


 Opinion Article

Immune Tuberculous Anergy : An Opinion Perspective
  
                                             
 ABSTRACT
        Immune Anergy (IA) is based upon cellular and molecular mechanisms that are finalized  by T and/or B lymphocyte dysfunction. Comparative immune-biology of anergic B cell, anergic T and anergic T-exhausted T cell  were summed up.  IA appeared as a block in lymphocyte proliferation and cytokine inhibition. I t is   associated with chronic persistent intracellular microbial infection like tuberculosis and leprosy.    It is molecular mechanism found valid for prolongation of tissue graft acceptance and for autoimmunity prevention . IA  shared  an in common immune features with; immune exhaustion ,immune resilience and be a part of immune tolerance. The IA concept ,  paradigm ,mechanisms and immune features were elucidated.Biology of anergy and allied concepts were briefed. The objective of the present opinion paper was to   make  an at glance insight  to   IA and showcase one of our previous works on tuberculous  immune anergy   . Adult anergic  tuberculous patients  have been  showing decline in adaptive cellular immune function and normal innate cellular immune functions compared to tuberculin positive pulmonary tuberculosis patients.
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1-Introduction:
       Anergy[ An ] as a term encompassing  biological immune anergy  BIA [1,2] and physical engineering  discipline PEI which means the deficiency  of energy [3  ].Immune Anergy  IA is based upon cellular and molecular mechanisms that are finalized by T and/or B lymphocytes dysfunctional inactivation and inhibition of cytokine production[4] .IA shared an in common features,  in-line  with fine molecular differences among ,immune resilience[5] ,immune exhaustion[6], and part taking role with immune tolerance[4].IA associated with persistent intracellular bacterial infections  like  tuberculosis [2,7] and leprosy[1 ].Recurrent human  chronic persistent tuberculous  infection may be in link with IA that could impairs the elimination of the pathogen[4] .The objective of the present opinion paper to make an  at  glance insight to immune anergy and showcase  of one of our  previous works onto anergic tuberculous infection .
2: - Immune Anergy ;
        Clinical immune  Anergy  appeared as a negative   skin  delayed hypersensitivity  test in a patient harboring the intracellular persistent microbial infection  within the continuum of body  potential for expressing chronic stimulation to the immune system[8].The cellular bases of immune anergy  encompasses both anergic B and Anergic T lymphocytes. Anergic lymphocytes  have shown; impaired proliferation and cytokine production inhibition upon subsequent antigen exposure .These cellular dysfunctions are  mainly attributed  to  failure to  establish the   costimulatory signal transduction and hypo-responsiveness. [9,10].
3-: Fulhcer  and Nossal Paradigm[11];
          Anergy is flexible , reversible and quantitative concept. One may imagine   in one hand, shading into central deletion where anergic B cell is allowed to move out of the bone marrow but dies quickly .At the other end shading into ignorance of the  self-  antigen   , the cell may sustain  only a slight life span shortening. In continuum with either end, strong cognator T cell help can rescue the cell from anergy [11].
4-Biology   And Mechanisms of   Anergic B lymphocytes:
      B cell tolerance can be established through; receptor editing ,anergy,  and clonal deletion.In other word  B cell anergy considered as one of the mechanisms of immune tolerance[12,13]. Clonal B cell  anergy   is a state of flexible, reversible, and quantitative nature[11].Anergic B cells   are of several phenotypes and multiple forms[11].B cell anergy is a state of immune un-responsiveness to specific antigen on second exposure. When B cells recognize self antigens induces  anergy, such anergy is of help to avoid autoreactive  B cells. Sufficient B cell receptor   BCR stimulation may activates   both anergic and autoreactive B cell in human and mice[11,12,13].The Anergic B cells adopt ;naïve B that have  never been involved in immune responses CD21-/lo as in rheumatoid arthritis;CD21-low IgG memory B cell;anergic and autoreactive B cells to self antigen and B cell with down regulation of IgM and normal IgD receptors[10].
       Anergic B cells fail to mobilize calcium, calcium influx induced production of an intermediary metabolite depletion leading to anergy on second encounter of the antigenic stimulus [13].Chronic BCR cross- linkage and lack of costimulatory signal results in B cell anergy. High BCR  cross-linkage without suitable co-stimulation lead to clonal deletion[10]. Anergic B cell  is a subset of B cell that requires Lyn to become  anergic and that autoimmunity associated with dysregulated Lyn function and may, impart be  through  the inability of these autoreactive B cells to become tolerized[14].In an Ars specific Immunoglobulin transgenic mice in which B cell becomes anergic as a results of cross-reaction with autoantigen in bone marrow. The developing anergic B cells were normal in numbers but are refractory to BCR mediated induction of calcium mobilization, tyrosine   phosphorylation and antibody responses. Taken together ,these events are dependent on the extent of anergy phenotype  acquisition [15].       
5-Biology and Mechanisms of  Anergic  T  lymphocytes:
           T cell anergy can  be considered as a hypo-reactive state of T cell induced by the formed antigens of the intracellular human pathogens[4,9].Anergic T cells have shown an array of immune features as;  impaired  proliferation , inhibited cytokine production upon subsequent  antigen exposure; defective TCR phosphorylation; defective zeta-associated protein 70 KD, ZAP70 , defective mitogen activated protein kinase MAPK and production of IL10 the essential for induction of anergy [9].
          T cell modulation is based upon multiple molecular pathways that take part in its , evolution like ;thymic selection, TCR receptor engagement with antigen processing cells cross- linkage with costimulatory signaling cascades[16].Anergy is long term stable state of T cell unresponsiveness  to antigenic stimulation associated with blockade of interleukin 2 production and cell proliferation[17].T cell anergy is a crucial mechanism for maintaining  immune  tolerance and preventing autoimmune diseases. The  condition under which T cell develop anergy ,such as  failure of co-stimulation along with weak antigen recognition[18].To induce a state of  anergy in T cell  ,there are two ways; First, way is when naïve CD4+ T cell are induced to become anergic under the condition of suboptimal engagement  of TCR by   cognet    peptide-MHC in the absence of strong CD28 co-stimulation. The second way is through  regulatory T cell inducing CD4+  T cell into anergic state by cell-cell contact involving T reg. surface marker CTCA-4 or PD-1  binding to CD4+ T cells[19].Anergic T  cells are  found with reduced amounts of the activator protein -1, AP-1 heterodimer in the nucleus  coupled  with normal translocation of nuclear translocation factor of activated T cell  into the nucleus NFA, together with   calcium influx  that lead to expression of proteins enriched  specificity to anergic gene encoding program AGEP. The expression of these genes induce anergy state in CD4+ T cells[20].In response to partial or suboptimal  stimulation ,T cell become anergic and unable to proliferate and express cytokine in the subsequent re-encounter with antigen. Calcium  signaling plays a crucial role in the induction of anergy state causing the activation of calcium/calcinurine /NFA T dependent cell intrinsic  self - inactivation  program. The characteristic feature of T cell anergy encompasses; the  expression  of anergy gene encoding program of T cell , down regulation of TCR signaling and inhibition cytokine transcription [21 ]
6-Anergic B  cells Versus Anergic T cells ;
            The  immunobiology of anergic B cells and Anergic T cells in comparative manner  are depicted  in Table – 1.
Table-1 : Comparative immune-biology of anergic B     and anergic T cells.
	Features
	Anergic  B cells
[10,11]

