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Spread of Malignant Tumors:

 Malignant tumors can spread in several ways:

 • Local spread

 • Lymphatic spread

 • Blood (haematogenous) spread

 •Transcoelomic spread

 • Intraepithelial spread



1- Local Spread

 -Malignant cells have the ability to invade the

surrounding tissues .

 -Tumor cells follow the paths of least resistance

and spread easily through loose fibrous and

adipose tissue.

 -For epithelial tumors the first step should break

the basement membrane.



Local invasion by breast carcinoma. The tumor cells have spread  

along paths of least resistance, here through adipose tissue.



2- Lymphatic Spread

 This is the principal mode by which carcinomas spread.

 The very thin walls of lymphatics are readily penetrated by

tumor cell , which is carried along in the lymph to Sentinel

lymph node (the first node in a regional lymphatic basin that

receives lymph flow from the primary tumor).

 The enlargement of the regional nodes may be caused by

either:

 1.The spread of cancer cells (metastasis) or

 2. Reactive hyperplasia to tumor cell antigens (no cells)

(Nodal enlargement near a cancer does not

necessarily mean dissemination).



Ultimately the malignant cells may reach the thoracic duct and

enter the superior vena cava from which further

dissemination through the blood stream may occur

(Haematogenous Spread).



3- Blood (Haematogenous) Spread

 It is typical of sarcomas but is also seen with carcinomas (in

the later stages).

 Tumor cells are able to invade thin walled veins and grow

along the venous system or embolize into the blood stream.

 The site of initial metastasis depends on the venous flow

draining the tumor site.

 • Lungs & Liver are the most frequently involved by

metastases in haematogenous spread.



Metastatic adenocarcinoma lung
Pulmonary metastases

(Cannonball appearance)



Liver metastasis by

adenocarcinoma

Liver metastases

(Cannonball appearance)



4- Transcoelomic Spread:

 It means spread of tumor across body cavities, (the

peritoneal, pleural and pericardial spaces). This is best seen in

intra-abdominal tumors, especially ovarian carcinoma and

gastric carcinoma.

 Example: Gastric carcinoma can spread in this way to involve

the peritoneal cavity, often seeding in the ovaries (bilateral).

known as Krukenberg’s tumors.



Transcoelomic spread  (peritoneal cavity)



Metastatic breast carcinoma-pleura: Neoplasms can spread by seeding

along body cavities. Here is a focus of metastatic breast carcinoma

seen along the pleura overlying the lung.



5-Intraepithelial Spread

 This is the process by which tumor cells can

infiltrate between the cells of a normal epithelium,

without invading the underlying stroma.

 It is best seen in Paget’s disease of the nipple in

which the cells of ductal carcinoma (in situ or

invasive carcinoma) of breast grow through the

duct into the nipple skin giving an appearance

resembling eczema.



Pagetˈs disease of the nipple



Paget's disease of the breast : intraepithelial extension of an

underlying ductal carcinoma in situ or invasive ductal carcinoma.



Mechanism of tumor spread 



I/  Direct Spread and Invasiveness

 1-Reduction in Cell- Cell Adhesion
 reduced expression of E-cadherin (adhesion molecule)

 2-Invasion of Basement Membrane and Stroma
 1. cancer cells attach to the basement membrane (integrin

molecule)

 2. production of proteolytic enzymes by cancer

 3-Tumor Cell Motility
 The cells extrude pseudopodia at the front and attach to

stromal proteins (growth factors, stromal components and
cytokines).



II/ Angiogenesis:

 (New blood vessels formation)

 It is important step in tumor growth and metastasis

 The stimulus for angiogenesis is the increased production of
angiogenic factors by the tumor cells, especially vascular endothelial
growth factor (VEGF), fibroblast growth factors.

 The steps involved in angiogenesis include:

o Proteolytic digestion of basement membrane by plasminogen
activators and matrix metalloproteinases

o Migration of endothelial cells, initially as a solid cord

o Proliferation of endothelial cells

o Organization of the cords of endothelial cells into new blood
vessels with lumens.



III/vascular Invasion

 The thin walls and poorly formed basement membranes of

newly formed blood vessels allow the tumor cells to

penetrate.

 Once tumor cells are free within the lumen of the blood

vessel, they are carried into the circulation (tumor embolus)

and lodge in a capillary bed.



IV/ Establishment of a New Colony

 This involves tumor embolus extravasation with formation of

new deposits, associated with development of a tumor blood

supply by stimulation of angiogenesis as previously described.



Mechanism of 

tumor spread 



The site at which circulating tumor cells leave the

capillaries to form secondary deposits is related to:

 1- The anatomic location of primary tumor

 2- Vascular drainage of the primary tumor. Many tumors

arrest in the first capillary bed they encounter (lung and liver,

most commonly)

 3- Tropism of particular tumors for specific tissues, e.g.

prostatic carcinoma preferentially spreads to bone, this due

to chemokines and tumor cells may have adhesion

molecules whose ligands are expressed preferentially on the

endothelial cells of the target organ.



Benign tumor
Large painless 

palpable lump 

(feeling of 

discomfort)

Hormonal Effects 

when benign tumor 

arising in endocrine 

gland

e.g. thyroid adenoma 

leads to 

hyperthyroidism

Local effect (pressure 

effects) due to tumor 

expansion e.g.

• Pituitary adenoma 

may cause hypo-

pitutarisim

• Benign meningeal

tumor causing epilepsy)

Clinical effects of tumors

Transformation into a 

malignant neoplasm 

(e.g. adenomatous

polyp progressing to an 

adenocarcinoma)

Obstruction to the 

flow of fluid (e.g. 

benign epithelial 

tumor blocking a 

duct)



Effects of Malignant tumors 

Direct effects 

Non 
metastatic 

effects 

Inappropriate 
secretion of 
hormones

Metastatic 
effects 



 1-local Effects (direct effect):
 -Pain due to compress the adjacent structures such as nerves by the mass

of malignant tumor .

 -Hemorrhage from an ulcerated carcinoma may be acute or chronic, thus
leading to iron deficiency anemia.

 -Narrowing (stenosis) or complete obstruction of a hollow viscus (also
can be seen in big benign tumors).

 -Hormonal effect, cancers arising within or metastatic to an endocrine
gland may cause an endocrine insufficiency by destroying the gland.

 2-Metastatic Effects:
 Metastases can cause similar mass effects to primary tumors, but because

they are usually multiple consequences tend to be more severe.

Effects of Malignant tumors 



 3-Non-metastatic Effects:

 This is a heterogeneous group of disorders, many due to 

release of cytokines such as interleukin 1 (IL-1) and 

tumor necrosis factor α (TNFα) from tumor cells. 

 Patients with advanced cancer are often wasted 

(cachectic) with weight  loss, anorexia and 

 Immunosuppression

 Abnormalities of coagulation 

 Neurological disorders, for example neuropathy, 

cerebellar degeneration.



 4-Paraneoplastic Syndromes:

 Symptoms complexes in individuals with cancer that cannot be
explained by presence of primary cancer or its metastases, this due
to the tumors produce hormones or hormone like substances not
normally produced by their tissue of origin.

 Occur in about 10% of persons with cancer.

 They are important for the following reasons:

 They may represent the earliest manifestation of an occult
neoplasm.

 May cause significant clinical problems and may even be lethal.

 May clinically mimic metastatic disease thus confuse management .



Causal mechanismUnderlying cancerClinical syndromes 

ACTH or

ACTH-like substance

Small-cell carcinoma of 

lung

Cushing Syndrome Pancreatic carcinoma

Neural tumors

Parathyroid hormone–

related protein 

(PTHRP), TGF-α, TNF, 

IL-1

Squamous cell 

carcinoma of the lung

Hypercalcaemia Breast cancer 

Renal carcinoma 

Adult T-cell leukemia 

/lymphoma



Causal  

mechanism

Underlying

carcinoma
Clinical 

Syndromes

Insulin or insulin-like 

substance

Ovarian carcinomaHypoglycaemia

Fibrosarcoma

Other mesenchymal

sarcomas

Erythropoietin

Gastric carcinoma
Polycythemia

Renal carcinoma

Cerebellar hemangioma

Hepatocellular

carcinoma



Grading and Staging of Tumors:

 Methods are used to asses the aggressiveness of

malignant tumors and the spread of them.

 necessary for prognosis of the malignant tumor

and choice the proper treatment.



Grading of malignant tumors 

 It is based on the degree of differentiation (the

resemblance (degree of similarity) of cancer cells

to tissue of origin).

 The main parameters that look for :

 Mitotic activity

 Nuclear pleomorphism

 Degree of differentiation

 Extent of necrosis.





Degrees of differentiation adenocarcinoma

Normal well

moderate poor



slide shows the cell nest composed of malignant squamous cells (

pleomorphic, hyperchromatic nuclei & high N/C ratio) with keratin pear

diagnosis: well differentiated squamous cell carcinoma.



Rhabdomyosarcoma, marked cellular and nuclear pleomorphism,

hyperchromatic nuclei, and tumor giant cells.



Anaplastic tumor showing cellular and nuclear variation in size

and shape. The prominent cell in the center field has an 

abnormal tripolar spindle.



Signet ring carcinoma of stomach( Poorly differentiated

Adeno-carcinoma) The tumor cells have eccentric nuclei,

pushed to the side by a central globule of mucus.



The staging of cancers 

 Tumor stage : assess the extent of tumor clinically

& pathological.

 -The major staging system currently in use is the

American Joint Committee(AJC) on Cancer

Staging. This system uses a classification called the

TNM System.

 -Other systems include the Dukes’ staging

system for colonic carcinoma, Clarks &

Breslow for Melanoma.



General principles of TNM staging system:

 T for size of primary tumor

 Tis (in situ) is referred to carcinoma limited to mucosa

 T1-T4 : ↑size of tumor OR depth of invasion

 N for lymph node involvement

 -N0: no nodal involvement

 -N1 to N3: involvement of an ↑number and range of
nodes

 M for distant metastases

 -M0: no distant metastases.

 -M1 presence of blood-borne metastases.

 Staging is of greater clinical value than grading.





Premalignant conditions: 

 Conditions having ↑ risk of association with cancer

 A- malignant change in benign tumors : e.g.

 1- Colonic adenoma (esp. Villous adenoma &

Familial adenomatous polyposis (FAP) of colon)

 2- Neurofibroma



 B-Intraepithelial neoplasia“dysplasia” :

 -The epithelial cells show the cytological features

of malignancy but have not yet developed the

ability to invade adjacent normal tissues.

 It can affect epithelia of all types.

 squamous, transitional (e.g. bladder) and glandular

(e.g. stomach).

 e.g. cervical intraepithelial neoplasia (CIN).



 C- malignancy developing in chronic
inflammation :

 Chronic damage & repair during chronic
inflammation may lead to cancer ,e.g.

 1- Long standing ulcerative colitis → colonic cancer

 2- Hashimotos’ thyroiditis → lymphoma

 3- Ch. Hepatitis→ Liver Cirrhosis → hepatocellular
carcinoma.

 4- Reflux esophagitis (Barrett esophagus) → esophageal
carcinoma.



Laboratory Diagnosis of Cancer

 Although clinical, radiological and biochemical findings all
contribute towards the diagnosis of a tumor, the final
diagnosis is made in almost all cases by microscopic
examination.

 Histologic and Cytologic Methods

 (1)Histopathology:

(1) Excisional or incisional biopsy

(2) Core needle biopsy (deep-seated ones under radiological
control, can be sampled by needle biopsy in which a thin
core of tissue is removed).

 (2) Cytology

 - Fine needle aspiration cytology(FNAC)

 - Cytological smears (screen for carcinoma of the cervix).



 Additional techniques :

 Some of tumors are undifferentiated and very difficult to reach the
diagnosis by H&E stain.

 So we need additional techniques to reach final diagnosis and give
the proper treatment, so may need:

 Electron microscope

 Immunohistochemistry: special technique which is depended
on antigen –antibody reaction (using antibodies to cell
constituents)

 Molecular and Cytogenetic Diagnostics.

 - Polymerase chain reaction (PCR)

 - In-situ hybridization (e.g. FISH): used to detect gene
expression as a way of determining tumor type.



Tumor Markers

 These are substances produced by tumor cells

 They are detectable in the blood

 Are of value in:

 Diagnosis of tumor

 Monitoring progress following treatment or detect

recurrence.



Tumor Marker 

Carcinomas of the colon, pancreas, 

stomach, and  breast

Carcinoembryonic antigen (CEA)

Hepatocellular carcinomas, yolk 

sac tumor

Alpha-fetoprotein (AFP)

Ovarian tumors,CA-125

Prostate cancerProstate-specific antigen (PSA)

Choriocarcinoma and some 

testicular tumors

Human chorionic gonadotropin

(hCG)

Medullary carcinoma of thyroidCalcitonin

Carcinoid5- HIAA

Pheochromopcytomavanillyl mandilic acid (VMA)



Causes of Neoplasia:

 Cancer is not a single disease, it is most common

in adults older than 60 years of age, but can occur

in adults at all ages, in children and infants.

 The origin for many neoplasm is obscure

 However, both genetic and environmental factors

contribute to the development of cancer.



I) Environmental Factors

 Account for over 80% of human tumors

1- Chemical Carcinogens:

 - Alkylating agent (Chemotherapy) → Leukemia

 - Aniline dyes → bladder cancer

 - Cigarette smoke → lung cancer

 - Aflatoxine → hepatocellular carcinoma.

 - Benzene→Acute myeloid leukemia

 - Asbestos→ Mesothelioma.



2- Oncogenic viruses:
 RNA viruses:

- Human T-cell leukemia virus type 1 (HTLV-1) → adult T-cell
leukemia/lymphoma

- HCV→ hepatocellular carcioma

 DNA viruses:

 Human papilloma virus (HPV)

- high-risk HPV(types 16 & 18)→Squamous cell carcinoma of cervix

 hepatitis B virus (HBV)→ hepatocellular carcinoma.

 Epestein Barr virus (EBV) → Burkitt’s lymphoma and
Nasopharyngeal carcinoma

 Herpes virus 8 → Kaposi sarcoma.



3- Radiation

 - UV light→ skin cancer

 - Ionizing radiation →thyroid, lung , colon and Breast cancer.

4- Geographical Variations

 -American women have breast cancer more often than

Japanese women while Japanese and chinese men have

stomach cancer far more often than American men.

5- Diet

6- Others as obesity, alcohol consumption.



II) Genetic Factors:

 E.g.

 -Familial adenomatous polyposis coli: (APC) gene
(autosomal dominant) characterized by the growth of
numerous adenomas in the colon and the almost
inevitable development of colonic carcinoma by middle
age.

 -Familial retinoblastoma: retinoblastoma gene (Rb) lies
on the long arm of chromosome 13.

 -Familial breast carcinoma: BRCA1 and BRCA2 genes .



Familial Polyposis coli, with numerous small polyps

covering the colonic mucosa. there is a 100% risk over

time for development of adenocarcinoma.





Carcinogenesis 

 is a multistep process:
 I-Initiator: (carcinogenic agent) lead to irreversible DNA damage

however, is not sufficient for tumor formation.

 -Direct-acting carcinogens: require no metabolic conversion to
become carcinogenic e.g.Alkylating agent like cyclophosphamide .

 -Indirect-acting carcinogens: require metabolic conversion to
become active carcinogens. e.g. aflatoxin

 II-Promotors: Lead to proliferation of mutagenic cells (initiated
cells), they are nontumorigenic by themselves but they there
appears to be a "dose-threshold" concentration of promoter below
which neoplasia will not occur. eg: hormone therapy estrogen.







Thank you for 

your attention
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Definition of INFLAMMATION

 Local physiological response of a vascularized tissue to 
injury

 Function: Often beneficial, but sometime harmful:

 1. Dilute, destroy and wall off injurious agents

 2. Start process of healing 

 Nomenclature: has suffix itis (after name of tissue) e.g.,
 Appendicitis

 Dermatitis

 Cholecystitis

 Gingivitis  



Causes of Inflammation

1.Infections: e.g., bacterial, viral, parasitic, fungal etc.

 Viruses lead to death of individual cells by intracellular multiplication. 

 Bacteria release specific exotoxins-chemicals synthesized by them 
which specifically initiate inflammation-or endotoxins, which are 
associated with their cell walls. 

 Some organisms cause immunologically-mediated inflammation 
through hyper-sensitivity reactions such as parasitic infections and 
tuberculosis

2.Physical agents: e.g., trauma, heat, cold, radiation, etc

3.Chemical agents: e.g., acid, alkali, drugs, etc.

4.Hypersensitivity: e.g., rheumatic fever, SLE, RA….



Cardinal signs of inflammation

 Heat (Calor): vasodilation

 Swelling (Tumor):  exudate

 Redness (Rubor):  vasodilation

 Pain (Dolor):  prostaglandin, bradykinin, nerve 
compression 

 Loss of function (Functio laesa): pain & swelling



Components involved in inflammation

1. Blood vessels

2. Cells

1. Circulating N, M, L, E, B, & plasma cells

2. Connective tissue, mast cells, fibroblasts, M & L

3. Plasma & plasma proteins

4. Extracellular matrix

Collagen, elastic tissue, adhesive glycoproteins, 

protoglycans & basement membrane



Types of inflammation

 Short duration: hours -days-
weeks

 Exudative fluid (protein rich 
fluid + infl cells + debris)

 Main inflammatory cells

 N & M

 Long duration: months - years

 Fibrosis (indurative)

 Main inflammatory cells

 L, M, plasma cells + fibroblasts & 
endothelial cells

1. Acute inflammation 2. Chronic inflammation



Exudate Exudate



Exudate

 Definition: extracellular fluid rich in proteins & cells. Due to increase vascular 
permeability induced by chemical mediators and due to the direct damage of the 
vessels. 

 Consist of:

 1. Fluid rich in plasma proteins

 2. Fibrin

 3. Cells: Neutrophils, macrophages, eosinophils, few lymphocytes & red blood cells

 4. Debris 

 Function: 

 1. Dilute toxins.

 2. It contain fibrin which localize infection.

 3. It carries oxygen & nutrients to the inflammatory cells

 4. It carries drugs & antibodies against bacteria









ACUTE 

INFLAMMATION



Acute inflammation

 Initial reaction of vascularized tissue to injury

 Neutrophils are predominant inflammatory cells in 
early stages (6-24 hours)

 Monocytes (macrophages) predominate in later 
stages (24-48 hours)



Processes of acute inflammatory response

 Vascular changes
 Vasodilation ( increased diameter)

 Increase vascular permeability

 Leukocyte cellular events
 Margination & rolling

 Adhesion & transmigration (Diapedesis)

 Chemotaxis & activation

 Phagocytosis & degranulation

 Release of leukocyte products



Vascular changes

 1) Change in diameter

 Initial arteriolar vasoconstriction

 Then arteriolar vasodilatation

 2) Increase permeability 

 Hallmark of acute inflammation

 Result in marked outflow of fluid into interstitial tissue (           
)

 Ending in increase blood viscosity & slowing of the 
circulation (stasis)



Mechanisms of increased vascular permeability

 1. Endothelial cell contraction (venules)

 Reversible due to histamine, bradykinin, leukotrienes

 Immediate transient response (15-30 min)

 2. Direct endothelial injury (any vessel)(mediated by activated 
neutrophils via ROS e.g. H2O2).

 Irreversible, seen with severe injuries (burns or infections)

 Causes necrosis & detachment of endothelial cells

 3. Increased transcytosis (venules)

 Reversible due to VEGF secretions

 Causing widening & increased number of intracellular transcytoplasmic
channels

 4. Leakage from new blood vessels



Mechanisms of increased vascular permeability



Leukocyte cellular events in acute inflammation

1) Margination (pavement) & rolling

 With slowing of the circulation, leukocytes accumulate along 
vascular endothelial surface (Margination or Pavement)

 Then they transiently stick on endothelial cells (rolling) using 
selectins adhesion molecules

2) Adhesion & transmigration (Diapedesis)

 More firm & stable sticking of leukocytes to endothelial surface 
(adhesion) using integrins adhesion molecule

 Then leukocytes pass between endothelial cells along the 
intercellular junction (transmigration) using PECAM-1







3) Chemotaxis & activation

 Chemotaxis: WBC locomotion towards site of injury along 
a chemical gradient due to action of chemotaxins

 Types of chemotaxins:

Exogenous: bacterial products

Endogenous:
 C5a (complement factor)

 LTB4 (lipooxygenase pathway)

 IL-8 (Chemokines)

 PAF (platelet activating factor)



 Leukocyte activation: series of WBC responses that 
follow binding of chemotactic factors to their 
receptors on the cell membrane

 This result in:

Secretion of chemical mediators, degranulation & 
oxidative burst

Arachidonic acid metabolism

 Increase number & affinity of adhesion molecules

Chemotaxis



4) Phagocytosis & degranulation

 Affecting neutrophils & macrophages

 Three steps:

1-Recognition & attachment
 Facilitated by coating of microorganisms by serum proteins 

called OPSONINS: Mainly IgG & C3b

2-Engulfment
 Through formation of pseudopodia, phagosome, phagolysosome

3-Killing or degradation
 Through formation of free radicals (Superoxides,  hydrogen 

peroxide (H2O2) & hydrochloride (HOCL) )

 H2O2-MPO-halide system is the most bactericidal system in N



5) Release of leukocyte products

 These include:

 Lysosomal enzymes (protease) 

 Oxygen-derived active metabolites (free radicals)

 Products of arachidonic acid metabolism 

(lipooxygenase & cyclooxygenase products) 









Chemical Mediators of Inflammation

 A substances which play a role in genesis and 

modulation of inflammatory reaction

 They are responsible for:

 1.  Vasodilatation

2.  Increased permeability

3.  Emigration of WBC (Chemotactic agent).



Chemical Mediators of Inflammation



Chemical Mediators of Inflammation

A/ Vasoactive Amines

1) Histamine: secreted from mast cells, basophils & platelets

2) Serotonin: secreted from platelets

Effects: arteriolar vasodilation & increase vascular permeability 



B/ Arachidonic Acid (AA) Metabolites

 AA present in the cell membrane phospholipids

 Release from phospholipids through the action of 
phospholipase enzyme by mechanical, chemical & 
physical stimuli

 AA metabolism proceeds along 1 of 2 pathways
 Cyclooxygenase pathway---------- Postoglandins

 Lipooxygenase pathway------------Leukotriens



Arachidonic Acid Metabolites

 ThromboxaneA2

 Vasoconstriction

 Platelet aggregation

 Protacyclin (PGI2)

 Vasodilatation

 Inhibits Platelet aggregation

 PGD2, PGE2 & PGF2

 VD & edema

 PGE2:

 Fever

 Pain



 5-HETE:

 Chemotaxis

 LTB4:

 Chemotaxis

 Aggregation of neutrophils

 LTC4, LTD4, LTE4

 Vasoconstriction

 Bronchospasm

 Increase vascular permeability

Cyclooxygenase pathway Lipooxygenase pathway





C) Cytokines

 Polypeptides produced by activated lymphocytes & 
macrophages. 

