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III. Immunologic Assays used for detection and assessment of antibody 

responses 
 
A. One of the first methods used (and still is) in patients suspected to have hemolytic anemia 
(also known as antibody mediated hemolytic anemia) is the Coombs test. The fundamental 
question the clinician is asking is: is this patient making an antibody that binds to her own red 
cells and causing them to break up or be phagocytized and destroyed? 
 
 1. The question can be answered by incubating the patient’s erythrocytes with antibodies 
 that react with the antibody isotype that is suspected of causing the hemolysis. For 
 example, if IgG is thought to be the culprit, the laboratory would use anti-human IgG. If 
 the patient had her own IgG bound to her own red cells, they would agglutinate, can then 
 be seen by the naked eye, and the test would be positive. 

Direct Coombs Test

+

=

Patient RBC coated with
Anti-RBC IgG

Anti-human
IgG

+

= Agglutinated RBCs

 
 

 2. The above figure depicts the classic Coombs test.  
  a. Describe how you would set up appropriate controls for the Coombs test. 
  
  b. How would the test be set up if you were not sure the hemolysis causing  
  antibody was IgG? 
     
  c. How would the test be set up if you had only the patient’s serum but did not  
  have her red blood cells? 
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B. Immunofluorescence (fluorescent antibody techniques) - the principle  
underlining this method exploits the ability of certain chemical compounds  
to emit light of restricted wavelength during ultraviolet excitation.  

 
 

 
 
 
 
 
  1. Direct fluorescence. If these light emitting compounds (tags) are linked to 

antibodies that directly bind to antigens (for example in tissue biopsies) or 
indirectly bind to a patient’s immunoglobulin that has previously bound to 
antigens in tissue (or test substrates), the specific binding can be documented by 
direct microscopic visualization during UV excitation.   

 2. Indirect immunofluorescence. The indirect fluorescent method is useful for 
detecting and quantitating by titer, patient antibodies to various antigens.  One 
widely used assay is for the detection of anti-nuclear antibodies in systemic lupus. 
Patient serum containing possible antibodies to nuclei is layered on a substrate 
rich with nuclei, incubated, washed and then anti-human Ig-fluorochrome is 
added. If there were specific anti-nuclear antibodies in the patient serum they 
would bind to the nuclear antigens.  This complex, in turn, would then react with 
antihuman Ig - fluorochrome, and UV light passing through the sample then emits 
green fluorescence at the site of binding which can be detected by fluorescence 
microscopy. 

 3. You only need to understand the concept of this method at this time-specific ways 
to use it will become evident in a later Small Group. 

 
 

  
IV. Techniques that can be used to identify and quantify immune cell 

Copyright:  2001 
From:  immunobiology, 5th edn. 
Author:  Janeway, et al 
Reproduced by permission of Routledge, Inc., part of 
Th  T l  F i  G  
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populations.   
 
 A.  FLOW CYTOMETRY is a technique that can provide information on the 

characteristic of single cells in a mixed cell population.  This technique also 
depends on tagging cells with specific light emitting compounds. The cell 
population to be studied is shepherded into a thin stream of single cells that have 
been previously incubated with the desired fluorescent- labeled monoclonal (For 
production of the latter, see figure below) or a monospecific antibody probe. Be 
sure you understand how to use flow cytometry for diagnosis-it is always on the 
test. 

 
 1. Flow cytometry is heavily dependent upon availability of monoclonal 

antibodies. These reagents have high specificity for individual antigens. Their use 
is widespread in basic research, clinical testing and now have many clinical 
applications in cancer, inflammatory arthritis and many other diseases.  
 
2. You need to understand how monoclonals are made. 
 

: 
   
 
 
 
 
   a. If you understand how a monoclonal is made, you should immediately  
   be able to see how this technology could be applied to the bird flu case in  
   the prior small group.  
   

 
From:  immunobiology, 8th edn. 
Author:  Janeway, et al 
Reproduced by permission of Routledge, Inc., part of The Taylor Francis Group 
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3. Back to flow cytometry technique. The single cell queue flows past a laser 
that emits a light wavelength unique to the characteristics of the fluorochrome.  If 
a cell has bound the antibody-fluorochrome, the emitted wavelength is then photo 
multiplied and quantitated by computer software. A cartoon of the technique is 
shown below. A typical plot using two monoclonal antibodies, each with a 
different light emitting fluorochrome, is depicted below on the right. 

 
 

 
 
 
 

 
 

 
4.  A clinical scenario where flow analysis can be used  

 
a. 84 year male fainted during a church service.  A complete blood count in 

the ER revealed a markedly reduced hemoglobin, a low platelet count and 
his white blood cell (leukocyte) count was 100,000/mm3 (normal 4-
10,000).  

 
 

Copyright:  2001 
From:  immunobiology, 5th edn. 
Author:  Janeway, et al 
Reproduced by permission of 
Routledge, Inc.,  
part of The Taylor Francis Group 
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b. Set up the flow cytometry experiments to solve the following questions: 
 

1. Lineage of his white blood cells- does he have a leukemia- abnormal 
high # of white cells in his blood- and if so, what kind? For example, 
lymphocytic, myeloblastic, etc. 

    
   2 .Phenotype of the white blood cells 

       
   3. Clonality of the white blood cells 
    a. describe what diagnostic antibodies could be used to prove that  
    the majority of his white blood cells were B cell descendants of a  
    single B cell clone. 
         
    b. Describe how you could prove that this patient had a T cell  
    leukemia (malignant proliferation of a T cell clone) by flow 
                                    cytometry, not Southern Blot or PCR. 
      

V. Techniques that characterize clonality of serum immunoglobulins. 
 

 A. Serum protein electrophoresis. Electrophoresis separates proteins 
based on their size and charge. This simple, cheap technique can be used to confirm 
intense activation of B cells or production of a homogeneous immunoglobulin by an 
expanded clone of B cells. In human serum, albumin is negatively charged and migrates 
to the positive pole, while the immunoglobulin family does the opposite (and by 
coincidence, was named the gamma region). If the electrophoresis is carried out in a gel 
or on a paper medium, a optical reader will roughly quantify the separated components 
and produce a tracing (see below). One can then stain the component with specific 
antibodies to identify its composition. This second step is termed immunofixation and 
common reagents that are used are anti-human kappa, lambda, and heavy chain 
antibodies. 
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If a single clone of B cells is expanding, the immunoglobulin the clone produces will be 
homogeneous with respect to size and charge. All the monoclonal antibody that single 
clone makes will migrate to a single point in an electrophoretic field. However, if a 
normal individual is undergoing intense, persistent antigenic stimulation, a sequence of B 
cells with slightly different antigenic specificity to the inciting antigen will make 
antibodies. Each B cell clone will produce an antibody of slightly different charge/size 
that migrates to its own unique site in the electrical field. You will see in a later small 
group how increases in polyclonal antibody can be used diagnostically. 

    
  1. Just to be sure you understand the concept, explain how you could you   
  specifically identify the following serum protein abnormality in the   
  gamma region of the serum electrophoresis shown below: 
 
 
 
 
 

 
 

 
 

 

http://upload.wikimedia.org/wikipedia/commons/d/d7/Monoclonal_gammopathy_Multiple_Myeloma.png
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DEVELOPMENT OF T LYMPHOCYTES 
 
 
Background reading: Janeway (7th edition): 273-298; 354-356. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LEARNING GOALS: 
 
Understand the relationship between T lineage commitment, differentiation, selection and 
maturation of different subsets of T cells in the human thymus. 
 
 
OBJECTIVES:  You will be able to: 
 
1. Interrelate thymic microenvironment with multiple steps in T cell development 
2. Understand the mechanism that establishes self and non-self recognition in T cells 
3. Identify and correlate cell surface markers with T subsets and their development 
4.  Identify cell surface markers of T cell subsets that regulate immune response 
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I. Thymic Development in Utero  
 
The thymus is an epithelial-lymphoid organ that develops very early during embryonic 
development. 
 
The epithelial component of the thymus derives bilaterally from epithelium of the third 
pharyngeal pouch at fourth week of gestation. Between 4-7 week of gestation, the primordial 
thymic glands lose connections with the pharynx and migrate to the final position in the 
mediastinum forming a single bilobate gland.   
 The normal human thymus develops early on in fetal development; the glands are colonized 

by hematopoietic stem cells at 7-8 weeks of gestational age.  
 The thymus begins to produce T cells around 12-13 week of gestation.  
 Mature T cells egress the thymus and colonize peripheral lymphoid organs at the end the 13 

and the beginning of the 14 week of gestation.  
 Thus, by the time the baby is born, the peripheral T cell repertoire is established to the 

point that thymectomy does not cause immediate immune deficiency. 

II. Genetic Evidence for Thymus as the Organ in which T Cells Develop 

1. DiGeorge syndrome (DGS): DiGeorge syndrome is caused by a large deletion in chromosome 
22 which is caused by an error in recombination at meiosis.  

 It is a rare congenital (i.e. present at birth) disease syndrome whose symptoms vary greatly 
between individuals but commonly include a history of heart defects, characteristic facial 
features and recurrent infection due to absence of the thymus and T cells. 

 The absence of the functional thymus results in complete T cell deficiency and severe 
immunodeficiency.  

 Transplantation of an allogeneic thymus graft into patients with DGS rescues T cell 
deficiency. 

2. Mutation in the FOXN1 gene:  The FOXN1 gene (on chromosome 17) encodes a transcription 
factor that is essential for the functional maturation of thymic epithelial cell progenitors.  

 In these patients, the thymus gland fails to form in utero because epithelial progenitor cells 
fail to undergo functional differentiation and instead form cyst-like structure with immature 
morphology. 

 The immature epithelial cells fail to recruit hematopoietic stem cells into the organ.  
 Thus, the functional maturation of thymic epithelial cells is required for the development 

of a normal thymic architecture, which is essential for the production of various thymic-
dependent T cells subsets and the initial establishment of the peripheral T cell pool in 
animals and humans.  

 Thymic implant recently been shown to restore T cell  immune response in patients with 
Foxn1 mutations 

III. Cellular Composition of the Thymus Glands 
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1. Thymic stroma: this would include the predominant thymic epithelial cells and fibroblasts.  

a. Fibroblasts: found in the thymic capsule and septa. 

b. Thymic epithelial cells (TEC): provide three critical functions for the development of T 
cells.  

 TEC are identified as cortical TEC, medullary TEC and Hassall’s TEC based on 
their anatomical locations within the thymic gland. All TEC are derived from 
endoderm. 

