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Different	subsets	of	CD4+	cells	







SupraMolecular Activation Cluster 
Molecules in Immune synapses are: TCR complex (TCR AND CD3), co-receptor CD4 or CD8, co-
activator receptors CD28, integrins. 
The central part of the synapses is called central SMAC, the distance beetwen  APC and T cell is 15nm. 
At the sides where integrins are, the distance is 40nm.  

IMMUNE	
SYNAPSES:	first	
signal	of	ac=va=on	



SECOND	SIGNAL	



Helper T cells modulate 
cell functions through 
cytokine secretion and 
CD40-CD40L interaction !

CD40L is induced on T 
cells by antigen 
recognition!





Figure 1 Dendritic cells and hierarchies of organization in the innate immune system. (a) The classical view of how DCs polarize TH responses involves sensing microbial stimuli directly through 
various innate immune receptors expressed by DCs and the stimulation of distinct signaling pathways that mediate the production of different cytokines and factors that control TH polarization. RA, 
retinoic acid. (b) A revised view places the classical picture in the context of the cell-cell interactions that occur (for example, basophils and nuocytes help TH2 polarization), together with conditioning 
from stromal cells and epithelial cells. Thus, DCs can sense microbes directly but also indirectly, through factors secreted by other immune cells and the microenvironment, and integrate this 
information to orchestrate the response. (c) The complexity described in b can be usefully abstracted as occurring in different hierarchies of organization. The ground level is the DC, and zooming in 
on DCs will reveal information about the receptors (level −1) and signaling pathways and transcription factors (level −2) that program DCs to induce a particular response. Zooming out from level 0 will 
reveal the cellular interactions (level +1) and environmental conditioning (level +2) that influence the programming of DCs to generate a particular TH response.l"

DCs can sense microbes directly but also indirectly (through immune cells 
and tissue cells), and integrate this information to orchestrate the response!



Figure	1.	Helper	T-Cell	(Th)	Subgroups	and	Effector	Func3ons.	
The	cytokine	profile	(including	key	cytokine	receptors	as	denoted	by	R),	the	effector	cell	type	that	is	ac3vated,	and	
the	corresponding	types	of	infec3ons	are	shown	for	each	Th	subgroup.	

Helper T cell subgroups and effector functions!



Different subpopulations of CD4+ T cells!



IL-12 is the major 
TH1-polarizing 
cytokine!



Transcrip3on	factors	



TH1	SUBSET	



Intracellular	bacteria	
Faculta=ve	

•  Legionella	pneumophila:	It	
prefers	intracellular	environment	
of	macrophages	for	
growth.	Legionellainduce	its	own	
uptake	and	blocks	lysosomal	
fusion	by	undefined	mechanism.	

•  Listeria	monocyotogenes:	Listeria	
quickly	escapes	the	phagosome	
into	the	cytoplasm	before	
phagosome-lysosome	fusion.	

•  Salmonella	:	Very	resistant	to	
intracellular	killing	by	phagocy3c	
cells.	

•  	Invasive	Escherichia	coli	
•  Neisseria	,	Brucella,	Shigella		

							Obligate	

•  Mycobacterium	leprae	
•  Mycobacterium	

tuberculosis:inhibits	
phagosome-lysosome	fusion.	

•  	Coxiella	burne;:	metabolic	
ac3vity	greatly	increased	in	
the	acidic	environment	of	the	
phagolysosome.	

•  Riceke>sia,	Toxoplasma,	
Cryptosporidium,	
Plasmodium,	Leishmania,	
Babesia	and	Trypanosoma,	

•  PneumocysCs	jiroveci	is	an	
obligate	intracellular	fungi.	

•  Chlamydiae					



Genetic defects of the IL-12/IFN γ axis lead to 
susceptibility to some intracellular bacteria 

(mycobacteria, salmonella)!

A selective immunodeficiency!	

