J Clin Pathol 1990;43:833-839

Gynaecological
Oncology Unit,
Department of
Obstetrics and
Gynaecology,

St Bartholomew’s
Hospital,

West Smithfield,
London EC1A 7BE
P A van Dam

J H Shepherd

Department of
Pathology
D G Lowe
M Curling

MRC Clinical
Oncology Unit,
Cambridge

J V Watson

H Cox

Correspondence to:
Dr P A van Dam

Accepted for publication
15 May 1990

833

Tissue preparation for simultaneous flow
cytometric quantitation of tumour associated
antigens and DNA in solid tumours
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Abstract

A multiparameter flow cytometric assay
for the simultaneous study of tumour
associated antigens (TAA) and DNA in
fresh solid tumours was devised. Cell
suspensions were prepared by dis-
aggregating unfixed solid tumour sam-
ples mechanically over a stainless steel
mesh. Indirect immunofluorescence was
used to identify the TAA, and DNA was
stained with propidium iodide. Cell
morphology was well preserved, cell
clumping was negligible, and high
quality indirect immunofluorescence
and DNA staining were obtained.

The technique is simple, rapid, and
reproducible. Multiparameter assays
can be developed to study prognostic
indicators such as membrane
oncoproteins, receptors, and multidrug
resistance in solid tumours. With a suit-
able panel of antibodies the techmnique
might become an aid in the differential
diagnosis and biochemical diagnosis of
some solid tumours.

In theory flow cytometry can be used to
define and measure any cell constituent,
provided that a fluorescent tracer is available
that reacts specifically and stochiometrically
with that constituent. Quantitative multi-
parameter flow cytometric analysis of surface
antigens and DNA has become a well estab-
lished and reliable technique in the investiga-
tion of lymphoreticular cells.! In solid
tumours, however, flow cytometry has mainly
been used for DNA analysis, and more re-
cently for quantitative assay of nuclear
antigens."” There has been little work on
flow cytometric determination of tumour
associated antigens (TAA) in single cell sus-
pensions of solid tumours because of the dif-
ficulties of tissue preparation and preservation
of the antigenic determinants on the cell sur-
face. )

A multiparameter technique for the flow
cytometric quantification of TAA expression
and DNA analysis should provide high
resolution of DNA content (low coefficient of
variation of the DNA diploid peak), minimal
cell clumping, well preserved immunofluores-
cence staining patterns and satisfactory mor-
phology, as well as ease and speed of cell
fixation and staining.'” In this paper we
report a method of preparing cells for multi-
parameter analysis that meets these criteria
and so could have many research and clinical
applications.

Methods

Fresh tissue samples were obtained from nor-
mal and neoplastic tissues. Normal cervical
and ovarian specimens were obtained from
patients who had had hysterectomies for
leiomyomas or dysfunctional uterine bleeding;
normal lymph nodes were obtained from
patients who had had surgery for stage 1b
cervical carcinoma. There were 10 primary
carcinomas of the ovary (eight serous, one
mucinous, and one endometrioid carcinoma);
five squamous cell carcinomas of the cervix;
three adenocarcinomas of the endometrium;
two ovarian metastases from ductal carcin-
omas of the breast; two adenocarcinomas of
the colon; two adenocarcinomas of the
stomach; five normal ovaries; three normal
cervices; one normal placenta; and five normal
lymph nodes.

Samples were dissected free from fat and
necrotic tissue and divided into two con-
tiguous blocks. The first was fixed in
methacarn (methanol:chloroform:acetic acid
60:30:10),® and processed as for routine his-
tological specimens except that the initial for-
malin immersion stages were omitted. Sec-
tions were stained for TAA by the indirect
immunoperoxidase technique.

The second block from the tissue was
immediately disaggregated mechanically over
a 16 gauge stainless steel mesh by mincing it
into tiny fragments with scissors. Then a
solution containing phosphate buffered saline
(PBS: 8:0 g/l NaCl, 1-15 g/l Na,HPO,, 0-20
g/l KCl, 0-10 g/l MgCl,6H,0 and 0:075 g/l
CaCl,; pH 7-4) with 1% bovine serum
albumin (BSA: Calbiochem, La Jolla, Califor-
nia, USA) at 4°C was gently flushed 30 to 50
times over the minced tissue to wash through
the mesh as many cells as possible. The cells
collected by this method were separated from
remaining tissue fragments by passage
through the mesh. The suspension was then
centrifuged at 100 xg for three minutes and
the pellet resuspended in the buffer solution,
with a final cell concentration of about 10°
cells/ml. The tissue fragments not passing
through the mesh were fixed in methacarn
and processed for indirect immunoperoxidase
staining to assess the effectiveness of the dis-
sociation method.