 TEC produce cytokines such as IL1, IL6, IL7, and SCF (stem cell factor), TSLP 
(thymic stroma lymphopoietin) that are requires for growth and differentiation of 
various immature T cells.  

 TEC also express cell surface molecules such as ligand Delta-like-1 for the 
notch receptor. Signal of notch receptors expressed on progenitor cells is 
required for T cell lineage commitment.  

 TEC expression of MHC classes I, and II/self antigen complexes controls the 
selection of maturing T cells. 

 Expression of peripheral tissue antigens: insulin 

2. Macrophages and dendritic cells: these cells mature from the bone marrow and migrate into 
the thymus. These cells are scattered in the cortex and medulla; however, they highly 
populate the cortical-medullary junction. They participate:  in antigen presentation, deletion 
of autoreactive T cells (negative selection) and phagocytosis of apoptotic thymocytes. 

 

3. Thymocytes: The predominant lymphoid cells in the thymus. In postnatal animals, thymocytes 
are derived from progenitor cells of the bone marrow, the hematopoietic stem cells (HSC). After 
arriving in the thymus, bone marrow HSC progress through tightly regulated steps to develop  
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into mature T cells. The thymus is responsible for the development of four functionally 
different T cells:  CD4 T helper, CD8 T cytotoxic, regulatory T cells (Treg) and natural killer 
T cells (NKT).  

 

IV. Early Stages of Human T cell Development 

The thymus is populated by blood born progenitor cells that are derived from the bone marrow 
hematopoietic stem cells (HSC). These cells express the unique cell surface marker CD34 and 
have the capacity to develop into T cells as well as B cells, dendritic cells, and NK cells. Because 
the migration of CD34pos cells is initiated at 7-8 week of gestation and is highly active in the 
neonatal period, cord blood is good source for HSC CD34pos cells for transplant. Upon entry into 
the thymus, the lineage potential of the CD34pos cells is restricted to only the T lineage. 

 

 

 

 

 

 

 

 

 

The production of T cells by the thymus is declines with age; below is the estimated daily thymic 
output of human T cells: 

 0-1 yr: ≥ 1.0 x 109 
 2-10 yr: 9 x 108 
 11-25 yr: 6 x 108 
 26-45 yr: 4 x 108 
 ≥ 50 yr: 2 x 108 

This age-associated decline in the production of T cells is responsible for the decline in 
immune response in the elderly. 

 

 

Bone Marrow

Blood

Secondary
Lymphoid organs

Thymus

Mature 
T cells: , 

Treg
NKT

CD34+
HSC CD34+

HSC
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1. Four developmental events in T cells: 

 T lineage commitment 
 Proliferation and differentiation 
 Selection: positive and negative 
 Maturation 

2. Identifiable stages of human T cell development 
 

 The Notch receptor signal is essential for T cell lineage commitment of the CD34pos 
HSC. Signal through the notch receptor terminates the potential to commit to B and 
myeloid lineages (monocytes and DC). The cells have potential to become T or NK cells 
(T/NK).  

 Following Notch signal, cells commit to T lineage, express CD1A and begin to rearrange 
TCR, and  genes. Cells at this stage, pre-T, can develop into either TCR or TCR 
T cells. 

 In the next stage, cells express CD4 and become immature single positive (CD4ISP). 
These cells express the preT (pT); the expression of pT also induces the expression 
of CD3. The pT together with CD3 and TCR forms the preTCR complex.  

 β Selection: The expression of the preTCR allows the ISP cells to undergo the  
selection process. This process selects cells with productive and functional rearranged 
TCR genes signaling via the preTCR.. Cells that do not from a functional preTCR die 
by apoptosis. Cells that survive the  selection step proliferate and expand. This 
enormous expansion of cells at this stage is responsible for generating the large number 
of thymocytes with TCR in the thymus. Expression of CD3 is up-regulated at this 
stage. 

 ISP cells that are selected progress to express CD8 and thus are termed CD4 CD8 double 
positive cells (DP); these cells begin to rearrange TCR genes. Because the TCR locus 
is within the TCR genes, rearrangement of the TCR V genes will delete the  locus. 

 Depend on the signal generated via the interaction of the co-receptor CD4 or CD8 surface 
molecules, DP cells down modulate one of the co-receptors and mature into either single 
CD4 or CD8 T cells. 

 



Host Defense                                                                                 Development of T Lymphocytes    
March 28, 2012                                                                                                  Phong T. Le, Ph.D.   

FINAL COPY RECEIVED:  

 
 

3.   Positive selection of TCR T cells: Selection of T cells that recognize antigens presented 
by MHC molecules 

 
 The DP thymocytes with functional TCR/CD3 complex must recognize self-peptides 

in the MHC I and II complex presented by cortical TEC.   
 The interaction of TCR/CD3 complex with self peptides and MHC antigens must be of 

low affinity; DP cells with low affinity TCR for self peptides are rescued from apoptosis 
and proliferate (1 or 2 rounds of replications). These cells shut down expression of 
recombination-activating gene (RAG); no further rearrangement can take place if RAG 
proteins are not present. 

 Cells express TCR that do not recognize self peptides undergo apoptosis. 
 Positive selection skews the selected TCR repertoire toward self peptides and the 

potential of generating autoreactive T cell clones. 
 Patients who receive bone marrow transplant generate T cells that recognize foreign 

antigens in the context of their own MHC antigens and not donnor MHC, indicating that 
developing donor T cells occurs on TEC of the patient recipient. 

 
4.  Negative Selection: Deletion of mature T cells that bind strongly to MHC/antigens 
(autoreative T cells); negative selection results in the generation of central tolerance 
 

 DP cells with TCR/CD3 complex with high affinity for self-peptide and MHC are 
instructed to undergo apoptosis; this process is necessary to eliminate autoreactive T cells 
and to establish the central tolerance. 

 Negative selection occurs predominantly in the cortical-medullary region where a high 
density of thymic DC cells is present. The DC cells are also responsible for phagocytosis 
of apoptotic cells. 
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 TEC also participate in clonal deletion of T cells that are reactive to organ specific 
antigens. The Auto Immune Regulator Element gene (AIRE) encodes a transcription 
factor that induces expression of a battery of peripheral-tissue antigens by thymic 
medullary epithelial cells; thus, AIRE promotes central tolerance of thymocytes by 
inducing negative selection, contributing to the prevention of organ specific 
autoimmunity. 

 Disease associated with mutations of AIRE: AIRE mutations are responsible for the 
development of autoimmune polyendocrinopathy candidiasis ectodermal dystrophy 
(APECED) or Autoimmune polyendocrinopathy syndrome type 1 (APS1). The affected 
organs include: adrenal, thyroid, parathyroid, and pancreas. 

 
5.  Maturation toward CD4 or CD8 single positive 
 
DP cells that survive both the positive and negative selection processes will commit to either 
single CD4Pos or CD8Pos cells  
 

 Selection with CD4 co-receptor and MHC-II will generate mature CD4 cells. 
 Selection with CD8 co-receptor and MHC-I will generate mature CD8 cells 
 Mature CD4 and CD8 cells are predominantly resided in the medulla of the thymus. 
 Mature CD4 and CD8 cells egress the thymus via blood vessels in the septa in the 

cortical-medullary junction. 

 
IV. TCR  T cells 
 
The TCR T cells develop from the ISP cells, the exact mechanism for the lineage choice 
between TCR and TCR is not well understood. It is generally accepted that the expression 
of pT and signaling of this receptor skews the cells toward TCR lineage. 
 
TCR cells: 

 Only present at low level, they present 1-5% of spleen and lymph node T cells 
 Are predominantly CD4 and CD8 negative 
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 The TCR receptor bind antigens directly, no antigen presentation by MHC I or MHC-II 
is required 

 TCR repertoire is very narrow, there are two dominant TCR T cells: 
 
1. Cells that express 1 with various  genes: these are the first  T cells that 

emerge from fetal thymus. They eventually populate epithelia tissues such as the 
intestine and skin. The TCR1 T cells recognize stressed cells and lipid antigens 
presented by CD1B or CD1C molecules. 

 
 Human CD1:  

  
 CD1 proteins transmembrane proteins that are distantly related to MHC 

molecules; however these proteins lack polymorphism.  
 There are four human CD1 proteins: CD1A, CD1B, CD1C and CD1D, each is 

encoded by different genes:  
 CD1B and CD1C are noncovalently associated with 2m  
 CD1B, CD1C and CD1D are known to bind to glycolipid antigens; CD1B 

and C particularly bind to bacterial glycolipid antigens. 
 
 
2. TCR92: these are the majority of circulatory  T cells (80% of all  T cells) 
 

3. TCR functions: 
 

 TCR1 cells: lyse stressed/ transformed epithelial cells 
 TCR92: recognize non-peptide pyrophosphomonoester antigens (phosphor antigens) 

found on mycobacterium and malaria parasite. These cells can also kill intra- and 
extracellular M. tuberculosis, produce IFN that affects cytotoxicity of NK and NKT 
cells and the generation of TH1 cells. 

 
 
V. Natural Killer T cells (NKT) 
 
1. Development of NKT cells: 
 

 NKT cells develop in the thymus from the CD4Pos CD8Pos DP thymocytes. 
 DP that recognize glycolipid antigens presented by CD1D positive cortical thymocytes 

develop into NKT cells 
 NKT are either CD4Pos or CD4NegCD8Neg 
 NKT express both the NK maker CD56 and the T cell maker TCR/CD3 complex 
 Mature NKT egress the thymus and populate the liver, spleen, BM, and lymph nodes. 
 Human NKT population constitutes approximately 0.02- 0.2% of the peripheral blood 

T cell compartment. 
 
2. Functions: 

 NKT cells rapidly produce both Th1 (IFN-) and Th2 cytokines (IL4, IL5, IL10) upon 
triggering; thus they play a role in immunoregulation. 
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VI. Regulatory T cells (Treg) 
 
1. Discovery of Treg: first discovered in mice based on the following observations: 

 Mice subjected to thymectomy between day 2 and day 4 post natal develop organ-
specific autoimmune diseases 

 The autoimmune diseases can be prevented by infusion of syngeneic T cells obtained 
from adult thymus or spleen 

 It was later identified that the CD4Pos CD25Pos T cells are capable of suppressing the 
autoreactive T cells. 