 Involved in cellular immunity & inflammatory responses.

1. IL-1 & TNF

 Acute phase reaction including fever & Neutrophilia

 Promote endothelial secretion of PG & NO

 Induce fibroblastic proliferation & collagen synthesis

2. IL-6 

 Acute phase reactions

3. IL-8

 Chemotactant & neutrophil activating agent



D) Nitric Oxide (NO)

 Soluble free radical gas synthesized by endothelial cells, 

macrophages & specific neurons in the brain

 Effects:

 Vascular smooth muscle relaxation causing VD

 Decreased platelet aggregation & adhesion

 Microbicidal agent



E) Oxygen Free Radicals

 Superoxide (O2-), OH-, H2O2 & NO

 Effects

 kill bacteria 

 Endothelial cell damage causing increase vascular permeability

 Activation of proteinases

 Injury to surrounding cells



F) Complement System

 Present as inactive form in the plasma

 Vascular effect (anaphylotaxins): C3a, C5a & C4a causing 
VD & increase vascular permeability

 Leukocyte adhesion, chemotaxis & activation: C5a

 Phagocytosis: C3b & C3b1 act as opsonins







Microscopic appearance of acute inflammation

 Congestion of blood vessels

 Exudation of fluid

 Exudation of inflammatory cells mainly neutrophils







Special macroscopic appearances of acute 

inflammation 

 1. Serous inflammation: 

 There is abundant protein-rich fluid exudate with a relatively low cellular content. 

Examples include inflammation of the serous cavities, such as peritonitis, and 

inflammation of a synovial joint, acute synovitis. 

 2. Catarrhal inflammation: 

 When mucus hypersecretion accompanies acute inflammation of a mucous 

membrane. The common cold is a good example. 

 3. Fibrinous inflammation : 

 When the inflammatory exudate contains plentiful fibrinogen,  this polymerises

into a thick fibrin coating. This is often seen in acute pericarditis and gives the 

parietal and visceral pericardium a 'bread and butter' appearance. 



Special macroscopic appearances of acute 

inflammation 

 4. Suppurative (purulent) inflammation: 

 Means: pus

 Consists of dying and degenerate neutrophils, infecting organisms and liquefied 

tissues and exudate. 

 The pus may become walled-off by granulation tissue or fibrous tissue to produce 

an abscess (a localised collection of pus in a tissue). 

 If a hollow viscus fills with pus, this is called an empyema, for example, empyema

of the gallbladder or of the appendix

 5. Membranous inflammation: 

 An epithelium becomes coated by fibrin, desquamated epithelial cells and 

inflammatory cells.  An example is the grey membrane seen in pharyngitis or 

laryngitis due to Corynebacterium diphtheriae.









Fates (outcomes) of acute inflammation

 1. Complete resolution: return to normal

 It involve:

 removal of the exudate, fibrin & debris

 reversal of the microvascular changes

 regeneration of lost cells

 2. Healing & organization: connective tissue replacement. 

 Occurs in: 

 substantial tissue destruction

 tissue cannot regenerate

 extensive fibrinous exudate

 3. Suppuration:

 (It may be diffuse in tissue, localized in tissue (abscess) , on the surface of a wound, or in serous 
cavity)

 4. Progression to chronic inflammation:  

 when there is persistent infection

 when there is foreign body, …etc



Complete resolution







Effects of Acute Inflammation

 Dilution of toxins

 Entry of antibodies

 Drug transport

 Fibrin formation

 Delivery of nutrient & O2

 Stimulation of immune 
system

 Digestion of normal 

tissue

 Swelling & pain

 Inappropriate 

inflammatory response

BENIFITIAL EFFECTS HARMFUL EFFECTS







CHRONIC 

INFLAMMATION 

Dr Marwa M. Ali



Chronic Inflammation

 Inflammation of long duration, characterized by:

 Predominance of lymphocytes, plasma cells & 

macrophages.

 Productive (fibrous tissue) rather than exudative

through formation of granulation tissue

 ie: inflammation, tissue injury, and attempts at repair 

coexist together



Chronic Inflammation

 May arise in:

 Progression from acute inflammation
 Persistent inflammation & suppuration (pneumonia--lung abscess)

 Presence of indigestible endogenous (e.g dead bone), or 
exogenous (e.g suture)

 Prolonged exposure to potentially toxic agents, either exogenous or 
endogenous eg: silicosis & atherosclerosis

 Hypersensitivity diseases: excessive and inappropriate activation of the 
immune system

eg: autoimmune diseases: as in rheumatoid arthritis and multiple sclerosis. 

allergic diseases: as in bronchial asthma

 Primary chronic inflammation





Chronic inflammation(may be 

independent response).

 No initial phase of acute inflammation

 e.g.,

 Certain infections e.g T.B, leprosy, brucellosis, viral 

 Specific diseases of unknown etiology e.g ulcerative colitis

 Primary granulomatous diseases e.g sarcoidosis



Chronic inflammation(hallmark)

 Morphologic Features:

 Infiltration with mononuclear cells: including 

macrophages, lymphocytes, and plasma cells

 Tissue destruction: induced by the persistent causative 

agent or by the inflammatory cells

 Attempts at healing: by connective tissue replacement of 

damaged tissue, accomplished by angiogenesis and fibrosis

 (granulation tissue and fibrosis).



Cells and Mediators of Chronic Inflammation

 1. Role of Macrophages

 Represent the dominant cells in most chronic inflammatory 

reactions

 Secrete cytokines and growth factors 

 Initiate the process of tissue repair, scar formation and 

fibrosis. 

 Activating other cells, notably T lymphocytes. 

 Macrophages ingest and eliminate microbes and dead tissues.



Macrophage activation



Cells and Mediators of Chronic Inflammation

 Role of Lymphocytes:

 Lymphocytes may be the dominant population in the chronic 

inflammation, autoimmune and other hypersensitivity 

diseases.

 CD4+ T lymphocytes secrete cytokines, which promote 

inflammation and influence the nature of the inflammatory 

reaction.

 Activated B lymphocytes and antibody-producing  plasma 

cells are often present at sites of chronic inflammation.



Cells and Mediators of Chronic Inflammation

 Role of Eosinophils:

 Are abundant in immune reactions mediated by IgE and in 

parasitic infections 

 Recruitment by specific chemokines (e.g., IL-5, eotaxin) 

derived from leukocytes and epithelial cells.

 Produce major basic protein, a highly cationic protein that is 

toxic to parasites but also injures host epithelial cells.



Cells and Mediators of Chronic Inflammation

 Role of neutrophils:

 Persistent microbes or by cytokines and other mediators 

produced by activated macrophages and T lymphocytes. 

 Osteomyelitis, a neutrophilic exudate can persist for many 

months. 

 Neutrophils also are important in the chronic damage 

induced in lungs by smoking

 This pattern of inflammation has been called acute on 

chronic.



Morphology of Chronic Inflammation

 Cell types 

 Monocytes and macrophages, lymphocytes and plasma cells, 

eosinophils

 Necrosis 

 Not as prominent a feature as in acute inflammation 

 Destruction of parenchyma 

 Loss of functional tissue, with repair by fibrosis 

 Formation of granulation tissue 



 Chronic inflammation. This tissue shows an infiltrate of predominantly plasma 
cells (cells with eccentric nucleus and perinuclear clearing) and lymphocytes









Granulomatous inflammation

 Special type of chronic inflammation in which the 
predominant cell type is an epitheloid macrophage

 Epitheloid macrophages: Activated macrophage that has 
acquired an enlarged, elongated epithelial cell-like 
appearance. 

 Macrophage giant cell:  A large cell having numerous nuclei. 
2 main types:

 Foreign body GC

 Langhan’s GC





Granuloma:



Granuloma:

 An aggregate of epitheloid macrophages

 +/- surrounding rim of mononuclear infl cells

 +/- surrounding rim of fibroblast & fibrosis

 +/- giant cells

 +/- central necrosis e.g., caseating necrosis in TB















Causes of granulomatous inflammation



Ways useful for final diagnosis causes of granuloma

• Histological appearance

• Certain technique e.g. special stain as
AFB(The Acid-Fast Bacilli Stain is used to
identify acid-fast organisms, mainly Mycobacteria).

• Serological tests as in syphilis

• PCR: Polymeraze Chain Reaction



Macroscopic appearance of chronic inflammation

1. Chronic ulcer

2. Chronic abscess cavity

3. Induration & fibrosis

4. Thickening of the wall of the hallow viscous

5. Caseous necrosis

















Pathology
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Diseases of Immunity 

(Immunopathology)

Part 2



Transplant Rejection

• Rejection of organ transplantation is a 

complex, immunologically mediated process. 

It involves hypersensitivity response of the 

recipient to donor allograft ( which is 

recognized as a foreign antigen by recipient’s 

immune system).

• It results from antigenic differences between 

recipient and donor tissue in their MHC 

molecules. 



Pathology of Transplant Rejection

There are three types of rejection of renal

transplant ( as an example )

1. Hyperacute rejection

2. Acute rejection

3. Chronic rejection



Methods of increasing graft survival

1. Proper HLA matching for both MHC

class I and II between donor and

recipient.

2. Immunosuppression of recipient is

necessary in all organ transplantation,

these drugs suppress T cell mediated

immunity.



Autoimmune Diseases
A number of diseases that are characterized by 

Immune reactions against self antigens in body 

tissues. 

Tissue damage is mediated by type 2, 3 and 4 

hypersensitivity reactions. 

The self auto reactivity occurs when the mechanisms

of immunological tolerance break down.

 Autoimmunity arises from a combination of the 
inheritance of susceptibility genes, which may 
contribute to the breakdown of self-tolerance, and 
environmental triggers, such as infections and tissue 
damage, which promote the activation of self-reactive 
lymphocytes



Genetic Factors in Autoimmunity

• Autoimmune diseases have a tendency to run in families, and 
there is a greater incidence of the same disease in monozygotic 
than in dizygotic twins.

• Several autoimmune diseases are linked with the HLA locus, 
especially class II alleles (HLA-DR, -DQ). 

Role of infection in Autoimmunity

Autoantibodies against bacterial antigens may cross react with

self antigen sharing similar structure to the micro organism e.g.

streptococci and rheumatic heart disease.



Examples of Autoimmune Diseases

Organ specific autoimmune disorders

Type I diabetes mellitus

Pernicious anemia

Gravis disease

Multisystem diseases

Rheumatoid arthritis

Systemic lupus erythematosus (SLE)

Behçet Disease

Sjögren Syndrome



Behçet Disease

• Behçet disease is a small to medium sized vessel vasculitis
that classically presents as a clinical triad (triple symptoms)of
recurrent oral aphthous ulcers, genital ulcers, and uveitis.

• .There is an association with certain HLA haplotypes (HLA-B51
) and a cross-reactive immune response to certain
microorganisms is implicated.

• TH17 cells play a significant role by contributing to the
recruitment of neutrophils, which are seen infiltrating vessels
walls. However, the findings are nonspecific and the diagnosis
requires an appropriate clinical story.

• Immunosuppression with steroids or TNF-antagonist
therapies are generally effective.



Behçet Disease



Sjögren Syndrome

• Sjögren syndrome is a chronic disease
characterized by dry eyes (keratoconjunctivitis
sicca) and dry mouth (xerostomia) resulting
from immunologically mediated destruction of
the lacrimal and salivary glands.

• It occurs as an isolated disorder (primary
form), also known as the sicca syndrome, or
more often in association with another
autoimmune disease (secondary form) such as
in SLE and RA.



Sjögren Syndrome
• The lacrimal and salivary glands

characteristically show dense lymphocytic
infiltration consisting mainly of activated CD4+
helper T cells and some B cells, including
plasma cells.

• Serologic studies frequently reveal
autoantibodies. Antibodies against two
ribonucleoprotein antigens, SS-A (Ro) and SS-B
(La) , can be detected in as many as 90% of
patients by sensitive techniques



Sjögren Syndrome



IgG4-Related Disease
• IgG4-related disease (IgG4-RD) is a newly recognized 

constellation of fibro-inflammatory disorders characterized  
by tissue infiltrates rich in IgG4 antibody-producing plasma 
cells and lymphocytes, particularly T cells, associated with 
fibrosis and obliterative phlebitis .

• IgG4-related disease has now been described in virtually 
every organ system.

• These include Mikulicz syndrome (enlargement and fibrosis of 
salivary and lacrimal glands), Riedel thyroiditis, idiopathic 
retroperitoneal fibrosis, autoimmune pancreatitis, and 
inflammatory pseudotumors of the orbit, lungs, and kidneys.

• The disease most often affects middle-aged and older men.



Immunodeficiency and Immunosuppression

Immunodeficiency may be:

1. Primary : inherited failure of development of 

components of immune system 

2. Secondary: due to diseases or their treatment.



Secondary Immunodeficiency:

Secondary immunodeficiency are more common 

than primary, main causes are:

1. Malnutrition

2. Infection e.g. HIV/AIDS

3. Cancer 

4. Renal diseases

5. Patients receiving chemotherapy or 

radiotherapy for treatment of cancer

6. Use of immunosuppressive therapy to prevent 

graft rejection.



HIV/AIDS
• AIDS is a disease caused by infection with HIV and is characterized

by profound immunosuppression with associated opportunistic
infections, malignancies, wasting, and central nervous system
degeneration.

• The virus causing AIDS is human immunodeficiency virus (HIV) of
which type I (HIV-1) is globally distributed and the second type
(HIV-2) is restricted to African countries.

• HIV is a retrovirus that selectively attacks the CD4 T lymphocytes,
the immune cells responsible for orchestrating and coordinating
the immune response to infection in addition to macrophages,
and dendritic cells.

• As a consequence, persons with HIV infection have a
deteriorating immune system, and thus are more susceptible to
severe infections with ordinarily harmless organisms.



Structure of the human immunodeficiency virus
(HIV).

• The HIV virion is spherical and contains

an electrondense core surrounded by a

lipid envelope.

• The virus core contains the major capsid

protein p24, two copies of the genomic

RNA, and three viral enzymes (protease,

reverse transcriptase, and integrase).

• Because p24 is the most readily

detected antigen, it is the target for the

antibodies used in screening for HIV

infection.

• The viral core is surrounded by a matrix

protein called p17, which lies beneath

the viral envelope.

• The viral envelope is studded with two

viral glycoproteins, gp120 and gp41,

which are critical for the infection of

cells.





Stages of HIV Infection
• The typical course of HIV infection is defined by three phases,

which usually occur over a period of 8 to 12 years. The three
phases are:

1- the primary infection phase.

2- chronic asymptomatic or latency phase.

3- overt AIDS phase

• the primary infection phase (stage 1) may include fever,
fatigue , myalgias, sore throat, night sweats, gastrointestinal
problems, lymphadenopathy, maculopapular rash, and
headache.



Stages of HIV Infection
• The primary stage is followed by a latent period (stage 2)

during which the person has no signs or symptoms of illness.
The median time of the latent period is about 10 years. During
this time, the CD4 T-cell count falls gradually from the normal
range of 800 to 1000 cells/L to 200 to 400 cells/L (14% to
28%). Lymphadenopathy develops in some persons with HIV
infection during this phase.

• The third phase (stage 3), overt AIDS, occurs when a person
has a CD4 T-cell count of less than 200 cells/L (14%) or an
AIDS-defining illness. Without antiretroviral therapy, this
phase can lead to death within 2 to 3 years. The risk of
opportunistic infections and death increases significantly
when the CD4+ T-cell count falls below 200 cells/L.



Mode of transmission of HIV

infection
1. Sexual transmission:

• Accounts for greater than 75% of all cases of HIV

transmission through both heterosexual and homosexual

intercourse. The virus is present in semen both extracellularly

and within mononuclear inflammatory cells and enters the

recipient body through tears and abrasions in the mucosa.

• Sexual transmission of HIV is facilitated in the presence of

other sexually transmitted diseases causing genital ulcerations,

because these concomitant infections increase the contents of

inflammatory cells in seminal and cervical secretions.



2. Parenteral transmission:

a) Intravenous drug abusers through sharing needles and

syringes contaminated with HIV-containing blood.

b) Blood transfusion and infected blood products e.g.

Factor VIII concentrate for hemophilic patients.

c) Accidental percutaneous injury with infected blood e.g.

health care workers.

3. Mother to infant transmission ( vertical transmission)

• Three routes are involved: in utero, by transplacental

spread; intrapartum, during delivery; and by ingestion of 

HIV-contaminated breast milk.



Pathological features of HIV/AIDS

They are non specific ( except for CNS infection) and are 

mainly due to opportunistic infections, Kaposi sarcoma and 

other tumors

Cytomegalovirus is acquired by transplacental way and 

causes pneumonia, intestinal lesion and CNS infections. It is 

diagnosed by finding viral inclusions in biopsies.

Herpes simplex virus is transmitted by direct contact with 

infected lesion mainly from sexual intercourse causing 

painful genital ulcerations. Epithelial cells sheded from the 

ulcer show nuclear inclusions of the virus.

Mycobacterial infections do not lead to granuloma formation 

because CD4+ T lymphocytes are lacking but only 

accumulation of unactivated macrophages engulfing 

mycobacteria.



This is cytomegalovirus (CMV) 

infection in the lung. Note the very 

large cells that have large violet 

intranuclear inclusions with a small 

clear halo. Basophilic stippling can be 

seen in the cytoplasm.

"Three M’s of herpes simplex virus" -

margination of nuclei, molding and multi 

nucleation

With intranuclear eosinophilic amorphous 

or droplet - like bodies surrounded by a 

clear halo



Pneumocystis jiroveci 
• is a fungus that only causes disease in

immunosuppressed patients due to HIV
infection or transplantation. It spreads by
droplet infection leading to pneumonia.

• Microscopically, the typical case is
characterized by a foamy or
honeycombed intra-alveolar exudate
accompanied by a lymphoplasmacytic
interstitial infiltrate preventing gas
exchange.

• The diagnosis is made by identifying the
organism in sputum or bronchial lavage
specimens or by lung biopsy.



CNS involvement in patient with AIDS
Is an important AIDS-defining feature involving 
90% of patients and include

• Opportunistic infections of brain and 
meninges e.g. Toxoplasmosis, cryptococcosis.

• JC virus causes progressive multifocal 
leukoencephalopathy (PML)

• Primary B-cell lymphoma of brain

• Peripheral neuropathy

• AIDS-Dementia complex: is a late feature due 
to cerebral atrophy and HIV-encephalitis (HIV 
infection of brain tissue).