The effect of adding fetal calf serum and
rabbit serum, which are known to contain
compounds that inhibit proteolytic enzymes
and stabilise cell membranes, was also studied
at concentrations of 0, 1, 5, 10 and 20% in 10
different tissues. Normal rabbit serum in par-
ticular might also reduce the non-specific
binding of the secondary rabbit anti-mouse
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Figure 1 Ninety degree light scatter ( pulse width) is plotted on the ordinate against
DNA on the abscissa for a DN A diploid serous cystadenocarcinoma. No gating has been
done on these data. Contour lines are drawn around areas containing two, 10, 20, 40, 80,
and 160 cells.

antibody. The amount of cell loss, reduction
of the coefficient of variation of the DNA
histograms, background fluorescence and
TAA staining were measured.
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Figure 2 Three elliptical regions R,, R,, and R, were set over the G0|G1, S, and
G2/M compartments, respectively, of the same sample as in fig 1. The debris, most low
volume inflammatory and stromal cells (arrow), and cell clumps were not included in the
gated regions.
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ANTIBODIES

The development and characterisation of the
monoclonal antibodies HMFG1, HMFG2,
and SM3 have been described.’'® Briefly,
HMFG1 and HMGF2 antibodies attach to
different tumour associated epitopes on a high
molecular weight glycoprotein molecule,
polymorphic epithelial mucin, found in
human milk. SM3 antibody was raised against
deglycosylated mucin (“stripped” mucin)
purified by immunoaffinity chromatography
from human skimmed milk and was chosen
for the study because of its reactivity with
partly and wholly stripped mucin and lack of
reactivity with intact mucin.® The antibodies
were all in the IgG subclass and were kindly
provided by the Imperial Cancer Research
Fund at a concentration of 1 mg/ml. Fluores-
cein isothiocyanate conjugated rabbit anti-
mouse 1gG (Dako Ltd, Denmark) was used to
stain the primary antibody.

STAINING OF TAA AND DNA

All of the following staining procedures were
performed on each of 10 different tissues. The
suspension was filtered through a 35 um
nylon mesh to remove large clumps. Part of
this suspension was used for flow cytometry
and the rest was used as a control for
immunocytochemistry. One millilitre samples
containing about 10° cells were centrifuged.
Two of the resulting pellets were resuspended
in 30 uyl PBS with 1°, BSA and used as
fluorescence controls. The others were resus-
pended in 30 ul of the primary antibody
(HMFG1, HMFG2, or SM3) at dilutions in
PBS with 1°, BSA of 1 in 20, 1 in 40, 1 in
100, 1 in 200, 1 in 500, 1 in 5000 and 1 in
50 000 and incubated for one hour at room
temperature to establish the optimal dilution
of the primary antibody.

When the optimal dilution was found, the
cell suspensions were incubated with this
dilution of the antibody for 15, 30, 45, 60, 120
and 180 minutes to determine the optimal
incubation period at room temperature. The
pellets were washed twice in PBS to remove
free primary antibody. All of the pellets but
one were then incubated with 30 ul of dilu-
tions of 1 in 20; 1 in 40, 1 in 100, 1 in 200, 1 in
500 and 1 in 5000 of fluorescein isothiocya-
nate (FITC) conjugated rabbit anti-mouse
immunoglobulin (Dako, Denmark) for one
hour. The remaining pellet was incubated
with PBS alone. The unbound fluoresceinated
antibody was removed by washing the cells
twice with PBS after one hour.

To determine the optimal incubation period
for the FITC conjugated secondary antibody,
cells were incubated with the optimal concen-
tration of' it for 15, 30, 45, 60, 120 and 180
minutes. The pellets were then resuspended
in a solution of 30 ul PBS containing ribonu-
clease (Sigma; 0-05 mg/ml) and propidium
iodide (Calbiochem Ltd; 0-05 mg/ml) which
counterstained the DNA red against the green
staining of the TAA. One set of control cell
suspensions was stained with propidium
iodide alone and another with only propidium
iodide and the second antibody (the fluores-
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Figure 3 Green
fluorescence of HMFG1
plotted on the abscissa
against the cell frequency
on the ordinate for the
region R, shown in fig 2.
There is a wide range of
HMFGI staining,
reflecting heterogeneity
within the tumour.

cence control), with the same dilutions and
incubation times as those used for the TAA
samples.

