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Cellular in CNS

• Neurons

• Glial: astrocyte, oligodendrocyte, ependyma

• Microglia → macrophages CNS



Neurons

• Principal functional unit 
of the CNS.

• Receive and transmit 
information.

• Components: 
• Soma/ body
• Dendrites
• Axon 

• Incapable of cell division 
→ destruction →
neurologic deficit.

Adam and Graham’s introduction to neuropathology, 2006



Glial

• More numerous than neuron (± 90% CNS 
cells).

• Retain capacity to proliferate.

• “Glue” → providing structural and functional 
support for neuron.

• CNS injury → glial cells mobilize, clean up 
debris, seal off local area → glial scar (gliosis).

• Most brain tumors (benign/ malignant)→ glial 
origin!!



Astrocyte

• Star shaped appearance.

• Two categories: fibrous and protoplasmic.

• Presence of large number glial filament →
GFAP (Glial Fibrillary Acidic Protein).

• Metabolic buffers, detoxifiers, CNS 
development & regeneration, barrier function 
(foot process surround capilers).



Astrocyte

Histology and cell biology an introduction to pathology. 4ed. 2016.



Oligodendrocyte

• Small cell bodies, few short processes and no 
cytoplasmic filaments.

• Cluster around neuron cell.

• Function: myelin formation, axonal support 
and maintenance.

• H&E stain: round nucleus, evenly dispersed 
chromatin, no nucleolus, no visible cytoplasm 
(perinuclear halo/ fried egg appearance)



Oligodendrocyte

Greenfield’s neuropathology, 8th ed. 2008



Reactions of Neurons to Injury

• Neurons → continuos supply glucose and 
oxygen.

• Acute process: depletion of glucose/ oxygen, 
trauma.

• Slower process, subacute/ chronic: 
accumulation of abnormal protein aggregates 
→ degenerative disorder of brain 
(amyotrophic lateral sclerosis, Alzheimer 
disease)



Acute Neuronal Injury
Red Neurons

Robbins and Cotrans Atlas of pathology 3rd ed. 2015

Shrinkage, pyknosis nuclei, loss nucleoli, loss nissl substance, intense 
eosinophilia cytoplasm



Reactions of Astrocytes to Injury
• Gliosis → CNS injury →

hypertrophy and 
hyperplasia of astrocytes.

• Nuclei enlarged, vesicular, 
prominent nucleoli

• Rosenthal fiber: 
longstanding gliosis

Robbins and Cotrans Atlas of pathology 3rd ed. 2015



Infection

• Pathogens (virus, parasite, bacteria) → infect 
brain

• Routes (4): 
– Hematogenous (most common)→ arterial circulation 

– Direct implantation → trauma/ congenital 
malformation

– Local extention→ infected adjacent structure (air 
sinuses, teeth, skull)

– Retrograde transport along nerves → herpes zoster,  
rabies 



Infection

• Meningitis → inflammatory process 
leptomeninges and CSF within subarachnoid 
space usually caused by infection.

• MeningoEncephalitis: meninges + brain 
parenchyme.

• Acute pyogenic (bacterial), aseptic (viral), 
chronic (tuberculous). 



Infection

• Meningeal irritation and neurologic 
impairment: headache, photophobia, 
irritability, neck stiffness, consciousness <<

• Lumbal puncture: 

– WBC count → ?

– Protein → ?

– Glucose → ?

– Bacteria → smear (gram) or cultured?



Bacterial meningitis: inflammation of leptomeninges and CSF, caused by spread of 
microorganism through blood stream from another sites.



