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Molecular cytopathology

• Growing field 
• Time-consuming

• Need for standardization
• Increase Efficiency



Automation

• Experimental procedures
• Microscope
• Analysis

• FISH
• Laser Microdissection (mutation 

analysis)



Fluorescence in situ 
hybridization (FISH)

Chromosomal aberrations
• Numerical

– Polysomy /Aneusomy

• Structural (genes)
– Amplification / gain
– Deletion



FISH applications in cytopathology

Diagnostic

Urine (multi-target)
Lung (multi-target)
Mesothelioma (9p21)
Biliary tract (9p21)
Translocations 

(Hematol., soft tissue)

Predictive

Breast (HER-2)
Lung (EML4-ALK)
Lung (MET)
Lung (EGFR)
etc.......



1. Pretreatment (proteinase)

2. FISH probe Denaturation
(temp. control)

3. Specimen DNA Denaturation
(temp. control)

4. Hybridization
(warm plate, covered)

4. Wash of excess probe

FISH : facilitating technical procedure

Chamber programmed 
for time and temperat.
(Hybrite™)





HER2 amplification

UroVysion multi-target FISH

Urothelial carcinoma

Mesothelioma



Commercial systems for automated scanning and 
FISH spot counting

System name Company Application FDA clear.

Metafer/Metacyte MetaSystems HER2 ampl. Yes
Bladder ca. No

Ariol Applied Imaging HER2 ampl. Yes

Duet System BioView Bladder ca. Yes
HER2 ampl. Yes

Ikoniscope Ikonysis Bladder ca. Yes
HER2 ampl.        Yes









Ikoniscope® robotic microscopy platform

Fully robotic -
no need for dark room

FDA clearance
oncoFISH® bladder
oncoFISH® her2

Digital gallery for review



Bioview
Duet System

FDA clearance:
-HER2
-UroVysion



Automated FISH analysis in cytology

Advantages
• Quantification
• Standardization
• Reduced subjectivity
• Documentation
• Increased 

throughput

Disadvantages
• Expensive
• Interaction intensive
• Little/no gain in time
• Performance in difficult 

cases?
• Poor performance for 

small signals   (e.g. 
9p21)

• Define new thresholds



25mm

Relocalization



Automated relocalization





Automated relocalization in FISH analysis

• Facilitates review and signout 
(time!)

• Rare atypical cells of interest
• Diagnostic precision
• Teaching effect by linking morphology 

with molecular genetics



“Crazy chromosomes” in benign (polyploid) cells



Brush cytology of
Papilla Vateri



Rare cells of a pulmonary adenocarcinoma



Pancreatic
Adenocarcinoma

EUS-FNA
Pancreas



Z-stack imaging
(compiled Z-stack images)

• Facilitates detection & quantitation
– Low-copy number changes
– Translocations (fusion & break-apart; 

single band-pass filters)

• Documentation/Publication
• 3D reconstructions: no practical value





Z09.4145



Mutation analysis in cytology

• EGFR
– NSCLC 

• BRAF 
– Melanoma, pap. thyroid carcinoma, NSCLC

• C-kit
– GIST

• others….
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Laser Microdissection 
„Laser Pressure Catapulting“(PALM®)
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At least 30-50 cells







Needs cytological expertise!



Conclusions

• Automation in molecular cytology 
on the rise 

• Facilitates analysis
• Financial restrictions 
• “Should have” equipment

– Automated stage (FISH relocation)
– Laser microdissection (mutation analysis)