FLOW CYTOMETRY

The cells were analysed simultaneously for
TAA expression and DNA in the Cambridge
Medical Research Council custom built, dual
laser flow cytometer," which incorporates a
modified flow chamber to increase light collec-
tion efficiency.’” The Innova 70-5 argon ion
laser (Coherent, Palo Alto, California) was
tuned to 488 nm at a light power of 100 mW,
which excites red fluorescence from the
propidium iodide/DNA complex and green
fluorescence from the fluorescein labelled
TAA. The green and red signals were
separated by a 580 nm dichroic mirror (Zeiss
Ltd, West Germany) and the respective
photodetectors were guarded by a 515-560 nm
band pass filter for green and a 630 nm long
pass filter for red. Forward and 90° light scatter
signals were also collected. Calibration and set-
up of the instrument, data collection, and
processing have been described previously."

Figure 4 Three dimensional image of a preparation from an ovarian carcinoma,
showing the green fluorescence (530 RF) of SM3 plotted on the X axis, red fluorescence
(630 RF) of DNA on the Z axis, and cell frequency on the Y axis. The tumour is DN A
diploid and shows typical heterogeneous SM3 expression.

Five parameters were assessed as a Cross-
correlated data file': DNA, TAA fluorescence,
forward scatter pulse width, 90° scatter width,
and 90° scatter area. '

DATA ANALYSIS

The 90° scatter pulse width, which gives a
measurement of cell diameter, was plotted
against the results for DNA (fig 1). The values
for cell debris, single nuclei, cell clumps,
inflammatory cells and some of the stromal
cells could therefore be identified and elimin-
ated from subsequent measurements. Only
particles that had values for both DNA and cell
diameter were considered to be intact cells: cell
debris such as enucleated or broken cells gave
signals for diameter but not DNA, and bare
nuclei gave signals for DNA but had only small
signals for diameter. Intact inflammatory cells
had a normal DNA index and diameters at the
lower end of the scale.

DNA diploid peaks could partly be the result
of stromal and inflammatory cells, which
would make interpretation of results in DNA
diploid tumours more difficult. The cytological
controls showed that stromal cells were gen-
erally smaller than tumour cells. A large per-
centage of the stromal and inflammatory cells
could be gated out successfully by excluding
the small volume diploid cells. This was confir-
med in separate experiments, in which cell
suspensions from fresh and cryopreserved
ovarian and cervical neoplasms and normal
ovary were incubated with dilutions of leuko-
cyte common antigen (LCA; Dako, Denmark),
and suspensions from cryopreserved normal
ovary and endometrium with the low molecular
weight cytokeratin marker CAM 5-2 (Imperial
Cancer Research Fund). The region of small
volume DNA diploid cells contained most of
the cells staining positive with LCA (76-949,,
median 85°,) and was negative for TAA and
CAM 5-2. The epithelial cells in the
endometrial samples stained with CAM 5-2
and were included in the region that contained
the cells positive for TAA. Even so, it was not
possible entirely to resolve the cells in this
region in DNA diploid tumours into “normal”
and “tumour” cell components.

Elliptical regions were set on the entire intact
cell population and on the GO/Gl, S, and
G2/M populations of the DNA diploid tissues
(fig 2). In DNA aneuploid tumours the
GO0/G1 diploid and DNA aneuploid cell
populations were defined. The five parameters
listed above were measured for each of the
gated regions. By subtracting the median green
fluorescence in the fluorescence control sample
(F,) from that in the TAA sample (F,), the TAA
fluorescence could be calculated for each sub-
set of cells (fig 3) and for the complete cell
population (figs 4 and 5). As most experiments
were comparisons of staining procedures the
TAA specific fluorescence (F,) was defined as
(F, — F)/F, x 100."” The optimal staining
procedure was taken as the procedure that gave
the most intense fluorescence with the least
amount of non-specific staining (highest F,).
The reproducibility of the technique was asses-
sed by generating three histograms (each based
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Figure S Intensity of
green fluorescence plotted
on the abscissa against the
number of cells in the
fluorescence control sample
(F,) and in the sample
stained with HMFG1
(F,) in a serous
cystadenocarcinoma. The
tumour cells stained
strongly with HMFGI.

Frequency (number of cells)

T
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600 800
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on measurement of 10* cells) for each sample
and by simultaneously preparing the same
tissue sample three times in the same way. As
the distribution values for TAA expression
were skewed, non-parametric tests were used
to analyse the data. Statistical differences are
given by the p values indicated in the text,and a
difference of p < 0-05 was regarded as sig-
nificant.

