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• History and basic theory of DNA and Sphase in solid tumors 

• Technical problems encountered in the preparation of solid 
tumors

• Multiparameter analysis of solid tumors using flow cytometry

• Multiparameter analysis of solid tumors using image cytometry

Overview
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DNA index: 80/50 = 1.6
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Channels (FL2-A-          )
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File analyzed: 9308152
Date analyzed: 16-Nov-2001
Model: 2Dn0n_DSD_ASD
Analysis type: Manual analysis

Diploid: 27.97 %
Dip G1: 99.64 % at 43.76
Dip G2: 0.36 % at 85.34
Dip S: 0.00 %   G2/G1: 1.95
%CV: 2.80

Aneuploid 1: 72.03 %
An1 G1: 90.95 % at 114.36
An1 G2: 5.35 % at 222.99
An1 S: 3.70 %   G2/G1: 1.95
%CV: 2.73   DI: 2.61

Total Aneuploid S-Phase: 3.70 %
Total S-Phase: 2.67 %
Total B.A.D.: 2.64 %   no aggs

Debris: 4.95 %
Aggregates: 0.00 %
Modeled events: 8892
All cycle events: 8451
Cycle events per channel: 47
RCS: 3.220

Aneuploid tumor



Channels (FL2-A-          )
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File analyzed: 9308144
Date analyzed: 16-Nov-2001
Model: 3Dn0n_Dnn_ASD_TSF
Analysis type: Manual analysis

Diploid: 56.76 %
Dip G1: 92.00 % at 34.95
Dip G2: 8.00 % at 71.92
Dip S: 0.00 %   G2/G1: 2.06
%CV: 3.16

Aneuploid 1: 23.37 %
An1 G1: 73.51 % at 43.92
An1 G2: 0.00 % at 85.20
An1 S: 26.49 %   G2/G1: 1.94
%CV: 2.61   DI: 1.26

Tetraploid: 19.87 %
An2 G1: 73.16 % at 71.92
An2 G2: 3.90 % at 145.14
An2 S: 22.94 %   G2/G1: 2.02
%CV: 3.07   DI: 2.06

Total Aneuploid S-Phase: 24.86 %
Total S-Phase: 10.75 %
Total B.A.D.: 0.86 %   no aggs

Debris: 1.90 %
Aggregates: 0.00 %
Modeled events: 8598
All cycle events: 8435
Cycle events per channel: 76
RCS: 2.934
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Breast Cancer

Diploid
High Sphase

Diploid
low Sphase



DNA index 1.1-1.3: diploid or aneuploid?



DNA Cytometry Consensus Conference

Guidelines for Implementation of Clinical DNA Cytometry

Shankey et al, Cytometry 14:472-477 (1993)

Consensus Review of the Clinical Utility of DNA Cytometry in 
Carcinoma of the Breast

Hedley et al, Cytometry 14:482-485 (1993)



DNA Cytometry Consensus Conference

Problems:
•lack of agreement between clinical studies
•Due to technical factors
•Preparation and analysis procedures not standardized

Recommendations:
•Sampling: representative of tumor cells (20% minimum)
•Stoichiometric binding of dyes
•Diploid standards for ploidy determination
•Individual laboratory determination of cutoffs for sphase
•Development of multiparameter analysis



Optimizing Flow Cytometric DNA Ploidy and S-Phase Fraction as 
Independent Prognostic Markers for Node-Negative Breast Cancer 
Specimens

C.B. Bagwell, G.M. Clark, F. Spyratos, A. Chassevent, P.-O. 
Bendahl, O. Stål, D. Killander, M.L. Jourdan, S. Romain, B. 
Hunsberger, and B. Baldetorp

Cytometry (Communications in Clinical Cytometry) 46:121–135 
(2001)

•Lead to standardization and rules for sphase analysis of DNA 
histograms. 

•Training and rules are available on the Verity software site. 



ModFit LT Rule-Based Training System
Verity Software

http://www.vsh.com/Updates/ftpDownload.asp?ftpLocation=ftp://ftp.vsh.com/download/modfitlt/rulebasedtraining.zip&updateID=49


Solid tumor preparation and staining problems

• flow cytometry requires single cell suspensions

• loss of populations of interest during tumor disaggregation

• staining differences between types of diploid cells



loss of populations of interest during tumor disaggregation



Squamous cell carcinomas
of the head and neck

Disaggregation technique:
Mechanical vs enzymatic

Mechanical    Enzymatic



Disaggregation technique:
Mechanical vs enzymatic

Mechanical    Enzymatic

Colon Carcinoma



Fine needle Aspirates (FNA)

Fine needle aspirates are dispersed mechanically by the needle.

