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Abstract

Almost forty years have passed since flow cytometry was developed in the late 1960s. It has been used in cell biology, particularly the two major fields of cell surface
antigens and cellular DNA content. Its rapid analysis of the latter led to the detection of quantitative choromosomal abnormality, which would otherwise require much
time, experience, and especially mitotic cells. It was adopted initially for haematological disorders, but its use expanded to solid tumours, and even fixed fissues for
retrospective analysis. Although DNA aneuploidy was proven to be a prognostic factor for limited tumours, its clinical significance has not been established yet for most
tumours. Inappropriate sampling and flow cytometry determining procedures might have generated confusing evaluations.

The advantages of flow cytometric analysis of DNA aneuploidy include: 1) removal of the requirement for mitotic cells, 2) rapid determination (a rate of thousands
per second), 3) qualitative determination (more than five thousand cells per sample), 4) labour -saving determination, and 5) objective determination by an instrument.
Conversely, disadvantages might include: 1) impossibility of detecting qualitative chromosomal abnormality, 2) difficulty with detecting subtle quantitative abnormalities,
and 3) impossibility of identifying relevant specific chromosomes. However, the advantages clearly outweigh the disadvantages.

The Standardization Committee of the Japan Cytometry Society has recently finished creating the guidelines for flow cytometric analysis of DNA aneuploidy. These
include sampling, providing free cell suspension, staining with fluorochromes, determining by flow cytometry, evaluating, and outlining the terminology of DNA aneuploidy.
[t is hoped that all researchers will adopt and comply with these guidelines whenever they analyse DNA aneuploidy with flow cytometry, and that they will find the

appropriate clinical significance of DNA aneuploidy with its strict determination and definition.
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DNA aneuploidy (DA) detection rates change by three factors, namely percent diploid cells, DNA indexes, and CV values (based on

computer simulation). In the figure, above each solid line, one peak appears, which indicates DA as undetectable, while below each solid

line, two peaks appear, which reveal DA as detectable. Therefore, the higher the DNA indexes, the lower the CV values, and the more

frequently DNA aneuploidy detectable.
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Difference in detection rates of DNA aneuploidy according to CV values and percent normal mononuclear cells. Human Daudi cells, which have

chromosomal abnormality (48, XY, 2mar, right peak in each figure) were mixed with normal mononuclear cells (46, XY, left peak in each figure) at

the percentages shown on the left of the figure. Samples were determined at the conditions of CV values shown at the top of the figure and

displayed as DNA histograms. DNA aneuploidy (two peaks apparent) is easily detectable at the CV value of 2.08; however, it becomes

undetectable at higher CV values.
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Evaluation of the results. 1) DNA aneuploidy should be evaluated when at least two definite, separate GO/1 peaks are demonstrated. In order to
identify normal GO/1 peaks, determination of samples with normal diploid standards (normal mononuclear cells) is recommended. 2) DNA Index (DI)
is the ratio of the mean channel of the relative DNA contents of the G0/1 cells of the sample divided by the mean channel of the relative DNA
contents of the diploid GO/1 reference cells. 3) The samples provided should not be evaluated as DNA aneuploidy. These samples are

recommended to be determined again after readjustment of the instrument and/or the sample.

9) Hedley DW, Friedlander ML, Taylor IW : Method for analysis of =~ 15) Krishan A : Rapid flow cytofluorometric analysis of mammalian

cellular DNA content of paraffin—embed—ded pathological material cell cycle by propidium iodide staining. J Cell Biol 66 : 188-193,

using flow cytometry. J.Histochem Cytochem 31 : 1333-1335, 1975

1983. 16) Latreille J, Barlogie B, Dosik G, et al : Celluar DNA content as a
10) Herzenberg LA, Sweet G, Herzenberg LA : Fluorescence marker of human multiple myeloma. Blood 55 : 403-408, 1980.

activated cell sorting. Scientific American, 234(3) : 108, 1976 17) Look LA, Roberson PK, Williams DL, et al : Prognostic
11) Hiddemann W, Schuman J, Andreeff M, et al : Convention on importance of blast cell DNA content in childhood acute

nomenclature for DNA cytometry. Cytometry 5 : 445-446, 1984. lymphoblastic leukemia. Blood 65 : 1079-1086, 1985.

12) Hoshino T, Knebel KD, Rosenblum ML, et al : Clonogenicity of  18) Madden RE, Burk D : Production of viable single cell suspension

multiple populations of human glioma cells in vitro sorted by DNA from solid tumor. ] Natl Cancer Inst 27 : 841-861, 1961.
content. Cancer 50 : 997-1002, 1982. 19) Melamed MR, Mullaney PF, Mendelsohn ML (editors) : Flow
13) Joensuu H, Alanen KA, Klemi PJ, et al : Evidence for false cytometry and sorting, Wiley—Liss, N.Y., 1990.

aneuploid peaks in flow cytometric analysis of paraffin—embedded — 20) /NVEJEfE, & B2 T+, . : Flow Cytometer (ZX5

tissue. Cytometry 11 : 431-437, 1990. DNA EHIZE—Pl et DNA AT T Lfi#HT . coefficient
14) Kamentsky LA, Melamed MR, Derman H : Spectrophotometer; varitation % #7.[»& L T, Cytometry Research14(2):15-21,
New instrument for ultrarapid cell analysis, Science, 150 : 630-631, 2004.

1965.



21) REMZE, BEE: 77—V A AN — | FREER, BHE. K
A, 1988.

22) Sasaki K, Hashimoto T, Kawachino K, et al : Intratumoral
regional differences in DNA ploidy of gastrointestinal
carcinomas. Cancer 62 : 2569-2575, 1988.

23) Scutte B, Reynders MM, Bosman FT, et al : Flow
cytometric determination of DNA ploidy level in nuclei
isolated from paraffin—embedded tissue. Cytometry 6 :
26-30, 1985.

24) @A NSRS S JESSE~ — A — &L T DNA AR D
fif AT . B PR MR, 31:729-735, 1990.

25) EARYEG B MR IZ 315D DNA SlIE DBRIZ OV T,
Cytometry Research, 1:77-84, 1991.

26) Taylor IW : A rapid single step staining technique for
DNA analysis by flow microfluorimetry. J Histochem
Cytochem 28 : 1021-1024, 1980.

27) R#pE R BE JSHYAIARN) — | EFFERE, B,
2000.

28) Trujillo TT, Van Dilla MA : Adaptation of the
fluorescent feulgen reaction to cell in suspension
for flow microfluorometry. Acta Cytol 16 : 26-30, 1972.

29) Trujillo JM, Cork A, Hart JS, et al : Clinical
implications of aneuploid cytogenetic profiles in
adult acute leukemia. Cancer 33 : 824-834, 1974.

30) BRI, FrOFIEZ, L Al /N IEMED oS ER
H IR 23155 DNA aneuploidy DEGEKAIE ZDKET.
BR fLifR, 27:158-164, 1986.

31)Van Dilla MA, Trujillo TT, Mullaney PF, et al : Cell
microfluorometry : A method for rapid fluorescence
measurement. Science 163 : 1213-1214, 1969.

32) Vindeloev LL : Flow microfluorometric analysis of nuclear
DNA in cells from solid tumors and cell suspensions.
Virchows Arch Cell Pathol 24 : 227-242, 1977.

33) Wheeles LL, Coon JS, Deitch AD, et al : Measurement
variability in DNA flow cytometry of replicate samples,

Cytometry 10 : 731-738, 1989.