Specificity controls for antibody binding
were performed with blocking assays. Anti-
SM3 binding was blocked by its immunogen,
the SM3 peptide. Two monoclonal antibodies
raised against nuclear oncoproteins, CD5 and
M14 (Cambridge Research Biochemicals, Har-
ston, England) which do not recognise mucin
TAA or membrane structures gave no signal
above background in the tissues analysed.

From the cell suspensions used for the flow
cytometric quantitation of TAA a cytology
smear was made.This was fixed in methanol
and air dried. In addition, 3 um sections were
cut from the paraffin wax embedded tissue
blocks that were taken from the fresh tissues
for immunohistochemistry. The indirect
immunoperoxidase technique was used to stain
the smears and sections for TAA. To assess
TAA expression in the smears and sections
200400 intact epithelial cells were examined
without knowledge of the result of the flow
cytometric analysis. The extent of staining was
scored as follows: —0-59%,, +6-25%,, + +26—
50°, and + + +51-1009, of epithelial cells
staining positively for TAA.

Results

Mechanical dissociation of the tissue samples
was satisfactory in all cases. The average total
cell yield per gram of tissue for these specimens
was 48 x 107 cells/g (standard deviation
19 x 107 cells/g). The cell yield was sig-
nificantly higher in neoplastic tissues (5:7
(1:6) x 107 cells/g) than in the normal tissues
studied (1-2 (1-4) x 107 cells/|g) (ANOVA
p = 0-005). Histological examination of the
residual tissue fragments in malignant tumours
showed large amounts of stroma with areas of
mainly intact tumour cells. The cytospin slides
prepared from the suspensions that were sub-
sequently used for flow cytometry showed that
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Figure 6 Cytology preparation of a cell suspension from
the tumour in fig 4, showing large polyhedral tumour
cells.

cellular morphology was well preserved (fig 6);
in the suspensions prepared from malignant
tumours most of the cells were tumour cells.
These cells were in the larger volume range and
showed heterogeneous TAA staining. The
stromal cells in most cases were much smaller
and showed hardly any TAA expression.

The quality of the DNA staining, assessed by
the coefficient of variation of the DNA diploid
GO0/G1 peak, was good. In normal ovaries and
normal lymph nodes the coefficient of variation
lay between 2-5 and 6-19, (mean 4-7%,). DNA
aneuploid cell populations were shown in 17 of
the 24 malignant specimens. The amount of
cell debris and clumping was very small (figs 1,
2,4).

A major

technical obstacle to the
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Figure 7 Titration of SM3 (squares), HMFGI1
(triangles), and HMFG?2 (circles) in a serous
cystadenocarcinoma of ovary (open symbols) and normal
ovary (closed symbols). The fluorescence curve for SM3
tn normal ovary was relatively flat, showing that non-
specific binding of primary antibody did not contribute to
F, to any great extent. The results were similar in all of
the 10 cases studied.
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Figure 8 Titration of
FITC labelled rabbit anti-
mouse secondary antibody
in a serous
cystadenocarcinoma of
ovary (open symbols) and
normal ovary ( closed
symbols). Cells were
stained with 30 ul of SM3
(squares), HMFG1
(triangles), and HMFG2
(circles) per millilitre
containing 10° cells. The
dilution of the secondary
antibody was varied.

Optimal fluorescence was
obtained with a 1 in 100
dilution of the secondary
antibody. The results were
stmilar in all of the cases
studied.

% TAA specific fluorescence (Fs)

v T L] T 1
0-002 0-00s 0010 0025 0-050

1/dilution factor FITC secondary antibody

measurement of TAA expression by immuno-
fluorescence is background fluorescence (F,).
This includes non-specific binding of primary
and secondary antibody, spectral overlap of
propidium iodide fluorescence, and auto-
fluorescence. Background fluorescence was
found to be significantly lower in normal
tissues (median 132 arbitrary fluorescence
units, lower quartile 108, upper quartile 176)
than in malignant tumours (median 183, lower
quartile 127, upper quartile 256) (p = 0-008
Mann Whitney U test). Propidium iodide
spectral overlap and autofluorescence, assessed
by comparing cell suspensions that were
stained for DNA with and without TAA stain-
ing, comprised 23-58°, (average 34°,) of F,.
The remaining F, was therefore presumably
due to non-specific binding and trapping of the
primary and secondary antibody. A reduction
of the F,:F, ratio was obtained by adjusting the
method of preparation. This involved optimis-
ing the dilutions of the primary and secondary
antibodies, optimising the ratio of the reaction
volume and the number of cells per sample,
choosing the best staining time and increasing
the number of washing steps.