Average yield in our experience is 3.1 x 106, median 1.4 x 106, with a 
range of 0.01 to 40 x 106. Trypan blue viability ranged from 5 to 80% 
viable. Naked nuclei  were not unusual.  

In FNA and  pleural effusions , tumor cells of interest are often in small 
clumps. Clumps are not analyzed by flow cytometry



staining differences between types of diploid cells



Accessibility of DNA In Situ to Various Fluorochromes: 
Relationship to Chromatin Changes During Erythroid Differentiation of Friend Leukemia Cells
Darzynkiewicz et al
Cytometry 5:355-363 (1984)

Exponential differentiated mixed



Normal squamous mucosa

Squamous cell carcinoma
head and neck

Pseudoaneuploid subpopulations detected in normal upper aerodigestive tract mucosa
consistent with physiological apoptosis in normally differentiating squamous mucosa
El-Rayes et al
Otolaryngology-Head and Neck Surgery 131 no5, 633-638, 2004



•Distinguish between stromal, inflammatory and tumor cells

•Identify populations of tumor cells with poor prognosis

•Maximize information from small samples

Advantages of multicolor analysis



Flow vs slide based image cytometry
advantages

• Flow cytometry
– Multicolor analysis of many cells
– Can identify rare populations
– Cells can be sorted for subsequent applications

• Slide based cytometry
– Multicolor analysis of fewer cells
– Can see distribution and co-distribution of staining within cell
– No loss of cells during processing
– Can visualize questionable cells
– Potential to restain slide for cell morphology for verification 

by pathologist



Flow vs slide based image cytometry
disadvantages

• Flow cytometry
– Difficult to have good single cell preparations of solid tumors
– Cells of interest often in clumps

• Slide based cytometry
– Fewer cells analyzed
– Fewer colors possible 
– Segmentation and quantitation of fluorescence difficult



Four-color multiparameter DNA flow cytometric 
method to study phenotypic intratumor
heterogeneity in cervical cancer
Corver et al Cytometry 39, 2, 1 Feb 2000, pp 96-107



High resolution multi-parameter DNA flow cytometry enables detection of tumor
and stromal cell subpopulations in paraffin-embedded tissues 
Corver et al
J. Pathology 2005:206,233-241



Small CD45+

EpCAM+

large CD45+

Cell sorting of pleural effusion 
stained with anti CD45
and anti-EpCAM



Cell sorting of pleural effusion 
stained with anti CD45
and anti-EpCAM

Small CD45+

EpCAM+

large CD45+



Slide based DNA content

– Feulgen
– Fluorescent dyes: DAPI, PI



DNA Image Cytometry on Sections as Compared with Image Cytometry on Smears 
and Flow Cytometry in Melanoma
Klapperstuck and Wohlrab
Cytometry 25:82-89 (1996)

Feulgen stained melanoma tumors



DAPI stained 
lymphocytes



DAPI stained 
breast carcinoma 
FNA



DAPI stained 
breast carcinoma 
FNA



Corresponding images of  DAPI stained cells



Guidelines for Improving the Reproducibility of Quantitative
Multiparameter Immunofluorescence Measurement by Laser Scanning Cytometry on 

Fixed Cell Suspensions from Human Solid Tumors
Shackney et al Cytometry part B(Clinical Cytometry)70B:10-19 (2005)  



Different patterns of staining seen in breast tumor FNA:
anti-active caspase-3 (red) , TUNEL (green), and DAPI (blue)



Image analysis scattergrams of breast tumor cells stained with anti-active 
caspase-3 (red) vs TUNEL (green)
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Quantum dot technology









Emission filter 605/20

Qdot double staining

Cytospin: Lymphocytes +melanoma

QD605 anti CD45
QD655 streptavidin+ biot anti melan A + HMB45

Emission filter 655/20

Excitation filter 460



Qdots vs classic fluorochromes

Advantages 

•Narrow band emission: no spectral overlap

•bright

•Much more photostable than classic fluorochromes

Disadvantages

•Standardized protocols not yet in place

•Range of antibodies coupled directly to Qdots on the 
market limited 



Multiparameter Qdot review articles

Quantum Dots light up Pathology

Tholouli, Sweeney, Barrow, Clay, Hoyland and Byers

J. Pathology 2008; 216:275-285

Bioconjugated Quantum Dots for Multiplexed and Quantitative Immunohistochemistry

Xing, Chaudry, Shen, Kong, Zhau, Chung, Petros, O’Regan, Yezhelyev, Simmons, 
Wang and Nie

Nature Protocols, vol.2 no.5, 1152-1165, 2007



Solid tumor multicolor cytometry

•Solid tumors better adapted to slide based assays

•No loss of cells

•No loss of clumps containing tumor cells

•New tools available allow better and more stable multicolor 
staining

•Potential for classical morphological assessment by 
pathologist
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