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Mechanisms of Immunopathology.

I. Immediate type  - IgE AB. Humo-
II. Antibody-mediated IgM, ral
III. Immune-complex mediated IgG

IV. Cell-mediated Cellular



Antibody-mediated (type II ).
(cytotoxic, complement dependent)

Features of the Antigen (АG)
• АG presents on cell surface or extracellular matrix

(e.g. basement membrane).
• АG may be intrinsic, primary, natural – self-AG or 

autoAG (ААG)  or exogenous AG  that is 
adsorbed on the cell membrane – altered cell-
surface AG, secondary AAG (e.g. by action of 
medical drugs, chemicals, viruses, bacteria).



Type II. Pathogenesis (1).

Stage I– stage of immune reactions.
Cooperation of АG + АPC + Тh + В-cell
� proliferation of Тh and � synthesis of 
Il-4 � proliferation and differentiation of
В-cells into plasma cells � synthesis and 
accumulation of IgM, then IgG (1,2,3) -АB.
The first АB appear on 5-8 day (+ 

production of memory cells).



Type II. Pathogenesis (2). Mediators.
Stage II – stage of  pathochemical reactions.

After a forming of the AG-AB complex (on a 
cell surface or extracellular matrix), this complex
activates comlement system through the classical 
pathway. The first mediators appear: 1) С3а, С5а
– anaphylatoxins and chemoattractants, 2) С3b –
opsonins, then after leukocytes activation – 3)
toxic oxygen products, 4) the lipid mediators -
PAF, LT, PG, hydrolases, cytokines, then the 
other mediators (histamine, bradykinin). 
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Type II. Pathogenesis. (3).
Stage III  – pathophysiological (A,B,C,D).
A). AG is on the cell surface. Then  the cell with 
AG  will be a target cell for the AB and will be 
destroy through 3 mechanisms. The I mechanism
– phagocytosis due to C3b and Fc-fragment of 
IgG AB. The II mechanism – lysis by the MAC
of complement. The III mechanism – AB-
dependent cellular cytotoxicity (ADCC). The 
killer cells  (KC) can be granulocytes or 
agranulocytes. KC can bind to the target-cell by 
their receptors for the Fc of IgG. So, AB play a 
role of the bridge between killer and target cells. 
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Mechanisms of ADCC.

NK, CTL CD8 release perforins,
granzymes Ò lysis, apoptosis of target cell.
Th CD4 Ò apoptosis of target cell due to 
Fas-FasL reaction.
Granulocytes (nph, bph, eosph) and  
agranulocytes (mn, lymph) Ò kill with 
TNFa and toxic oxygen products.



(Phagocytosis)



Type II. Pathogenesis (4).
Such mechanisms are typical for (auto)immune 
blood diseases and lead to cytopenia.
Diseases: transfusions reactions when red blood 
cells are from incompatible donor; erythroblasto-
sis fetalis; autoimmune hemolytic anemia or 
agranulocytosis during treatment with some 
medical drugs (role of hapten); autoimmune
thrombocytopenia.
B). AG is on extracellular matrix (on collagen, 
myelin or basement membrane). The inflammation 
occurs due to complement activation and leukocy-
tes activities (e.g. at nephrotoxic nephritis).



Type II. Pathogenesis (type V).
In some cases AB can impair or dysregulate cells 
without draw the complement. 
C). AB-mediated stimulation of cell function as 
at  Graves disease or hyperthyroidism. IgG-АB 
interact with the thyroid-stimulating hormone 
receptor on thyroid cells and stimulate the cells as 
well as itself TSH does � � T3, T4 production �
hyperthyroidism. D). At myasthenia gravis IgG-
АB bind to receptor for acetylcholine in the motor 
end-plates of skeletal muscles. Then AG-AB 
complexes internalized  and destructed inside 
cells, so muscle cells loss receptors for mediators 
� myasthenia. AB-mediated hypofunction.



Rc for TSH

Rc for acetylcholine

No Rc

stimulation

Cell of 
thyroid gland

IgG-
AB

Muscle cell

IgG-AB

II type
(thyroid stimulatory hormone)



Type II

+ 
ADCC



Immune complex mediated type (III) Features.

1.  AB belong to IgM or IgG. 2. In the norm: immune  
complexes (IC= AG-AB)  with such type of Ig (opsonins) 
undergo phagocytosis and disappear. At III type:  they 
suppose overload or intrinsic dysfunction of mononuclear 
phagocytes or complement system . So, IC circulate in the 
body for a long time – circulating immune complexes 
(CIC). 3. CIC are formed in slight AG excess often.4. CIC 
are soluble but can precipitate and deposit in tissue ( IC in 
situ), typically in vessel walls. 5. The sizes of CIC are 
“intermediate” – enough small to stay in a solution and 
enough large to “stuck, lodge” on endothelial site of 
basement membrane  (< 1000000 D) and such CIC are 
hardly phagocytosed. 6. The AG may be exogenous 
(foreign protein) and endogenous (e g DNA molecules).