 
From these observations, it was concluded that the thymus generate CD4Pos CD25pos 
suppressor cells with specificity for autoreactive T cells that may escape negative selection 
during the development of T cells. This mode of suppression of autoreactivity is referred to as 
dominant tolerance in contrast with central tolerance in which the autoreactive T cells are 
deleted. 
 
2. Treg development in humans 
 

 Develop in the thymus from CD3Pos CD4Pos T cells as early as 14 weeks of gestational 
age. 

 Treg represent 5-10% of mature CD4pos thymocytes and 10% of peripheral blood 
CD4PosT cells. 

 
3. Treg that develop in the periphery: 
 

 Treg can be generated from peripheral mature CD4pos T cells by TGF- 
 T regulatory type 1 (Tr1) 
 T helper 3 (Th3) 
 

4. Treg and human diseases 
 
Immune dysregulation, polyendocrinopathy, enteropathy, and X-linked inheritance (IPEX) is a 
clinical syndrome that presents with multisystem autoimmune disease. Clinically, patients with 
IPEX manifests most commonly with diarrhea, insulin-dependent diabetes mellitus, thyroid 
disorders, and eczema. FOXP3, the gene responsible for IPEX, maps to chromosome Xp11.23-
Xq13.3 and encodes a transcription factor. Because patients with IPEX lack Treg, it was 
determined that expression of FOXP3 in CD4Pos T cells is required for the development of Treg 
in the thymus. 
 

 
 
 



T Cell DevelopmentT Cell Development

One Hundred Years AgoOne Hundred Years Ago………………

The Source of Leukocytes and the True Function of the Thymus
By J. Beard D. Sc.

University Lecturer in Comparative Embryology, Edinburgh

“ ….The thymus is the parent source of all the lymphoid structures of the 
body.”

“… for just as the Anglo-Saxon stock has make its way from its original 
home into all part of the world, and has there set up colonies for itself 
and for its increase, so the original leukocytes, starting from its birth 
place and home in the thymus, have penetrated into almost very part 
of the body and have there created new centers for growth, for 
increase, and for useful work for themselves and for the body.”

Anatomischer Anzeiger, JENA  18: 561-573, 1901

The Pediatric Human ThymusThe Pediatric Human Thymus

Thymus

Heart

Hematopoietic stem cells (HSC) 
arrive from the bone marrow

In the thymus, HSC develop 
and mature into:

T helper (CD4)
T cytotoxic (CD8)
Natural killer T (NKT)
T regulatory (Treg)



Thymus

Mid-6th week 6th week 7th week 12th week
Colonization by 

Hematopoietic stem cells
• Begin to produce T cells at 
12-13th week
• Mature T cells egress the 
thymus at 13-14th week

Development of the Thymus and Generation of Development of the Thymus and Generation of 
T Cells in T Cells in UteroUtero

T Cells are Detected in the Thymus T Cells are Detected in the Thymus 
During Embryonic DevelopmentDuring Embryonic Development

Thymus glands are colonized by hematopoietic stem 
cells at 7-8 week of gestation
Mature T cells are detectable in the thymus between 
12-13th week of gestation
Mature T cells egress the thymus at the end of 13th

week of gestation. 
Peripheral T cell pool and its repertoire is 
established before birth
Thymectomy afterbirth does not cause immediate 
immune deficiency

Genetic Evidence for The Thymus as The Genetic Evidence for The Thymus as The 
Organ for ThymopoiesisOrgan for Thymopoiesis

1. DiGeorge Syndrome or Velo-Cardio-Facial Syndrome 
(VCFS)

Large deletion in 22q11 locus
Hypoparathyroidism
Heart defects 
Athymia: T cells are rarely detectable
Thymus implants give rise to higher T cell number 
and restore immune response

** **



2. Mutation in FOXN1 gene
CGA to TGA: stop codon
No hair
No thymus

Genetic Evidence for The Thymus as The Genetic Evidence for The Thymus as The 
Organ for ThymopoiesisOrgan for Thymopoiesis

1.Capsule: fibroblasts 2. Cortex: developing T cells

3. Medulla : mature T cells 4. Cortical-Medullary
junction

Thymus HistologyThymus Histology

Hassall’s
Body

Thymus: Cellular CompositionThymus: Cellular Composition

1. Thymic Stroma
a. Fibroblasts: capsule, septa with blood vessels
b. Epithelial cells: cortical, medullary and 

Hassall’s body

2. Macrophages, Dendritic Cells

3. Lymphoid compartment: hematopoietic stem 
cells, thymocytes, mature T cells, natural 
killer T cells (NKT), regulatory T cells (Treg)



Thymic Epithelial CellsThymic Epithelial Cells

1. All TEC are derived from endoderm; expression of 
FOXN1 is essential for functional maturation of 
TEC

2. Production of Cytokies:
IL7, SCF, IL1, IL6, IL15, Thymic Stroma Lymphopoietin
(TSLP) 

3. Cell surface ligand
Delta-Like 1, 4: ligand for Notch receptor

4. Expression of Major histocompatibility complex 
(MHC) 

MHC I (HLA-A,B,C) and MHC II (HLA-DR)
5. Expression of peripheral tissue antigens: insulin

Macrophages, Dendritic CellsMacrophages, Dendritic Cells

Derived from bone marrow
Scattered in the thymic cortex and medulla
Concentrated in the cortico-medullary junction
Antigen presentation and phagocytosis of apoptotic 
thymocytes
Deletion af autoreactive T cells : negative selection

Thymocytes and Their Progenitors

Hematopoietic Stem Cells: CD34Pos , <0.01%
80% of thymocytes are positive for the T cell 
markers CD4 and CD8; they are the immature double 
positive thymocytes (DP)
Mature T cells 

CD4Pos : 10%
CD8Pos : 5%

Immature CD4NegCD8Neg: 5%

C
D

8

CD4

Flow cytometric analysis

DP

CD8Pos

CD4Pos

DN



Daily Production of T Cells by the Thymus is Daily Production of T Cells by the Thymus is 
Reduced with AgeReduced with Age

0-1 yr : ≥ 1.0 x 109

2-10 yr : 9 x 108

11-25 yr : 6 x 108

26-45 yr : 4 x 108

≥ 50 yr : 2 x 108

Circulation of HSC and Mature T Cells from The Circulation of HSC and Mature T Cells from The 
ThymusThymus

Bone Marrow

Blood

Secondary
Lymphoid organs

Thymus

Mature 
T cells: αβ, γδ

Treg
NKT

CD34+
HSC CD34+

HSC

PLe 07

Developmental Events in the Generation of Developmental Events in the Generation of 
Mature T cells Mature T cells 

T lineage commitment: restricted of lineage choices
Proliferation: Expansion of committed cells
Differentiation: gaining of new surface markers
Maturation: gaining of immune functions



CD34pos

CD1aneg

CD7neg

B cells
Monocytes
Dendritic Cells

Notch

CD34pos

CD1aneg

CD7pos

T/NK

CD34lo/neg

CD1apos

Pre-T

CD34neg

CD1apos

CD4pos

CD3lo

ISP
(Immature single positive)

Double Positive
CD4pos CD8pos

CD1apos

CD4pos

CD1aneg

CD8pos

CD1aneg

Committed to T lineage
Rearrangement of γ, δ, β

Precursor for both TCRαβ and 
TCRγδ T cells
Expression of preTα, preTCR
β selection

Rearrangement of TCRα
Positive selection
Negative selectionPLe07

Stages in Human T Cell DevelopmentStages in Human T Cell Development

TEC: Delta-like 1, 4

Bone Marrow

Progenitors

T/NK

CD4+ CD8+
TEC

Pre-T

Hematopoietic Stem Cells (HSC)

Cortex

Medulla 

Development of T Cells in The ThymusDevelopment of T Cells in The Thymus

MHC II

MHC I

CD4+CD8+

PLe2010

DP

ISP

DC

T Lineage CommitmentT Lineage Commitment

Notch receptor and Notch ligand Delta-Like 1 or 4 
(DL-1, DL-4) interaction induces T lineage 
commitment and terminates lineage plasticity
This is achieved by orchestrating expression of a set 
of transcription factors that are required for T cell 
differentiation

HSC

Notch-1
DL-1/DL-4

TEC

Pre-T
CD34lo/neg

CD1apos

CD7pos



PrePre--T: First Wave of TCR Gene RearrangementT: First Wave of TCR Gene Rearrangement

Recombination Activation Genes : 
RAG1 and RAG2
Expression of IL7Rγ chain: SCID-X1

Immature Single Positive Stage: Immature Single Positive Stage: ββ SelectionSelection

Expression of the PreTCR complex:
Surrogate α chain (pTα ), rearranged TCRβ and signal 
transduction molecules CD3

β Selection:
Terminates Vβ rearrangement by degrading RAG proteins
Induces rapid and vigorous proliferation
Increases expression of CD3 complex

Signal for TCRαβ versus TCRγδ Development

ISP Stage: ISP Stage: TCRTCRαβαβ versus TCR versus TCR γδγδ

Combination of the rearranged TCRβ chain with pTα forms the pre-TCR.
Signaling through this receptor induces a significant proliferation 
of ISP cells and bias the ISP toward TCRαβ lineage T cells.



The Double Positive StageThe Double Positive Stage

After β selection, ISP cells express CD8 and develop 
into CD4Pos CD8Pos double positive cells

RAG expression is re-expressed and rearrangement 
of TCRVα genes are initiated.  The rearrangement of 
Vα causes deletion of TCRδ locus

There is no allelic exclusion in TCRVα
rearrangement. It is possible that there are 
two different rearranged Vα chains, each is 
associated with a common Vβ. Subsequent 
positive selection will ensure that each T cell 
only has a single functional specificity, 
although two different α chains are 
expressed

The DP cells now will first undergo positive 
and then negative selection

The Double Positive StageThe Double Positive Stage

Functional TCR Functional TCR αβαβ



Positive Selection of the DP TCRPositive Selection of the DP TCRαβαβ T CellsT Cells

Cortical TEC Cortical TEC Cortical TEC

MHC Recognition and Selection

Survive Apoptosis Apoptosis

Positive Selection Coordinates the Maturation Positive Selection Coordinates the Maturation 
of CD4of CD4PosPos and CD8and CD8PosPos T CellsT Cells

MHC expressed by 
cortical epithelial cells 
dictates down modulation 
of either the CD4 or CD8 
co-receptors:

MHC I/CD8: CD8Pos

MHC II/CD4: CD4Pos

Bare Lymphocyte Syndrome 
(BLS):
Defect in MHC II expression; the 
development of CD4Pos T cells 
is affected

MHC I

MHC II

Positive Selection and Clinical ImplicationsPositive Selection and Clinical Implications

Because the specificities of TCRs are selected on 
the basis of self MHC, the selected TCRαβ repertoire 
has the potential to generate auto-reactive T cell 
clones that may affect autoimmune diseases

Patients received BM transplant will regenerate T 
cells that recognize foreign antigens in the context 
on their own MHC, not the donor MHC



Negative Selection: Mechanism for Negative Selection: Mechanism for 
Establishing Central ToleranceEstablishing Central Tolerance

When TCR on a DP cell binds antigen/MHC with high 
affinity, it is signaled to undergo apoptosis. This is 
the basis for intrathymic negative selection and the 
establishment of central tolerance

Bone marrow-derived macrophages and dendritic 
cells in the cortical medullary junction are the 
prominent cell types that induce negative selection

However, epithelial cells are also effective in 
inducing negative selection. This is relevant in 
patients who receive BM transplant, because 
macrophages and dendritic cells are of donor-
derived.

