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PATHOLOGY OF IMMUNE 

SYSTEM 

1. Hypersensitivity reactions. 

2. Autoimmune diseases. 

3. Immunodeficiency syndromes. 

4. Amyloidosis. 

 



Type I hypersensitivity reactions 

• The first step: 

1. the presentation of the antigen to naive CD4+ 

helper T cells by dendritic cells. 

2. the T cells differentiate into TH2 cells.  

3. The signature cytokines of this subset are IL-4, IL-5, 

and IL-13.  

4. IL-4 is essential for turning on the IgE-producing B 

cells and for sustaining the development of TH2 cells.  

5. IL-5 activates eosinophils, which, as we discuss 

subsequently, are important effectors of type I 

hypersensitivity. 

http://www.humpath.com/spip.php?article2650


Type I hypersensitivity reactions 

5. IL-13 promotes IgE production and acts on epithelial cells to 
stimulate mucussecretion. In addition, TH2 cells and epithelial 
cells produce chemokines that attract more TH2 cells, as well 
as eosinophils and occasionally basophils, to the reaction site. 

 

6. Mast cells and basophils express high-affinity receptors for the 
Fc portion of IgE, and therefore avidly bind IgE antibodies.  

 

7. When a mast cell, armed with cytophilic IgE antibodies, is re-
exposed to the specific allergen, a series of reactions takes 
place, leading eventually to the release of a variety of powerful 
mediators responsible for the clinical expression of immediate 
hypersensitivity reactions.  

 

• In the first step in this sequence, antigen (allergen) binds to the 
IgE antibodies previously attached to the mast cells. 

http://www.humpath.com/spip.php?article10333
http://www.humpath.com/spip.php?article1744


Type I hypersensitivity reactions 

• The second step: 

1. Multivalent antigens bind to more than one IgE molecule and thus cross-link 
adjacent IgE antibodies and the underlying IgE Fc receptors. 

 

2. The bridging of IgE molecules activates signal transduction pathways from 
the cytoplasmic portion of the IgE Fc receptors.  

 

3. mast cell degranulation with discharge of preformed (primary) mediators that 
are stored in the granules, and the other involving de novo synthesis and 
release of secondary mediators. 

 

4. These mediators are directly responsible for the initial, sometimes explosive, 
symptoms of immediate hypersensitivity, and they also set into motion the 
events that lead to the late-phase response. 

 

5. In addition to inducing mediator release and production, signals from IgE Fc 
receptors promote the survival of mast cells and can enhance expression of 
the Fc receptor, providing an amplification mechanism. 

http://www.humpath.com/spip.php?article8366


 Type I hypersensitivity reactions  

 



Immediate hypersensitivity 

• The systemic reaction: 

 

• usually follows injection of 
an antigen to which the 
host has become 
sensitized.  

 

• Often within minutes, a 
state of shock is 
produced, which is 
sometimes fatal. 

• The local reactions: 

• varies depending on the 
portal of entry of the 
allergen and may take the 
form of localized cutaneous 
swellings (skin allergy, 
hives),  

• nasal and conjunctival 
discharge (allergic 
rhinitis and conjunctivitis),  

• hay fever,  

• bronchial asthma,  

• allergic gastroenteritis (food 
allergy). 

 

http://www.humpath.com/spip.php?article8634
http://www.humpath.com/spip.php?article8634


Phases of local type I 

hypersensitivity reactions 
 

1) The immediate, or initial, response is characterized by vasodilation, 
vascular leakage, and depending on the location, smooth muscle spasm or 
glandular secretions.  

 

• These changes usually become evident within 5 to 30 minutes after 
exposure to an allergen and tend to subside in 60 minutes. 

 

 

2) The second, late-phase reaction (in many instances - e.g., allergic rhinitis 
and bronchial asthma) sets in 2 to 24 hours later without additional exposure 
to antigen and may last for several days.  

 

• This late-phase reaction is characterized by infiltration of tissues with 
eosinophils, neutrophils, basophils, monocytes, and CD4+ T cells as well as 
tissue destruction, typically in the form of mucosal epithelial cell damage. 

http://www.humpath.com/spip.php?article2573


 

• The acute laryngeal 
edema  



 



 



 



 



 



 



 



Type II Hypersensitivity 

 

1) Complement dependent reactions:  

• Antibody is directed against antigen on cells 

(such as circulating red blood cells) or 

extracellular materials (basement membrane).  