Cerebral toxoplasmosis with hemorrhagic necrotic
lesion compressing brain tissue



HIV-Associated tumors

Kaposi’s sarcoma: is a rare vascular tumor but

the most common neoplasm in AIDS patients.

It has recently been established that this tumor

is due to a virus transmitted sexually called

human herpes simples virus 8 and HIV

stimulates further proliferation of spindle cells

leading to Kaposi’s sarcoma. The tumor affects

skin, lymph nodes and internal organs and

appears grossly as infiltrative red nodules.

Microscopically: spindle shaped cells with

RBCs between tumor cells.



Kaposi sarcoma : atypical spindle cells enclosing slit like vascular 
spaces this otherwise rare tumour is a frequent finding in patient 
with AIDS.



Lymphoma: is the second most common type of

AIDS-associated tumors, they are very

aggressive affecting lymphoid tissues and

extra nodal sites mostly brain. ( primary

lymphoma of brain is an AIDS-defining

feature) and are mainly B cell type.

Mucosal squamous cell carcinoma (SCC): SCC

of cervix and anus in AIDS patient are due to

concomitant infections with human papilloma

virus.



Amyloidosis

Abnormal deposition of amyloid 

protein extracellularly in 

various tissues of the body. 



Classification of Amyloidosis and Mechanisms of
Amyloid Formation

• Amyloidosis results from abnormal folding of
proteins, which assume a β pleated sheet
conformation, aggregate, and deposit as fibrils in
extracellular tissues.

• The proteins that form amyloid fall into two general
categories:

(1) Normal proteins that have an inherent tendency to
associate and form fibrils, particularly when
produced in increased amounts; and

(2) mutant proteins that are prone to misfolding and
aggregation.



Structure of amyloid:

 Amyloid protein is a fibrillar  protein. Three main 
types of this protein are present:

• Amyloid light chain (AL) is derived from plasma 
cells and consists of immunoglobulin light chain 
produced by proliferating B-cell tumors.

• Amyloid-Associated (AA) protein: is high molecular 
weight protein that does not contain 
immunoglobulin in its structure. It is synthesized in 
the liver and associated with chronic inflammatory 
diseases.

• β-amyloid protein (Aβ) is a peptide that is derived 
by proteolysis from a much larger transmembrane 
glycoprotein, called amyloid precursor protein. 





Pathology of Amyloidosis:

Macroscopically the affected organ(lymph node ) is  enlarged, firm & has waxy 

consistency



Histologically: the deposition of amyloid is

always between cells (extracellular). with the

usual hematoxylin and eosin stain, amyloid

appears as an amorphous, eosinophilic hyaline

extracellular substance producing pressure

atrophy of adjacent cells.



The most commonly used special stain for

amyloid is Congo red (which differentiates

amyloid from other H&E similar materials like

hyaline,fibrin). Under light microscope, with

Congo red stain, amyloid appears red but

under polarized light, the Congo red stained

amyloid shows apple-green birefringence.

Amyloid fibrils can be defined with electron

microscope.



• In kidney: Amyloid is deposited an glomeruli (in

basement membrane of capillary loops) and wall of

blood vessels .

• In spleen: Amyloid causes marked enlargement of

spleen and is deposited in splenic sinuses and

splenic follicles.

• In the liver: Amyloid causes marked enlargement of

liver and is deposited in the wall of blood vessels

and sinusoids

• In the heart: Amyloid leads to cardiac enlargement

in elderly and is deposited in between myocardial

fibers



By H&E the amyloid appears as an amprphous, eosinophilic hyaline 

extracellular substance that with progressive accumulation lead to 

pressure atrophy of adjacent cells



Amyloidosis of kidney-congo red stain



Amyloidosis of kidney- polarized light, the

Congo red stained amyloid shows apple-

green birefringence.



• The diagnosis of amyloidosis depends on the histologic
demonstration of amyloid deposits in tissues.

• The most common sites biopsied are the kidney, when renal
manifestations are present, or rectal or gingival tissues in
patients suspected of having systemic amyloidosis.

• The prognosis for individuals with generalized amyloidosis is
poor.

• Those with AL amyloidosis (not including multiple myeloma)
have a median survival of 2 years after diagnosis.

• The outlook for individuals with reactive systemic amyloidosis
is somewhat better and depends to some extent on the
control of the underlying condition.



Thank You
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Introduction

• Immunity is the protection from infectious 

pathogens.

• There are two mechanisms for this protection:

Innate (natural or native) immunity.

Adaptive immunity (also called acquired, or 

specific immunity)



Innate Immunity:

• refers to the mechanisms that are ready to react to 
infections even before they occur.

• Innate immunity is the first line of defense and induce 
rapid protective host reactions.

• they include

1-epithelial barriers

2-phagocytic cells (neutrophils, macrophages)

3-natural killer cells and dendritic cells.

4-plasma proteins including proteins of the compliment 

system ,C-reactive protein and  Lung surfactant providing 
protection against inhaled microbes.



• Macrophages

Are part of mononuclear phagocytic system derived

from blood monocytes.

• Natural killer cells

Make up to 15% of peripheral blood lymphocytes but

are larger than lymphocyte and do not contain

receptors on their surfaces. They are part of innate

immunity ( do not require previous sensitization for

its activation). They help to kill tumor cells, virally

infected cells.



• Dendritic cells

o Are cells with cytoplasmic processes

distributed in epithelial surfaces

(interdigitating dendritic cells) and in the

epidermis ( langerhan’s cells) and in the

germinal center of lymphoid follicles of lymph

nodes ( follicular dendritic cells).

o These cells are the most important antigen

presenting cells for initiating primary immune

response, they have many receptors on their

surface that help to capture microbes from

their site of entry at epithelial surfaces.





Adaptive immunity:

Which includes two major types

• Cell mediated immunity responsible for 

defense against intracellular microbes e.g. 

mycobacterium, viruses, tumor cells, parasites. 

It is mediated by T (thymus-derived)  

lymphocytes.

• Humoral immunity protects against 

extracellular bacteria and their toxins. It is 

mediated by B (bone marrow–derived) 

lymphocytes and their secreted antibodies ( 

immunoglobulin).



• Adaptive immunity develops later, after 

exposure to microbes and other foreign 

substances, and is even more powerful than 

innate immunity in combating infections.





T lymphocytes

• Are derived from the thymus.

• they constitute 60% to 70% of lymphocytes in peripheral

blood.

• Depending on the presence of a specific membrane

glycoprotein receptors on T cell surface, T cells are subdivided

into:

1. CD4+ T cells ( T  helper cells) constitute  60% of T cells, 

they express CD4+ molecule on cell surface. This  CD4 

molecule binds to class II MHC  molecule on the surface of 

antigen presenting cell. CD4+ T cells are “helper” T cells 

because they secrete soluble molecules (cytokines) that help 

B cells to produce antibodies, and also help NK cells and 

macrophages to destroy phagocytized microbes.



2. CD8+ T cells ( Cytotoxic T cells) : constitute 
40% of T cells, they express CD8 molecule on 
their surface and bind to class I MHC molecule. 
CD8+ T cells can also secrete cytokines, but they 
play a more important role in directly killing 
virus-infected or tumor cells.



T cell activation



• B- Lymphocytes:

• Are derived from bone marrow and constitute 10% to

20% of circulating peripheral lymphocytes.

• The activation of B cells requires the help of CD4+ T

helper cells which first recognize the antigen (

presented by antigen presenting cells in association

with specific MHC molecule). Once T cells are

activated they start to secrete cytokines and tumor

necrosis factor (TNF) which activate B cells that

differentiate into plasma cells, these are antibody

secreting cells, they secrete immunoglobulin which

mediate humoral immunity



Fab region

Fc portion

Immunoglobulin 
structure



These immunoglobulin are of five types

• IgG is the most abundant type present in the plasma, tissue

fluids and can cross the placenta

• IgA is the next most common type present in plasma and in

saliva and intestinal secretion and has a protective mechanism

in the mucosa of GIT.

• IgM is the largest Ig ,found only in plasma and the first

immunoglobulin which appear after antigenic stimulation of B

cells

• IgE present in serum and on the surface of mast cells and

basophils. It is involved in protection against parasites and

mediate allergic reaction.

• IgD present in serum and surface of B cells





Disorders of the Immune System

1. Hypersensitivity reactions

2. Transplant Rejection.

3. Autoimmune diseases (immune reaction

against self)

4. Immunodeficiency syndromes ( genetically

determined or acquired defects in some

component of normal immune system).

5. Amyloidosis: a poorly understood disorder

having immunologic association.



Hypersensitivity reactions

• Immune responses that normally are 
protective are also capable of causing tissue 
injury. Injurious (excessive) immune reactions 
are grouped under hypersensitivity, and the 
resulting diseases are called hypersensitivity 
diseases.



On the basis of immunologic mechanism which

mediates the disease, hypersensitivity reactions

are classified into 4 types:

1. Type I (immediate) hypersensitivity.

2. Type II hypersensitivity ( antibody-mediated

disorder)

3. Type III hypersensitivity ( immune complex

mediated disorders)

4. Type IV hypersensitivity ( cell-mediated or

delayed type).



Type I (immediate) hypersensitivity

A rapidly developing immunologic reaction

occurring within minutes after the combination

of an antigen to IgE antibody bound to mast

cells in individuals previously sensitized to

that antigen.

These reactions are called allergy and the

antigen that elicit them is called allergen.



Pathogenesis

The main inflammatory cells which

mediate type I reaction are mast cells

and basophiles. Mast cells are derived

from bone marrow and contain

cytoplasmic granules filled with

vasoactive amines. Type I reaction is

mediated by IgE antibodies secreted from

differentiated B cells. The surface of mast

cells posses Fc receptor for the binding of

Fc portion of IgE.



• The sequence of events 
begins with the initial 
exposure to certain antigen 
or allergen  (such as pollen, 
drugs, food)  . These 
allergens stimulate 
induction of CD4+ 
lymphocytes of TH2 type. 
Once CD4+ lymphocytes 
recognize the antigen 
presented to it with antigen 
presenting cells, they start 
to secrete cytokines (IL4, 
IL5) which stimulate the 
production of IgE antibodies 
from B cells. IgE binds to Fc 
receptors on surface of 
mast cells and basophiles.



• Re-exposure to the 
same antigen results in 
cross-linking of IgE on 
the surface of mast cells 
resulting in 
degranulation of mast 
cells and release of 
inflammatory mediators 
from granules in the 
cytoplasm of mast cells





• Because inflammation is a major

component of late-phase reaction in type

I hypersensitivity, its control usually

requires anti-inflammatory drugs such as

corticosteroid.



Clinical manifestations:

Type I reaction is of two types

Systemic reaction (anaphylactic shock) :  e.g., 

bee venom or pencillin when administered as 

parenteral injection result in systemic 

anaphylaxis.  

Local reaction: depends on the portal of entry of

antigen e.g. localized cutaneous swelling (skin

allergy), nasal and conjunctival discharge

(allergic rhinitis and conjunctivitis), bronchial

asthma, allergic gastroenteritis ( food allergy).



chronic inflammation due to type I hypersensitivity reaction: Nasal mass 

with edematous stroma with chronic inflammatory cell infiltrate ( mainly 

eosinophils) covered by ciliated columnar epithelium
allergic nasal polyp



Bronchial asthma is an example of type I hypersensitivity 

reaction & is characterized by eosinophilic infiltrate, mucus 

collection & congestion.



Type II hypersensitivity ( Antibody-dependent

type)

Is mediated by antibodies directed against target

antigens that are fixed on the surface of cells

or other tissue components. The antigen may

be endogenous as normal molecules in the cell

membrane or may be exogenous like drugs,

blood transfusion. The antibodies mediating

this type of reaction are of IgG or IgM.







• Clinical examples for this type of reaction

o Transfusion reaction: incompatible blood

transfusion for either ABO or Rh

incompatibility when RBCs from incompatible

donor enter the recipient circulation, they

become coated with antibodies directed against

RBC antigen of the donor and are lysed.

o Gravis disease: antibodies against thyroid-

stimulating hormone receptor stimulate thyroid

epithelial cells and result in hyperthyroidism.



Type III hypersensitivity ( Immune 

complex-mediated)

• Is mediated by deposition of antigen-

antibody (immune) complexes followed by 

complement activation and accumulation of 

polymorph nuclear leukocytes.

• It is either

Systemic Immune Complex Disease.

Local Immune Complex Disease.



• Antigens may be exogenous e.g. bacteria and 

viruses or endogenous e.g. DNA and these 

immune complexes either form in the 

circulation (systemic) and then subsequently 

deposited in tissues or form and implanted 

locally at specific extra vascular sites e.g. 

kidney, joint, skin (localized) but the 

mechanism of tissue injury is the same.



Systemic Immune Complex Disease

Pathogenesis 

1) Formation of antigen-antibody complexes,

2) Deposition of immune complexes in various 

tissues. 

3) Initiating an inflammatory reaction in various 

tissues and complement activation





Pathology

When immune complexes are deposited in

blood vessels the pathologic lesion is

called vasculitis while their deposition in

the glomeruli is called

glomerulonephritis and in the joint is

called arthritis



The deposition of immune complexes in an artery is called vasculitis  

with circumferential bright pink area of fibrinoid necrosis with protein 

infiltration & inflammation



Type IV Hypersensitivity ( Cell-Mediated ):

Is mediated by specifically sensitized T 

lymphocytes ( without antibodies) 

It is subdivided into two types:

1. Delayed Type Hypersensitivity: mediated by 

CD4+ T lymphocytes

2. Direct Cell Cytotoxicity: mediated by CD8+ 

T lymphocytes







The granuloma is composed of localized 
collection of epithelioid cells surrounded by 
lymphocytes with langhans type giant cell.
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Cellular Responses to Stress and Toxic Insults:

- Cellular adaptations: are reversible functional and structural responses to changes

in physiologic states (e.g., pregnancy) and some pathologic stimuli, during which new but

altered steady states are achieved, allowing the cell to survive and continue to function.

Adaptive response may consist of: Atrophy, hypertrophy, hyperplasia,

metaplasia

- Cell injury

*Reversible injury

*Irreversible injury (Cell death)

1-Necrosis

2-Apoptosis

- Intracellular accumulations

- Pathologic calcification



Stages of the cellular response to stress and injurious stimuli



• If the limits of adaptive responses are exceeded or if cells are exposed to

injurious agents or stress, deprived of essential nutrients, or become

compromised by mutations that affect essential cellular constituents, a

sequence of events follows that is termed cell injury.

• Cell injury: reversible up to a certain point, but if the stimulus persists or

is severe enough from the beginning, the cell suffers irreversible injury

and ultimately undergoes cell death.

• Cell death - the end result of progressive cell injury, is one of the most

crucial events in the evolution of disease in any tissue or organ.

• Also a normal and essential process in embryogenesis, the development

of organs, and the maintenance of homeostasis. Two principal pathways

of cell death 1. Necrosis 2. Apoptosis.

• Apoptosis: Apoptosis, or programmed cell death, is a form of cell death

that is generally triggered by normal, healthy processes in the body.

• Necrosis: is the premature death of cells and living tissue. it is

considered an "unprogrammed" cell deah process at this time, caused by

factors external to the cell or tissue, such as infection, toxins, or trauma.





According to capacity of cell to division it divided into

 High capacity (labile cell) Nil capacity (permanent cell)

◦ Epidermis                                      Neurons     

◦ Gastrointestinal epithelium           Cardiac muscle

◦ Respiratory epithelium

◦ Bone marrow 

 Low capacity (stable cell)

◦ Hepatocytes 

◦ Pancreas 

◦ Kidney

◦ Smooth muscle

◦ Bone 

◦ cartilage



Cellular adaptations:

1-Atrophy:- Shrinkage in the size of the cell by 

the loss of cell substance resulting in decrease in the 

size of the organ.

causes:

1-Decrease in the workload 

2-Denervation: e.g. paralysis of limb due to nerve injury 

or poliomyelitis.

3-Under nutrition as in starvation

4-Loss of endocrine stimulation e.g. atrophy of the gonads 

in hypopituitarism.

5-Aging

6-Diminish blood supply





On the left is a normal testis. On the right is a testis 

that has undergone atrophy



2-Hypertrophy:- is an

increase in the size of cells

resulting in increase in the

size of the organ.

Could be:

* physiological :as 

enlargement of Uterus 

in pregnancy&  skeletal 

muscle in athletes, or 

manual workers.

Compensatory

mechanism after 

nephrectomy. 

* Pathological as in left

ventricular hypertrophy.
left ventricular hypertrophy.



Hypertrophic cardiomyopathy is an example 

of pathological hypertrophy due to increase 

demand, this ultimately results in increase in 

the size of the organ



3-Hyperplasia:- increase in the number of cells resulting in 

increase in the size of the organ.

-usually associated with hypertrophy.

- occurs in tissues whose cells are able to divide (labile & 

stable cells), could be:

Physiological:

 hormonal: proliferation of the breast glandular

epithelium of female at puberty, or during pregnancy.

 compensatory: hyperplasia of the cell when part of the

tissue is removed e.g. when part of the liver is resected.

Pathological: Extensive hormonal stimulation e.g.

endometrial hyperplasia.



Endometrial 

hyperplasia is an 

example of 

hormone-induced 

hyperplasia  due to 

hyperestrogenism.



This is an endometrial hyperplasia in which the

amount of endometrium is abnormally

increased.



4-Metaplasia: this refers to replacement of one 

mature cell type by an other mature cell type. It is a

reversible process

It may represents an adaptation (replacement) of cells 

more sensitive to stress by others that are more resistant to 

the adverse environment, e.g:

Squamous metaplasia of the laryngeal and bronchial 

respiratory epithelium due to habitual smoking.

Columnar metaplasia of esophageal squamous 

epithelium. as a result of prolonged reflux esophagitis.



Metaplasia of normal columnar (left) to squamous 

epithelium (right) in a bronchus



Barrett esophagus: Metaplastic transformation (arrow) 

of the normal esophageal  stratified squamous epithelium 

(Lt) to mature columnar epithelium



Squamous metaplasia of bronchial 

epithelium



 If the adaptation capacity is exceeded or if the

cell cannot undergo adaptation the cell injury

will occur & up to certain limit these changes

are reversible and then cell can return to

normal if the causative agent is removed.

 however if the stress is severe or persistent

this lead to irreversible cell injury.



Cell Injury



General Principles related to cell injury:

Cellular response to injurious stimuli

depend on type of injury , its duration & its

severity .

Consequences of an injurious depend on

type , status & genetic make up of the cell.

Four intracellular systems are vulnerable to

injury include : mitochondria (ATP) ,

protein synthesis , integrity of genetic

apparatus & cell membrane.



General biochemical Mechanisms of cell injury: 

1)ATP depletion: frequently associated with both hypoxic

and chemical (toxic) injury(e.g., cyanide).

2)O2 deprivation or generation of reactive O2 species (free

radical) which can cause cell injury .

3)Loss Calcium ion homeostasis

4)Defects in plasma membrane permeability

5)Mitochondrial damage



Free radical induced cell injury:

Free radical species: are chemical substances with  an unpaired electron  in the outer 

orbit, these substances are unstable so it reacts with any organic or inorganic 

substances to be stable  . Examples of free radicals: superoxide

anion (O2–) and hydroxyl radical (OH·)

Free radical causes cell injury by:

DNA fragmentation which lead to cell death & neoplasia

Membrane damage through the process of lipid peroxidation

Cross link of proteins which enhance loss of enzyme activity or cause 

fragmentation of protein.

Normally, there are several enzymatic and nonenzymatic systems to 

inactivate free radicals:

• glutathione peroxidase and superoxide dismutase.

• Endogenous or exogenous antioxidants (e.g. vitamin E, A & C & β 

carotene) 



Stages of the cellular response to stress and injurious stimuli



Causes of cell injury:

1-Hypoxia

◦ Ischemia

◦ Cardiac & respiratory diseases

◦ Low O2 carrying capacity ( anemia)

2-Physical injury (temp, radiation, electrical shock, trauma, 

change in atmospheric pressure)

3-Chemical agents & drugs

4-Microbial agents (virus, bacterial, …..etc)

5-Immunologic reactions (hypersensitivity reaction , 

anaphylactic shock & autoimmune diseases) 

6-Genetic derangement (Down’s syndrome & sickle cell anemia)

7-Nutritional imbalance (vitamin deficiency, protein deficiency, 

increase fat, alcoholism)

8-Aging



Reversible cell injury :

It is a common type of cell injury usually due to ischemia 

(hypoxia) in this type of injury the cellular changes will 

regress and disappear when the injurious agent is removed; 

the cell will return to normal both  morphologically and 

functionally

Morphology of reversible cell injury:

The two main morphologic correlates of reversible cell

injury are cellular swelling and fatty change.