	Anergic T cells
[17,18,19,20]

	Infection Nature
	Chronic  extracellular 
	Chronic intracellular

	Antigenic stimulation
	Chronic persistent
	Chronic persistent

	Cell receptor changes
	Low level BCR
CD21lo effector
CD21low memory
	Defective TCR phosphorylation
Defective ZAP70
Defective MARK

	Inductive molecular mechanism
	Lack of co-stimulation
	Lack of co-stimulation

	Induction pathway
	Chronic low grade
BCR cross-linkage and lack of co-stimulation

	-Lack of co-stimulation
-Treg and cell-cell contact

	Cytokine signaling
	Impaired 
	Impaired

	Cell proliferation
	Impaired
	Impaired

	Phenotypes
	Effector CD21-lo
Memory CD21-low
IgM-,IgD+
Anergic autoimmune
	CD4+ T cell

	Cell fate
	Inactive
	Inactive



         


7-PossibleTherapeutic Role of   Immune Anergy;
     Immune anergy   interventions in graft versus host reaction patients have been involved in the prolonged acceptance of tissue grafts. As well as  when inter-vented in autoimmune disease patients ,found of protection protective influences[18].
8-Anergic Tuberculous Patients Program [22 ]:
         In ALSadi’s   Ph.D program had been undertaken  under may supervision. A total of 125 human subjects. Of which 25 had been normal control subjects,50 tuberculous tuberculin positive patients and 50   tuberculous, tuberculin negative patients. Written   consents were made for each of the patients.  The age range of the patients were ranging from 25up to 65 years. Control group was with age match to that of patients. Test and control groups  had been subjected to nitro-blue tetrazolium reduction phagocytosis, leukocyte inhibitory factor ,total T e- rosette counts in peripheral blood samples[22]. Tuberculin negative patients had been expressing non-significant  up to LIF 70% and more ,reduced total  T cell e rosette counts  and normal nitro-blue tetrazolium NBT reduction percentages compared to significant LIF%, high   total  T cell e-rosette  counts   and high NBT reduction in tuberculin positive patients  compared to that normal subjects. The two tailed t- test for  tuberculin positive and tuberculin negative have shown statistically significant differences at P 0.005.The tuberculin negative patients showed  both clinical and cellular immune  anergy [2,,7,8,9,23] 
 9-: Immuno-biology And Mechanisms of Lymphocyte Exhaustion  :
         Knowing that most of the dysfunctional T lymphocyte phenotypes share common phenotypic traits in their immune-receptor and biophysics[24].The immune exhaustion is an immune state in which human being   undergoes chronic   persistent antigenic antigen stimulation, sustained  lymphocyte dysfunction ,immune-suppressive microenvironment ,sustained inflammatory signaling leading to crippling of cytotoxic T cells that manipulates the immune surveillance[25].Genetic trait ,micro-environment ,and immune trait  exhaustion intensity different in different athenic and racial groups[24,25,26,27,28].The features of exhausted  T lymphocytes are as; over-expression of several inhibitory receptors like PD-1;share  major changes in TCR  receptors and cytokine signaling pathways, altered gene expression profile of chemotaxis,, adhesion , migration, metabolic deficiency and have distinct gene expression profile from that of anergic lymphocytes [24].
10-Exhausted T cell Versus Anergic T cells;
     The comparative immune-biology of exhausted versus anergic T cells are depicted  in Table -2.
Table-2 : Comparative Immuno-biology of exhausted and anergic T cells
	Features
	Exhausted T cells
[25,27]