 

• The resulting Ag-Ab complexes activate 

complement (via the classic pathway), leading to 

cell lysis or extracellular tissue damage. 



Type II Hypersensitivity 

• a red blood cell has antigen fixed on its surface 
to which antibody attaches.  

 

• The attached antibody sets off the complement 
cascade, which ends with the formation of the 
"membrane attack complex" of C5-9 which 
causes lysis of the cell.  

 

• Other complement components may be 
generated, such as the opsonin C3b.  



 



Type II Hypersensitivity 

• Diseases in this complement dependent 
category include: 

1. Transfusion reactions: incompatible RBC's or 
serum is transfused. 

2. Autoimmune hemolytic anemia: antibody is 
made against one's own RBC's. 

3. Erythroblastosis fetalis: maternal IgG crosses 
the placenta and attaches to fetal RBC's. 

4. Goodpasture's syndrome: glomerular 
basement membrane antibody is present. 



 



 

• Bleeding lung tissue  



 

• Crescent formation in glomerulonephritis 

associated with Goodpasture's Syndrome  



 

• This is the linear pattern of 
immunofluorescence with antibody to IgG 
in a patient with Goodpasture syndrome.  

• The even linear pattern is produced 
because the antibody is directed against 
the entire glomerular basement membrane 
(antiglomerular basement membrane 
antibody).  



Type II Hypersensitivity 

2) Antibody-dependent cell-mediated cytotoxicity (ADCC):  

 

• Low concentrations of IgG or IgE (in the case of parasites) coat 
target cells. 

 

•  Inflammatory cells such as NK (natural killer) cells, monocytes, 
and granulocytes then bind to the immunoglobulin Fc receptors 
and lyse, but do not phagocytize, the target cells. 

 

• a macrophage with Fc receptors on its surface is able to 
recognize a target cell coated with antibody via the Fc receptor 
portion of the attached antibody.  

• The macrophage can then demolish the targeted cell by 
elaboration of proteases.  



 



Type II Hypersensitivity 

• Examples of ADCC: 

 

 

1. Transplant rejection 

2. Immune reactions against neoplasms 

3. Immune reactions against parasites 

 



Type II Hypersensitivity 

3) Antibody-dependent cell disfunction 

(antireceptor antibodies): IgG antibody 

is directed against receptors in target cells, 

resulting in complement-mediated 

destruction of the receptors.  



Type II Hypersensitivity 

• Diseases caused by this mechanism 

include: 

1. Myasthenia gravis: acetylcholine 

receptor antibody. 

2. Graves disease (thyrotoxicosis): anti-

TSH receptor antibody 

3. Pernicious anemia: anti-parietal cell 

antibody. 



 

• antibody is directed against acetylcholine receptors at the motor end plate of 
a muscle, blocking the receptors and diminishing the muscular response.  

• This is the mechanism for muscle weakness in myasthenia gravis. 



 



 



 



 

• Thyroid gland, diffuse hyperplasia of Graves 
disease  



Graves' Disease  

 

https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwirrJeJ8afXAhUmQpoKHfJjDjAQjhwIBQ&url=http%3A%2F%2Fwww.thyroidmanager.org%2Fchapter%2Fgraves-disease-and-the-manifestations-of-thyrotoxicosis%2F&psig=AOvVaw0zzKy-jepgLN3AZW6jwyYo&ust=1509986582516087


Type III Hypersensitivity 

• This reaction is mediated by immune (Ag-Ab) 
complexes which promote tissue damage primarily 
through complement activation (alternate pathway).  

 

• C3b as an opsonin attracts neutrophils, which then 
release lysosomal enzymes.  

 

• C5a as a chemoattractant brings in neutrophils.  

 

• Serum complement is reduced as it is used up in 
this process.  



Type III Hypersensitivity 

• antigen-antibody complexes are circulating 

and becoming trapped beneath the 

basement membrane of a small blood 

vessel,  

• setting off the complement cascade and 

generating components that attract PMN's to 

generate an ongoing inflammatory response.  



 



Type III Hypersensitivity 
• Immune complexes can be deposited systemically or locally 

 

• Systemic immune complex disease:  

• Ag-Ab complexes form in the circulatory system and are deposited in 
tissues, typically near basement membranes in places such as blood 
vessels, glomeruli, skin, joints, pleura, and pericardium. 