Negative Selection and Autoimmune DiseasesNegative Selection and Autoimmune Diseases

Medullary thymic epithelial cells (mTEC) have been 
shown to express organ specific antigens that mirror 
peripheral self antigens
An example of three specific pancreatic genes that are 
expressed by mTEC
Expression of these genes 
are induced by the transcription
factor AIRE
These antigens are used
to delete T cells with high
affinity for these organ specific
antigens

Derbinski et al Nature immunology 2: 1033, 2001

AIRE Mutation: Autoimmune AIRE Mutation: Autoimmune PolyendocrinopathyPolyendocrinopathy
CandiasisCandiasis EctodermalEctodermal Dystrophy (APECED)Dystrophy (APECED)

(c)
a. Oral candidiasis
b. Candidal onychomycosis
c. Vitiligo with halo naevi

Collins et al Clin and Lab Investigations 154: 1091, 2006



MHC‐I
Ag

MHC‐II
Ag

CD8pos

CD4pos

Affinity

Low

High

Positive Selection
Cortex

Negative Selection
Medulla

TCR specificities generated by the process of gene rearrangement
are heterogeneous and therefore are screened and selected for useful and non‐
self reactive TCRs

DP 
T cells

Mature T cells

PLe09

CD34pos

CD1aneg

B cells
Monocytes
Dendritic Cells

Notch

CD34pos

CD1aneg

CD7pos

T/NK

CD34pos

CD1apos

Pre-T

CD34neg

CD1apos

CD4pos

CD3lo

ISP

Double Positive
CD4pos CD8pos

CD1apos

CD4pos

CD1aneg

CD8pos

CD1aneg
Precursor for both TCRαβ
and TCRγδ T cells
Successful of β selection 
dictates lineage choice

PLe07

Stages in Human T Cell DevelopmentStages in Human T Cell Development

TEC: Delta-like 1, 4

TCR TCR γδγδ T CellsT Cells

Derived from ISP cells
They are CD4 and CD8 negative
TCRγδ bind antigens independent of MHC I or II; subsets 
of TCRγδ cells bind self lipid antigens presented by CD1b 
and CD1c molecules by stressed epithelial cells
Restricted repertoire: only 3Vδ and 5Vγ
Two major type of TCRγδ T cells based on their use of γ
or δ chains

δ1 cells: mucosal tissue, associated with epithelial cells
TCRγ9δ2: majority of circulatory TCRγδ cells 



Human CD1Human CD1

Trans-membrane proteins that are distantly related 
to MHC molecules but lack polymorphism
There are 4 human CD1proteins: CD1a, CD1b, CD1c 
and CD1d; each is encoded by a different gene
CD1b and CD1c are non-covalently associated with 
β2m; particularly bind to bacterial glycolipid
antigens
CD1b, c and d are known to bind to glycolipid
antigens

Functions of TCR Functions of TCR γδγδ T CellsT Cells

TCRδ1: Cytotoxic activity, kill stressed-epithelial cells
TCRγ9δ2: 

Anti-microbial immunosurveillance;  recognize intracellular 
bacteria such as M. leprae, M. tuberculosis

Immune regulation: through production of cytokines such as IFN- γ
therefore affects cytotoxicity of NK and NKT cells and the 
generation of Th1 cells. 

Natural Killer T Cells (NKT)Natural Killer T Cells (NKT)

1. Development:
Express both markers for T cells (TCRαβ) and NK cells 
(CD56)NK
DP CD4PosCD8Pos thymocytes that recognize 
CD1d/glycolypids expressed on cortical thymocytes 
develop into NKT
NKT are CD4Pos or CD4NegCD8Neg

Populate: liver, spleen, BM and lymph nodes
Present at 0.02-0.2% in the peripheral T cell pool



Natural Killer T Cells (NKT)Natural Killer T Cells (NKT)

2. Functions

Immunoregulation:
TH1 cytokines: IFN-γ, IL2: 

NK: increase cytotoxicity, IFN-γ
CD4: TH1 response
CD8: increase cytotoxicity
Macrophages: increase phagocytosis

TH2 cytokines: IL4, IL10, IL13:
CD4 : TH2 response

Cytotoxicity 

Regulatory T Cells (Regulatory T Cells (TTregreg))

Discovery of Treg in mice
Mice develop organ specific autoimmune diseases if 
thymus are removed between day 2 and day 4 after birth
Infusion of syngeneic T cells from adult thymus or spleen 
prevents the development of autoimmune diseases in 
thymectomized mice
Infusion of CD4pos CD25pos thymocytes or T cells also 
prevent the development of organ specific autoimmune 
diseases

Conclusion:
Thymus derived CD4Pos CD25Pos cells have suppressor 
activity against autoreactive T cells that may have 
escaped the negative selection process. Thus  Treg cells 
establish dominant tolerance

Developed in the thymus from CD3pos CD4pos T cells 
around 14th week of gestation
The development of Treg requires TSLP (thymic stroma
lymphopoietin) expressed by TEC of the Hassall’s 
bodies
Expression of the transcription factor FOXP3 in the 
CD3pos CD4pos cells is essential for the development of 
Treg cells
Treg represent 5-10% of mature CD4pos thymocytes 
and 10% of  blood CD4pos cells
Increases in the levels of Treg have been found 
associated with certain types of cancer

Development of Regulatory T Cells (Development of Regulatory T Cells (TTregreg) in the ) in the 
Human ThymusHuman Thymus



Regulatory T Cells (Regulatory T Cells (TTregreg) Developed in the ) Developed in the 
PeripheryPeriphery

TGF-β induces Treg from CD4pos T cells
T regulatory type 1 (Tr1): IL10
T helper 3 (Th3): oral tolerance induction

Regulatory T Cells and Human DiseaseRegulatory T Cells and Human Disease

Patients with mutation in the FOXP3 gene (Xp11.23-
Xq13.3) have no Treg

Show multisystem autoimmune disease 
Described as Immune Dysregulation, 
polyendocrinopathy, and X-linked inheritance (IPEX)
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T-CELL IMMUNITY 1 and 2 
 
 
Date:  Friday, March 30 & Wednesday, April 4, 2012 
Time:   10:00 AM Friday 
             8:30 AM Wednesday 
             LTH 190 
 

 
     
 

 
LEARNING GOALS 
You will be able to understand the complex relationships between cytokines and immune effector 
cells and identify the differences between and unique aspects of T-cell mediated responses. 
 

OBJECTIVES 
You will be able to: 
 Identify mechanisms that generate T-cell mediated macrophage immunity 
 Identify mechanisms that generate lymphocyte cytotoxic responses 
 Identify specific regulatory mechanisms that control immune responses 
 Identify the T cell pathway to chronic inflammatory and auto-immune responses 

 
BACKGROUND READING  
Janeway, 8th Edition. Pages 28-31; 118-119; 366-382; 437-438; 600-602. 
 
As always, do NOT memorize any Table or Figure in background reading. 
WARNING!  USE THE SUPPLEMENTARY CYTOKINE TABLE WITH THE 

LECTURE NOTES, NOT THE ONE(S)  IN THE TEXT) 
 
 
 

LECTURER 
John A. Robinson, M.D. 
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Introduction: T Lymphocytes.  
 
I.  CD3+ 4+ T lymphocytes. T directed immune responses are heterogeneous and based upon on the 
development of specific subsets of T cells identified by unique cytokine profiles and functions. The 
terminology here is unfortunate and needs to change. The CD3,4 T cell is conventionally designated 
a T helper (Th) cell because the original functions of these cells were ones that “helped” promote 
immune responses. At this point we are stuck with the term- Th cell. 
 

A. The fundamental rules of T cell immunity.  
1. T cells are the orchestrators of adaptive immune responses 
2. T lymphocytes are required for the optimal development of both cell 

mediated immunity (CMI) and antibody responses by B cells (also called 
the humoral response or humoral immunity).  

3. T cell responses are regulated by specific cytokines and T regulator cells 
(Treg).  

4. In contrast to antibodies that recognize three dimensional 
conformations of antigens, all T-cells recognize antigens as fragments 
of macromolecules presented to them in the context of self-MHC.  

5. Antigen presented in the context of Class I MHC is recognized by CD8 
T-cells.  

6. If the antigen is processed and presented by Class II MHC of dendritic 
cells, macrophages (professional APCs) or B cells to a naïve CD4 T 
helper cell - one of 4 responses-Th1,Th2,Th17 or T regulator - will 
occur.  

7. Commitment to a subset depends upon host genetics, the type of 
infection and which type of TLR and cytokine profile dominates the 
early phase of T- cell activation. 

8. Each Th subset has specific functions and is associated with specific 
cytokine profiles. The Th1 subset enhances and amplifies cellular 
mediated immunity (CMI), mainly by activating macrophage defense 
mechanisms and promoting cytotoxic responses by CD8 lymphocytes. 
The Th2 helper subset promotes optimal antibody production. The Th17 
subset promotes chronic inflammation and T regs modulate or suppress 
immune responses. 

 
  

II.  The type of threat and the genes that drive TLR and cytokine expression dictate the type 
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of the immune response. This concept is the critical for understanding how a wide 
spectrum of infectious and autoimmune diseases can occur in humans. 

 
III.  A CD3, 4 T helper cell can be directed 4 different ways (maybe 5 ways but will touch on 

that later!).  
 