Type III. Pathogenesis (1).

Stage I – stage of immune reactions.
Cooperation of АG + АPC + Тh + В-cell
� proliferation of Тh and � synthesis of   
Il-4 � proliferation and differentiation of
В-cells into plasma cells � synthesis and 
accumulation of IgM, then IgG-АB.
The first АB appear on 5-8 day (+ 

production of memory cells.)



Type III. Pathogenesis (2). Mediators.

Stage II – stage of  pathochemical reactions.
After a forming of the AG-AB complex  this 
complex activates the comlement system through 
the classical pathway and the first mediators 
appear: 1) С3а, С5а – anaphylatoxins and 
chemoattractants, 2) С3b – opsonins, then after 
leukocytes activation – 3) toxic oxygen products,
4) the lipid mediators - PAF, LT, PG, hydrolases, 
cytokines, then the other mediators (histamine, 
bradykinin). 
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Type III. Phatogenesis (3).

Stage III  – pathophysiological.
CIC have the favored sites for precipitation: small 
blood vessels (vasculitis � thrombosis 
�necrosis), skin (rush), heart, joints, serous 
surfaces. If the CIC are deposited locally �
mediators and leukocytes will produce locally 
immune inflammation; when CIC are deposited 
in many organs � generalized form of disease. 
Activated leukocytes produce Il-1, Il-6, TNFa�
development of APR.



Immune complex mediated type (III).

Examples of type III pathology.
Experimental model of local IC disease  - Arthus 
reaction. Hemorrhages, skin ulceration and 
necrosis.
Diseases: 1) organ-specific: acute 
glomerulonephritis, reactive arthritis, exogenous 
allergic alveolitis “farmer’s lung”; 2) systemic
diseases – systemic lupus erythematosus, 
sclerodermia and serum sickness.







Vasculitis. Drug reaction.
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Cell-mediated (delayed) HS (type IV).
Features.

1. Cell-mediated mechanisms HS are in the basis 
of  this type (no humoral - with AB)!!

2. The passive transfer of HS to another subject 
can be realize only with alive lymphocytes, no 
with serum.

3. The skin tests reach a peak in 24-72 hours after 
re-exposure to the specific AG.

4. The type IV includes 1) delayed type HS 
reactions and 2) direct cell cytotoxicity 
reactions.
HS – hypersensitivity.
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Metal Metal clips

Metal paper clips
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Contact dermatitis (was a compress with infusion of herbs)



Contact dermatitis. Hapten –
medical drug NSAD.



Delayed type HS (type IV). Pathogenesis.

• Stage I– stage of immune reactions.
Cooperation of АG + АPC + Тh0 + IL-12 �
transformation Th0 into Th1, proliferation and 
accumulation of Тh1 (5-14 days) (+ memory ells).

• Stage II – stage of  pathochemical reactions. Activated 
Th1 produce lymphokines (mediators): IFg, TNFa, b, IL-
12, IL-2, macrophage-inhibitor factor (MIF), macrophage-
activator factor (MAF) = chemokines for mn/mph, lymph, 
fibroblasts.

• Stage III  – pathophysiological.
Mediators and Th1 increase killer ability of  macrophages, 
organize immune inflammation  (mononuclear infiltrate) or 
in some cases - granulomatous inflammation.   







T cell Cytotoxicity (type IV). Pathogenesis (1).

• Stage I– stage of immune reactions.
Cooperation of АG + АPC/ or infected 
cell=target cell + preCTL � differentiation 
preCTL into CTL CD8, proliferation and 
accumulation CTL CD8 (5-14 days).
Cooperation of АG + АPC + Тh0 + IL-12 �
transformation Th0 into Th1, proliferation and 
accumulation of Тh1 (5-14 days) and secretion of 
IL-2 for CTL proliferation.
+ production of memory cells.



T cell Cytotoxicity (type IV). Pathogenesis (2).

• Stage II – stage of  pathochemical reactions.
Activated CTL and Th1 produce IFg, TNFa, b and 
the other lymphokines (mediators).

• Stage III – pathophysiological.
CTL CD8 after contact with target cell synthesize 
perforins and granzymes, accumulate them in 
granules near AG- recognizing receptor and infuse 
them into target cell, that undergo osmotic lysis or 
apoptosis. Mononuclear infiltrate or granulomas 
are typical for this type of immune inflammation.



Pathogenesis of T-cell cytotoxity
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Examples of type IV pathology.

1. A part of pathogenesis in response to       
intracellular pathogens (e.g. tuberculin reaction).
2. Contact dermatitis.
3. Transplant rejection.
4. Autoimmune diseases:

Diabetes mellitus 1.
Thyroiditis Hashimoto.
Rheumatoid arthritis.