•  Larger immune complexes are quickly phagocytized by macrophages and 
removed, but small to intermediate complexes formed with antigen excess 
may escape removal leading to: 

1. Glomerulonephritis 

2. Serum sickness 

3. Vasculitis 

 

 

• Local immune complex disease: Also called an "Arthus" reaction, it 
occurs with local injection of the antigen and leads to focal vasculitis.  

• This kind of immune reaction also plays a role in the development of 
hypersensitivity pneumonitis (so-called "farmer's lung"). 



 

• If immunofluorescence is performed, here with 
antibody to IgG, then a granular pattern of 
immunofluorescence is seen, indicative of 
deposition of immune complexes in the basement 
membranes of the glomerular capillary loops.  



 



 



 

• acute glomerulonephritis 



 



Type IV Hypersensitivity 

 

• This reaction is called "delayed hypersensitivity" 

because it is mediated by sensitized CD4+ T 

lymphocytes which process antigens in association 

with class II HLA molecules and release 

lymphokines.  

 

• The lymphokines promote a reaction (especially 

mediated through macrophages) beginning in 

hours but reaching a peak in 2 to 3 days. 



 



 

• a sequence of events in granuloma formation in response 
to Mycobacterium tuberculosis (MTB). The key cell in the 
process is the epithelioid macrophage.  



Type IV Hypersensitivity 

• Hypersensitivity reactions with this mode 

of action include: 

1. Granulomatous diseases (mycobacteria, 

fungi) 

2. Tuberculin skin reactions 

3. Transplant rejection 

4. Contact dermatitis 

 



 



Type IV Hypersensitivity 

• Cytotoxic T lymphocyte (CTL) mediated 

responses: CD8+ T cells are generated and 

lyse specific cells.  

• Class I HLA molecules play a role.  

 

• Reactions with this mode include: 

1. Neoplastic cell lysis 

2. Transplant rejection 

3. Virus-infected cell lysis 



Autoimmune diseases 

• An autoimmune disease or disorder is a 

condition that occurs when the immune 

system attacks and destroys healthy body 

tissue.   



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

•  Hashimoto's thyroiditis  



  



 



 



 



 



SLE   

  



 

• Histologically, the skin of a patient with SLE may 

demonstrate a vasculitis and dermal chronic 

inflammatory infiltrates,  



 

• Here is a glomerulus with thickened pink capillary loops, the so-
called"wire loops", in a patient with lupus nephritis. The 
surrounding renal tubules are unremarkable.  



 

• Here is another granular pattern of 
immunofluorescence in the glomerulus, this time with 
antibody to C1q complement, which is more specific 
for SLE.   



 

• The thickened basement membrane (arrow) that results from immune 
complex deposition in the glomerular capillary loop is prominent in this 
electron micrograph.  

• The dark immune deposits are located mainly in a subendothelial 
position.  



Sjogren Syndrome 

 

• Characterized by dry eyes and dry mouth as a result of 
lacrimal and salivary gland involvement by lymphocytic 
infiltration, fibrosis, and destruction mediated by CD4+ 
cells helping antibody production, of which anti-SS-A and 
anti-SS-B are the most specific.  

 

• Most patients are middle to older age women.  

 

• Lacrimal and salivary gland inflammation of any cause 
(including Sjogren's) is called Mikulicz's syndrome. 



 



 

• The mononuclear inflammatory infiltrates, 

interstitial fibrosis, and acinar atrophy of a 

minor salivary gland 



TRANSPLANT REJECTION 

 • Immunologic Mechanisms 

1. The HLA system is a key factor in most reactions. Reactions 
are mediated by either T lymphocytes or by antibody. The 
major types of hypersensitivity reactions involved are types 
II and IV. 

2. The ABO system, best characterized as the major blood group 
antigens, is also important because these antigens are 
expresed on all cells except those in the central nervous 
system. Thus, matching for ABO compatibility is important for 
transplantation. 

3. T-cell mediated reactions: Can be either CD4+ cells generating 
delayed hypersensitivity reactions after recognizing foreign 
HLA class II (DR) antigens or cytotoxic CD8+ cells 
recognizing foreign HLA class I (A,B, or C) antigens. The donor 
tissue or donor lymphocytes within the transplanted tissue carry 
the offending HLA antigens. 