	Anergic T cell
[2,4,9]

	Infection nature
	Chronic intracellular
	Chronic intracellular

	Nature of antigen stimulation
	Chronic persistent
	Chronic persistent

	Induced molecular mechanisms
	-overexpression of inhibitory receptors
-major  changes in   T cell receptors
-changes in cytokine signaling
-change in gene expression of chemotaxis,adhesion and migration
-distinct  transcription and gene expression profiles
-siustained inflammatory signaling 
	- Defective TCR phosphorylation
- Defective ZAP 70
- Defective MAPK
- Anergy gene encoding program
- impaired cytokine profile
Increased IL10  And reduce IL2


	Consequences 
	Exhaustion
	Inactivation

	Cell fate
	Dead 
	Inactive



11- Immune Tolerance:
     Immune tolerance IT is the reduced or abolished immune responses post to continual specific antigenic(Toleragen) stimulation. It is a matter of B and T cell functions. Tolerance   is central  ,genetic and peripheral,  acquired. In an experimental sense low and high dosing programs to the experimental   laboratory animal lead to the state of immune tolerance . Peripheral tolerance state inquired continual presence of antigen   facing the  competent  immune  cells.The mechanism behind which are; T reg. function , clonal deletion and  anergy .the feature of immune tolerance are; hyporesponsiveness, loss of function, weak signaling patterns, impaired proliferation of lymphocytes and impaired IL2 production [29]. 
12- Immune Resilience:
    Every individual in any human population have two main traits governing its biological   activities when he lives within his niche. The  genetic trait and the immune trait. The biological function seems to be implying concomitant  functions  of these traits. Based upon this paradigm the   ability of an individual to resiling  infection via vaccination in  a population  is different in different individuals  whom lived in the same ecologic  niche [5  ]. 
13- Anergy Exhaustion Tolerance   Resilience:
           The in common   shared feature of;  anergy, tolerance, exhaustion and resilience  is the reduced immune response outcomes to an  antigenic  stimulation .Though there are  some molecular mechanistic differences  among these apparent similar  immune concepts, Table- 3.
Table - 3 : Anergy and  The Allied Immune Concepts
	Features
	Anergy[16-23]
	Tolerance[4]
	Exhaustion[24-27]
	Resilience[5]

	Genetics
	B cells distinct transcription factors
T cells anergy encoding T cell program
	Central genetic
Peripheral , adaptive
	Distinct transcription factors
	Genetic trait parallels immune trait

	Nature
	Inducible
	Constitutive and inducible
	Adaptive
	constitutive

	Immune cells
	APC T and B cells
	APC, T , B  cell 
T reg .
	T cells ,MAIT
	B and T cells

	Stimulants
	Infection ,vaccination
	Infection,
Vaccination
	Infection
	Infection ,vaccination

	Mediators 
	IL10
	IL2
	IL2?
	 T and B cytokine  profiles

	Transcription factors
	Distinct
	Different
	Different
	Different

	Cell fate
	Live inactivated
	Live inactivated
	 Dead 
	Sustained cellular functions

	Molecular mechanisms
	Failure of costimulatory signal transduction
	Anergy , clonal deletion,IL2-Treg function
	Chronic infection molecular events
	Cell-cell cross-talk
Cytokine signaling
Immune tissue  micro-environment



14- Conclusion:
     Current comparative immune-biology of anergic B –anergic T cell   ,anergic- exhausted  T cell were made in table forms. Biology and mechanisms of infectious immune anergy and allied immune concepts are being elucidated and briefed in table form. Possible protective influences of immune anergy   were summed up  . The showcased Local anergic   tuberculous   patients had been investigated both for  evidences of clinical and cellular anergy .Results had been insuring  the presence of clinical  and cellular immune  tuberculus  anergy among the studied  patients.
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