Meningitis



Robbins Pathologic Basis of Disease 9th ed, 2015



Acute Meningitis

Robbins and Cotrans Atlas of pathology 3rd ed. 2015



Cerebral Abscess

Robbins and Cotrans Atlas of pathology 3rd ed. 2015



Chronic Meningitis ec M. Tb



Cerebrovascular Disease

• Injury to brain → altered blood flow

• Etiologies: ischemic – hemorrhagic

• Stroke → Clinical term acute onset neurologic 
deficit resulting from hemorrhagic/ 
obstructive vascular lesion

• 3rd COD in US after heart disease and cancer

• Two process → ischemic – hemorrhagic



Netters illustrated human pathology, 2nd ed. 2014
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Hypoxia, Ischemic and Infarction

• Brain → constant supply glucose and oxygen

• Deprivation O2: 
– Hypoxia

– Ischemia 

• Tissue survival: collateral circulation, duration 
ischemia, magnitude n rapidity flow reduction

• Global cerebral ischemia (diffuse): cardiac 
arrest, shock, severe hypotension.

• Focal cerebral ischemia



Cerebral Infarction

Robbins Pathologic Basis of Disease 9th ed, 2015

Acute ischemic injury. B. diffuse neuronal injury (shrink). C. infiltration of neutrophils. D. 
After 10 days, macrophages and reactive gliosis.



Hypertensive Cerebrovascular Disease

Effect of Hypertension on brain: 

• Lacunar infarcts

• Slit hemorrhages

• Hypertensive encephalopathy

• Massive hypertensive intracerebral 
haemorrhage



Hypertensive Cerebrovascular Disease

Robbins Pathologic Basis of Disease 9th ed, 2015



Hypertensive Cerebrovascular Disease

Lacunar infarcts  (Ø <15 mm)

• Cerebral vessel →
arteriolar sclerosis →
occluded

• Single, multiple cavitary 
infarcts → lacuna

Robbins Pathologic Basis of Disease 9th ed, 2015
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Tumors

• Cells of the covering (meningiomas), brains 
(gliomas), other CNS cell populations (primary 
CNS lymphoma) or metastatic (lung, breast).

• Clinical course: pattern of growth and location.
• Histologic grade WHO grade I – IV.
• Tumors recur → progression to higher grade.
• Tumor initiating (stem-like) cells → key target of 

new therapy.
• Mutations of PTEN tumor suppressor gene, 

deletions chromosome 10, amplification EGFR 
oncogene, mutation TP53.



WHO Grading

• Predict biologic behaviour of a neoplasm

• Grading influence choice of therapy

• WHO grading →malignancy scale

• Useful addition to the diagnosis



WHO grading: grade I-IV

• Grade I: tumors with low proliferative 
potential, possibility of cure following 
resection alone.

• Grade II: generally infiltrative, low level 
proliferative, often recur.

• Grade III: histological evidence of malignancy.

• Grade IV: cytologically malignant, mitotically 
active, necrosis prone neoplasm, fatal 
outcome.



Gliomas

• Most common group primary brain tumors.

• Glial cells: astrocytes, oligodendrocytes, 
ependymal.

• Progenitor cells → differentiate to one of 
cellular lineage.

• Astrocytoma, oligodendroglioma, 
ependymoma.



Astrocytoma

• WHO grade I – IV

• Pilocytic astrocytoma (WHO gr I)

• Diffuse infiltrating astrocytoma (WHO gr II)

• Anaplastic astrocytoma (WHO gr III)

• Glioblastoma (Primary or secondary) (WHO gr 
IV)

• Signs n symptoms: seizures, headache, focal 
neurologic deficit.



Glioblastoma

Highly cellular, pleomorphism, prominent vascularity and necrosis

Robbins and Cotrans Atlas of pathology 3rd ed. 2015



Astrocytoma

Diffuse astrocytoma

Robbins and Cotrans Atlas of pathology 3rd ed. 2015



Oligodendroglioma

Well circumscribed, cystic and calcification

Robbins and Cotrans Atlas of pathology 3rd ed. 2015



Pilocytic Astrocytoma

Children, slow growing, low grade astrocytic tumor, very god 
prognosis Robbins and Cotrans Atlas of pathology 3rd ed. 2015



Meningioma

• Benign tumor, usually attached to dura, arise 
form meningothelial cells of the arachnoid

• Slow growing, solitary or multiple



Meningioma

Robbins and Cotrans Atlas of pathology 3rd ed. 2015
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