The saturating antibody dilutions and pat-
terns of antibody staining for SM3, HMFGI,
and HMFG2 were found to be in the same
range. The checkerboard titration of SM3,
HMFGI, and HMFG?2 illustrated two points:
excess of primary antibody was achieved with a
1 in 100 dilution (10 g antibody/ml containing

SM3, HMFG1, and HMFG2 expression in neoplastic and non-neoplastic DN A
diploid tissues in the GO|G1, S, and G2/ M phases of the cell cycle (n = 21)

TAA Go/G1* S* G2|M*

Without correction for cell surface

SM3 118 (25-192) 140 (67-211) 171 (88-274)
HMFGI 223 (79-397) 278 (144-454) 296 (175-463)
HMFG2 160 (46-214) 217 (90-253) 242 (152-287)

With correction for cell surface

SM3 5-34 (1-18-9-91) 5-38 (2:38-7-80) 5-45 (2-70-9-06)
HMFG1 10-53 (3-98-19-17) 9-78 (4-45-16-78) 9-57 (5:06-14-55)
HMFG2 8:08 (2:08-11-57) 7-44 (3-:29-8:36) 719 (4-36-9-15)

*Median (lower quartile-upper quartile)
Significance of differences (Wilcoxon), for SM3, HMFG1, and HMFG2, respectively:

Withour correction for cell size
GO0/G1:S

p = 0:013,0-011, 0-002.

G0/G1:G2/M p = <0-001,0-001, <0-001.

S:G2/M
With correction for cell size

p = <0:001,0-231,0-071.

None of the differences was significant.
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10° cells) without loss in F; and as the TAA
specific fluorescence curve for a negative nor-
mal sample was flat, trapped or non-
specifically bound primary antibody hardly
contributed to F, (fig 7). This shows that
samples can be incubated with only the FITC
labelled second antibody and propidium iodide
to correct for F,. Increasing the purity and
dilution of the secondary antibody should
resultin an increase in F, as greater dilutions of
antibody under saturation conditions permit
less non-specific binding. The data in fig 8
suggest that this is so, and that the secondary
antibody should optimally be usedina 1 in 100
dilution.

The optimal incubation time for the primary
and secondary antibody was found to be 60
minutes. After two washes the effect of further
washing to remove the trapped antibody was
negligible in all cases. With the optimised
preparative technique F, up to 759%, could
be achieved. Intra-assay and interassay
reproducibility were 3-5°, and 169, respec-
tively.

To try to reduce F, and improve
reproducibility normal rabbit serum was added
to all reagents in the reaction. This resulted in
no significant reduction of F, or increase of F,,
but gave slightly less cell loss. The best concen-
trations were 5-10°, rabbit serum in PBS;
there was no appreciable difference between
these concentrations. Similar results were
obtained by adding 5-109, fetal calf serum to
the reagents.

Expression of SM3, HMFGI1, and HMFG2
was absent or very low in the normal tissues
(24, lower quartile 8, upper quartile 33-5; 67,
lower quartile 37-2, upper quartile 89-5; and
45, lower quartile 22, upper quartile 58, respec-
tively) and significantly higher in the malignant
tumours (258, lower quartile 184, upper quar-
tile 335; 508, lower quartile 257, upper quartile
818;and 371, lower quartile 258, upper quartile
497, respectively) (p < 0-001, p < 0-001 and
p < 0-001, respectively, Mann Whitney U
test). A wide variation in TAA expression from
negative to strongly positive cells was a com-
mon finding in cells with similar DNA content.

In DNA diploid tissues the total TAA
expression was highest in G2/M phase cells,

_intermediate in S phase cells, and lowest in GO/

G1 phase cells (table). From measurements of
the 90° scatter pulse width, however, it was
apparent that the cells in G2/M phase were
larger than those in S phase which were in turn
larger than those in GO/G1 phase. As our
computer software does not allow for size
correction on a cell by cell base it is not easy to
account for. Assuming that cells can be regar-
ded as spheres and that TAA are located mainly
at the cell membrane (thus neglecting cytoplas-
matic TAA expression) and as the green
fluorescence and 90° pulse scatter width were
measured in arbitrary units, F~F, fluorescence
of the gated GO/G1, S, and G2/M phase cells
was divided by the square of their respective
median 90° pulse scatter width signal. Thus we
found no significant changes of TAA expres-
sion during the cell cycle (table).