A.  The “classic” Th1 reaction which is also called T cell mediated macrophage 
immunity (TMMI). 

 
1. Any scenario that requires uptake of a complex antigen, either alone or as 
part of an infecting organism, by a dendritic cell (DC), will eventuate in the 
presentation of processed antigens on MHC Class II and simultaneous 
production of specific cytokine profiles. If the dominant cytokine produced by the 
APC (usually a DC) is Il-12, T cell mediated macrophage immunity (TMMI) 
is the end result. 
 
2. The recognition and uptake of an intracellular pathogen or its complex 
antigens by DC triggers maturation of the immature DC that is characterized by: 

  a. Termination of phagocytosis 
  b. Intracellular processing of the pathogen proteins to peptides 
  c. Upregulation of MHC II on their cell surface 
  d. Upregulation of co-stimulatory molecules on their cell surface 
  e. Migration to lymphoid tissue 
  f. Upregulated synthesis of IL-12 & 18.  
 

3. IL-12 is the obligatory initiation cytokine for a Th1 reaction. IL-18 is also a 
 critical cytokine for initiating Th1 reactions and its presence strongly amplifies 
 all IL-12 properties. 

 
4. The 2 cytokines, IL-12 & 18, initiate the commitment of a Th0 (uncommitted 
helper T cell) cell to a Th1 subset and also have potent activation effects on NK 
cells. The committed Th1 cell can be identified by the induction of the 
transcription factor “master regulator” T-bet. 
 
5.When antigen specific Th1 cells bind to antigen in the presence of these 

initiation  cytokines, the Th1 cell upregulates CD 28 and CD154 (40L). CD28/B7 
and  CD40/40L interactions are critical co-stimulatory signals required 
during T  and B cell mediated immune reactions. 
 

6. The committed Th1 cell then produces IFN-γ, a cytokine with a central role in 
Th1 responses. 

Concepts:Th1 Initiation steps

Th0

Th1

DC/MA
C IL-12

IL-12RTLR

PATHOGEN

Th1
activated

CD40/40L
CD28/B7
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  a. IFN-γ is produced predominately by CD4 subset (Th1)  
  lymphocytes and natural killer cells but also by activated CD8 cells and 

 T cells 
 

b. IFN-γ receptors can be found or induced on almost all cell types 
 
7. The introduction of INF-γ into the sequence is the pivotal step for amplifying T 
cell mediated macrophage activation.  

 
a. IFN-γ is a powerful activator of macrophages and the signature 
cytokine of an ongoing Th1 reaction. 
  

  b. IFN-γ is also a potent inducer of endothelial adhesion and homing 
receptors that attract additional effector cell traffic to the area. 

   
  c. Another critical role of IFN-γ is its ability to control the display of 

MHC-I and II determinants on APC such as DC, M/M and endothelium. 
Thus, IFN-γ upregulates an antigen specific response in exponential 
fashion by controlling MHC elements. 
  

 
8. Propagation and maintenance of the TMMI response 
 a. Th1 cells, after antigen receptor binding to antigen (Signal 1) and 

activation by IL-12 and IL-18 (Signal 2), rapidly up-regulate synthesis of 
IL-2 and increase the display of IL-2 receptors on their cell surface.  

 
 b. IL-2 is the critical growth cytokine in Th1 reactions that stimulates and 

supports the rapid proliferation of antigen stimulated T cells.  
  

  i. It is produced by activated T-helper (Th) cells, acts in an 
autocrine or paracrine fashion, and also enhances NK and B-cell 
responses.  

  
    ii. The high affinity IL-2 receptor consists of 3 polypeptide chains 

 that are only expressed as a functional unit after specific antigen TCR 
 interactions.  One of the three chains is also expressed in several other 
 cytokines providing important redundancy for T-cell growth requirements 
.  

   iii. Genetic defects in the assembly of the IL-2 receptor have 
already been shown to result in a severe immunodeficiency state ( will 
discuss later in a small group). 

 
 9. IFN-γ continues to be synthesized and released by the expanding IL-2 

stimulated Th1 cells. 
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.   
 
 10. IFN-γ is a potent down-regulator of the Th-2 and Th17 (more later) 

subsets. As long as IFN-γ is present in dominant concentrations, development of 
the Th2 and Th17subsets are strongly inhibited. 

 

 

Th1 Propagation and Maintenance

Th1

Th1
activated

Th1
activated

Th1
activated

IL-2R

IL-2

INF-
MHCII & Ag

IL-21

 
      Figure by J. Robinson 

 
 
 
 
      11. Il-12 activated Th1 cells also produce IL-21- a very potent activator of CD8 

cytotoxic cells (explanation to follow shortly) 
 

 
12. The end result of T cell mediated macrophage immunity (TMMI). (Please note: the 

initiation and activation steps of Th1 & Th2 reactions usually occur in a lymph node or 
spleen and the in situ details will be discussed in detail by Dr Clancy in a later lecture.) 

  
   a. The operational purpose of Th1 activation is to provide an antigen 

specific, efficient and rapid way for the immune system to recruit activated killer 
cells to the site of the infection. 

 
i. A small number of antigen specific cells are able to recruit a 

large number of neutrophils and macrophages to resist the 
pathogen.  



John. A. Robinson, M.D. 
Host Defense - 2012 

T - Cell Immunity  

11/26/11 
 6

ii. The major activating cytokine is IFN-γ, the Th1 derived 
cytokine that stimulates killer cells to activate their hydrolytic and 
oxidizing systems and markedly increase the production of 
proinflammatory cytokines. 

iii. The activation sequence occurs in lymphoid tissue, the activated 
cells then migrate back to site of antigen uptake to mediate the 
reaction. 

 
B. PRO-INFLAMMATORY CYTOKINES-these cytokines have a major role in 

promoting inflammatory responses by activating immune effector cells and 
recruiting the final arbiters of inflammation, e.g. neutrophils and monocytes, 
to sites of inflammation. The classic tetrad of pro-inflammatory cytokines, 
IL-1, IL-6, IL-8 and TNF-α, is produced in vast amounts by activated 
macrophages.  

 
1. IL-1 has an extraordinarily wide range of biological effects that are not 

restricted to the immune system. IL-1:  
a.  can be viewed as a prototype primordial cytokine with broad 

spectrum effects that facilitate host reactions to stress and 
infection.   

b.  is produced by a wide range of cell types, especially M/M and 
keratinocytes that respond to other cytokine stimuli, a wide 
diversity of microbial products, crystals such as silica, and even 
certain UV wavelengths. 

 
c.  is a cardinal pro-inflammatory mediator that can, in concert with 

 Il-6, elevate body temperature by its effects on the hypothalamus, 
 mobilize neutrophils from the bone marrow and induce marrow 
 colony stimulating growth factors that further accelerate the 
 production of leukocytes. 

 
d. also has neuroendocrine effects that act through the pituitary axis 

to cause the release of ACTH and adrenal corticosteroids in 
response to stress. (later in Course by Dr. Mathews)  

 
e.  is critical in the early portion of immunologic reactions where it 

facilitates T-cell responsiveness to IL-2.  
   

 f.  acts in autocrine fashion to stimulate antigen presenting cells to be 
more efficient antigen presenters  

 
g.  IL-1ra is the naturally occurring antagonist of IL-1 and does so 

by competing for IL-1 receptors.  It clearly is synthesized to 
prevent the severe morbidity of an unbridled IL-1 response and 
this property is now exploited clinically.  
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2. IL-6 demonstrates many extremely redundant, broad spectrum biologic 
effects characteristic of IL-1. In many circumstances, IL-6 is actually 
synergistic in the presence of IL-1, induces IL-2 responsiveness in T-cells 
and is a major requirement for certain Th subset activation, especially 
Th17.  IL-6 has potent hepatic and hematologic effects. IL-6 differs from 
IL-1 in that it has growth and differentiation effects on B-cells and bone 
calcium metabolism.  

 
3. TNF-α, a cytokine polypeptide produced by activated M/M (and many 

other cells), plays a central role in the immune system. 
 a.  It has very broad and predominantly pro-inflammatory effects. 

b. Under normal, non-inflammatory conditions, TNF- is critical 
for maintaining immunologic homeostasis, presumably by 
regulating apoptosis. Its pivotal role can be inferred by the fact that 
the TNF gene complex is located within the MHC complex.  

c.  This cytokine is an extraordinarily potent M/M activator that 
confers the ability to kill tumor cells and many microbial 
pathogens 

e.  TNF- activates endothelium, promotes vasodilatation and 
increases MHC expression. 

f.  During systemic infections, TNF-, in concert with IL-6, can 
produce important clinical morbidity that ranges from flu-like 
symptoms during viral infections to septic shock, the adult 
respiratory distress syndrome, severe muscle wasting and overall 
inanition. 

g. The use of anti-TNF biological agents has proven very effective in 
diseases with uncontrolled inflammation, especially rheumatoid 
arthritis and psoriasis.  

 
4.  IL-8 is classified as a chemokine, but functions as a cytokine. 

a.  It is a major, but not sole, stimulus for proliferation, mobilization 
and recruitment of neutrophils to a site of infection. It is produced 
by neutrophils, macrophages, and many other cell types. 

 

ACTIVATION OF MACROPHAGES

.

Th0 Th1
M/M

Activated M/M

INF-

XX

IL-1,6,8
& TNF-

Figure by John A. Robinson, MD 
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C. What does “delayed hypersensitivity” mean? 
1. Delayed hypersensitivity (DH) – is nothing more than an archaic term for T-
cell mediated macrophage immunity (TMMI). Unfortunately, DH is firmly 
entrenched in both the experimental and clinical literature. It is commonly applied 
to clinical situations where macrophage activation is a central component of the 
disease pathology, for example, tuberculosis.  
 

 2. The simplest way to clinically visualize TMMI/DH might be the following: 
If an intern is exposed to a patient with tuberculosis, the intern may become 
infected with tubercle bacilli transferred by the coughing patient.  If the intern is 
healthy, the tuberculous infection is usually localized to a small area of the lung 
because it is self-limited by a successful defensive TMMI (DH) reaction that 
was initiated by: 
  
 a.  Infected Macrophages and DC migrating to regional lymphoid 

tissue ( hilar nodes in this case) and then presenting tuberculous 
antigens in the context of MHC Class II to CD4 T-helper cells.  

  
 b.  The CD4 T cells specific for the tuberculous antigens 

 are activated (armed), proliferate and migrate back to the site of 
infection where they encounter TB antigen, secrete the 
appropriate cytokines and activate macrophages which are then 
able to kill the intracellular tuberculosis organisms. 