Cells	producing	and	responding	to	IFN-g.	Schema3c	representa3on	of	cells	producing	and	responding	to	IFN-g	during	mycobacterial	infec3on.	
The	phagocytosis	of	mycobacteria	by	monocytes/macrophages	or	dendri3c	cells	leads	to	the	produc3on	of	IL-23	and	IL-12.	The	recogni3on	of	
CD40L	by	CD40	via	NEMO	also	induces	IL-12	produc3on.	The	binding	of	IL-12	to	its	specific	receptor	(composed	of	two	subunits:	IL-12Rb1	and	
IL-12Rb2),	expressed	only	on	T	and	NK	cells,	ac3vates	a	transduc3on	pathway	(via	TYK-2)	culmina3ng	in	the	produc3on	of	IFN-g	by	these	cells.	
NEMO,	IL-12p40,	IL-12Rb1	and	TYK-2	deficiencies	are	associated	with	impaired	IFN-g	produc3on	(primary	or	secondary).	IFN-g,	via	its	ubiquitously	
expressed	receptor	(IFN-gR1	and	IFN-gR2)	and	the	transcrip3on	factor	STAT-1,	ac3vates	the	an3mycobacterial	programme	and	increases	IL-12	
produc3on,	crea3ng	an	amplifica3on	loop.	IFN-gR1,	IFN-gR2	and	STAT-1	deficiencies	are	associated	with	an	impaired	response	to	IFN-g.	Proteins	
for	which	muta3ons	in	the	corresponding	genes	have	been	iden3fied	and	associated	with	greater	suscep3bility	to	mycobacterial	diseases	are	shown	
in	green.	

Macrophage/DC! TH1 or NK cell!



The IFN γ        IL-12 amplification loop!



Functions of IFN γ!





TH2	SUBSET	



Response coordinated by TH2 cells!



The main functions of IL-4!



IL12,IL2,IL4 and IFNγ in brief 



Macrophages	



TH17	SUBSET	



Extracellular	bacteria	
•  Predominantly	extracellular	bacteria	are:	
	
•  1.							Bacillus	anthracis		
2.							Enterotoxigenic	Escherichia	coli	
3.							Haemophilus	influenzae	
4.							Mycoplasma		
5.							Pseudomonas	aeruginosa	
6.							Staphylococcus	aureus	
7.							Streptococcus	pyogenes	
8.							Vibrio	cholerae	



Figure	1	IL-22	protects	against	extracellular	bacterial	pulmonary	and	enteric	infec3ons.	Bacteria	breaching	the	epithelial	barrier	s3mulate	dendri3c	cells,	which	in	turn	ac3vate	naive	T	cells	in	the	local	draining	
lymph	nodes.	Ac3vated	TH17	cells	are	recruited	to	inflamed	epithelia,	and	IL-22	secreted	both	by	TH17	cells	and	by	local	dendri3c	cells	promotes	epithelial	repair	and	secre3on	of	an3bacterial	proteins.	IL-17	
secreted	by	TH17	cells	induces	epithelial	cells	to	recruit	neutrophils,	which	may	also	aid	in	removing	invading	bacteria.	

Functions of TH17-derived cytokines!



Figure	1	|	Effector	TH-cell	lineage	and	pathogen	class.	When	circula3ng	‘naive’	TH	cells	first	recognize	their	cognate	an3gen,	they	differen3ate	into	one	of	several	effector-cell	lineages	(listed	in	bold),	
depending	on	the	infec3ng	pathogen.	TH1,	TH2	and	TH17	cells	are	the	known	types	of	effector	TH	cell;	however,	other	types	of	effector	TH	cell	probably	exist.	Each	TH-cell	lineage	is	characterized	by	the	
cytokines	that	are	produced	and	by	the	innate	immune	effector	mechanism	that	is	ac3vated	(denoted	by	arrows).	It	is	possible	(but	has	not	been	proved)	that	every	module	of	the	innate	immune	system	is	
controlled	by	a	dedicated	effector	TH-cell	lineage.	

Effector Th cell lineage and pathogen class!

Tissue inflammation!
Immunopathology!
Autoimmunity!

Immunopathology!
Autoimmunity!

Allergy!
Asthma!



Regulatory CD4+ T cells suppress effector T cell activation!





FATE	OF	EFFECTOR	T	LYMPHOCYTES	AFTER	CELLULAR	RESPONSE	





Mutations in FOXP3 gene 
Muta=ons	in	Fox	P3	gene	cause	IPEX	syndrome	
(autoimmune	disregula=on	and	polyendocrine	pathologies)	
•  Foxp3	posi3ve	cells	express	CD25	
	(IL2-r)	at	low	or	intermediate	affinity	



Reciprocal regulation of FoxP3+ T cells 
and Th17 cells by retinoic acid.