1- Cellular swelling : It is the first manifestation seen in 

all forms of cell injury & it happens when the cell fail to 

maintain water & ion homeostasis . 

- it is difficult to be shown by light microscope. 

- it is more apparent when the whole organ is involved in

that case the organ become pale & increase in weight .

Microscopically : At the beginning the cytoplasm show

many vacuoles & this is called (vacuolar changes) , if the

vacuoles combine with each other the cell appear as

balloon & in that case the condition is called (hydropic

changes )



2-Fatty changes (steatosis): 

• Is abnormal accumulation of fat of triglyceride 

type within parenchymal cells rather than adipocytes. 

• It is an example of reversible cell injury, 

• Seen often  in the liver in which fat centrally metabolized & 

to less extent in the heart & kidney



Fat Droplets



Irreversible cell injury:

Irreversible cell injury: occurs when the injury persist or 

when it is severe from the start. Here the cell reaches the 

point of no return and progression to cell death is 

inevitable. 

It is of 2 types: 

1) Necrosis           2)Apoptosis

Necrosis: it is a sequence of morphologic changes that 

follow cell death in the living tissue or organs due to action 

of degradative enzymes or protein denaturation on 

irreversibly injured cells.



Necrosis

• It is a passive process

• Associated with inflammation

• Randomly occurs 

 Involve a group of cells 

 Always pathologic

 Causes :    ischemia, chemical injury or infarction( cell death due to 

cut of blood supply), nutritional….etc

Mechanisms of necrosis:

 Denaturation of proteins

 Enzymatic digestion of the cell: either by its own enzymes

(autolysis) or the cell digested by proteolytic enzymes secreted from

invading inflammatory cells, this is called (heterolysis)



Morphology ( microscopic feature of necrosis )

 changes  in cytoplasm include :

◦ increase eosinphilia: due to increase binding of eosin to 

denatured protein , decrease in basophilia of ribosome

& Glycogen depletion.

 nuclear change (pathgnomonic ) :

• Pyknosis (nuclear shrinkage + increase basophilia of the 

nucleus).

• Karyorrhexis (fragmentation with nuclear dust).

• Karyolysis (nuclear loss).

 calcification may occur.



Liver cell necrosis: Nuclear changes

normal

pyknosis karyorrhexis karyolysis



Types (Patterns) of necrosis

1.coagulation necrosis

2.liquifactive necrosis

3.fat necrosis

4.caseous necrosis

5.fibrinoid necrosis 

6.gangrene 



Coagulative necrosis:
 The most common type of necrosis.

 Occurs Any where in the body except C.N.S  

 Usually due to hypoxia 

Grossly:

Whitish-gray or red-hemorrhagic firm wedge shape area of 

infarction,(the occluded vessel at the apex and the periphery 

of the organ forming the base).

Histology: 

 Preservation of the tissue architecture & cellular outline.

 loss of internal details including nuclei.

It Results from denaturation of proteins



Coagulative necrosis(infarction)-

Spleen



infarction
 It is an ischemic necrosis 

caused by occlusion of 

either the arterial supply or 

the venous drainage.

 Coagulative necrosis is 

characteristic of infarcts 

(areas of ischemic necrosis) 

in all of the solid organs 

except the brain.



Coagulative necrosis(infarction)-kidney



Myocardial infraction, the cells become more 

eosinophilic , loss of striation, absence of nucleus & 

their outline are preserved 



Thank You



NEOPLASIA

Dr.  Marwa M.  Ali



Definitions:

-Neoplasia = “new growth”.

-A neoplasm can be defined as an abnormal mass of tissue, the growth of
which exceeds and is uncoordinated with that of the normal tissues and
persists in the same excessive manner after cessation of the stimuli which
evoked the change.

-Cancer: all malignant tumors.

-Oncology (Greek oncos = tumor) is the study of tumors or neoplasms.

-The tumors arise from one clone that undergo genetic changes and
uncontrolled proliferation.



 All tumors (benign or malignant) have two

basic components:

1) Neoplastic cells.

1) Supportive stroma: made up of connective tissue &

blood vessels (providing blood supply and offering support).



Classification of tumors

 Tumors are classified according to their behavior and
histogenesis.

I. Behavioral classification: benign or malignant.

II. Histogenetic classification: cell or tissue of origin;
epithelial or connective tissue.

 Precise classification of individual tumors is important for
planning effective treatment.



Epithelial  Mesenchymal

All epithelia Fibrous tissue

Squamous Bone and cartilage 

Transitional Muscle

Glandular Fat tissue

Columnar Nerve 

Pseudostratified Vessels 



Classification of tumors 

Benign

Epithelial Mesenchymal 

Malignant

Epithelial Mesenchymal 



Benign tumors

 Non-invasive and remain localized

 Slow growth rate



 Close histological resemblance to parent tissue
“differentiated tissue”

 Do not invade the surrounding tissues or spread to other
sites.



Malignant tumors

 Invasive and thus capable of spreading directly or by
metastasis.

 Relatively rapid growth rate .

 Variable histological resemblance to the parent tissue.

 Malignant neoplastic cells show a greater degree of atypical
nuclear changes, with enlargement of the nucleus, darker
staining (hyperchromasia) and more variability in nuclear size,
shape and chromatin clumping (pleomorphism)

 Not all tumors categorized as malignant exhibit metastatic
behavior. For example, basal cell carcinoma of the skin (rodent
ulcer) rarely forms metastases, yet is regarded as malignant
because it is highly invasive and destructive.



Benign VS Malignant



Nomenclature of tumors:

 1- Nomenclature of benign tumors:

 By attaching suffix -oma to cell of origin

 **Benign connective tissue (mesenchymal) tumors have
a prefix denoting the cell of origin

 e.g.:

 Benign tumor of fibroblastic cells →fibroma

 Benign cartilaginous tumor →chondroma.

 Benign tumor of adipose tissue →lipoma

 Benign tumor of bone → osteoma

 Benign tumor of vessels → angioma .



 ** Benign epithelial tumors are more complex
variously classified according to:

 1-Cells of origin

 2-Microscopic &/or macroscopic appearance

 -Papilloma: tumor arising from covering epithelia &
producing micro- or macro- visible finger-like (warty)
projections from epithelial surfaces, e.g. squamous
papilloma arising from tissue that lined by stratified squamous
epithelium like skin, esophagus….

 -Polyp: producing macro. visible projection above
mucosa e.g. Adenomatous polyp of stomach & colon.



 -Adenoma: benign tumor arising from glandular epithelia or

forms glandular structure e.g. renal cell adenoma, breast

adenoma, thyroid adenoma……

 -Cystadenoma: adenoma forming large cystic space(s) e.g.

ovarian cystadenoma.(Cystadenoma: A cystadenoma is a

type of benign tumor that develops from ovarian tissue. They

may be filled with a mucous-type fluid material. )

 -Papillary cystadenoma: as above + papillary projections

e.g. ovarian papillary cystadenoma.



Breast adenoma: uniform tubules separated by scant stroma.



2-Nomenclature of malignant tumors:

 **Malignant tumors arising in solid mesenchymal connective

tissues are called sarcomas (Greek sar = fleshy), e.g.

 -Fibrosarcoma (fibroblast) is a tumor of mesenchymal cell origin

that is composed of malignant fibroblasts.

 - Liposarcoma (lipocytes) is a rare type of cancer that begins in

the fat cells. It is considered a type of soft tissue sarcoma.

 - Leiomyosarcoma (smooth muscle cells)

 - Rhabdomyosarcoma (striated muscle cells).

 - Angiosarcoma (vessels)

 - Osteosarcoma (bone)

 - Chondrosarcoma (cartilage).



 *Malignant tumors of epithelial cell origin, are called
carcinomas.

 -Squamous cell carcinoma; malignant tumor arise from
squamous epithelia.

 -Adenocarcinoma; malignant tumor arise from glandular
epithelia. e.g. adenocarcinoma of colon .

 -Specify organ of origin e.g.

 Renal cell carcinoma

 Breast carcinoma.



 Tumors of Haemopoietic and Lymphoid

Tissues

 -Tumors that arise from stem cells of white blood

cells in the bone marrow leukemia

 -Malignant solid tumors of lymphocytic origin,

most of which arise in lymph nodes, spleen, thymus

or bone marrow Lymphoma.



 Mixed tumors (Tumors with mixed
differentiation):

A single line of neoplastic cells show divergent
differentiations into other tissues, e.g.:

 Mixed tumor of salivary glands (pleomorphic adenoma),
in reality adenomas, these tumors contain
epithelial/myoepithelial components scattered within a
myxoid stroma that may contain islands of cartilage or
bone.

 Fibroadenoma of breast. are common, benign (non-
cancerous) breast tumors made up of both
glandular tissue and stromal (connective) tissue.



Embryonal tumours: the ‘blastomas’

 Some types of tumor occur almost exclusively in the very
young, and bear a histological resemblance to the embryonic
form of the organ in which they arise.

 Examples include:

 • Retinoblastoma, which arises in the eye
 • Nephroblastoma or Wilms’ tumor, which arises in the

kidney
 • Neuroblastoma, which arises in nerve ganglia
 • Hepatoblastoma, which arises in the liver.

Hepatoblastomas originate from immature liver
precursor cells and present morphologic features that
mimic normal liver development.



Teratoma (germ cell tumor):

 Tumor consists of mature and/ or immature cells belonging to
one or more of the 3 germ cell layers (ecto-, endo- &
mesoderm).

 It originates from totipotential germ cells that are
normally present in the gonades (ovary and testis).

 Totipotent cells differentiate along various germ lines and
producing different tissues, so this neoplasms may contain
skin (ectoderm), bone, muscle, fat, brain tissue (mesoderm),
gut epithelium (endoderm).

 A common example, cystic teratoma (dermoid cyst) seen in
ovary.



Misnomers/Inappropriate designations

 Hepatoma: malignant liver tumor (correctly hepatocellular

carcinoma)

 Melanoma: carcinoma of the melanocyte

 Seminoma: testicular germ cell carcinoma

 Mesothelioma: aggressive tumor of the mesothelium.



These terms are not neoplasms

 ‘granuloma’ (an aggregate of macrophages)

 ‘tuberculoma’ (the large fibrocaseating lesion of
tuberculosis)

 ‘atheroma’ (lipid-rich intimal deposits in arteries) is an
abnormal accumulation of material in the inner layer of the
wall of an artery. The material consists of mostly
macrophage cells, or debris, containing lipids, calcium and a
variable amount of fibrous connective tissue.

 ‘mycetoma’ (a fungal mass populating a lung cavity)

 ‘haematoma’ (mass of coagulated blood).

‘



Two entities ending with –oma but not 

true neoplasms: anomalous development

 1. Choristoma (ectopia; heterotopia) :- presence of a
normal tissue in an unexpected location e.g. pancreatic tissue
in wall of esophagus/stomach or small intestine, may form
masse mimicking neoplasm grossly.

 2. Hamartoma: mass of disorganized mature tissue related
to site of origin

 e.g. lung hamartoma: islands of cartilage/blood
vessels/bronchial mucosa.(Pulmonary hamartomas can be
viewed as benign malformations of common lung tissue, to
include cartilage, epithelium, fat, or muscle).





Nomenclature of Tumors



Feature Benign Malignant

Growth rate Slow Relatively rapid

Mitoses Infrequent Frequent & often atypical

Histological resemblance  to 

normal tissue

Good Variable, from well 

differentiated to completely 

undifferentiated (anaplastic). 

Nuclear morphology Near normal Usually enlarged, hyperchromatic , 

irregular outlines, multiple nucleoli 

& pleomorphic ( variable sizes & 

shapes

Invasion No Yes

Metastasis Never Frequent 

Border Often circumscribed or 

encapsulated

Often poorly defined or irregular

Necrosis rare Common

ulceration Rare Common on skin or mucosal 

surface.

Direction of growth on skin or 

mucosal surface

Often exophytic Often endophytic



Certain terms 

 Dysplasia 

 Carcinoma in situ

 Anaplasia

 Metastasis.



Dysplasia

 Disordered growth in epithelial membranes (e.g.
the squamous epithelium of the cervix, skin, and
bronchial mucosa) characterized by

 1. Pleomorphism

 2. Loss of polarity

 3. Nuclear Changes

 a. hyperchromasia

 b. ↑N/C

 c. ↑Mitotic figures

 Some dysplastic lesions are almost certainly reversible.



Carcinoma in situ

 When dysplastic changes involve the full thickness of the epithelium, but
does not penetrate the basement membrane, it is called carcinoma in situ
(CIN).

 Only in epithelia. Not in mesenchymal tissues

 Complete excision at this very early stage will guarantee a cure.
 Once the tumor cells breach the basement membrane, the tumor is said to

be invasive

 The phase of in situ growth may last for several years before invasion
commences.

 The term ‘intraepithelial neoplasia’, as in cervical intraepithelial
neoplasia (CIN), is used increasingly to encompass both carcinoma in situ
and dysplasia. is a precancerous condition in which abnormal cells grow on the
surface of the cervix. The changes in the cells may be low grade or high grade,
depending on how much of the tissue is affected and how abnormal the cells
look under a microscope. Sometimes, the abnormal cells may become cancer and
spread to nearby normal tissue.



Anaplasia

 Total lack of differentiation of malignant cells, (i.e the tumor consist of
primitive-appearing/ unspecialized cells/can not be assigned to any of normal
cells).

 The features of anaplasia or malignancy

 1- Pleomorphism : variation in size and shape

 2- Abnormal nuclear morphology:

 a. Hyperchromasia (more darkly stained than normal)

 b.↑Nuclear/Cytoplasmic ratio: N/C ratio may approach 1:1 (normal 1:4 or
1:6).

 c.Variations in shape/abnormal chromatin clumping & distribution.

 d. Large nucleoli

 3- Mitoses :↑/atypical.

 4-Loss of polarity: disturbed orientation of cells.

 5-others:Tumor giant cell.



Metastases

 Metastases: tumor implants discontinuous with
primary tumor. It is only definite criterion of
malignancy.

 The major exceptions (locally infiltrative and
rarely metastasize) are:

 1. Most malignant gliomas of CNS

 2. Basal cell carcinoma of the skin.

 3. Some soft tissue tumors

 • Metastases strongly reduces the possibility of cure.



Evolution of an invasive squamous cell

carcinoma from the precursor lesions of

dysplasia and carcinoma in situ (usually

grouped together as intraepithelial

neoplasia). Note that the tumor cells cannot

reach routes of metastasis such as blood

vessels and lymphatics until the basement

membrane has been breached.



Thank you for 

your attention



Pathology
Dr. Marwa M. Ali

Cell Injury, Cell Death, and

Adaptations



Types (Patterns) of necrosis

1.coagulation necrosis

2.liquifactive necrosis

3.fat necrosis

4.caseous necrosis

5.fibrinoid necrosis 

6.gangrene 



Liquefactive necrosis:

 Seen in 

◦ Ischemic necrosis (infarction) of CNS

◦ In focal bacterial , occasionally fungal infections or 
Abscess formation in pyogenic infections in all tissues.

• Enzyme digestion & autolysis ˃ protein 
denaturation so the area become soft  cystic.

 Grossly: softening & liquefaction of the necrotic tissue 
(Soft liquid like)

 Microscopically : complete loss of tissue architecture(Loss 
of original tissue) , the  area contains necrotic debris & 
macrophage,. 



Liquefactive necrosis(Lung Abscess)



Liquefactive necrosis- Brain infarction



Caseous necrosis:

 It is a special form of necrosis usually seen in tuberculosis.

Grossly :it is soft & yellow white appears as cheese-like .

Microscopically :

-Tissue architecture is completely loss.

-The necrotic area appears as amorphous structureless

granular eosinophilic material enclosed within an

inflammatory border.

 It could be seen in other lesions so it is not pathognomonic

of TB .

.

•

•



Caseous necrosis

(TB),  yellow white 

appears as cheese-like



Caseous necrosis (Lung TB), 

amorphous structureless granular eosinophilic material



Fat necrosis: Two Types

1- Enzymatic fat necrosis: which usually follow acute

pancreatitis due to release of pancreatic enzyme(lipases) 

necrosis of pancreatic tissue & release of free fatty acid which

combined with calcium to produce grossly visible chalky-

white areas (fat saponification),

2- Traumatic fat necrosis: occur in the breast after trauma

which caused release of fatty acid from cell, this stimulate

macrophage infiltration which engulf fat, inflammation 

massive fibrosis so the lesion grossly become hard mimic

carcinoma.



Fat necrosis
The areas of white chalky deposits represent foci of fat 

necrosis with calcium soap formation (fat saponification)



Fat necrosis
Eosinophilic cytoplasm, shadowy outlines of 

necrotic fat cells, with basophilic calcium 

deposits, surrounded by an inflammatory 

reaction



Fibrinoid necrosis:

It is characterized  by deposition of fibrin like material in the 

tissue e.g. Fibrinoid necrosis of blood vessels in malignant 

hypertension & vasculitis.

Microscopically: bright eosinophilic material seen in the 

wall of  blood vessel or in the luminal surface of peptic 

ulcer.



Fibrinoid necrosis (is caused by immune-mediated 

vascular damage).It is marked by deposition of fibrin-like 

proteinaceous material in arterial walls, which appears  

eosinophilic on light microscopy.



Gangrenous necrosis (Gangrene)

• Gangrenous necrosis is not a 

specific pattern of cell death, 

but the term is commonly used 

in clinical practice.

• It is usually  applied to a limb, 

generally the lower leg, that 

has lost its blood supply and 

has undergone necrosis 

(typically coagulative

necrosis) involving multiple 

tissue planes. 

• Gangrene may be classified 

as dry or wet. 



Dry gangrene

• In dry gangrene, the part becomes dry and shrinks and 

its color changes to dark brown or black. 

• The spread of dry gangrene is slow.

• The lesion remains localized .

• The irritation caused by the dead tissue produces a line 

of inflammatory reaction (i.e., line of demarcation) 

between the dead tissue of the gangrenous area and the 

healthy tissue.

• Dry gangrene usually results from interference with 

arterial blood supply to a part without interference with 

venous return and is a form of coagulation necrosis.



Wet gangrene
• In wet gangrene, the area is cold, swollen, and pulseless.The skin is 

moist, black. Blebs form on the surface, liquefaction occurs, and a 

foul odor is caused by bacterial action. 

• There is no line of demarcation between the normal and diseased 

tissues, and the spread of tissue damage is rapid. 

• The lesion  May extend proximally.

• Wet gangrene primarily results from interference with venous 

return from the part. 

• Bacterial invasion plays an important role in the development of 

wet gangrene.

• Dry gangrene is confined almost exclusively to the extremities, but 

wet gangrene may affect the internal organs or the extremities.

• If bacteria invade the necrotic tissue, dry gangrene may be 

converted to wet gangrene.



Dry gangrene -Ischemia Wet gangrene –D.M



Fate  of necrotic tissue:

Body treats necrotic tissue as a foreign material.

1- It can cause acute inflammation with acute inflammatory

cell infiltrate in the surrounding tissue (Neutrophils) followed

by macrophage infiltration which try to remove the dead

tissue then healing can occur which is either

- by the same type of cell (regeneration) or

-by fibrosis (organization).

2- Calcification :deposition of calcium seen in necrotic tissue.

3- Gangrene



Apoptosis:( Programmed cell death)

It is a death of single cell as a result of the activation of a

genetically programmed (suicide) pathway through

which the cell removed with minimal damage to the tissue

containing them.

• Usually involve single cell.

• physiological or pathological

• Apoptosis is an active process (need energy or ATP)

• not associated with inflammation.



Genetic basis of apoptosis:

• bax, bak & bad genes are apoptotic genes 
• P53 stimulate apoptosis by stimulating synthesis of bax 

gene

• bcl-2,bcl-x  are antiapoptotic gene .

Microscopically: in H&E staining section, apoptotic cell

appears reduced in size and contains brightly eosinophilic

cytoplasm and a condensed nucleus.



Apoptosis of an epidermal cell. 

The cell is reduced in size and 

contains brightly eosinophilic 

cytoplasm and a condensed 

nucleus.



Examples where apoptosis occurs include:

a-Physiologic apoptosis 

1-During embryogenesis. i.e. it is responsible for shaping of 

various organs and structures .

2- Hormone- dependent involution. e.g. endometrium during 

the menstrual cycle & lactating breast after weaning.

3-Proliferating cell populations: e.g. intestinal epithelium, skin 

& blood cells.

b-Pathological:

1-Atrophy of the prostate after castration.

2-Virally infected cells as in acute viral hepatitis 

3- Neoplasia.