 
3.  The intern now has an expanded pool of TB reactive Th1 cells circulating 

in the blood and soft tissue. If non-living tuberculosis antigens are placed 
underneath the epidermis at some later date, a large, raised, red and tender 
lesion at the site of the antigen insertion will appear in approximately 48 
hours (hence, the delayed terminology). This would be a positive TB skin 
test. The general immunologic principle governing this type of skin testing 
can be an effective in vivo way to measure T cell immunity to specific 
types of previous infections.  

  a. A recent much needed improvement in TMMI/DH testing is the 
 Quantiferon Gold assay which is both highly specific and 
 sensitive. Mononuclear cells (mostly lymphocytes) from peripheral 
 blood are incubated with highly specific TB antigens. If the patient 
 has or has had TB, IFN- is released and can be detected.  

 
 

 V. Lymphocyte Cytotoxic Immunity. There are two major ways that lymphocytes can 
directly kill pathogens-one way is antigen specific, the following is not.. Let’s 
digress a bit and get the non-T helper pathway done first 

 
A.  Natural killer cells: 

1.  NK cells are large granular lymphocytes that are evolutionarily “older” 
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than T cells and a key member of the innate immune system. 
 2.  They express no CD3 complex, α, β, γ, δ chains and not only produce 

interferon-γ but are also strongly responsive to it and the “natural” 
interferons  and  that are produced by viral infected cells.  

  
 3.  NK cells have no antigen specific receptors, are not MHC restricted and 

can provide immediate defense against virus or neoplasia transformed 
cells - thus buying time for antigen specific CTL to clonally proliferate. 

 
 4.  The primary role of NK cells may be one of front line, initial defense and 

they probably represent a transitional cell bridging innate and adaptive 
immune responses. The response time differential between NKs and 
activated antigen specific T cells in the figure below emphasizes their 
ability to rapidly respond to a virus. 

 

  Reprinted with permission 
 
5.  NK cell cytotoxicity is suppressed by killer cell inhibitory receptors 

(KIR) on their cell surface that recognize normal self MHC-Class 1 
markers. In the absence of a self-MHC, the KIR will be turned off ONLY 
if the target cell has an NK activating receptor. How smart is evolution?-
imagine what would happen to your erythrocytes if they had an NK 
activating receptor! 

 
6.  Not only can NK cells kill directly by cytotoxicity mechanisms similar to 

CD8+ cells but they can also mediate antibody dependent cell mediated 
cytotoxicity (ADCC) via their Fc receptors.  This mechanism is similar 

 to one used by M/M to kill antibody coated target cells. 
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B. CD 8 cytotoxic T-cells (CTL). 
 
 1. The CD3, 4+, Th1-cell, IL-12 activated subset is predominantly concerned with 

macrophage activation and optimizing CD8 cell functions. The CD3, 8+ 
subset has evolved a highly specific defensive capacity that enables this 
lineage to DIRECTLY kill foreign, infected or mutated cells by 
exquisitely antigen-specific cytotoxic mechanisms. 

 
2. CD8 Cytotoxic T-cells (CTL) recognize endogenously synthesized antigenic 

peptides complexed with compatible MHC-1 molecules on target cells. 
 
3.  Activation of CD8 Cytotoxic T Lymphocytes (CTL). 
 a. CD8 cells evolved as a defense against viral infections and probably 
also tumor cell emergence.  The first activation step is endogenous (within the 
cell) production of a viral or tumor antigen, transport to the cell surface and 
presentation in the context of MHC Class I determinants.  

 

CYTOSOL

CD8

NK

VIRAL INFECTION

NK notices the altered MHC-I,  
         the CD8 notices the antigen  
         presented in MHC-I 

 
 

 
 

b. The antigen binding CD8 cell initially requires a co-stimulatory 
signal and has evolved multiple ways to receive it.: 

 
 

Figure by John A. Robinson, M.D. 
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i. IFN-γ and IL-2 secreted by neighboring NK cells that have been 
activated during viral infection are critical activation signals. 
 
ii. The most important influence on the development of a CTL 
is the parallel development of antigen specific CD4-T helper 
cells. Activated CD4 cells produce IFN-γ, IL-2 & IL-21 -There 
is no question that CD4 cells are vital to control of viral 
infection.  HIV, a virus that eliminates CD4 cells, is associated 
with severe, often fatal viral infection.  

 
iii. IL-21 acts as a potent proliferative stimulus to antigen 
activated CD8 cells. IL-21 also enhances CD8 killing mechanisms. 
Subsequent expansion of antigen specific CD8 cells by IL-21 
during viral infections is massive and can approach 50% of all 
CD8 cells at the peak of infection. 
 
 
iv. Once activated, CD8 cells do not require further co-stimulatory 
signals to maintain cytotoxicity. This makes sense: most viral 
infected cells are somatic (lung, gut, skin,etc) and will not have B7 
on their surface. 
 
 
v. Most APCs are not infected by viruses but they can and do 
recognize viruses via a TLR and phagocytize viral particles 
(especially antibody coated ones) and virus in the remnants of 
broken down viral infected cells. They display these processed 
antigens in MHC class II just like bacterial antigens with one 
important difference: the APC exports some of the antigen into the 
cytosol and loads them on to MHC Class I. Presentation in this 
way by an APC maximizes CD8 activation. The downside of 
cross-priming is eventual APC death. 
 
 

 

Four mechanisms that initiate and 
enhance CD8 cytotoxicity

NK

CD8

DC

CD4

CD8

INF-,
IL-2,IL-21

40/40L,
CD28/B7

CROSS-PRESENTATION
BY MHC I & II

VIRUS
INF-

MHC-1

TLR

1

2

3

4
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  Figures by John A. Robinson, MD 

 
 

 4. Specific Mechanisms of cytotoxicity 
 

a. Recognition step:  First, recognition of a cell that needs to be killed must 
occur either via the CTL MHC-class I peptide with its antigen specific 
TCR and accessory molecules or by a NK cell reacting to absence or 
altered MHC Class-I.  

  
b. Rapid adhesion ensues (conjugate formation). Extensive contact develops 
between the target and CTL/NK.  

  
c. The final killing steps are common to both CTL and NK cells:  
 i. Pore formation in the target is induced by perforin. Perforin is a  CTL 
 intracytoplasmic protein with strong homologies to C9- a complement 
 component (future lecture)-that opens an actual physical pore in the 
 target cell membrane that leads to osmotic instability. 

   
 ii. Co-injection of CTL serine esterases (granzymes) may also be 
 important.  Both the esterases and perforin are prepackaged in the 
 intracytoplasmic granules that are characteristic of all NK cells and 
 become prominent in maturing CTL. 

 
 iii. Apoptosis or programmed cell death is another important killing 
 mechanism.  This mechanism is induced by switching on death genes in 
 the target cell via Fas/FasL signaling and activation of the CASPASE 
 system.  
 
d. The CTL or the NK then disengages, refreshes its killing capacity, and can bind 
to another viral infected cell. 
 
e. Cytotoxicity must be controlled. What turns it off?  
 i. successful elimination of antigen(usually virus) eliminates targets 
  
 ii. Activated CD8 cells, in the absence of antigen expressing targets, 
 cannot maintain expression of CD8 and become CD3+, 4- & 8-. This 
 switches on apoptosis  programs and the cells commit suicide via Fas/FasL 
  
 iii. This eliminates about 90% of activated CD8s, the remainder switch to 
 a memory mode (later in Course) 

 
 

 
VI. The “classic” Th2 reaction 
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A.  KEY CONCEPTS:   
1. If the constellation of underlying factors that include type of antigen, type 

of epitope and its presentation and the genetic makeup of the individual 
deign that the initial or early cytokine profile is dominated by IL-4, The 
Th0 cell will differentiate as a CD4 Th2 cell. A committed Th2 cell can be 
identified by the transcription factor GATA-3. 

2.  If a Th1 (remember there are unique TLR for different classes of pathogens) Toll 
like receptor is not involved in the activation of the DC, IL-12 is not produced 
and Th1 response does not occur. 

3.        TLRs, appropriate for the threat, promote IL-4 production by DCs and Th2 
differentiation when activated. 

 4.  A cytokine profile dominated by the early appearance of IL-4 is the 
primary determinant of efficient development of high affinity specific 
antibodies and memory cells. 

 
B.  Activation of a Th2 reaction 
 1.  Soluble antigens circulating in the blood, and extracellular pathogens 

(can live outside ahost cell) promote Th-2 responses, most likely 
because they do not engage an appropriate Th1 TLR. This is the converse 
of Th1 activation when intracellular antigen or intracellular infection 
activates a response. 

  
 2.   Pivotal cells that drive Th0 cells to the Th2 subset are: 

a. Dendritic cells under specific gene influence and unique 
antigens that produce IL-4 

b. committed Th2 cells that are producing IL-4 
c. B cell presentation of antigen promotes IL-4 by Th0 cells 
d. Mast cells/basophils- future lecture- that produce IL-4 & 

IL-13 
 
3.  Involvement of any or all of the above cells stimulates IL-4  dominance 

which then commits Th-O cells to the Th-2 subset. IL-4 simultaneously 
inhibits Th-1 TMMI and Th17 development. 

 
4.   IL-4 is the major B cell growth initiation cytokine and the principal driver 

of immune responses that require antibody formation.  
 
5.  The major, but not sole, source of IL-4 is the Th2-cell. 
 
6.  Activated Th2 cells also produce IL-21, IL-5, IL-6 and IL-10. These 

cytokines promote B cell cell growth and isotype switching.  
 
7.  IL-21, in the absence of IFN-γ and in the presence of IL-4, has a central 

role in the proliferation, differentiation and survival of B cells  
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8.   IL-4 and IL-21 have potent effects on the differentiation characteristics of 
B lymphocytes and is an isotype switch factor that induces these IgM-
producing B-cells to synthesize IgG and IgA. 

 
9..  IL-4, in conjunction with allergy prone genes and IL-13, is an absolute 

requirement for an IgE response to parasites and other antigen specific IgE 
(allergic) responses- future lecture 

 
10.   Interleukin 4 and interleukin 13 have a very similar ancestry and structural 

homologies that are reflected in their many redundant and overlapping 
biologic activities   

  
 11.  IL-13, like IL-4, is an antagonist cytokine produced by activated T-cells 

that down regulates cytotoxic and inflammatory functions of M/M and 
DC. 

  
 12.      IL-10 produced by Th2 cells, DC & probably some T regulatory cells 

(future lecture) is a strong promoter of B cell differentiation, isotype 
switching and proliferation. IL-10 is also a very potent suppressor of 
Th1 responses and has a poorly defined but very important role in 
controlling inflammation in general. 

