN-gR1, IFN-gR2, 

STAT-1 

• Most common infections with deficiencies in IFN-gR and STAT1: 

Mycobacteria, Salmonella

• Most common infections with deficiencies in IL-12Rb1, IL-12p40: 

Mycobacteria, Salmonella, Candida

IL-12 required for Th1 differentiation

IFNg required for Th1 differentiation and macrophage activation

STAT-1 required for IFN-gR signaling



Functions of Th2 Cells



Classical and alternative macrophage activation 

Chronic inflammation
Tumor destruction

Fibrosing disorders
Tumor promotion



Functions of
Th17 cells



Genetic Evidence for function of human Th17 cells:
Required for defense against extracellular microbes

• Human Stat3 mutations result in 
HIES*, which is characterized by 
recurrent staphylococcal, abscesses 
or candidiasis

• HIES patients have impaired Th17 
responses.

• Supports role for Th17 cells in 
resistance to extracellular bacterial 
and fungal infections

*Hyper-IgE Syndrome, aka Job’s syndrome

Milner JD et al
Nature 452, 773-776. 2008



• Autoimmune polyendocrinopathy with candidiasis and 
ectodermal dystrophy (APECED)* syndrome is a rare 
autoimmune disease associated with severe chronic 
mucocutaneous candidiasis (CMC)

• Anti-IL-17 A, IL-17F, and IL-22 autoantibodies found in  
up to 90% of cases with CMC

* AIRE (Auto immune regulator) mutations

Genetic Evidence for function of human Th17 cells:
Required for defense against extracellular microbes

https://en.wikipedia.org/wiki/Autoimmune_regulator


• Mendelian susceptibility to mycobacterial disease (MSMD): inborn errors 

of IFN-g immunity.

• Genes involved: IL-12Rb1, IL-12p40, IFN-gR1, IFN-gR2, STAT-1 

• Most common infections with deficiencies in IFN-gR and STAT1 are 

BCG, environmental mycobacteria, M. tuberculosis, Salmonella

• Most common infections with deficiencies of IL-12p40, IL-12Rb1 are 

Mycobacteria, Salmonella, Candida

Why both intracellular and extracellular infections in IL-12Rb1, IL-12p40 

deficiencies?

• IL-12Rb1 shared by both IL-12R and IL-23R

• IL-12 needed for Th1 differentiation

• IL-23 needed for Th17 differentiation

• p40 shared by IL-12 and IL-23

Genetic Evidence for function of human Th17 cells:
Required for defense against extracellular microbes



Th subset: The whole story is more complicated !

• Additional subsets related to classic subsets ( Tfh, 
Th9, Th22)

• Other sources of the same helper cytokines besides 
CD4+ Th cells ( CD8+ T cells, ILCs, NKT cells, MAIT
cells, gd T cells)

• CD4+ Th cells that blur Th 1, 2, 17 distinctions

• Plasticity of Th subsets: Much evidence of plasticity 
exists for human Th cells , with Th17 cells are the 
most plastic



• Bi-allelic loss-of-function mutations of the Th17 master regulator 

RORC result in candidiasis and mycobacteriosis# (i.e. extracellular and 

intracellular microbes)

• Patients lack IL-17A/F-producing T cells (expected)…explains 

candidiasis

• Patients have impaired IFN-g response to mycobacterium 

(unexpected) by “Th1*” or “nonclassic Th17” subset that has features of both 

Th1 and Th17 cells: 

• ab TCR, CD4+ T bet(+) RORgT(+), IFN-g (+) IL-17A/ F(+) 

CXCR3(+)CCR6(+)

Type 1 vs. type 3 immune defense is not simply attributable to distinct type 1 
(e.g. Th1) vs. type 3 ( e.g Th17) cellular effectors

Th cells that make both IL-17 and IFN-g
are important in defense and disease

#Okada S… Casanova JL. Science. 2015.349:606-13.



• Can be derived from already differentiated classic Th17 cells in response to IL-23

• Abundant than Th1 or Th17 at sites of inflammation in mouse model diseases 

(EAE) and human diseases (Crohn’s)

Dual IFNg/IL-17 producing Th cells ( Th1*) may be 
the major pathogenic effectors  in many diseases

# see: Burkett PR, Meyer zu Horste G, Kuchroo VK. J Clin Invest. 2015;125:2211-9



CYTOKINE SIGNALING:
GENETIC ASSOCIATIONS WITH AUTOIMMUNITY



Targeting Type 1/Type 3 Responses

• IL-17A Psoriasis, RA, Ankylosing spondylitis 
(secukinumabm) 
Type 3

• IL-17RA Psoriasis, Psoriatic arthritis (brodalumab Ph
III) Type 3

• IL-23 and IL12 p40 Psoriasis (Ustekinumab, Approved) 
Type 1 and 3

• IL-23p19 Psoriasis (Phase III) 
Type 3

• IL-6 inhibitors approved for RA may work in part by 
inhibiting Th17 differentiation



Approved JAK Inhibitors

Tofacitinib, a JAK3 (and lesser JAK1 and JAK2) 
inhibitor; approved for rheumatoid arthritis, in 
trials for psoriasis, inflammatory bowel disease, 
transplant rejection, juvenile arthritis

Ruxolitinib, a JAK1 and JAK2 inhibitor approved for 
treatment of polycythemia vera and myelofibrosis 

Oclacitinib,  a JAK1 and JAK2 inhibitor, approved for 
dermatitis in dogs