4-Radiation

5-Cytotoxic drugs



Differences between apoptosis & necrosis
Apoptosis

• Active process 

• Occur in single cells

• Physiological & pathological

• No inflammatory reaction

• Programmed process

• Mechanism; 

– Gene activation

– Caspases activation causing 

activation of endonuclease, 

proteases & transglutaminase  

Necrosis

• Passive process

• Affects mass of cells

• Always pathological

• Stimulate inflammation

• Random process

• Mechanism;

– ATP depletion

– Cell membrane injury



Differences between apoptosis & necrosis
Apoptosis

• Morphology:

– Cell shrinkage 

– Nuclear condensation & 

fragmentation

– Plasma membrane intact with 

altered structure.

– cellular contents intact and 

released in apoptotic bodies.

– Apoptotic bodies engulf by 

macrophages 

Necrosis

• Morphology

– Cell swelling

– Nuclear changes (pyknosis, 

karyorrhexis & karyolysis)

– Plasma membrane disrupted.

– cellular contents digested and 

leaked out of the cell.

– Necrotic area infiltrated 

&cleaned by inflammatory 

cells 



Intracellular accumulation :

• Under some circumstances cells may
accumulate abnormal amounts of various
substances, which may be harmless or
associated with varying degrees of injury.

• The substance may be located in the
cytoplasm, within organelles (typically
lysosomes), or in the nucleus.



Intracellular accumulation :

There are four main pathways of abnormal intracellular 
accumulations:

• Inadequate removal of a normal substance secondary to 
defects in mechanisms of packaging and transport.

• Accumulation of an abnormal endogenous substance as a 
result of defects in its folding, packaging, transport, or secretion.

• Failure to degrade a metabolite due to inherited enzyme 
deficiencies. 

• Deposition and accumulation of an abnormal exogenous 
substance when the cell has neither the enzymatic machinery to 
degrade the substance nor the ability to transport it to other 
sites. 



Hyaline change:

It refers to an alteration within cells or in the extracellular 

space that gives a homogeneous, glassy, pink appearance in 

routine histologic sections stained with H&E .

Example of intracellular hyaline

– Alcoholic hyaline in hepatocytes

– Viral inclusion

Example of extracellular hyaline

– Hyaline arteriolosclerosis, Amyloid, Scar.



At high magnification can be seen globular red hyaline material within

hepatocytes. This is Mallory's hyaline, also known as "alcoholic" hyaline because it

is most often seen in conjunction with chronic alcoholism. The globules are

aggregates of intermediate filaments in the cytoplasm resulting from hepatocyte

injury.



Pigmentations : 

There are two types :

Exogenous pigmentations  : 

Carbon (coal dust), accumulation of carbon particles in the 

lung give its black color called (anthracosis). if there is excess 

deposition of carbon in the lung it may cause extensive fibrosis 

& the condition is called pneumoconiosis

Tattooing, the pigment inoculated is taken by dermal 

macrophages (harmless). 



Accumulation of carbon particles in the 

lung & LN (anthracosis)



• Endogenous  pigmentation :

1- Lipofuscin or (lipochrome, aging pigement) : yellow

brown pigment seen inside the cell of the liver , heart &

brain ,seen in old ages ( wear & tear pigment) & it is a

marker of damage by free radicals and seen in patients

with sever malnutrition and cancer cachexia.



Lipofuscin pigment within hepatocytes



2-Melanin:

• This is an endogenous non-hemoglobin-derived 

brown-black pigment. The skin pigment is produced 

from tyrosin by the action of tyrosinase enzyme within 

the melanocytes.

• Lesions associated with melanocytes are

– Moles (nevi) …….benign lesion

– Melanoma………..Malignant



3-Bilirubin:

Yellow-brown pigment . It is derived from the heme

portion of hemoglobin. The conversion to bile occur in

the liver.

Excess accumulation of bilirubin pigment will lead to a 

clinical condition called jaundice which characterized 

by yellow discoloration of skin & mucous membrane. 



Bilirubin deposition within 

the liver



4-Hemosidrin:

• Is a hemoglobin-derived, golden-yellow to brown granules. 

• Excess iron in the body causes hemosiderin to accumulate 

within the cells.

• Special stain for iron is Prussian blue or Perl’s stain 

• Excess deposition is termed as hemosiderosis which is 

either localized or systemic.



Hemosiderin pigment in the 

alveolar macrophages

 Prussian blue or Perl’s 

stain 



Pathological calcification : is the abnormal tissue

deposition of calcium salts, together with smaller amounts

of iron, magnesium, and other mineral salts & it is of two

types :

1-Dystrophic calcification : Deposition of  calcium in 

non viable or dying tissues in the presence of 

normal serum level of  calcium with normal 

calcium metabolism. such as  

◦ Areas of necrosis 

◦ wall of artery in atherosclerosis

◦ Disease of valve ( aging or damage valve)

◦ Dead parasites & their ova.



dystrophic calcification

Fine, white granules or clumps, often felt as gritty deposits. 



Dystrophic calcification



Pathogenesis : is not well known , it could be due to one of 

the followings : 

 Increase in the PH of the tissue i.e. become alkaline .

 Release of alkaline phosphates which stimulate the 

deposition of calcium .

 The presence of cellular product which act as a nucleus 

that stimulate the deposition of calcium around it .   



2-Metastatic calcification : deposition of calcium salts in

otherwise normal tissues, and it almost always results from

hypercalcemia secondary to some disturbance in calcium

metabolism. Causes :

(1) increased secretion of parathyroid hormone (PTH), as in

hyperparathyroidism due to parathyroid tumors,

(2) resorption of bone tissue, as prolong immobilization or in

destructive disease of the bone such as multiple myeloma, leukemia

& secondary deposit in the bone (e.g. breast cancer)

(3) vitamin D–related disorders, including vitamin D intoxication

(4) renal failure, which causes retention of phosphate, leading to

secondary hyperparathyroidism.

Less common cause milk-alkali syndrome, which is due to excessive

ingestion of antacids such as milk or calcium carbonate.

Organs affected are: kidneys, stomach, lungs , 

pulmonary veins&  systemic arteries.



metastatic calcification lung



Thank You



HEALING & REPAIR

Dr Marwa M. Ali 



Cell types according to healing ability

1. LABILE 

• Continuously 
dividing  cells

• skin epidermis

• GIT 
epithelium

• Bone marrow 
cells

2. STABLE

• Quiescent cells

• liver,

• kidney

• pancreas

• Smooth muscle

3.PERMINANET

• Non dividing 
cells

• Cardiac muscle 

• Skeletal muscle

• CNS



TISSUE REPAIR

 Healing: Replacement of dead cells & damaged 

extracellular matrix (ECM) by healthy tissue. 

 2 processes

 Regeneration of specialized cells (same cells)

 Repair: Replacement by connective tissue ( fibrosis) 





TISSUE REPAIR

 The healing process involves the production of 
chemical mediators that affect cell growth by 
binding to specific receptors. They are called 
growth factors

 Causing:

 cellular proliferation

 influence cell migration & differentiation

 influence tissue remolding 



Major Growth Factors (GF) Involved in Tissue Repair



Factor Function 

Growth factors 

Vascular endothelial cell growth factor (VEGF) Stimulates angiogenesis

Basic fibroblast growth factor (BFGF) Stimulates angiogenesis

Epidermal growth factor (EGF) Stimulates keratinocyte migration

Stimulates granulation tissue formation

Platelet-derived growth factor (PDGF) Stimulates proliferation of smooth muscle, 

fibroblasts, endothelial cells

Hormones

Insulin growth factor-1 (IGF-1) Stimulates synthesis of collagen

Promotes keratinocyte migration

Interleukins (IL)

IL-1 Chemotactic for neutrophils

Stimulates synthesis of metalloproteinases (i.e., trace 

metal containing enzymes)

Stimulates synthesis and release of acute phase 

reactants from the liver



TISSUE REPAIR

1. Repair by Regeneration

 Replacement injured tissue by same type of original 
tissue cells

 Labile & stable cells

 involve 2 tissue components

 Cellular proliferation

 ECM deposition 



TISSUE REPAIR

11. Repair by connective tissue, fibrosis, scar 

formation

 Three components

 Granulation tissue (Angiogenesis)

 Fibrosis (Migration & proliferation of fibroblast )

 Remodeling (fibrous tissue maturation & organization)



TISSUE REPAIR

 Granulation tissue:

 “the hallmark of healing”

 Highly vascular tissue composed of newly formed blood vessels (i.e., 
angiogenesis) and activated fibroblasts

 Essential for normal wound healing 

 Converted into scar tissue 

 Growth factors: FGF &  VEGF

 Fibrosis:

 Fibroblast migration & proliferation

 ECM deposition

 Growth factors: PDGF, FGF, TGF-Beta, IL-1 & TNF

 Remodeling:

 Remodeling increases the tensile strength of scar tissue. 

 Fibrous tissue maturation & organization

 Metalloproteinases (collagenases) replace type III collagen with type I collagen, 
increasing tensile strength to approximately 80% of the original.







Types of skin wound healing

 1.  Healing by primary intention (primary union): 

 Wound edges are closely opposed by sutures 

 Used for clean surgical wounds 
 Heals in short duration

 2.  Healing by secondary intention (secondary 
union):  
 Wound is left open

 Used for gaping (edges are widely separated) or infected & 
contaminated wounds 

 Wound takes longer to heal



1. Primary Intention

 Sequence in primary intention healing of wound:

 1. First day: 

 Blood clot develops in wound 

 Neutrophils infiltrate

 2. Second day:

 Squamous cells from basal cells layers of opposing skin 

migrate under the fibrin clot and seal off the wound after 48

 Macrophages emigrate into wound



1. Primary Intention

 3. Third day:

 1: Beginning of granulation tissue formation:

 A.  Angiogenesis due to bFGF

 B.  Fibroblasts lay down type III collagen

 II: fibronectin is key chemical mediator:

 A.  Derived from macrophages/ fibroblasts/ endothelial cells

 B.  Chemotactic to fibroblasts & macrophages



1. Primary Intention

 4. 4th to 6th day: peaks of granulation formation

 5. 7th -10th days: tensile strength 10% of normal

 6. weeks to months: 

 A.  Collagenization:

 1. Collagenases are important in remodelization (Zn is cofactor)

 2. Type III collagen is replaced by type 1 to increase tensile strength

 B.  Maximum tensile strength is 80 % after 3months 

 Scar tissue is devoid of adnexal structures (e.g., hair, sweat 

glands) and inflammatory cells. 



2. Secondary Intention 

 More intense inflammatory reaction than primary healing 

 Increased amount of granulation tissue formation than in 

primary healing 

 Wound contraction caused by increased numbers of 

myofibroblasts

 Occurs when injury is severe or persistent 

 Tissue in a third-degree burn cannot be restored to normal 

owing to loss of skin, basement membrane, and connective 

tissue infrastructure. 



 2 to 4 days 



TISSUE REPAIR

 Day 4 to 8



TISSUE REPAIR





wound healing

 E.g, surgical wound

 Narrow incisional space 
resulting in a limited 
inflammatory reaction

 Small amount of granulation 
tissue in incisional space

 Limited amount of wound 
contraction

 Healing in short time 

 E.g. traumatic wound

 Large tissue defect resulting 
in a more intense 
inflammatory reaction

 Large amount of granulation 
tissue

 More amount of wound 
contraction

 Healing take long time

Primary Union

(Healing by 1st intention)

Secondary Union

(Healing by 2ry intention)



TISSUE REPAIR



TISSUE REPAIR





Healing of bone fractures

 I. Healing by primary union: rare e.g. in compression 
fractures

 II. Healing by formation of callus. Similar to healing by 
secondary union which includes:

• Injury----> Fracture----> formation of blood clot

• Inflammation start-----> removal of blood clot

• Replacement by granulation tissue consisting of capillary 
and mesenchymal cells (Osteoblast) (procallus)

• Formation of collagen fibers and Osteomucin (Osteoid
tissue) (callus)

• Calcification----------> Woven bone

• Removal of woven bone and replacement by lamellar bone



Complication of healing

1.Infections ( S aureus)

2.Wound dehiscence

3.Implantation dermoid

4.Keloid & hypertrophic scars

5.Painful scar.

6.Pigmented scar.

7.Weak scar. ( incisional hernia)

8.Cicatrisation

9.Neoplastic changes (marjolin ulcer)

10.Exuberant granulation tissue



Factors That Adversely Affect Wound Healing.

1. Infection 

1. Most common cause of 
impaired wound healing 

2. Staphylococcus aureus most 
common. 

2. Poor blood supply (ischemia) 

3. Presence of foreign material 

4. Presence of necrotic tissue 

5. Movement in injured area 

6. Irradiation 

7. Tension in injured area

1. Advanced age 

2. Protein malnutrition 

3. Vitamin C deficiency :decreased cross-

linking in collagen. 

4. Zinc deficiency :

1. Corticosteroid :Interfere with collagen 

formation and decrease tensile strength 

2. Diabetes mellitus :increases 

susceptibility to infection by decreasing 

blood flow to tissue and increasing 

tissue levels of glucose.

5. Cytotoxic (anticancer) drugs 

6. Severe anemia 

Local Systemic 







Classification of nerve injury & healing 

 Slight injury affects myelin 

 More severe injury affects the axon

 The most severe injury disrupts connective tissue. 



Peripheral nerve transection

 Distal degeneration of the axon (called wallerian degeneration) and 
myelin sheath 

 Proximal axonal degeneration up to the next node of Ranvier

 Macrophages and Schwann cells phagocytose axonal/myelin debris. 

 Muscle undergoes atrophy in ∼15 days. 

 Nerve cell body undergoes central chromatolysis. 
 Nerve cell body swells. 

 Nissl bodies (composed of rough endoplasmic reticulum and free 
ribosomes) disappear centrally. 

 Nucleus is peripheralized. 

 Schwann cells proliferate in the distal stump. 

 Axonal sprouts develop in the proximal stump and extend distally using 
Schwann cells for guidance. 

 Regenerated axon grows 2 to 3mm/day. 

 Axon becomes remyelinated. 

 Muscle is eventually reinnervated. 





LECTURE 1 

 

DEFINITION AND GENERAL CONCEPTS OF CLINICAL      

PATHOLOGY  

 

Pathology :is the  science that study diseases from the causative agents of  

them (Etiology) , to the disease mechanisms and prognosis (Pathogenesis) 

and all changes occurred in tissues and body fluids by naked eye (Gross 

pathology) or by  microscope (microscopic pathology),branches of 

pathology include: 

Anatomic pathology. The study of tissues, organs, and tumors  

Cytopathology. The study of cellular changes and everything related to 

cells. 

Forensic pathology. Performance of autopsies and legal pathology 

tests. 

Molecular pathology. The study of DNA and RNA sequencing, genes, 

and genetics. 

Clinical pathology: is a branch of pathology that deals with the use of 

laboratory methods (clinical chemistry, clinical microbiology, 

hematology, and emerging subspecialties such as molecular diagnostics) 

for the diagnosis and treatment of disease 

Clinical chemistry : (also known as chemical pathology and clinical 

biochemistry): is the area of clinical pathology that is generally concerned 

with analysis of bodily fluids . 

Clinical Microbiology: This encompasses five different sciences (units). 

These include bacteriology, virology, parasitology, immunology, 

and mycology. 

Hematology: studies the blood and blood-forming tissues to evaluate 

presence of disease and assist in therapeutic interventions as clinically 

indicated. 

Types of specimens used in clinical pathology 

Blood Blood is used in many tests. Blood can either be examined 

as a "whole," as plasma (the fluid left when red and white 

https://en.wikipedia.org/wiki/Medical_microbiology
https://en.wikipedia.org/wiki/Bacteriology
https://en.wikipedia.org/wiki/Virology
https://en.wikipedia.org/wiki/Parasitology
https://en.wikipedia.org/wiki/Immunology
https://en.wikipedia.org/wiki/Mycology


blood cells are removed), or as serum (a clear fluid that 

separates from blood when it clots). 

Blood is usually drawn with a needle from a vein, usually 

in the forearm. (This is also called venipuncture). 

Sometimes, the tip of the finger is pricked and then 

squeezed to draw blood (called a finger stick). 

Urine 

Urine is also used for a wide range of tests. Urine 

specimens can be obtained by: 

 Random method. The patient urinates in a cup. 

 Clean catch specimen. The outer genital area has been 

cleaned before urinating in a cup. 

 Sterile urine test. This requires catheterization (a tube 

is put into the urethra and goes to the bladder to obtain 

urine). 

Sometimes, a doctor will require the patient to do a timed 

test to measure substances excreted into the urine over 

several hours. 

Sputum 

(also called 

phlegm) Sputum can be coughed into a clean container. 

Feces 

Feces or stool is usually collected by the patient in a clean 

cardboard or plastic container. 

Other body 

fluids 

Other body fluids collected for testing may include the 

following: 

 Spinal fluid 

 Pleural fluids. These fluids are around the lungs and/or 

in the pleural cavity (the space between the two 



membranes that surround the lungs).  

 Abdominal (belly) fluids 

 Joint fluids 

 Bone marrow 

 

 

 

 

Techniques used in clinical pathology and guides in diseases    

diagnosis 
 Light microscope technique: used for samples examination like 

urine ,stool, sputum , ect. 

 Electron microscope: used for study the diseases caused by 

viruses or cell organells disorders  

 Histochemistry Techniques :used for diseases caused by 

chemicals accumulation like Iron in tissues due to organic diseases. 

 Immunohistochemistry Techniques :depend on Ag –Ab reaction 

to detect autoimmune diseases ,enzymes or fluorescent dye used 

for this reaction and diagnosed by florescent  microscope. 

 Biochemical Technique :determine enzymes ,hormones 

,metabolites, ions in body fluids  

 Hematological indices Techniques: used for blood specimens  

 Cell culture :used to study the genetic diseases  by culturing 

patient cell in vitro in specials culture media  

 Microbial culture : used for isolation the pathogens from different 

patients samples (urine ,stool, blood, ect. ) .Also, sensitivity testing 

is carried out to determine whether the pathogen is sensitive or 

resistant to a suggested medicine. 

 Molecular Technique : used for study the DNA and RNA of body 

cells and microbes which depend on proliferation copies of genetic 

material by polymerase chain reaction technique (PCR)for 

detection cancer and other disease.  

 

Cellular injury: cell exposed to different injurious agents capable  of 

changing the cell homeostasis and lead to change in cell  appearance  and 

function . 

Types of cellular injury :there are two types of cell injury :reversible 

(e.g. cloudy swelling  ) ,the accumulation of fluids ,proteins, pigments ,in 



the cell. The cell return back to its normal shape and function after 

removing of the injurious agents .Irreversible (permanent injury)lead to 

cell death by necrosis or cell apoptosis (programmed cell death) .Cells 

differ in sensitivity to injurious agents ,the most sensitive cells are the 

nervous system cells(3-5 min.) followed by cardiac and liver cell  (30-60 

min.) other cells need several hours to effect by injurious agents. 

Types of injurious agents : 

 

1-Hypoxia: cell oxygen deficiency because of 

 low in blood supply to cells (ischemia) due to narrowing arterioles 

as in atherosclerosis and thrombi. 

 low in blood oxygenation due to heart failure or respiratory failure. 

 low in RBCs ability in carrying oxygen as in Anemia. 

2-Physical agents :like trauma ,wounds ,fractions ,heat ,cold, radiation 

(x-ray, gamma ray ,UV) 

3-Chemical agents: likes acids, bases, pollutions ,toxins, Alcohols 

,narcotic drugs. 

4-Infectious agents :like bacteria ,viruses, fungi, parasites. 

5-Immunological agents: like hypersensitivity and autoimmune 

diseases. 

6-Genetic agents : disorder in chromosomes numbers as in downs 

syndrom or in genes component as in sickle cell anemia. 

7-Nutritional agents: include nutrient deficiency as in vitamin 

deficiency or nutrition excess as in obesity.  .                                              

Steps in laboratory investigation of an infected patient                          
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Cell Injury, Cell Death, and

Adaptations
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Cellular Responses to Stress and Toxic Insults:

- Cellular adaptations: are reversible functional and structural responses to changes

in physiologic states (e.g., pregnancy) and some pathologic stimuli, during which new but

altered steady states are achieved, allowing the cell to survive and continue to function.

Adaptive response may consist of: Atrophy, hypertrophy, hyperplasia,

metaplasia

- Cell injury

*Reversible injury

*Irreversible injury (Cell death)

1-Necrosis

2-Apoptosis

- Intracellular accumulations

- Pathologic calcification



Stages of the cellular response to stress and injurious stimuli



• If the limits of adaptive responses are exceeded or if cells are exposed to

injurious agents or stress, deprived of essential nutrients, or become

compromised by mutations that affect essential cellular constituents, a

sequence of events follows that is termed cell injury.