IL-2 and TGF-β1 promote the generation 
of FoxP3+ T cells from naïve T cells.
 
IL-6 and TGF-β1 promote the generation 
of Th17 cells.

IL-2 and the cytokines that promote T cell 
polarization into Th1 or Th2 cells (IL-4, 
IL-12, IFN-γ) suppress the generation of 
Th17 cells

IL-6 and IL-21 (pro-Th17 cells) suppress 
the generation of FoxP3+ Tcells. 

Importantly, retinoic acid suppresses the 
generation of Th17 cells but promotes the 
induction of FoxP3+ T cells.	







Protec3ve	immunity	versus	immunopathology	depends	on	a	balance	between	regulatory	and	effector	T	cells.			I	propose	a	model	in	which	certain	pathogens	in	different	individuals	can	induce	three	different	responses.	
a	|	Pathogens	can	s3mulate	potent	pathogen-specific	regulatory	T-cell	responses,	through	the	selec3ve	induc3on	of	interleukin-10	(IL-10)	or	transforming	growth	factor-beta	(TGF-beta)	produc3on	by	innate	immune	
cells,	which	together	with	natural	CD4+CD25+	regulatory	T	(TReg)	cells	can	inhibit	the	genera3on	and	func3on	of	effector	T	cells	and	prevent	clearance	of	the	microorganism.	This	immune-evasion	strategy	is	used	by	
many	pathogens	that	cause	chronic	infec3ons.	b	|	Pathogens	can	induce	T	helper	1	(TH1)-cell-biased	or	TH2-cell-biased	immune	responses	in	certain	individuals,	by	ac3va3ng	innate	IL-12	or	IL-4	produc3on,	
respec3vely.	In	cases	in	which	the	number	of	regulatory	T	cells	is	limi3ng,	as	a	result	of	either	a	defect	in	natural	CD4+CD25+	TReg	cells	or	the	limited	induc3on	of	inducible	regulatory	T	cells	—	T	regulatory	1	(TR1)	cells	
and/or	TH3	cells	—	by	the	pathogen,	these	effector	cells	can	mediate	clearance	of	the	microorganism.	However,	the	absence	of	control	by	an	appropriate	complement	of	regulatory	T	cells	allows	these	effector	T	cells	
to	cause	pathological	damage	to	host	3ssue.	c	|	Pathogens	can	induce	a	balanced	number	of	regulatory	and	effector	T	cells,	possibly	by	s3mula3ng	both	IL-10/TGF-beta	and	IL-4/IL-12	produc3on	by	innate	immune	
cells,	thereby	allowing	effector	T-cell-mediated	clearance	of	the	microorganism,	together	with	control	of	the	inflammatory	response	by	regulatory	T	cells,	which	limits	damage	to	host	3ssue.	DC,	dendri3c	cell;	TCR,	T-
cell	receptor.	
	

Balancing effector and regulatory T cell responses!

Pathogen clearance with 
immunopathology 

Pathogen clearance with 
limited immunopathology 
and memory development 

Pathogen persistence 



 Regulatory T cells can control immune responsiveness in vivo.   CD4+CD25+ T cells have been shown to regulate immune 
responses in vivo. This might be the result of the suppressive effects of regulatory T (TReg) cells on effector T cells directly or on 
antigen-presenting cells (APCs). This can be beneficial to the host by preventing autoimmunity and enabling tolerance to organ, 
tissue and cell transplants to develop. However, it can also be detrimental as TReg cells can prevent effective immune responses to 
tumours and infectious agents. GVHD, graft-versus-host disease; TCR, T-cell receptor. 

Regulatory T cells control immune 
responsiveness in vivo!



T	cell	response	



Memory	T	Lymphocytes	

•  LONG	TERM	MEMORY	
•  BNIP1	(transcrip3on	

factor)	
•  CCR7	Home	in	nodes	
•  CD45RO+	
•  IL	7R	
•  CD4+	Respond	to	IL7	
•  CD8+	respond	to	IL7	and	

IL15	

•  EFFECTOR	MEMORY	

•  CD45	RO+	
•  CCR7	nega=ve:	home	in	

=ssues/mucosas	
•  Can	be	polarized	TH1,TH2	

and	TH17	if	commitment	
to	become	memory	
happened	a[er	
polariza=on.		