4. Antibody mediated reactions: These can be mediated 
through complement-mediated cytotoxicity, antibody-
dependent cytotoxicity (ADCC), or immune complexes. 

 



 

• This is a form of acute renal transplant rejection known as acute cellular 
tubulointerstitial rejection because most of the inflammation is in the 
interstitium.  

 

• The glomerulus seen here is normal, but the tubules are infiltrated by many 
lymphocytes at the upper right.  



 

• At high magnification, the lymphocytes and plasma cells are seen around a 
renal tubule in a renal transplant patient with acute cellular rejection.  

• This type of rejection can occur at any time following transplantation when 
immunosuppression is diminished.  

• This is treated by administering cyclosporine and other immunosuppressive 
agents.  



 

• Immunologic disease can also complicate solid organ 
transplantation. Here is a renal biopsy that 
demonstrates marked interstitial fibrosis in a patient 
with chronic vascular rejection.  



 

• the renal arteries with chronic vascular rejection are markedly thickened 
and fibrotic.  

• There is interstitial fibrosis and chronic inflammation. Such chronic 
rejection usually occurs slowly over several months to years following 
transplantation.  



 

• The immunofluorescence pattern with acute tubulointerstitial renal transplant 
rejection is shown here, in which immune deposits occur between glomeruli 
in the interstitium.  

 

• Both type II and type IV immune hypersensitivity reactions contribute to this 
rejection reaction.  



 

• This is acute vascular rejection in a heart transplant.  

 

• The inflammatory reaction consists mostly of lymphocytes and is seen mainly around 
small arteries, a vasculitis.  

 

• Such a reaction can occur when the dose of immunosuppressive drugs is decreased 
in the months following transplantation. Increasing immunosuppresive therapy in 
these patients is not as effective as for acute cellular rejection.  



 

• By immunohistochemical staining with antibody to CD3, the T-lymphocytes 
in the myocardium involved in this acute cellular rejection phenomenon in 
a heart transplant recipient can be identified here.  



 



 



 



 



AL-amyloidosis 

 



AL amyloidosis 

• is most frequently caused by a clonal expansion of plasma 
cells in the bone marrow that secrete a clonal Ig LC that 
deposits as amyloid fibrils in tissues.  

 

 

•  AL amyloidosis can occur in multiple myeloma and other B 
lymphoproliferative diseases, including non-Hodgkin’s 
lymphoma and Waldenstrom’s macroglobulinemia.  

 

• AL amyloidosis is the most common type of systemic 
amyloidosis in North America.  

 

• More than 90% of patients have a serum or urine monoclonal 
Ig protein that can be detected by immunofixation 
electrophoresis or free light chain assay.  



• AL amyloidosis and can be present in the 

interstitium of any organ except the central 

nervous system.  



 

• Clinical signs of 
AL amyloidosis.  

• A. Macro-glossia. 
B. Periorbital 
ecchymoses  



 

• Bone marrow biopsy specimen, stained with antibody to λ 
light chain.  



 



 



 



 



 



 

• When stained with Congo red and observed under polarized 
light, amyloid has a characteristic "apple green" 
birefringence as seen here in deposits around small arteries 
and within the cortex of the adrenal gland of a patient with 
multiple myeloma and excessive light chain production (AL 
amyloid).  



 

• thioflavin-T positive  



 

• By electron microscopy, amyloid is seen to be composed of a "beta-pleated sheet" of 
fibrils, seen here as irregular grey material.  

 

• When the amyloid protein is made up of immunoglobulin light chains, then it is "AL 
amyloid" and when it is derived from serum amyloid-associated protein, then it is "AA 
amyloid."  

• In terms of the effect upon the organs, "amyloid is amyloid".  



 

• This is the immunofluorescent appearance of the 
myocardium with antibody to lambda light chain. Thus, 
this is "AL amyloid".   



 



 

• "sago" 

spleen  



 



 



 



 



  

• Kidney, amyloidosis 

• stained by Congo red 



 

• Amyloidosis of kidney (green 
birefringence).  

• Congo red - polarizing 
microscopy.  



Amyloidosis of the heart 

 



Amyloidosis of the heart 

 



Amyloidosis of the heart  

(congo red) 

 



 

• Amyloid deposition (green 

birefringence) in tongue.  

• Congo red. Polarizing 

microscopy.  



 

• The liver parenchyma is marred by grossly-evident amyloid 

deposits, which manifest as pale waxy areas.   