• Cell injury: reversible up to a certain point, but if the stimulus persists or

is severe enough from the beginning, the cell suffers irreversible injury

and ultimately undergoes cell death.

• Cell death - the end result of progressive cell injury, is one of the most

crucial events in the evolution of disease in any tissue or organ.

• Also a normal and essential process in embryogenesis, the development

of organs, and the maintenance of homeostasis. Two principal pathways

of cell death 1. Necrosis 2. Apoptosis.

• Apoptosis: Apoptosis, or programmed cell death, is a form of cell death

that is generally triggered by normal, healthy processes in the body.

• Necrosis: is the premature death of cells and living tissue. it is

considered an "unprogrammed" cell deah process at this time, caused by

factors external to the cell or tissue, such as infection, toxins, or trauma.





According to capacity of cell to division it divided into

 High capacity (labile cell) Nil capacity (permanent cell)

◦ Epidermis                                      Neurons     

◦ Gastrointestinal epithelium           Cardiac muscle

◦ Respiratory epithelium

◦ Bone marrow 

 Low capacity (stable cell)

◦ Hepatocytes 

◦ Pancreas 

◦ Kidney

◦ Smooth muscle

◦ Bone 

◦ cartilage



Cellular adaptations:

1-Atrophy:- Shrinkage in the size of the cell by 

the loss of cell substance resulting in decrease in the 

size of the organ.

causes:

1-Decrease in the workload 

2-Denervation: e.g. paralysis of limb due to nerve injury 

or poliomyelitis.

3-Under nutrition as in starvation

4-Loss of endocrine stimulation e.g. atrophy of the gonads 

in hypopituitarism.

5-Aging

6-Diminish blood supply





On the left is a normal testis. On the right is a testis 

that has undergone atrophy



2-Hypertrophy:- is an

increase in the size of cells

resulting in increase in the

size of the organ.

Could be:

* physiological :as 

enlargement of Uterus 

in pregnancy&  skeletal 

muscle in athletes, or 

manual workers.

Compensatory

mechanism after 

nephrectomy. 

* Pathological as in left

ventricular hypertrophy.
left ventricular hypertrophy.



Hypertrophic cardiomyopathy is an example 

of pathological hypertrophy due to increase 

demand, this ultimately results in increase in 

the size of the organ



3-Hyperplasia:- increase in the number of cells resulting in 

increase in the size of the organ.

-usually associated with hypertrophy.

- occurs in tissues whose cells are able to divide (labile & 

stable cells), could be:

Physiological:

 hormonal: proliferation of the breast glandular

epithelium of female at puberty, or during pregnancy.

 compensatory: hyperplasia of the cell when part of the

tissue is removed e.g. when part of the liver is resected.

Pathological: Extensive hormonal stimulation e.g.

endometrial hyperplasia.



Endometrial 

hyperplasia is an 

example of 

hormone-induced 

hyperplasia  due to 

hyperestrogenism.



This is an endometrial hyperplasia in which the

amount of endometrium is abnormally

increased.



4-Metaplasia: this refers to replacement of one 

mature cell type by an other mature cell type. It is a

reversible process

It may represents an adaptation (replacement) of cells 

more sensitive to stress by others that are more resistant to 

the adverse environment, e.g:

Squamous metaplasia of the laryngeal and bronchial 

respiratory epithelium due to habitual smoking.

Columnar metaplasia of esophageal squamous 

epithelium. as a result of prolonged reflux esophagitis.



Metaplasia of normal columnar (left) to squamous 

epithelium (right) in a bronchus



Barrett esophagus: Metaplastic transformation (arrow) 

of the normal esophageal  stratified squamous epithelium 

(Lt) to mature columnar epithelium



Squamous metaplasia of bronchial 

epithelium



 If the adaptation capacity is exceeded or if the

cell cannot undergo adaptation the cell injury

will occur & up to certain limit these changes

are reversible and then cell can return to

normal if the causative agent is removed.

 however if the stress is severe or persistent

this lead to irreversible cell injury.



Cell Injury



General Principles related to cell injury:

Cellular response to injurious stimuli

depend on type of injury , its duration & its

severity .

Consequences of an injurious depend on

type , status & genetic make up of the cell.

Four intracellular systems are vulnerable to

injury include : mitochondria (ATP) ,

protein synthesis , integrity of genetic

apparatus & cell membrane.



General biochemical Mechanisms of cell injury: 

1)ATP depletion: frequently associated with both hypoxic

and chemical (toxic) injury(e.g., cyanide).

2)O2 deprivation or generation of reactive O2 species (free

radical) which can cause cell injury .

3)Loss Calcium ion homeostasis

4)Defects in plasma membrane permeability

5)Mitochondrial damage



Free radical induced cell injury:

Free radical species: are chemical substances with  an unpaired electron  in the outer 

orbit, these substances are unstable so it reacts with any organic or inorganic 

substances to be stable  . Examples of free radicals: superoxide

anion (O2–) and hydroxyl radical (OH·)

Free radical causes cell injury by:

DNA fragmentation which lead to cell death & neoplasia

Membrane damage through the process of lipid peroxidation

Cross link of proteins which enhance loss of enzyme activity or cause 

fragmentation of protein.

Normally, there are several enzymatic and nonenzymatic systems to 

inactivate free radicals:

• glutathione peroxidase and superoxide dismutase.

• Endogenous or exogenous antioxidants (e.g. vitamin E, A & C & β 

carotene) 



Stages of the cellular response to stress and injurious stimuli



Causes of cell injury:

1-Hypoxia

◦ Ischemia

◦ Cardiac & respiratory diseases

◦ Low O2 carrying capacity ( anemia)

2-Physical injury (temp, radiation, electrical shock, trauma, 

change in atmospheric pressure)

3-Chemical agents & drugs

4-Microbial agents (virus, bacterial, …..etc)

5-Immunologic reactions (hypersensitivity reaction , 

anaphylactic shock & autoimmune diseases) 

6-Genetic derangement (Down’s syndrome & sickle cell anemia)

7-Nutritional imbalance (vitamin deficiency, protein deficiency, 

increase fat, alcoholism)

8-Aging



Reversible cell injury :

It is a common type of cell injury usually due to ischemia 

(hypoxia) in this type of injury the cellular changes will 

regress and disappear when the injurious agent is removed; 

the cell will return to normal both  morphologically and 

functionally

Morphology of reversible cell injury:

The two main morphologic correlates of reversible cell

injury are cellular swelling and fatty change.



1- Cellular swelling : It is the first manifestation seen in 

all forms of cell injury & it happens when the cell fail to 

maintain water & ion homeostasis . 

- it is difficult to be shown by light microscope. 

- it is more apparent when the whole organ is involved in

that case the organ become pale & increase in weight .

Microscopically : At the beginning the cytoplasm show

many vacuoles & this is called (vacuolar changes) , if the

vacuoles combine with each other the cell appear as

balloon & in that case the condition is called (hydropic

changes )



2-Fatty changes (steatosis): 

• Is abnormal accumulation of fat of triglyceride 

type within parenchymal cells rather than adipocytes. 

• It is an example of reversible cell injury, 

• Seen often  in the liver in which fat centrally metabolized & 

to less extent in the heart & kidney



Fat Droplets



Irreversible cell injury:

Irreversible cell injury: occurs when the injury persist or 

when it is severe from the start. Here the cell reaches the 

point of no return and progression to cell death is 

inevitable. 

It is of 2 types: 

1) Necrosis           2)Apoptosis

Necrosis: it is a sequence of morphologic changes that 

follow cell death in the living tissue or organs due to action 

of degradative enzymes or protein denaturation on 

irreversibly injured cells.



Necrosis

• It is a passive process

• Associated with inflammation

• Randomly occurs 

 Involve a group of cells 

 Always pathologic

 Causes :    ischemia, chemical injury or infarction( cell death due to 

cut of blood supply), nutritional….etc

Mechanisms of necrosis:

 Denaturation of proteins

 Enzymatic digestion of the cell: either by its own enzymes

(autolysis) or the cell digested by proteolytic enzymes secreted from

invading inflammatory cells, this is called (heterolysis)



Morphology ( microscopic feature of necrosis )

 changes  in cytoplasm include :

◦ increase eosinphilia: due to increase binding of eosin to 

denatured protein , decrease in basophilia of ribosome

& Glycogen depletion.

 nuclear change (pathgnomonic ) :

• Pyknosis (nuclear shrinkage + increase basophilia of the 

nucleus).

• Karyorrhexis (fragmentation with nuclear dust).

• Karyolysis (nuclear loss).

 calcification may occur.



Liver cell necrosis: Nuclear changes

normal

pyknosis karyorrhexis karyolysis



Types (Patterns) of necrosis

1.coagulation necrosis

2.liquifactive necrosis

3.fat necrosis

4.caseous necrosis

5.fibrinoid necrosis 

6.gangrene 



Coagulative necrosis:
 The most common type of necrosis.

 Occurs Any where in the body except C.N.S  

 Usually due to hypoxia 

Grossly:

Whitish-gray or red-hemorrhagic firm wedge shape area of 

infarction,(the occluded vessel at the apex and the periphery 

of the organ forming the base).

Histology: 

 Preservation of the tissue architecture & cellular outline.

 loss of internal details including nuclei.

It Results from denaturation of proteins



Coagulative necrosis(infarction)-

Spleen



infarction
 It is an ischemic necrosis 

caused by occlusion of 

either the arterial supply or 

the venous drainage.

 Coagulative necrosis is 

characteristic of infarcts 

(areas of ischemic necrosis) 

in all of the solid organs 

except the brain.



Coagulative necrosis(infarction)-kidney



Myocardial infraction, the cells become more 

eosinophilic , loss of striation, absence of nucleus & 

their outline are preserved 



Thank You



INFLAMMATION 

Dr. Marwa M. Ali



Definition of INFLAMMATION

 Local physiological response of a vascularized tissue to 
injury

 Function: Often beneficial, but sometime harmful:

 1. Dilute, destroy and wall off injurious agents

 2. Start process of healing 

 Nomenclature: has suffix itis (after name of tissue) e.g.,
 Appendicitis

 Dermatitis

 Cholecystitis

 Gingivitis  



Causes of Inflammation

1.Infections: e.g., bacterial, viral, parasitic, fungal etc.

 Viruses lead to death of individual cells by intracellular multiplication. 

 Bacteria release specific exotoxins-chemicals synthesized by them 
which specifically initiate inflammation-or endotoxins, which are 
associated with their cell walls. 

 Some organisms cause immunologically-mediated inflammation 
through hyper-sensitivity reactions such as parasitic infections and 
tuberculosis

2.Physical agents: e.g., trauma, heat, cold, radiation, etc

3.Chemical agents: e.g., acid, alkali, drugs, etc.

4.Hypersensitivity: e.g., rheumatic fever, SLE, RA….



Cardinal signs of inflammation

 Heat (Calor): vasodilation

 Swelling (Tumor):  exudate

 Redness (Rubor):  vasodilation

 Pain (Dolor):  prostaglandin, bradykinin, nerve 
compression 

 Loss of function (Functio laesa): pain & swelling



Components involved in inflammation

1. Blood vessels

2. Cells

1. Circulating N, M, L, E, B, & plasma cells

2. Connective tissue, mast cells, fibroblasts, M & L

3. Plasma & plasma proteins

4. Extracellular matrix

Collagen, elastic tissue, adhesive glycoproteins, 

protoglycans & basement membrane



Types of inflammation

 Short duration: hours -days-
weeks

 Exudative fluid (protein rich 
fluid + infl cells + debris)

 Main inflammatory cells

 N & M

 Long duration: months - years

 Fibrosis (indurative)

 Main inflammatory cells

 L, M, plasma cells + fibroblasts & 
endothelial cells

1. Acute inflammation 2. Chronic inflammation



Exudate Exudate



Exudate

 Definition: extracellular fluid rich in proteins & cells. Due to increase vascular 
permeability induced by chemical mediators and due to the direct damage of the 
vessels. 

 Consist of:

 1. Fluid rich in plasma proteins

 2. Fibrin

 3. Cells: Neutrophils, macrophages, eosinophils, few lymphocytes & red blood cells

 4. Debris 

 Function: 

 1. Dilute toxins.

 2. It contain fibrin which localize infection.

 3. It carries oxygen & nutrients to the inflammatory cells

 4. It carries drugs & antibodies against bacteria









ACUTE 

INFLAMMATION



Acute inflammation

 Initial reaction of vascularized tissue to injury

 Neutrophils are predominant inflammatory cells in 
early stages (6-24 hours)

 Monocytes (macrophages) predominate in later 
stages (24-48 hours)



Processes of acute inflammatory response

 Vascular changes
 Vasodilation ( increased diameter)

 Increase vascular permeability

 Leukocyte cellular events
 Margination & rolling

 Adhesion & transmigration (Diapedesis)

 Chemotaxis & activation

 Phagocytosis & degranulation

 Release of leukocyte products



Vascular changes

 1) Change in diameter

 Initial arteriolar vasoconstriction

 Then arteriolar vasodilatation

 2) Increase permeability 

 Hallmark of acute inflammation

 Result in marked outflow of fluid into interstitial tissue (           
)

 Ending in increase blood viscosity & slowing of the 
circulation (stasis)



Mechanisms of increased vascular permeability

 1. Endothelial cell contraction (venules)

 Reversible due to histamine, bradykinin, leukotrienes

 Immediate transient response (15-30 min)

 2. Direct endothelial injury (any vessel)(mediated by activated 
neutrophils via ROS e.g. H2O2).

 Irreversible, seen with severe injuries (burns or infections)

 Causes necrosis & detachment of endothelial cells

 3. Increased transcytosis (venules)

 Reversible due to VEGF secretions

 Causing widening & increased number of intracellular transcytoplasmic
channels

 4. Leakage from new blood vessels



Mechanisms of increased vascular permeability



Leukocyte cellular events in acute inflammation

1) Margination (pavement) & rolling

 With slowing of the circulation, leukocytes accumulate along 
vascular endothelial surface (Margination or Pavement)

 Then they transiently stick on endothelial cells (rolling) using 
selectins adhesion molecules

2) Adhesion & transmigration (Diapedesis)

 More firm & stable sticking of leukocytes to endothelial surface 
(adhesion) using integrins adhesion molecule

 Then leukocytes pass between endothelial cells along the 
intercellular junction (transmigration) using PECAM-1







3) Chemotaxis & activation

 Chemotaxis: WBC locomotion towards site of injury along 
a chemical gradient due to action of chemotaxins

 Types of chemotaxins:

Exogenous: bacterial products

Endogenous:
 C5a (complement factor)

 LTB4 (lipooxygenase pathway)

 IL-8 (Chemokines)

 PAF (platelet activating factor)



 Leukocyte activation: series of WBC responses that 
follow binding of chemotactic factors to their 
receptors on the cell membrane

 This result in:

Secretion of chemical mediators, degranulation & 
oxidative burst

Arachidonic acid metabolism

 Increase number & affinity of adhesion molecules

Chemotaxis



4) Phagocytosis & degranulation

 Affecting neutrophils & macrophages

 Three steps:

1-Recognition & attachment
 Facilitated by coating of microorganisms by serum proteins 

called OPSONINS: Mainly IgG & C3b

2-Engulfment
 Through formation of pseudopodia, phagosome, phagolysosome

3-Killing or degradation
 Through formation of free radicals (Superoxides,  hydrogen 

peroxide (H2O2) & hydrochloride (HOCL) )

 H2O2-MPO-halide system is the most bactericidal system in N



5) Release of leukocyte products

 These include:

 Lysosomal enzymes (protease) 

 Oxygen-derived active metabolites (free radicals)

 Products of arachidonic acid metabolism 

(lipooxygenase & cyclooxygenase products) 









Chemical Mediators of Inflammation

 A substances which play a role in genesis and 

modulation of inflammatory reaction

 They are responsible for:

 1.  Vasodilatation

2.  Increased permeability

3.  Emigration of WBC (Chemotactic agent).



Chemical Mediators of Inflammation



Chemical Mediators of Inflammation

A/ Vasoactive Amines

1) Histamine: secreted from mast cells, basophils & platelets

2) Serotonin: secreted from platelets

Effects: arteriolar vasodilation & increase vascular permeability 



B/ Arachidonic Acid (AA) Metabolites

 AA present in the cell membrane phospholipids

 Release from phospholipids through the action of 
phospholipase enzyme by mechanical, chemical & 
physical stimuli

 AA metabolism proceeds along 1 of 2 pathways
 Cyclooxygenase pathway---------- Postoglandins

 Lipooxygenase pathway------------Leukotriens



Arachidonic Acid Metabolites

 ThromboxaneA2

 Vasoconstriction

 Platelet aggregation

 Protacyclin (PGI2)

 Vasodilatation

 Inhibits Platelet aggregation

 PGD2, PGE2 & PGF2

 VD & edema

 PGE2:

 Fever

 Pain



 5-HETE:

 Chemotaxis

 LTB4:

 Chemotaxis

 Aggregation of neutrophils

 LTC4, LTD4, LTE4

 Vasoconstriction

 Bronchospasm

 Increase vascular permeability

Cyclooxygenase pathway Lipooxygenase pathway





C) Cytokines

 Polypeptides produced by activated lymphocytes & 
macrophages. 

 Involved in cellular immunity & inflammatory responses.

1. IL-1 & TNF

 Acute phase reaction including fever & Neutrophilia

 Promote endothelial secretion of PG & NO

 Induce fibroblastic proliferation & collagen synthesis

2. IL-6 

 Acute phase reactions

3. IL-8

 Chemotactant & neutrophil activating agent



D) Nitric Oxide (NO)

 Soluble free radical gas synthesized by endothelial cells, 

macrophages & specific neurons in the brain

 Effects:

 Vascular smooth muscle relaxation causing VD

 Decreased platelet aggregation & adhesion

 Microbicidal agent



E) Oxygen Free Radicals

 Superoxide (O2-), OH-, H2O2 & NO

 Effects

 kill bacteria 

 Endothelial cell damage causing increase vascular permeability

 Activation of proteinases

 Injury to surrounding cells



F) Complement System

 Present as inactive form in the plasma

 Vascular effect (anaphylotaxins): C3a, C5a & C4a causing 
VD & increase vascular permeability

 Leukocyte adhesion, chemotaxis & activation: C5a

 Phagocytosis: C3b & C3b1 act as opsonins







Microscopic appearance of acute inflammation

 Congestion of blood vessels

 Exudation of fluid

 Exudation of inflammatory cells mainly neutrophils







Special macroscopic appearances of acute 

inflammation 

 1. Serous inflammation: 

 There is abundant protein-rich fluid exudate with a relatively low cellular content. 

Examples include inflammation of the serous cavities, such as peritonitis, and 

inflammation of a synovial joint, acute synovitis. 

 2. Catarrhal inflammation: 

 When mucus hypersecretion accompanies acute inflammation of a mucous 

membrane. The common cold is a good example. 

 3. Fibrinous inflammation : 

 When the inflammatory exudate contains plentiful fibrinogen,  this polymerises

into a thick fibrin coating. This is often seen in acute pericarditis and gives the 

parietal and visceral pericardium a 'bread and butter' appearance. 



Special macroscopic appearances of acute 

inflammation 

 4. Suppurative (purulent) inflammation: 

 Means: pus

 Consists of dying and degenerate neutrophils, infecting organisms and liquefied 

tissues and exudate. 

 The pus may become walled-off by granulation tissue or fibrous tissue to produce 

an abscess (a localised collection of pus in a tissue). 

 If a hollow viscus fills with pus, this is called an empyema, for example, empyema

of the gallbladder or of the appendix

 5. Membranous inflammation: 

 An epithelium becomes coated by fibrin, desquamated epithelial cells and 

inflammatory cells.  An example is the grey membrane seen in pharyngitis or 

laryngitis due to Corynebacterium diphtheriae.









Fates (outcomes) of acute inflammation

 1. Complete resolution: return to normal

 It involve:

 removal of the exudate, fibrin & debris

 reversal of the microvascular changes

 regeneration of lost cells

 2. Healing & organization: connective tissue replacement. 

 Occurs in: 

 substantial tissue destruction

 tissue cannot regenerate

 extensive fibrinous exudate

 3. Suppuration:

 (It may be diffuse in tissue, localized in tissue (abscess) , on the surface of a wound, or in serous 
cavity)

 4. Progression to chronic inflammation:  

 when there is persistent infection

 when there is foreign body, …etc



Complete resolution







Effects of Acute Inflammation

 Dilution of toxins

 Entry of antibodies

 Drug transport

 Fibrin formation

 Delivery of nutrient & O2

 Stimulation of immune 
system

 Digestion of normal 

tissue

 Swelling & pain

 Inappropriate 

inflammatory response

BENIFITIAL EFFECTS HARMFUL EFFECTS
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Outline of lecture: 

• What is pathology? 