In DNA aneuploid tumours no difference
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Figure 9 Extent of
staining with SM3
(squares), HMFGI
(triangles), and HMFG2
(circles) scored
subjectively on histological
sections plotted against
staining with the same
antibodies measured by
Sflow cytometry.
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was found between TAA expression in the
DNA aneuploid and DNA diploid GO0/G1
compartments. There was good correlation
between the flow cytometry and the immuno-
cytological and immunohistochemical controls

(fig9).

Discussion

A few papers have been published over the past
few years describing methods for flow
cytometric quantitative analysis of TAA
expression in cultured cells and in cell suspen-
sions of disaggregated solid tumours.'*?” The
preparative methods used in these studies were
often rather empirical and time consuming and
did not take into account important variables
such as method of cellular fixation and length
of storage.”®?* Some workers used single
parameter flow cytometric assays for the quan-
titation of TAA expression,'®? which, com-
pared with multiparameter assays, do not per-
mit as good a correction for the fluorescence
from cellular debris and clumps.?

Our investigation was therefore undertaken
to try to establish a baseline for the develop-
ment of a rational and straightforward multi-
parameter flow cytometry technique for the
assay of TAA expression in fresh, solid
tumours. In particular we wanted to see
whether this method was practical, quan-
titative, and reproducible. The influence of
cellular fixation, preservation, and storage on
multiparameter flow cytometric TAA
measurements are being studied.

The method described here may need to be
adjusted for multiparameter flow cytometric
assay of TAA in single cell suspensions from
different solid tumours and for different TAA.
We used mechanical dissociation on the tissue
samples as it has proved to be better than
enzymatic dissociation for breast, colonic, and
ovarian tumours® * and it eliminates the risk of
enzyme damage to the epitope of the membrane
TAA. In other tumours, however, particularly
those containing more fibrous tissue,
enzymatic dissociation methods can produce
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higher quality single cell suspensions.**>? Qur
cytological controls showed a high percentage
of intact tumour cells, and the DNA histograms
showed that the preparations were of good
quality with very small amounts of DNA
debris. Histological examination of the minced
tissue samples suggested that tumour cells had
been taken into suspension more readily than
stromal cells. Mechanical tissue dissociation
therefore seemed to be quite suitable. In theory
it is not possible to exclude selective destruc-
tion of a vulnerable population of cells with any
of the available mechanical or enzymatic dis-
sociation techniques, but from the small

-amount of debris in the cell suspensions we

prepared mechanically this seems unlikely.

As we could assay SM3, HMFGI, and
HMFG2 under saturated antibody conditions
and could correct for background fluorescence,
the method described is properly quantitative.
If this method were to be used for the assay of
other TAA a similar checkerboard analysis
would have to be performed as the primary
antibody might have a different purity and
affinity and there might be a lower amount of
epitope available.

Immunofluorescence analysis by flow
cytometry with monoclonal antibodies is a
valuable means of quantifying proteins in
heterogeneous cell systems such as solid
tumours. The capacity of flow cytometry to
make measurements on a cell to cell basis makes
it particularly suitable for assaying minority
cell populations in a tumour. It has the ad-
vantage over other methods such as
radioimmunoassay and immunoblot tech-
niques that morphologically intact cells can be
identified and separated from cell debris,
clumps, and most inflammatory cells and
stromal cells. Flow cytometry also enables
direct correlations to be made between specific
TAA concentrations and other variables such
as DNA content. As flow cytometry does not
give morphological information, however, it
should always be used in combination with
histology. Immunohistochemical controls are
essential for the correct interpretation of the
results of multiparameter flow cytometry assay
and are especially so in tissues that have a high
stromal cell to epithelial cell ratio, such as the
ovary, where the impact of TAA positive
epithelial cells can be diluted by the presence of
large numbers of negative stromal cells in the
sample.

Multiparameter assays can be developed to
study prognostic indicators such as membrane
oncoproteins, receptors, and multidrug resis-
tance in solid tumours. The technique has
obvious clinical applications in the man-
agement of immunotherapy and immuno-
imaging, and perhaps in monitoring
intraperitoneal chemotherapy and lymphokine
treatment. With a suitable panel of monoclonal
antibodies, it might become an aid in the
differential diagnosis and “biochemical’ diag-
nosis of some solid tumours.
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