    
   
 

TH2-B CELL RESPONSE

TH0

CD40/40L

B CELL

TH2

B CELL

IL-4R

IL-4

IL-10

B CELL GROWTH &
DIFFERENTIATION

B CELL PC

TH1

(SUPPRESS)
IL-21

 
 
C.  Functions of the Th2 Response 
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1. The role of theTh2 response is to enhance B-Cell function and ultimately 

antibody production. 
  
2. Antibodies are used by the immune system to:  

a.  make pathogens, including viruses, more attractive to NK cells 
macrophages and neutrophils. 

.b.  recognize and mount effective immune responses to antigens that 
are not efficiently taken up by phagocytic cells. 

c.  bind toxins for efficient elimination. 
d.  target mutant and infected cells for killing. 

 

Tho-
TH2

B

B

B

B

PC

PC

PC
Il-4

IL-4,10 Th
M

THE LOGIC OF THE RESPONSE

PEPTIDE ANTIGEN
E.G., BACTERIAL TOXINTOXIN/ANTI

TOXIN CIC

C3b Fc

R R

DESTROYED

  
 

 
  General concepts of T-cell reactions should now be very evident: 

  
 In general, the dominant T helper response is dictated by the type 

of infection, the type of TLR activated and the dominant 
cytokine(s) present.  

 
 The biologic effects of Il-12 activated Th1, Il 23 activated 

Th17(see  below) and Il-4 activated Th2 subsets are unique to each 
subset and interference in the balance between the generation of 
these subsets has important implications on the manifestations of 
infectious, autoimmune and malignant diseases. 

 
  
 
 
 VII.  Th17 helper cells. 
 

Figures by John A. Robinson, MD 
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The EXPANDING CD4 family

Th0

Treg
FoxP3

Th2
GATA-3

Th1
T-Bet

IL-12

IL-4

TGF-

Th17
ROR

IL-23

 
  A.  Maintain your perspective and remember that the type of infection dictates 

 the type of immune response! 
 
  B. Some bacteria that can live outside of cells (extracellular) and many forms of 

 fungi trigger TLRs that in turn instruct DCs and macrophages to produce not IL-
 12 or 18 but a trio of initiating cytokines-TGF-, IL-6 and the signature cytokine 
 of the Th17 pathway, IL-23.  

 
  C. When the latter trio is the dominant cytokine milieu, a Th0 cell, in the presence 

 of its antigen, will differentiate to a Th17 cell. The unique transcription “master 
 regulator” factor for the Th17 cell is ROR-τ (just remember the ROR). 

 
  D. The differentiated Th17 cell produces IL-17. This interleukin is a potent 

 recruiter of neutrophils, especially to skin and mucosal surfaces. 
 
  E. If either IL-4 or IFN- becomes the dominant cytokine in the immune 

reaction,  Th17 activation and differentiation is strongly inhibited 
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Miossec P et al. N Engl J Med 2009;361:888-898

Differentiation of Mouse Th17 Cells

 
 

 
  
  VIII. CD4, Th1 Regulator subsets are characterized by their ability   
  to modulate/suppress immune responses. In the main, T regulators are CD4, 25+  
  and have a unique transcription factor “master regulator”-FoxP3. 
  
  A. T regs are generated in at least 2 different sites. 
   1. Thymus where the AIRE gene complex influences their autoantigen  
   specificity- Dr Le’s lecture last week 

 
 2. Post-thymus- presumably in the peripheral lymphoid tissue where 
 uncommitted Th cells, under the influence of regulatory cytokines like 
 TGF- and IL-10, and in the absence of IL-6, develop the T reg phenotype 
 CD4,25, FoxP3.  
 
 3. Dependant upon Il-2 for survival and proliferation 

 
 4. The T reg is the focus of intense research because it is possible that 
 controlling their function may be beneficial in treatment of tumors and 
 autoimmune disease. 

 
       5. More on T regs later in Course 
 
IX. The newest T helper cell- the T follicular helper cell (Dr Clancy will discuss 

later) 
  1. Restricted to B cell follicles in lymphoid tissue 
   
  2. Can be identified by CD278 (aka ICOS) display and upregulation of IL-
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 6 and Il-21 receptors 
   
  3. In contrast to Th2, regulates antigen specific B cell responses 

 
  

 
  
 
 STUDY QUESTIONS: 

1. List the important functions mediated by an IL-12 activated Th-1 cell. 
  2. List the important functions of a Th-2 cell. 
  3. Define the cytokine profile characteristic of the four Th1 subsets. 
  4. Describe the process by which an activated, antigen specific Th-1 cell can  
   mediate TMMI 
  5.  List the factors that dictate the cytokine profile of a T helper cell response. 
  6. Name and characterize critical interleukins produced by macrophages  
   during a Th-1 response. 
  7. Define the pivotal role of INF-γ in cell mediated T-cell responses. 
  8. Contrast the antigen processing and presentation mechanisms of MHC  
   class I and II cell. 
  9. Diagram two mechanisms of T-cell cytotoxicity.  
  10. Understand how IL-17 responses are controlled by other T cells 
 
 EXAMPLE OF TEST QUESTION 
 A specific TCR reaction with a peptide-MHC class I complex: 

A. Generates only a TMMI response. 
B. Will cause predominant Th-2 cell proliferation. 
C. Begins the activation sequence of a CD8 cell. 
D. Inhibits cytotoxic responses. 
E. Promotes IgE responses in non-allergic individual. 

 
Correct answer to above question: C 



John. A. Robinson, M.D. 
Host Defense - 2012 

T - Cell Immunity  

11/26/11 
 19

 



1

Where are we?

• The hard part-B cells and their genetics, 
MHC- are behind you

• The interesting part-understanding the 
complexity of the normal system- is in front 
of you. 

• Down the line is extrapolating from the  
normal situation to clinical situation(s)

Cardinal Rules of T Cell Immunity

1. T cells are the orchestrators of immune responses
2. T Cells are necessary for optimal functioning of both cell mediated immunity 

and B cell immunity
3. T cell responses are regulated by specific cytokines and T regulator cells 

(Tr)
4. Antibodies recognize 3D conformations of antigens, T cells recognize 

peptides in the context of MHC.
5. Antigens presented in MHC-I are recognized by CD8 T cells
6. If an antigen is processed & presented by MHC-II by an APC to a naive CD4 T 

cell, one of 4 responses can occur:Th1, Th2, Th17 or T reg.
7. Commitment of a Th0 cell to a Th subset is determined by the type of TLR, 

DC and its dominant cytokine present at the time of presentation
8. The dominant cytokine profile is determined by the type of infection and 

host genetics
9. Each subset has specific functions and cytokine associations
10. Th1 helpers amplify macrophage immunity and antigen specific cytotoxicity, 

Th2 promote antibody formation, Th17 promote inflammation and T regs 
regulate!
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The universal rule of the immune 
response

• The type of threat and the genes that 
drive the TLR and cytokine expression 
dictate the type of immune response. 
This concept is critical for 
understanding how a wide spectrum of 
infectious and autoimmune diseases 
occur in humans

KEY CONCEPTS

• One of four things can occur when antigen is 
presented by Class II MHC to a CD4 Th0 cell

• Either a Th1(helper),Th2, Th17 or T regulatory
response will ensue.

• Commitment to a subset will depend upon which 
TLR system is activated and which cytokine 
profile becomes dominant at the time of 
presentation

• The following initiation and activation steps 
occur in secondary lymphoid tissue 

The CD4 family

Th0

Treg
FoxP3

Th2
GATA-3

Th1
T-Bet

IL-12

IL-4

TGF-

Th17
ROR

IL-23
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T Cell mediated macrophage immunity 
(TMMI)-the “classic” T cell reaction

• Infections by organisms that require phagocytosis (uptake of a complex 
antigen) and intracellular killing provoke “classic”Th1 responses.

• The trigger for TMMI always involves a TLR on a DC
• Complex antigen phagocytosed by an DC will be presented in a modified 

form by MHC-II
• The genetic background of the host will dictate the type and intensity of TLR 

activation.
• The recognition and uptake of a living pathogen or complex antigen by a DC 

triggers conversion of an “immature” DC to a mature DC which then:
– No longer can phagocytose
– Processes the antigen to peptides
– Upregulates its MHC-II
– Upregulates co-stimulatory molecules
– Migrates to lymphoid tissue
– Upregulates production of cytokines IL-12 and IL-18

T Cell mediated macrophage immunity 
(TMMI)

• Il-12 (obligatory Th1 helper initiator) & IL-18 
initiate the commitment of a Th0 cell to the Th1 
subset and also have potent effects on NK cells

• The committed Th1 cell can be identified by 
induction of the transcription factor T-bet

• Antigen-activated Th1 cells in the presence of 
IL-12 &18 upregulate CD28 and CD154 
(40L)subset. These co-stimulatory signals are 
required during T cell mediated reactions.

T Cell mediated macrophage immunity 
(TMMI)

• The Th1 cell then provides the cytokines 
to propagate the TMMI response (IL-2 and 
INF-)
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Th1 Initiation steps

Th0

Th1

DC/MAC

IL-12

IL-12RTLR

PATHOGEN

Th1
activated

CD40/40L,
CD28/B7

Fig. by J Robinson, MD

Interferon-
• Produced by activated Th1(CD4), NK and activated CD8 

cells
• Powerful activator of macrophages
• Signature cytokine of the Th1 helper reaction
• Powerful upregulator of MHC II and endothelial receptors
• Potent suppressor of the Th2 and Th17 response
• Il-12 activated Th1 cells produce IL-21- a potent 

promoter of CD8 killing activity. 
• IL-21-in the absence of interferon-, is a potent promoter 

of B cell growth and development

IL-21

• Il-12 activated Th1 cells produce IL-21- a 
potent promoter of CD8 killing activity. 
(coming up)

• IL-21-in the absence of interferon-, is a 
potent promoter of B cell growth and 
development (coming up)
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IL-2

• Critical growth cytokine produced by activated 
Th1,CD8 and Tregs

• Acts in autocrine and paracrine modes

• IL-2R expressed as a functional unit after 
antigen activation

• The high affinity IL-2 receptor is expressed as a 
functional unit after specific TCR-Ag reactions

• Genetic defects in its assembly result in severe 
immune deficiency diseases.

IFN-: when dominant,
down regulates
Th2 and Th17

Why do we have Th1 reactions?