• Branches & divisions of pathology? 

• What is pathology dealing with? 

• What is bx? 

• Types of bx? 

• Indications of bx? 

Pathology literally translates to the study of suffering (Greek pathos = 

suffering, logos = study), the pathology is a branch of medical science 

that studies the causes , nature and effects of  diseases. Traditionally the 

study of pathology is divided into general pathology and systemic 

pathology. 

Disease: is the any abnormality in the structure and  /or function of an 

organ or tissue. 

Subdivisions of pathology: 

1. Cellular pathology including: 

a. Histopathology: the investigation and diagnosis of disease from the 

examination of tissues.  

b. Cytopathology: the investigation and diagnosis of disease from the 

examination of isolated cells.  

2. Forensic pathology: is concerned with medico-legal postmortem 

examinations. The manner of death, the circumstances surrounding the 

cause of death, which, include the following: Homicide, Accidental, 

Natural, Suicide, Undetermined.  
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3. Microbiology: is the study of infectious diseases and their causes. This 

can be subdivided into bacteriology,  virology, mycology (the study of 

fungi), and protozoology (the study of infections by protozoa). 

4. Haematology: is study of diseases of the blood. 

5. Chemical pathology or clinical biochemistry: is the study of body 

chemistry, usually by assaying the levels of substances – electrolytes, 

enzymes, lipids, trace elements – in the blood or urine or body fluids.  

6. Immunology: study the abnormalities  in the immune mechanism   

which is responsible for defense and autoimmunity, when the body’s 

defense  systems are turned on themselves.   

7. Genetics: is the study of inheritance of characteristics and diseases, or 

a predisposition to diseases.  

Laboratory-based geneticists apply the traditional techniques of 

karyotyping, polymerase chain reaction (PCR), fluorescence  in situ 

hybridization (FISH), gene- expression profiling, and DNA sequencing. 

LEARNING PATHOLOGY: 

Pathology is best learnt in two stages:  

1. General pathology: the mechanisms and characteristics of the 

principal types of disease process (e.g. inflammation, tumors, 

degenerations)  

2. Systematic pathology: the descriptions of specific diseases as they 

affect organ systems (e.g. appendicitis, lung cancer, atheroma is an 

abnormal accumulation of material in the inner layer of the wall of 

an artery). 
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Biopsy: examination of tissue taken from living body for the purpose of 

microscopic examination & laboratory analysis. The word biopsy is 

derived from Greek word  ‘bios’ = life and ‘opsis’ = vision.  

Autopsy: Also known as a post-mortem examination (Is a procedure that 

consists of a thorough examination of the tissue taken from a human body 

after death to determine the cause and manner of death). 

Indications of biopsy: 

i. Cystic lesion: Biopsy is strongly recommended in case of cystic 

lesions no matter how confident the clinician is about the clinical 

diagnosis, the reason behind this is that various cysts have different 

prognosis and aggressive nature is also exhibited by some cysts which 

will change the treatment plan. 

ii.  Hard tissue lesions:  Most of the bony lesions cannot  be diagnosed 

exclusively based on their radiographic appearance. Biopsy is required 

for shortlisting final diagnosis out of provisional diagnosis. 

iii.  Oral mucosal lesions: Any lesion which show change in color, or 

show any kind of proliferative, ulcerative or abnormal growth. 

iv.  Persistent lesions: Lesions that persist for a longer time (> 2weeks) 

even after the removal of irritating factor. 

v. Premalignant state: Those lesions, in which malignant transformation 

is suspected, are strongly indicated for biopsy, such as in case of 

leukoplakia and Erythroplakia. 

vi. Level of malignancy:  Biopsy is used for defining the extent of a 

disease process . 
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vii. Systemic illness: it is also indicated in those few systemic diseases 

like lupus, amyloidosis, scleroderma, or sjogren's syndrome that need a 

histological confirmative diagnosis. 

viii.  Infectious origin: Biopsy confirmation is required in few infectious 

diseases like syphilis, mucormycosis, TB… 

Types of biopsy:                                           

1. Incisional biopsy: a portion of tissue from a large lesion is taken -only 

diagnostic.   

2. Excisional biopsy: the entire lesion is removed with a margin of 

adjacent normal tissue-diagnostic & therapeutic. 

3. Punch biopsy: by biopsy forceps in the uterus, cervix & oral cavity. 

4. Core needle biopsy: by wide bore needle used percutaneously for 

sampling of internal organs.  

5. Curettage biopsy: for diagnosis of internal diseases e.g. curettage of 

endometrium. 

Types of biopsy by endoscopy: 

1. Gastroscopy (esophagus-duodenum). 

2. Colonoscopy (terminal ileum-anus). 

3. Laryngoscopy (pharynx-larynx). 

4. Bronchoscopy (trachea-large bronchi). 

5. Cystoscopy(view the inside of the bladder and urethra in detail). 
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                Brush biopsy        - Lung             -Cervix 

Pathogenesis : The sequence of  event in the disease development from 

the onset till termination including any influencing agent . Morphological 

Pathology include the gross & microscopic appearance.  

Hematoxylin & Eosin (H&E): is the most widely used stain in 

histopathology.  

- Nuclei appear dark blue. 

- Cytoplasm appear pink. 
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NEOPLASIA

Dr.  Marwa M.  Ali



Definitions:

-Neoplasia = “new growth”.

-A neoplasm can be defined as an abnormal mass of tissue, the growth of
which exceeds and is uncoordinated with that of the normal tissues and
persists in the same excessive manner after cessation of the stimuli which
evoked the change.

-Cancer: all malignant tumors.

-Oncology (Greek oncos = tumor) is the study of tumors or neoplasms.

-The tumors arise from one clone that undergo genetic changes and
uncontrolled proliferation.



 All tumors (benign or malignant) have two

basic components:

1) Neoplastic cells.

1) Supportive stroma: made up of connective tissue &

blood vessels (providing blood supply and offering support).



Classification of tumors

 Tumors are classified according to their behavior and
histogenesis.

I. Behavioral classification: benign or malignant.

II. Histogenetic classification: cell or tissue of origin;
epithelial or connective tissue.

 Precise classification of individual tumors is important for
planning effective treatment.



Epithelial  Mesenchymal

All epithelia Fibrous tissue

Squamous Bone and cartilage 

Transitional Muscle

Glandular Fat tissue

Columnar Nerve 

Pseudostratified Vessels 



Classification of tumors 

Benign

Epithelial Mesenchymal 

Malignant

Epithelial Mesenchymal 



Benign tumors

 Non-invasive and remain localized

 Slow growth rate



 Close histological resemblance to parent tissue
“differentiated tissue”

 Do not invade the surrounding tissues or spread to other
sites.



Malignant tumors

 Invasive and thus capable of spreading directly or by
metastasis.

 Relatively rapid growth rate .

 Variable histological resemblance to the parent tissue.

 Malignant neoplastic cells show a greater degree of atypical
nuclear changes, with enlargement of the nucleus, darker
staining (hyperchromasia) and more variability in nuclear size,
shape and chromatin clumping (pleomorphism)

 Not all tumors categorized as malignant exhibit metastatic
behavior. For example, basal cell carcinoma of the skin (rodent
ulcer) rarely forms metastases, yet is regarded as malignant
because it is highly invasive and destructive.



Benign VS Malignant



Nomenclature of tumors:

 1- Nomenclature of benign tumors:

 By attaching suffix -oma to cell of origin

 **Benign connective tissue (mesenchymal) tumors have
a prefix denoting the cell of origin

 e.g.:

 Benign tumor of fibroblastic cells →fibroma

 Benign cartilaginous tumor →chondroma.

 Benign tumor of adipose tissue →lipoma

 Benign tumor of bone → osteoma

 Benign tumor of vessels → angioma .



 ** Benign epithelial tumors are more complex
variously classified according to:

 1-Cells of origin

 2-Microscopic &/or macroscopic appearance

 -Papilloma: tumor arising from covering epithelia &
producing micro- or macro- visible finger-like (warty)
projections from epithelial surfaces, e.g. squamous
papilloma arising from tissue that lined by stratified squamous
epithelium like skin, esophagus….

 -Polyp: producing macro. visible projection above
mucosa e.g. Adenomatous polyp of stomach & colon.



 -Adenoma: benign tumor arising from glandular epithelia or

forms glandular structure e.g. renal cell adenoma, breast

adenoma, thyroid adenoma……

 -Cystadenoma: adenoma forming large cystic space(s) e.g.

ovarian cystadenoma.(Cystadenoma: A cystadenoma is a

type of benign tumor that develops from ovarian tissue. They

may be filled with a mucous-type fluid material. )

 -Papillary cystadenoma: as above + papillary projections

e.g. ovarian papillary cystadenoma.



Breast adenoma: uniform tubules separated by scant stroma.



2-Nomenclature of malignant tumors:

 **Malignant tumors arising in solid mesenchymal connective

tissues are called sarcomas (Greek sar = fleshy), e.g.

 -Fibrosarcoma (fibroblast) is a tumor of mesenchymal cell origin

that is composed of malignant fibroblasts.

 - Liposarcoma (lipocytes) is a rare type of cancer that begins in

the fat cells. It is considered a type of soft tissue sarcoma.

 - Leiomyosarcoma (smooth muscle cells)

 - Rhabdomyosarcoma (striated muscle cells).

 - Angiosarcoma (vessels)

 - Osteosarcoma (bone)

 - Chondrosarcoma (cartilage).



 *Malignant tumors of epithelial cell origin, are called
carcinomas.

 -Squamous cell carcinoma; malignant tumor arise from
squamous epithelia.

 -Adenocarcinoma; malignant tumor arise from glandular
epithelia. e.g. adenocarcinoma of colon .

 -Specify organ of origin e.g.

 Renal cell carcinoma

 Breast carcinoma.



 Tumors of Haemopoietic and Lymphoid

Tissues

 -Tumors that arise from stem cells of white blood

cells in the bone marrow leukemia

 -Malignant solid tumors of lymphocytic origin,

most of which arise in lymph nodes, spleen, thymus

or bone marrow Lymphoma.



 Mixed tumors (Tumors with mixed
differentiation):

A single line of neoplastic cells show divergent
differentiations into other tissues, e.g.:

 Mixed tumor of salivary glands (pleomorphic adenoma),
in reality adenomas, these tumors contain
epithelial/myoepithelial components scattered within a
myxoid stroma that may contain islands of cartilage or
bone.

 Fibroadenoma of breast. are common, benign (non-
cancerous) breast tumors made up of both
glandular tissue and stromal (connective) tissue.



Embryonal tumours: the ‘blastomas’

 Some types of tumor occur almost exclusively in the very
young, and bear a histological resemblance to the embryonic
form of the organ in which they arise.

 Examples include:

 • Retinoblastoma, which arises in the eye
 • Nephroblastoma or Wilms’ tumor, which arises in the

kidney
 • Neuroblastoma, which arises in nerve ganglia
 • Hepatoblastoma, which arises in the liver.

Hepatoblastomas originate from immature liver
precursor cells and present morphologic features that
mimic normal liver development.



Teratoma (germ cell tumor):

 Tumor consists of mature and/ or immature cells belonging to
one or more of the 3 germ cell layers (ecto-, endo- &
mesoderm).

 It originates from totipotential germ cells that are
normally present in the gonades (ovary and testis).

 Totipotent cells differentiate along various germ lines and
producing different tissues, so this neoplasms may contain
skin (ectoderm), bone, muscle, fat, brain tissue (mesoderm),
gut epithelium (endoderm).

 A common example, cystic teratoma (dermoid cyst) seen in
ovary.



Misnomers/Inappropriate designations

 Hepatoma: malignant liver tumor (correctly hepatocellular

carcinoma)

 Melanoma: carcinoma of the melanocyte

 Seminoma: testicular germ cell carcinoma

 Mesothelioma: aggressive tumor of the mesothelium.



These terms are not neoplasms

 ‘granuloma’ (an aggregate of macrophages)

 ‘tuberculoma’ (the large fibrocaseating lesion of
tuberculosis)

 ‘atheroma’ (lipid-rich intimal deposits in arteries) is an
abnormal accumulation of material in the inner layer of the
wall of an artery. The material consists of mostly
macrophage cells, or debris, containing lipids, calcium and a
variable amount of fibrous connective tissue.

 ‘mycetoma’ (a fungal mass populating a lung cavity)

 ‘haematoma’ (mass of coagulated blood).

‘



Two entities ending with –oma but not 

true neoplasms: anomalous development

 1. Choristoma (ectopia; heterotopia) :- presence of a
normal tissue in an unexpected location e.g. pancreatic tissue
in wall of esophagus/stomach or small intestine, may form
masse mimicking neoplasm grossly.

 2. Hamartoma: mass of disorganized mature tissue related
to site of origin

 e.g. lung hamartoma: islands of cartilage/blood
vessels/bronchial mucosa.(Pulmonary hamartomas can be
viewed as benign malformations of common lung tissue, to
include cartilage, epithelium, fat, or muscle).





Nomenclature of Tumors



Feature Benign Malignant

Growth rate Slow Relatively rapid

Mitoses Infrequent Frequent & often atypical

Histological resemblance  to 

normal tissue

Good Variable, from well 

differentiated to completely 

undifferentiated (anaplastic). 

Nuclear morphology Near normal Usually enlarged, hyperchromatic , 

irregular outlines, multiple nucleoli 

& pleomorphic ( variable sizes & 

shapes

Invasion No Yes

Metastasis Never Frequent 

Border Often circumscribed or 

encapsulated

Often poorly defined or irregular

Necrosis rare Common

ulceration Rare Common on skin or mucosal 

surface.

Direction of growth on skin or 

mucosal surface

Often exophytic Often endophytic



Certain terms 

 Dysplasia 

 Carcinoma in situ

 Anaplasia

 Metastasis.



Dysplasia

 Disordered growth in epithelial membranes (e.g.
the squamous epithelium of the cervix, skin, and
bronchial mucosa) characterized by

 1. Pleomorphism

 2. Loss of polarity

 3. Nuclear Changes

 a. hyperchromasia

 b. ↑N/C

 c. ↑Mitotic figures

 Some dysplastic lesions are almost certainly reversible.



Carcinoma in situ

 When dysplastic changes involve the full thickness of the epithelium, but
does not penetrate the basement membrane, it is called carcinoma in situ
(CIN).

 Only in epithelia. Not in mesenchymal tissues

 Complete excision at this very early stage will guarantee a cure.
 Once the tumor cells breach the basement membrane, the tumor is said to

be invasive

 The phase of in situ growth may last for several years before invasion
commences.

 The term ‘intraepithelial neoplasia’, as in cervical intraepithelial
neoplasia (CIN), is used increasingly to encompass both carcinoma in situ
and dysplasia. is a precancerous condition in which abnormal cells grow on the
surface of the cervix. The changes in the cells may be low grade or high grade,
depending on how much of the tissue is affected and how abnormal the cells
look under a microscope. Sometimes, the abnormal cells may become cancer and
spread to nearby normal tissue.



Anaplasia

 Total lack of differentiation of malignant cells, (i.e the tumor consist of
primitive-appearing/ unspecialized cells/can not be assigned to any of normal
cells).

 The features of anaplasia or malignancy

 1- Pleomorphism : variation in size and shape

 2- Abnormal nuclear morphology:

 a. Hyperchromasia (more darkly stained than normal)

 b.↑Nuclear/Cytoplasmic ratio: N/C ratio may approach 1:1 (normal 1:4 or
1:6).

 c.Variations in shape/abnormal chromatin clumping & distribution.

 d. Large nucleoli

 3- Mitoses :↑/atypical.

 4-Loss of polarity: disturbed orientation of cells.

 5-others:Tumor giant cell.



Metastases

 Metastases: tumor implants discontinuous with
primary tumor. It is only definite criterion of
malignancy.

 The major exceptions (locally infiltrative and
rarely metastasize) are:

 1. Most malignant gliomas of CNS

 2. Basal cell carcinoma of the skin.

 3. Some soft tissue tumors

 • Metastases strongly reduces the possibility of cure.



Evolution of an invasive squamous cell

carcinoma from the precursor lesions of

dysplasia and carcinoma in situ (usually

grouped together as intraepithelial

neoplasia). Note that the tumor cells cannot

reach routes of metastasis such as blood

vessels and lymphatics until the basement

membrane has been breached.



Thank you for 

your attention



Pathology
Dr. Marwa M. Ali

Cell Injury, Cell Death, and

Adaptations



Types (Patterns) of necrosis

1.coagulation necrosis

2.liquifactive necrosis

3.fat necrosis

4.caseous necrosis

5.fibrinoid necrosis 

6.gangrene 



Liquefactive necrosis:

 Seen in 

◦ Ischemic necrosis (infarction) of CNS

◦ In focal bacterial , occasionally fungal infections or 
Abscess formation in pyogenic infections in all tissues.

• Enzyme digestion & autolysis ˃ protein 
denaturation so the area become soft  cystic.

 Grossly: softening & liquefaction of the necrotic tissue 
(Soft liquid like)

 Microscopically : complete loss of tissue architecture(Loss 
of original tissue) , the  area contains necrotic debris & 
macrophage,. 



Liquefactive necrosis(Lung Abscess)



Liquefactive necrosis- Brain infarction



Caseous necrosis:

 It is a special form of necrosis usually seen in tuberculosis.

Grossly :it is soft & yellow white appears as cheese-like .

Microscopically :

-Tissue architecture is completely loss.

-The necrotic area appears as amorphous structureless

granular eosinophilic material enclosed within an

inflammatory border.

 It could be seen in other lesions so it is not pathognomonic

of TB .

.

•

•



Caseous necrosis

(TB),  yellow white 

appears as cheese-like



Caseous necrosis (Lung TB), 

amorphous structureless granular eosinophilic material



Fat necrosis: Two Types

1- Enzymatic fat necrosis: which usually follow acute

pancreatitis due to release of pancreatic enzyme(lipases) 

necrosis of pancreatic tissue & release of free fatty acid which

combined with calcium to produce grossly visible chalky-

white areas (fat saponification),

2- Traumatic fat necrosis: occur in the breast after trauma

which caused release of fatty acid from cell, this stimulate

macrophage infiltration which engulf fat, inflammation 

massive fibrosis so the lesion grossly become hard mimic

carcinoma.



Fat necrosis
The areas of white chalky deposits represent foci of fat 

necrosis with calcium soap formation (fat saponification)



Fat necrosis
Eosinophilic cytoplasm, shadowy outlines of 

necrotic fat cells, with basophilic calcium 

deposits, surrounded by an inflammatory 

reaction



Fibrinoid necrosis:

It is characterized  by deposition of fibrin like material in the 

tissue e.g. Fibrinoid necrosis of blood vessels in malignant 

hypertension & vasculitis.

Microscopically: bright eosinophilic material seen in the 

wall of  blood vessel or in the luminal surface of peptic 

ulcer.



Fibrinoid necrosis (is caused by immune-mediated 

vascular damage).It is marked by deposition of fibrin-like 

proteinaceous material in arterial walls, which appears  

eosinophilic on light microscopy.



Gangrenous necrosis (Gangrene)

• Gangrenous necrosis is not a 

specific pattern of cell death, 

but the term is commonly used 

in clinical practice.

• It is usually  applied to a limb, 

generally the lower leg, that 

has lost its blood supply and 

has undergone necrosis 

(typically coagulative

necrosis) involving multiple 

tissue planes. 

• Gangrene may be classified 

as dry or wet. 



Dry gangrene

• In dry gangrene, the part becomes dry and shrinks and 

its color changes to dark brown or black. 

• The spread of dry gangrene is slow.

• The lesion remains localized .

• The irritation caused by the dead tissue produces a line 

of inflammatory reaction (i.e., line of demarcation) 

between the dead tissue of the gangrenous area and the 

healthy tissue.

• Dry gangrene usually results from interference with 

arterial blood supply to a part without interference with 

venous return and is a form of coagulation necrosis.



Wet gangrene
• In wet gangrene, the area is cold, swollen, and pulseless.The skin is 

moist, black. Blebs form on the surface, liquefaction occurs, and a 

foul odor is caused by bacterial action. 

• There is no line of demarcation between the normal and diseased 

tissues, and the spread of tissue damage is rapid. 

• The lesion  May extend proximally.

• Wet gangrene primarily results from interference with venous 

return from the part. 

• Bacterial invasion plays an important role in the development of 

wet gangrene.

• Dry gangrene is confined almost exclusively to the extremities, but 

wet gangrene may affect the internal organs or the extremities.