Model:	Transcrip3onal	Memory	is	a	Basis	of	Immunological	Memory.	(a)	In	naı¨ve	T	cells,	genes	required	for	effector	func3on	are	repressed	by	histone	or	DNA	methyla3on	(red	nucleosomes).	Upon	
ac3va3on,	naı¨ve	T	cells	massively	remodel	their	chroma3n,	recruit	RNA	Polymerase	II	and	start	to	express	cytokines	(b).	Aler	the	elimina3on	of	infec3on,	surviving	effector	T	cells	become	memory	T	cells	
(c).	These	cells	stop	expression	of	effector	genes,	but	posi3ve	chroma3n	modifica3ons	(green	nucleosomes)	and	some3mes	RNA	Polymerase	II	remain	and	keep	the	genes	in	a	poised	state.	This	allows	cells	
to	quickly	express	effector	genes	upon	repeat	infec3on.	

Immunological memory!



Fig.	1.	Memory	CD4	T	cells	could	protect	the	host	in	a	number	of	possible	ways.	Memory	CD4	T	cells,	re-ac3vated	by	an3gen	exposure,	expand	and	could	act	to	protect	the	host	by	either	making	early	
effector	cytokines	to	direct	other	cells;	provide	help	to	enhance	the	B	cell	or	CD8	T	cells	responses;	or	possibly	kill	infected	cells	directly.	

Memory CD4 T cells protect the host in a number of ways!
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Summary 



Routes	of	lymphocyte	trafficking	



What does regulate 
lymphocyte 
trafficking?"

Activated lymphocytes 
traffic also to tissues"

Naive lymphocytes recirculate 
between blood and peripheral 
lymphoid organs only "



Should	I	stay	or	should	I	go?	



Should I stay or should I go?!



Figure	3	Inflamma3on-driven	migratory	panerns	of	effector	T	cells.	CD4+	T	cell–driven	
inflamma3on	is	characterized	by	the	predominant	type	of	cytokines	secreted	by	infiltra3ng	T	
cells.	In	Th1-type	inflamma3on,	IFN-γ	predominates;	in	Th2-type	inflamma3on,	IL-4,	IL-5,	and	
IL-13	predominate;	and	in	Th17-type	inflamma3on,	IL-17	predominates.	These	cytokines	in	turn	
induce	specific	subsets	of	IFN-γ-inducible	chemokines;	IL-4-	and	IL-13-inducible	chemokines;	or	
IL-17-inducible	chemokines	at	the	site	of	inflamma3on.	These	chemokines	then	induce	the	
recruitment	of	T	cells	that	express	the	specific	cognate	receptors	for	these	inflammatory	
chemokines.	

Figure	4	Chemokine	receptors	and	CD4+	T	cell	subsets.	Chemokine	receptors	associated	with	the	
differen3a3on	of	CD4+	T	cells	under	the	influence	of	the	indicated	cytokines	and	transcrip3on	factors.	The	
panern	of	chemokine	receptors	expressed	by	a	given	CD4+	T	cell	subset	indicated	in	the	figure	does	not	define	
that	subset	nor	is	it	necessarily	specific	for	that	subset,	but	it	does	dictate	the	specific	homing	poten3al	of	that	
specific	T	cell	subset.	Although	certain	chemokine	receptors	have	been	associated	with	a	specific	CD4+	T	cell	
subset,	chemokine	receptor	expression	in	vivo	is	complex	and	overlapping.	This	expression	allows	for	
recruitment	of	a	variety	
of	T	cells	under	inflammatory	condi3ons	for	immune	control.	

Distinct CD4+ T cell subsets express a 
different pattern of chemokine receptors…."

…and are differentially recruited to the 
inflammatory site!"

Chemoattractants, cytokines and leukocyte types 
for different types of immune responses"



Role of chemokines and 
vasculature in various 
inflammatory diseases"

Chronic inflammatory diseases associated 
with HEV-like vasculature "

Chemokine receptor 
antagonists in development "