Autoimmune diseases – 1.

The basis of  autoimmune  diseases  is 
a self-maintenance of immune response
against self-antigens, that lead to injury of 
cells that contain the autoantigens. 



Autoimmune diseases – 2.
Common features.

1. Because the basis of autoimmune diseases is an immune 
reaction, so a stimulation of the immune reaction will lead 
to an relapses of the disease, an inhibition – to an 
remissions.
2. Clinical manifestations depend from AAG origin: if 
AAG locates in an organ � organ-specific disease; if AAG 
is generalized � systemic disease. 
3. Clinical manifestations depend also from dominant 
immune mechanisms in the pathogenesis of the disease: 
AB-dependent, cytokines or cell-dependent reactions.
4. As AAG can be a normal cell component, so 
autoimmune diseases have usually chronic course.
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Mechanisms of immunologic autotolerance.

(Absence of an immune response to self-antigens.)
А. Active mechanisms.

1. Central tolerance – death (deletion) of self-
reactive T- and B-lymphocyte clones during 
their maturation in the central lymphoid organs.

2. Peripheral tolerance- prolong or irreversible 
functional inactivation (anergy) of autoag-
gressive lymphocytes (no costimulatory B7 
molecule).

3. Suppression of autoreactivity by regulatory T 
cells (IL-10 or TGF-b).



Центральный механизм.
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B. Passive mechanisms.

The immune system does not react on AAG 
due to low concentration of the AAG or 
their isolation from immune cells. 
Isolation. Some antigens are hidden from 

the immune system. The organs with such 
antigens  - “immune-privileged” organs. 
There are the testis, ovaries, eye, brain,
colloid of thyroid gland, pregnant uterus.





The causes of AI diseases.

Disorders or bypass of auto-tolerance –
is the basis of AI diseases. 

1. Disturbance  of  deletion of developing 
autoaggressive lymphocytes. 

2. Decrease activity of T-regulator cells.
3. Increased level of AG from “immune-

privileged” sites.
4. Disturbance  of  peripheral anergy.



Factors that promote development of AAD.

1. Appearance of costimulators molecules on 
APC at inflammation.

2. Appearance of MHC II-peptides (» APC) 
on the cell  surface � amplification of AG
presentation.

3. Nonspecific polyclonal stimulation of B-
cells (e.g., with microbes from chronic 
infections sites).

4. Formation of AAG.

»



Formation of AAG.
1. Destruction of the barrier for “hidden” AG and 

availability of “immune-privileged” sites for the 
lymphocytes.

2. AG sequestration and appearance AAG in the 
organism  after trauma or operation from injured 
tissues.

3. Molecular mimicry between tissues and 
microbes at infection diseases.

4. Appearance of AAG after adsorption of hapten
(medical drug?) on a cell surface or matrix.



Molecular mimicry between tissues 
and microbes.

HeteroAG AutoAG
Streptococcal proteins     D Myocardial proteins                      

Pneumococcal AG D AG from the heart, kidney 
Е.coli AG D Epithelium of the colon
Viruses RNA, DNA D Human nucleic acids



Immunopathological types in 
pathogenesis of AID.

AID TYPES  AAG
Thyroiditis IV,II thyroglobulin
Hashimoto
Rheumatoid IV,II,III           AG from joint 

arthritis synovium
SLE III,IV DNA
Sclerodermia III,IV nuclear АG, IgG
Thyrotoxicosis II receptor to TSH
Diabetes mellitus 1 IV, II (?) АG from b-cells?





Transplant Rejection (1)

• Allotransplant contains many alien AGs –
MHC molecules ( the main group of AGs) 
and many minor AGs.

• After surgical implantation the alien organ 
plays a role of autoantigen!

• Then the immune system of recipient or 
host organism begins to remove this organ 
(or a piece of tissue, e.g. a skin transplant). 



Transplant Rejection (2) 

1. Hyperacute rejection. It starts straight after 
transplantation. Antibodies + AG �AG-
AB complexes activate the complement 
system � injury of vessel walls �
thrombosis � necrosis � transplant 
rejection. It takes some hours.



Transplant Rejection (3)

2. Acute rejection. In takes 10-14 days. An usual 
immune response develops with a stage of 
immunization/sensitization and appearance of AB, 
CTL CD8 and Th1 cells and macrophages. Then 
the transplant be damaged by II and IV
mechanisms according Gell and Coombs. After II 
transplantation (the same donor and same 
recipient) the rejection will develop more fast (in 
3-5 days) due to presence of memory cells (B and 
T).



Transplant Rejection (4)

• 3. Delayed type of rejection. It takes many 
years and is a result of minimization of 
MHC disparity between the donor and the 
recipient (e.g. the kidneys have among other 
AGs AGs of ABO system, so the donor and 
the recipient must have the same  blood 
group) and permanent recipient treatment 
with immunosuppressive medical drugs. 