• If bacteria invade the necrotic tissue, dry gangrene may be 

converted to wet gangrene.



Dry gangrene -Ischemia Wet gangrene –D.M



Fate  of necrotic tissue:

Body treats necrotic tissue as a foreign material.

1- It can cause acute inflammation with acute inflammatory

cell infiltrate in the surrounding tissue (Neutrophils) followed

by macrophage infiltration which try to remove the dead

tissue then healing can occur which is either

- by the same type of cell (regeneration) or

-by fibrosis (organization).

2- Calcification :deposition of calcium seen in necrotic tissue.

3- Gangrene



Apoptosis:( Programmed cell death)

It is a death of single cell as a result of the activation of a

genetically programmed (suicide) pathway through

which the cell removed with minimal damage to the tissue

containing them.

• Usually involve single cell.

• physiological or pathological

• Apoptosis is an active process (need energy or ATP)

• not associated with inflammation.



Genetic basis of apoptosis:

• bax, bak & bad genes are apoptotic genes 
• P53 stimulate apoptosis by stimulating synthesis of bax 

gene

• bcl-2,bcl-x  are antiapoptotic gene .

Microscopically: in H&E staining section, apoptotic cell

appears reduced in size and contains brightly eosinophilic

cytoplasm and a condensed nucleus.



Apoptosis of an epidermal cell. 

The cell is reduced in size and 

contains brightly eosinophilic 

cytoplasm and a condensed 

nucleus.



Examples where apoptosis occurs include:

a-Physiologic apoptosis 

1-During embryogenesis. i.e. it is responsible for shaping of 

various organs and structures .

2- Hormone- dependent involution. e.g. endometrium during 

the menstrual cycle & lactating breast after weaning.

3-Proliferating cell populations: e.g. intestinal epithelium, skin 

& blood cells.

b-Pathological:

1-Atrophy of the prostate after castration.

2-Virally infected cells as in acute viral hepatitis 

3- Neoplasia.

4-Radiation

5-Cytotoxic drugs



Differences between apoptosis & necrosis
Apoptosis

• Active process 

• Occur in single cells

• Physiological & pathological

• No inflammatory reaction

• Programmed process

• Mechanism; 

– Gene activation

– Caspases activation causing 

activation of endonuclease, 

proteases & transglutaminase  

Necrosis

• Passive process

• Affects mass of cells

• Always pathological

• Stimulate inflammation

• Random process

• Mechanism;

– ATP depletion

– Cell membrane injury



Differences between apoptosis & necrosis
Apoptosis

• Morphology:

– Cell shrinkage 

– Nuclear condensation & 

fragmentation

– Plasma membrane intact with 

altered structure.

– cellular contents intact and 

released in apoptotic bodies.

– Apoptotic bodies engulf by 

macrophages 

Necrosis

• Morphology

– Cell swelling

– Nuclear changes (pyknosis, 

karyorrhexis & karyolysis)

– Plasma membrane disrupted.

– cellular contents digested and 

leaked out of the cell.

– Necrotic area infiltrated 

&cleaned by inflammatory 

cells 



Intracellular accumulation :

• Under some circumstances cells may
accumulate abnormal amounts of various
substances, which may be harmless or
associated with varying degrees of injury.

• The substance may be located in the
cytoplasm, within organelles (typically
lysosomes), or in the nucleus.



Intracellular accumulation :

There are four main pathways of abnormal intracellular 
accumulations:

• Inadequate removal of a normal substance secondary to 
defects in mechanisms of packaging and transport.

• Accumulation of an abnormal endogenous substance as a 
result of defects in its folding, packaging, transport, or secretion.

• Failure to degrade a metabolite due to inherited enzyme 
deficiencies. 

• Deposition and accumulation of an abnormal exogenous 
substance when the cell has neither the enzymatic machinery to 
degrade the substance nor the ability to transport it to other 
sites. 



Hyaline change:

It refers to an alteration within cells or in the extracellular 

space that gives a homogeneous, glassy, pink appearance in 

routine histologic sections stained with H&E .

Example of intracellular hyaline

– Alcoholic hyaline in hepatocytes

– Viral inclusion

Example of extracellular hyaline

– Hyaline arteriolosclerosis, Amyloid, Scar.



At high magnification can be seen globular red hyaline material within

hepatocytes. This is Mallory's hyaline, also known as "alcoholic" hyaline because it

is most often seen in conjunction with chronic alcoholism. The globules are

aggregates of intermediate filaments in the cytoplasm resulting from hepatocyte

injury.



Pigmentations : 

There are two types :

Exogenous pigmentations  : 

Carbon (coal dust), accumulation of carbon particles in the 

lung give its black color called (anthracosis). if there is excess 

deposition of carbon in the lung it may cause extensive fibrosis 

& the condition is called pneumoconiosis

Tattooing, the pigment inoculated is taken by dermal 

macrophages (harmless). 



Accumulation of carbon particles in the 

lung & LN (anthracosis)



• Endogenous  pigmentation :

1- Lipofuscin or (lipochrome, aging pigement) : yellow

brown pigment seen inside the cell of the liver , heart &

brain ,seen in old ages ( wear & tear pigment) & it is a

marker of damage by free radicals and seen in patients

with sever malnutrition and cancer cachexia.



Lipofuscin pigment within hepatocytes



2-Melanin:

• This is an endogenous non-hemoglobin-derived 

brown-black pigment. The skin pigment is produced 

from tyrosin by the action of tyrosinase enzyme within 

the melanocytes.

• Lesions associated with melanocytes are

– Moles (nevi) …….benign lesion

– Melanoma………..Malignant



3-Bilirubin:

Yellow-brown pigment . It is derived from the heme

portion of hemoglobin. The conversion to bile occur in

the liver.

Excess accumulation of bilirubin pigment will lead to a 

clinical condition called jaundice which characterized 

by yellow discoloration of skin & mucous membrane. 



Bilirubin deposition within 

the liver



4-Hemosidrin:

• Is a hemoglobin-derived, golden-yellow to brown granules. 

• Excess iron in the body causes hemosiderin to accumulate 

within the cells.

• Special stain for iron is Prussian blue or Perl’s stain 

• Excess deposition is termed as hemosiderosis which is 

either localized or systemic.



Hemosiderin pigment in the 

alveolar macrophages

 Prussian blue or Perl’s 

stain 



Pathological calcification : is the abnormal tissue

deposition of calcium salts, together with smaller amounts

of iron, magnesium, and other mineral salts & it is of two

types :

1-Dystrophic calcification : Deposition of  calcium in 

non viable or dying tissues in the presence of 

normal serum level of  calcium with normal 

calcium metabolism. such as  

◦ Areas of necrosis 

◦ wall of artery in atherosclerosis

◦ Disease of valve ( aging or damage valve)

◦ Dead parasites & their ova.



dystrophic calcification

Fine, white granules or clumps, often felt as gritty deposits. 



Dystrophic calcification



Pathogenesis : is not well known , it could be due to one of 

the followings : 

 Increase in the PH of the tissue i.e. become alkaline .

 Release of alkaline phosphates which stimulate the 

deposition of calcium .

 The presence of cellular product which act as a nucleus 

that stimulate the deposition of calcium around it .   



2-Metastatic calcification : deposition of calcium salts in

otherwise normal tissues, and it almost always results from

hypercalcemia secondary to some disturbance in calcium

metabolism. Causes :

(1) increased secretion of parathyroid hormone (PTH), as in

hyperparathyroidism due to parathyroid tumors,

(2) resorption of bone tissue, as prolong immobilization or in

destructive disease of the bone such as multiple myeloma, leukemia

& secondary deposit in the bone (e.g. breast cancer)

(3) vitamin D–related disorders, including vitamin D intoxication

(4) renal failure, which causes retention of phosphate, leading to

secondary hyperparathyroidism.

Less common cause milk-alkali syndrome, which is due to excessive

ingestion of antacids such as milk or calcium carbonate.

Organs affected are: kidneys, stomach, lungs , 

pulmonary veins&  systemic arteries.



metastatic calcification lung



Thank You



CHRONIC 

INFLAMMATION 

Dr Marwa M. Ali



Chronic Inflammation

 Inflammation of long duration, characterized by:

 Predominance of lymphocytes, plasma cells & 

macrophages.

 Productive (fibrous tissue) rather than exudative

through formation of granulation tissue

 ie: inflammation, tissue injury, and attempts at repair 

coexist together



Chronic Inflammation

 May arise in:

 Progression from acute inflammation
 Persistent inflammation & suppuration (pneumonia--lung abscess)

 Presence of indigestible endogenous (e.g dead bone), or 
exogenous (e.g suture)

 Prolonged exposure to potentially toxic agents, either exogenous or 
endogenous eg: silicosis & atherosclerosis

 Hypersensitivity diseases: excessive and inappropriate activation of the 
immune system

eg: autoimmune diseases: as in rheumatoid arthritis and multiple sclerosis. 

allergic diseases: as in bronchial asthma

 Primary chronic inflammation





Chronic inflammation(may be 

independent response).

 No initial phase of acute inflammation

 e.g.,

 Certain infections e.g T.B, leprosy, brucellosis, viral 

 Specific diseases of unknown etiology e.g ulcerative colitis

 Primary granulomatous diseases e.g sarcoidosis



Chronic inflammation(hallmark)

 Morphologic Features:

 Infiltration with mononuclear cells: including 

macrophages, lymphocytes, and plasma cells

 Tissue destruction: induced by the persistent causative 

agent or by the inflammatory cells

 Attempts at healing: by connective tissue replacement of 

damaged tissue, accomplished by angiogenesis and fibrosis

 (granulation tissue and fibrosis).



Cells and Mediators of Chronic Inflammation

 1. Role of Macrophages

 Represent the dominant cells in most chronic inflammatory 

reactions

 Secrete cytokines and growth factors 

 Initiate the process of tissue repair, scar formation and 

fibrosis. 

 Activating other cells, notably T lymphocytes. 

 Macrophages ingest and eliminate microbes and dead tissues.



Macrophage activation



Cells and Mediators of Chronic Inflammation

 Role of Lymphocytes:

 Lymphocytes may be the dominant population in the chronic 

inflammation, autoimmune and other hypersensitivity 

diseases.

 CD4+ T lymphocytes secrete cytokines, which promote 

inflammation and influence the nature of the inflammatory 

reaction.

 Activated B lymphocytes and antibody-producing  plasma 

cells are often present at sites of chronic inflammation.



Cells and Mediators of Chronic Inflammation

 Role of Eosinophils:

 Are abundant in immune reactions mediated by IgE and in 

parasitic infections 

 Recruitment by specific chemokines (e.g., IL-5, eotaxin) 

derived from leukocytes and epithelial cells.

 Produce major basic protein, a highly cationic protein that is 

toxic to parasites but also injures host epithelial cells.



Cells and Mediators of Chronic Inflammation

 Role of neutrophils:

 Persistent microbes or by cytokines and other mediators 

produced by activated macrophages and T lymphocytes. 

 Osteomyelitis, a neutrophilic exudate can persist for many 

months. 

 Neutrophils also are important in the chronic damage 

induced in lungs by smoking

 This pattern of inflammation has been called acute on 

chronic.



Morphology of Chronic Inflammation

 Cell types 

 Monocytes and macrophages, lymphocytes and plasma cells, 

eosinophils

 Necrosis 

 Not as prominent a feature as in acute inflammation 

 Destruction of parenchyma 

 Loss of functional tissue, with repair by fibrosis 

 Formation of granulation tissue 



 Chronic inflammation. This tissue shows an infiltrate of predominantly plasma 
cells (cells with eccentric nucleus and perinuclear clearing) and lymphocytes









Granulomatous inflammation

 Special type of chronic inflammation in which the 
predominant cell type is an epitheloid macrophage

 Epitheloid macrophages: Activated macrophage that has 
acquired an enlarged, elongated epithelial cell-like 
appearance. 

 Macrophage giant cell:  A large cell having numerous nuclei. 
2 main types:

 Foreign body GC

 Langhan’s GC





Granuloma:



Granuloma:

 An aggregate of epitheloid macrophages

 +/- surrounding rim of mononuclear infl cells

 +/- surrounding rim of fibroblast & fibrosis

 +/- giant cells

 +/- central necrosis e.g., caseating necrosis in TB















Causes of granulomatous inflammation



Ways useful for final diagnosis causes of granuloma

• Histological appearance

• Certain technique e.g. special stain as
AFB(The Acid-Fast Bacilli Stain is used to
identify acid-fast organisms, mainly Mycobacteria).

• Serological tests as in syphilis

• PCR: Polymeraze Chain Reaction



Macroscopic appearance of chronic inflammation

1. Chronic ulcer

2. Chronic abscess cavity

3. Induration & fibrosis

4. Thickening of the wall of the hallow viscous

5. Caseous necrosis

















HEALING & REPAIR
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Cell types according to healing ability

1. LABILE 

• Continuously 
dividing  cells

• skin epidermis

• GIT 
epithelium

• Bone marrow 
cells

2. STABLE

• Quiescent cells

• liver,

• kidney

• pancreas

• Smooth muscle

3.PERMINANET

• Non dividing 
cells

• Cardiac muscle 

• Skeletal muscle

• CNS



TISSUE REPAIR

 Healing: Replacement of dead cells & damaged 

extracellular matrix (ECM) by healthy tissue. 

 2 processes

 Regeneration of specialized cells (same cells)

 Repair: Replacement by connective tissue ( fibrosis) 





TISSUE REPAIR

 The healing process involves the production of 
chemical mediators that affect cell growth by 
binding to specific receptors. They are called 
growth factors

 Causing:

 cellular proliferation

 influence cell migration & differentiation

 influence tissue remolding 



Major Growth Factors (GF) Involved in Tissue Repair



Factor Function 

Growth factors 

Vascular endothelial cell growth factor (VEGF) Stimulates angiogenesis

Basic fibroblast growth factor (BFGF) Stimulates angiogenesis

Epidermal growth factor (EGF) Stimulates keratinocyte migration

Stimulates granulation tissue formation

Platelet-derived growth factor (PDGF) Stimulates proliferation of smooth muscle, 

fibroblasts, endothelial cells

Hormones

Insulin growth factor-1 (IGF-1) Stimulates synthesis of collagen

Promotes keratinocyte migration

Interleukins (IL)

IL-1 Chemotactic for neutrophils

Stimulates synthesis of metalloproteinases (i.e., trace 

metal containing enzymes)

Stimulates synthesis and release of acute phase 

reactants from the liver



TISSUE REPAIR

1. Repair by Regeneration

 Replacement injured tissue by same type of original 
tissue cells

 Labile & stable cells

 involve 2 tissue components

 Cellular proliferation

 ECM deposition 



TISSUE REPAIR

11. Repair by connective tissue, fibrosis, scar 

formation

 Three components

 Granulation tissue (Angiogenesis)

 Fibrosis (Migration & proliferation of fibroblast )

 Remodeling (fibrous tissue maturation & organization)



TISSUE REPAIR

 Granulation tissue:

 “the hallmark of healing”

 Highly vascular tissue composed of newly formed blood vessels (i.e., 
angiogenesis) and activated fibroblasts

 Essential for normal wound healing 

 Converted into scar tissue 

 Growth factors: FGF &  VEGF

 Fibrosis:

 Fibroblast migration & proliferation

 ECM deposition

 Growth factors: PDGF, FGF, TGF-Beta, IL-1 & TNF

 Remodeling:

 Remodeling increases the tensile strength of scar tissue. 

 Fibrous tissue maturation & organization

 Metalloproteinases (collagenases) replace type III collagen with type I collagen, 
increasing tensile strength to approximately 80% of the original.







Types of skin wound healing

 1.  Healing by primary intention (primary union): 

 Wound edges are closely opposed by sutures 

 Used for clean surgical wounds 
 Heals in short duration

 2.  Healing by secondary intention (secondary 
union):  
 Wound is left open

 Used for gaping (edges are widely separated) or infected & 
contaminated wounds 

 Wound takes longer to heal



1. Primary Intention

 Sequence in primary intention healing of wound:

 1. First day: 

 Blood clot develops in wound 

 Neutrophils infiltrate

 2. Second day:

 Squamous cells from basal cells layers of opposing skin 

migrate under the fibrin clot and seal off the wound after 48

 Macrophages emigrate into wound



1. Primary Intention

 3. Third day:

 1: Beginning of granulation tissue formation:

 A.  Angiogenesis due to bFGF

 B.  Fibroblasts lay down type III collagen

 II: fibronectin is key chemical mediator:

 A.  Derived from macrophages/ fibroblasts/ endothelial cells

 B.  Chemotactic to fibroblasts & macrophages



1. Primary Intention

 4. 4th to 6th day: peaks of granulation formation

 5. 7th -10th days: tensile strength 10% of normal

 6. weeks to months: 

 A.  Collagenization:

 1. Collagenases are important in remodelization (Zn is cofactor)

 2. Type III collagen is replaced by type 1 to increase tensile strength

 B.  Maximum tensile strength is 80 % after 3months 

 Scar tissue is devoid of adnexal structures (e.g., hair, sweat 

glands) and inflammatory cells. 



2. Secondary Intention 

 More intense inflammatory reaction than primary healing 

 Increased amount of granulation tissue formation than in 

primary healing 

 Wound contraction caused by increased numbers of 

myofibroblasts

 Occurs when injury is severe or persistent 

 Tissue in a third-degree burn cannot be restored to normal 

owing to loss of skin, basement membrane, and connective 

tissue infrastructure. 



 2 to 4 days 



TISSUE REPAIR

 Day 4 to 8



TISSUE REPAIR





wound healing

 E.g, surgical wound

 Narrow incisional space 
resulting in a limited 
inflammatory reaction

 Small amount of granulation 
tissue in incisional space

 Limited amount of wound 
contraction

 Healing in short time 

 E.g. traumatic wound

 Large tissue defect resulting 
in a more intense 
inflammatory reaction

 Large amount of granulation 
tissue

 More amount of wound 
contraction

 Healing take long time

Primary Union

(Healing by 1st intention)

Secondary Union

(Healing by 2ry intention)



TISSUE REPAIR



TISSUE REPAIR





Healing of bone fractures

 I. Healing by primary union: rare e.g. in compression 
fractures

 II. Healing by formation of callus. Similar to healing by 
secondary union which includes:

• Injury----> Fracture----> formation of blood clot

• Inflammation start-----> removal of blood clot

• Replacement by granulation tissue consisting of capillary 
and mesenchymal cells (Osteoblast) (procallus)

• Formation of collagen fibers and Osteomucin (Osteoid
tissue) (callus)

• Calcification----------> Woven bone

• Removal of woven bone and replacement by lamellar bone



Complication of healing

1.Infections ( S aureus)

2.Wound dehiscence

3.Implantation dermoid

4.Keloid & hypertrophic scars

5.Painful scar.

6.Pigmented scar.

7.Weak scar. ( incisional hernia)

8.Cicatrisation

9.Neoplastic changes (marjolin ulcer)

10.Exuberant granulation tissue



Factors That Adversely Affect Wound Healing.

1. Infection 

1. Most common cause of 
impaired wound healing 

2. Staphylococcus aureus most 
common. 

2. Poor blood supply (ischemia) 

3. Presence of foreign material 

4. Presence of necrotic tissue 

5. Movement in injured area 

6. Irradiation 

7. Tension in injured area

1. Advanced age 

2. Protein malnutrition 

3. Vitamin C deficiency :decreased cross-

linking in collagen. 

4. Zinc deficiency :

1. Corticosteroid :Interfere with collagen 

formation and decrease tensile strength 

2. Diabetes mellitus :increases 

susceptibility to infection by decreasing 

blood flow to tissue and increasing 

tissue levels of glucose.

5. Cytotoxic (anticancer) drugs 

6. Severe anemia 

Local Systemic 







Classification of nerve injury & healing 

 Slight injury affects myelin 

 More severe injury affects the axon

 The most severe injury disrupts connective tissue. 



Peripheral nerve transection

 Distal degeneration of the axon (called wallerian degeneration) and 
myelin sheath 

 Proximal axonal degeneration up to the next node of Ranvier

 Macrophages and Schwann cells phagocytose axonal/myelin debris. 

 Muscle undergoes atrophy in ∼15 days. 

 Nerve cell body undergoes central chromatolysis. 
 Nerve cell body swells. 

 Nissl bodies (composed of rough endoplasmic reticulum and free 
ribosomes) disappear centrally. 

 Nucleus is peripheralized. 

 Schwann cells proliferate in the distal stump. 

 Axonal sprouts develop in the proximal stump and extend distally using 
Schwann cells for guidance. 

 Regenerated axon grows 2 to 3mm/day. 

 Axon becomes remyelinated. 

 Muscle is eventually reinnervated. 