• Th1 helper activation was developed to provide 
an antigen specific, efficient way to recruit highly 
activated macrophages to a site of infection

• A small number of Th1 cells can recruit vast 
numbers of macrophages

• The Th1 cell exploits the ability of INF- to 
activate macrophages while simultaneously 
suppressing a Th2 response which would not be 
helpful in the type of infection that provokes a 
Th1 response
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The End Result of TMMI-the 
activated macrophage

• The classic tetrad of macrophage 
produced pro-inflammatory cytokines are 
IL-1, IL-6, IL-8 and TNF-

• These cytokines have a wide range of 
autocrine, paracrine and systemic effects 
that promote inflammation

IL-1, A pro-inflammatory cytokine

• Prototype primordial cytokine that facilitates host 
responses to stress

• Produced by a wide range of cell types
• Promotes neutrophil growth and emigration from 

the marrow
• Acts with IL-6 on CNS to cause fever, 

depression
• Neuroendocrine effects on adrenal gland
• Stimulates APCs to increase Ag presentation
• Antagonist is IL-1Ra

IL-6, A pro-inflammatory cytokine

• Many effects redundant with Il-1
• Primary cause of fever and other constitutional 

signs of infection
• A T-Cell “vitamin”-it promotes responsiveness to 

IL-2, accelerates antigen activation
• Distinguishing characteristic is its strong growth 

and differentiation effects on B cells in the 
presence of other “B” cell  cytokines and effects 
on bone mineral metabolism

• It may also be required for optimal Th17 
development
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TNF-, A pro-inflammatory cytokine

• Plays a central role in the immune system
• Potent Macrophage activator
• Potent activator of endothelial homing and 

adhesion molecules
• Potent upregulator of MHC and other cytokines
• Potent inducer of apoptosis and angiogenesis
• Has systemic effects that range from flu-like 

symptoms to death
• The availability of anti-TNF biologicals provides 

a way to manipulate its effects clinically.

IL-8

• Is the most potent stimulus for mobilizing 
and recruiting neutrophils to the site of 
infection

• Produced mainly by macs, neutrophils and 
during intense inflammation by endothelial 
cells

ACTIVATION OF 
MACROPHAGES

.

Th0 Th1
M/M

Activated M/M

INF-

XX

IL-1,6,8
& TNF-

Fig. By J. Robinson, MD
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What does “delayed hypersensitivity” 
(DH) mean?

• Archaic term for TMMI

• Entrenched in the literature

• Commonly applied to clinical situations 
where macrophage activation is a central 
component of the disease pathology

• DH or TMMI can be exploited to detect 
past infections

TB skin testing and why TMMI 
is also called DH

• Patient with TB coughs on 
tired first year resident

• first year resident inhales 
organism and it is 
subsequently phagocytized 
by a lung macrophage/dc 
which migrates to the hilum

• TB antigens presented to T 
cells

• TB specific CD4 Th1 cells  
migrate to site, activate 
macs that can now kill or 
suppress TB

• Many years 
later…..physician skin tested 
with dead TB antigens

• which are phagocytosed by 
mac/DC at site and 
presented to passing TB 
specific CD4

• CD4 recruit more macs 
which then form a papule 
over next 24-48’

• A new & better way to 
measure TMMI will be 
discussed in a small 
group

TMMI is a very efficient T cell 
response

TB antigen-not
the live bug TB specific

T cell

The end result will be 
LESS than 5% of the
cells present will be TB 
specific T cells, the rest will
be activated macrophages

Reprinted with permission
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Lymphocyte Cytotoxic Immunity

• One way is antigen specific, the other is not.
• NATURAL KILLER CELLS

– Large, granular, “older” than T cells
– NO CD3 or β or  chains-no Ag receptors
– Are not MHC restricted
– Produce INF-
– Responsive to natural interferons
– Killing mechanisms suppressed by normal MHC-I and 

activated by altered MHC-I in combination with 
activating ligands on the target cell

– Food for thought:why don’t they attack red cells?)
– Buy time for the CD8 cell to develop
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NATURAL KILLER CELLS

• Also kill when pathogen complexed with 
antibody binds to their Fc receptors (ADCC)

Reprinted with permission

Antigen Specific Cytotoxicity

• The CD8 cell evolved to specifically recognize and kill 
foreign, mutated and viral infected cells

• The recognition is via display of endogenously produced 
antigen in a MHC-I determinant

• Optimal activation of CD8 cells requires parallel 
activation NK cells, antigen specific CD4 helper cells 
and/or the presence of memory cells (later). Preferably 
all three…….

• Critical initial cytokine signals are provided by activated 
NK cells that produce IL-21, IL-2 and IFN-

• Antigen activated CD4 cells continue to produce IL-21, 
IL-2 and IFN- and promote a continuing CD8 response

Fig. By J Robinson, MD

Two ways cytotoxicity can be 
initiated
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CYTOTOXICITY

NK

CD4

DC
CD8

CD8

ALTERED
MHC-1

INF-, IL-21

IL-2
INF-,
IL-21

CD8
ACT

CD8
ACT

KILL

KILL

CD8
ACT

KILL

VIRAL INFECTED
SOMATIC CELL

I

II

TLR

T Cell cytotoxicity

Reprinted with permission
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What turns off cytotoxicity?

• Activated CD8 cells can kill repeatedly
• But are dependant on viral display on targets
• If CD8 cells are successful, targets at some 

point disappear
• Activated CD8, in the absence of specific 

targets, activate  their own death genes by 
Fas/FasL.

• This deletes about 90% of the expanded CD8 
population

• The remaining ~10% become memory cells

The CD4 family

Th0

Treg
FoxP3

Th2
GATA-3

Th1
T-Bet

IL-12

IL-4

TGF-

Th17
ROR

IL-23

Cardinal Concepts of a Th2 Reaction

• Any infection or antigenic stimulus that causes IL-4 to be 
the dominant cytokine at the onset will lead to a TH2 
reaction

• This will occur when:
– a Th1 TLR is not engaged and IL-12 not produced
– There are TLRs that induce DCs to produce IL-4 instead of IL-12
– when B cells present antigen 

• B Cells recognize and bind extracellular or soluble 
antigens

• A cytokine profile dominated by IL-4 is the primary 
determinant of the production of high affinity specific 
antibodies and memory Th2 cells
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Activation of a Th2 Response
• Soluble antigens and extracellular pathogens promote Th2
• Pivotal cells that drive Th0 to Th2 are:

– Committed Th2 cells
– B cell presentation of antigen
– Mast cells (future lecture)
– DC and TLR under specific gene influences

• Il-4 initiates and is an absolute requirement for a Th2 reaction 
• IL-4 is the growth hormone of a Th2 reaction-its major source is the 

Th2 cell
• The activated Th2 cell also produces IL-21- a potent B cell stimulator 

in the absence of IFN-
• IL-5,6 and 10 are the major drivers of B cell differentiation and isotype 

switching-major source is the Th2 cell
• IL-4, IL-10 & IL-13 suppress the development of a Th1 reaction
• IL-13 has a similar ancestry as IL-4 and is a critical player in IgE 

responses (later lecture)

Functions of the Th2 response

• Enhance B cell function and ultimately 
antibody production;
– Make pathogens more attractive to Macs and 

Polys

– Bind toxins

– Target mutant/viral infected cells for killing

TH2-B CELL RESPONSE

TH0

CD40/40L

B CELL

TH2

B CELL

IL-4R

IL-4

IL-10

B CELL GROWTH &
DIFFERENTIATION

B CELL PC

TH1

(SUPPRESS)
IL-21
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Tho-
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B
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Il-4

IL-4,10 Th
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THE LOGIC OF THE RESPONSE

PEPTIDE ANTIGEN
E.G., BACTERIAL TOXINTOXIN/ANTI

TOXIN CIC

C3b Fc

R R

DESTROYED

Fig. By J. Robinson, MD

The Th1-Th2 concept (usually called a paradigm-
a word I hate almost as much as “robust”

• Il-12 and Il-4 activated subsets are polarized.
• The TLR engaged will determine the cytokine profile
• TMMI forces Macs to kill intracellular organisms & down-

regulates B cell antibody production because it will be 
ineffective against a threat inside a cell

• B cell -antibody axis does the opposite: provides 
mechanism to facilitate elimination of extracellular 
threats & and inhibits TMMI

• Interference in the balance has implications for health & 
disease

• The cytokine change can be a natural sequence of 
events or externally produced- the latter is important for 
the clinician

The CD4 family

Th0

Treg
FoxP3

Th2
GATA-3

Th1
T-Bet

IL-12

IL-4

TGF-

Th17
ROR

IL-23
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Th17 helper cells

• Remember that the type of infection dictates the type 
of immune response

• Bacteria and fungi that live outside of host cells trigger 
TLRs that instruct DC to produce NOT IL12 but a trio of 
cytokines, TGF-, IL6 and the signature cytokine of the 
Th17 pathway, IL-23

• The trio prompts the ThO cells to differentiate to Th17 
cell with the unique transcription factor ROR

• The Th17 cell produces multiple types of IL-17 which is a 
potent recruiter of neutrophils

• If either IL-4 or IFN- is a dominant cytokine, Th17 
reactions are strongly inhibited

CD4-Th17 subset

• Cardinal Characteristics (much more on 
them later)
– Produce IL-17- an inflammatory cytokine

– Induced by DC production of IL-23

– Unique nuclear receptor is ROR

– Suppressed by either IL-4 or IFN-
– May have innate role

– Central role in autoimmune diseases

The EXPANDING CD4 family

Th0

Treg
FoxP3

Th2
GATA-3

Th1
T-Bet

IL-12

IL-4

TGF-

Th17
ROR

IL-23
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CD4 Th1 regulator subset

• CD3,4,25+ and FoxP3 +

• Arise in at least 2 sites
– Thymus

– Peripheral lymphoid tissue

• Strongly influenced by TGF-
• Dependant on IL-2 for survival and function

• Also discussed in a future lecture
– Thymus

– Peripheral lymphoid tissue

The Ever-EXPANDING CD4 family

Th0

Treg
FoxP3

Th2
GATA-3

Th1
T-Bet

IL-12

IL-4

TGF-

Th17
ROR

IL-23
ThFH
ICOS

CXCR5

T Follicular helper cells

• Recently confirmed to be a distinct lineage

• Restricted to B cell follicles in lymphoid 
tissue

• Probably act as a regulator of antigen 
specific B cell responses

• Can be identified by ICOS,& upregulation 
of IL-6 and IL-21 receptors
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