 

• Amyloidosis of liver.  

• The hepatic parenchyma is infiltrated 
and replaced by nodular 
accumulations of amyloid.  

• H&E.  



 



HIV/ AIDS 

• AIDS (acquired immunodeficiency syndrome) 
is a syndrome caused by a virus called HIV 
(human immunodeficiency virus).   

 

• HIV is the virus, which attacks the T-cells 
(CD-4 cells) in the immune system.  

 

• AIDS is the syndrome, which appears in the 
advanced stage of HIV infection.  



HIV is an enveloped RNA virus: 

• As HIV buds out of the host cell during replication, it acquires a 
phospholipid envelope.  

 

• Protruding from the envelope are peg-like structures that the 
viral RNA encodes. 

 

•  Each peg consists of three or four gp41 glycoproteins (the 
stem), capped with three or four gp120glycoproteins.  

 

• Inside the envelope the bullet-shaped nucleocapsid of the virus 
is composed of protein, and surrounds two single strands of 
RNA.  

 

• Three enzymes important to the virus's life cycle - reverse 
transcriptase, integrase, and protease - are also within the 
nucleocapsid   



 

• HIV is a retrovirus that infects the vital organs and 

cells of the human immune system.  



Stages of the HIV life cycle: 

1) binding,  

2) fusion,  

3) reverse transcription,  

4) integration,  

5) replication,  

6) assembly,  

7) budding.  

https://aidsinfo.nih.gov/understanding-hiv-aids/glossary/4597/binding/
https://aidsinfo.nih.gov/understanding-hiv-aids/glossary/3320/fusion/
https://aidsinfo.nih.gov/understanding-hiv-aids/glossary/3321/reverse-transcription/
https://aidsinfo.nih.gov/understanding-hiv-aids/glossary/381/integration/
https://aidsinfo.nih.gov/understanding-hiv-aids/glossary/1648/replication/
https://aidsinfo.nih.gov/understanding-hiv-aids/glossary/4593/assembly/
https://aidsinfo.nih.gov/understanding-hiv-aids/glossary/814/budding/


Stages of the HIV life cycle 

1. Binding and fusion 

First, the HIV virus attaches itself to a T-helper cell and releases 
HIV into the cell. 

 

2. Conversion and integration 

Once inside the cell, HIV changes its genetic material so it can 
enter the nucleus of the cell and take control of it. 

 

3. Replication 

The cell then produces more HIV proteins that can be used to 
produce more HIV. 

 

4. Assembly, budding and maturation 

New HIV particles are then released from the T-helper cell into the 
bloodstream.  

These are now ready to infect other cells and begin the process 
all over again. 



 



 



 



 



 



 



 



 



Lymphadenopathy in AIDS 

 



 



 



  



 



Pneumocystis carinii pneumonia 

 



 Pneumocystis carinii pneumonia  

 



Pneumocystis carinii pneumonia 

 



Pulmonary tuberculosis 

 



Pulmonary tuberculosis 

 



Pulmonary tuberculosis 

 



Toxoplasmosis 

 



Toxoplasmosis 

 



Cytomegalovirus  

 



Cytomegalovirus 

 



Candidiasis 

 



Candidiasis 

 



Cryptococcosis 

 



Cryptococcosis  

 



Kaposi sarcoma   

 

https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj-4drDnZHXAhUiP5oKHSWCAoMQjhwIBQ&url=http%3A%2F%2Fscienceblog.cancerresearchuk.org%2F2010%2F01%2F22%2Fhigh-impact-science-kaposi-sarcoma-and-aids-unravelling-a-medical-mystery%2F&psig=AOvVaw1Cu_V_lGSBbt4XOmFS8l7k&ust=1509208373719154
https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj-4drDnZHXAhUiP5oKHSWCAoMQjhwIBQ&url=http%3A%2F%2Fscienceblog.cancerresearchuk.org%2F2010%2F01%2F22%2Fhigh-impact-science-kaposi-sarcoma-and-aids-unravelling-a-medical-mystery%2F&psig=AOvVaw1Cu_V_lGSBbt4XOmFS8l7k&ust=1509208373719154


Kaposi sarcoma 

 



 



 Primary 

CNS 

lymphoma 

in AIDS  

 



Burkitt’s lymphoma  

 



Nasal type NK-lymphoma 

 



Nasal type NK-lymphoma 

 


