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Abstract. Aim: To test laser scanning cytometry (LSC) for the analysis of ploidy in squamous cell carcinoma of the hypopharynx

(SCCH) and to develop a routine application for minimal samples such as fine needle aspirate biopsies (ANikBds:From

11 individuals 30 FNABs of primary tumors(= 11) and lymphatic metastases of SCGH=£ 11) and non-metastatic lymph

nodes ¢ = 8) are analyzed by LSC. This microscope based instrument scans the cells after immobilization on a glass slide

and after double staining of cytokeratin and DNA. The location of each cell is stored with the fluorescence data. Therefore the

morphology of every cell can be documented by re-staining with H&E and re-localization on the slide. Additionally, aliquots

are Feulgen-stained for image cytometry in 8 specimBesults:The diploid reference peak is identified taking leukocytes as

internal standard. The DNA-index of the carcinoma cells ranges from 0.4 to 3.8. Comparison with image cytometry shows good

correlation ¢ = 0.89). Conclusion:LSC provides a reliable and objective way to determine the ploidy of SCCH pre-operatively.
Colour figures can be viewed dn http://www.esacp.org/acp/2003/25-2/gerstner.htm.

Keywords: Ploidy, carcinoma of the hypopharynx, comparative study, LSC, slide-based cytometry, image cytometry, Feulgen-
staining, eosinophils

1. Introduction that in part might have led to the controversial assess-
ment of their clinical use. For image analysis, in gen-

In clinical oncology, a growing number of relevant eral about 300 cells are analyzed and in most pro-
data is gained by cytological analyses. Up to now the tocols only parameters concerning the cellular DNA
ploidy of solid carcinomas is determined by estab- (€.9., ploidy) are determined [31]; cells to be ana-

lished cytometric methods such as image analysis and lyzed are selected by the observer which makes analy-
flow cytometry. Both methods are well described and SiS time consuming and might lead to inter-observer

various standardized protocols have been published [3, Variations. For flow cytometry, in the vast majority of
21,39]. For image analysis, exact protocols with de- C8Ses cells are not available for a second (morphologi-
tailed recommendations concerning all aspects of the Cal) analysis once they have passed the detector cham-

methodology (from sample preparation and staining ber. The only exception s cell sorting where _ce_lls W.'th
: . . : selected characteristics can be collected. Thisis a time-
to analysis and interpretation) exist [14,16,17]. How-

ever, there are major disadvantages to both methods “ON>4MNY procedure not suitable for routine purposes
and data cannot be re-addressed to individual cells.
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In the present study we were looking for an alter- Hamburg, Germany) pre-filled with 1Qd phosphate
native method to determine the ploidy of epithelial buffered saline (PBS; Gibco BRL, Paisley, Scotland,
cells in squamous cell carcinoma of the hypopharynx UK) pH 7.40 with 1% bovine serum albumin (BSA,
(SCCH) using the laser scanning cytometer (LSC). The Sigma, St. Louis, MO, USA) and stored &Clfor up
LSC combines the advantages of both, image cytome- to 24 h until further preparation. Initially, any patient
try and flow cytometry, but avoids their disadvantages. presenting with a cervical mass was biopsied. Out of
This instrument is built around a conventional epiflu- more than 200 patients effectively 11 patients with 30
orescence microscope [24]. The cells of the specimen specimens were included into this study. Inclusion cri-
are immobilized on a glass microscope slide and are terion was a previously unknown, newly diagnosed hy-
treated by appropriate fluorescence staining assays. Forpopharyngeal cancer. Exclusion criteria were omission
analysis the slide is scanned stepwise by one or two of surgery due to disease stage or irradiation of the tu-

lasers sequentially with a rate of up to 5,000 cells per
minute. Until now, up to six fluorescence parameters

mor prior to surgery.

and one light scattering parameter are simultaneously 2.2. Preparation

determined [11]; additionally, the x- and y-coordinate
of every single cell is stored with the data. After analy-
sis, the slide can be removed and cells can be re-
stained by any conventional cytopathological staining,
e.g., hematoxylin—eosin [10]. After re-staining every
cell can be re-localized on the slide and its morphol-
ogy can be documented with the built-in CCD-camera.
Specimens can be archived for reviewing.

Inthe clinical context most applications of LSC have
been developed for analysis of leukocytes (for a de-
tailed review on LSC see [38]). For the analysis of
the ploidy in clinical samples several studies compared
LSC with image cytometry and flow cytometry [5,28,
32,33]; however, in these studies tumor cells were ob-
tained by dissociation of tissue blocks after resection
of the tumor or by touch imprints on the fresh cut sur-
face. In order to improve the therapeutic management
of patients we were actually looking for an assay that
could be applied pre-operatively prior to the resection
of the tumor; analysis therefore had to be optimized

using hypocellular specimens such as fine-needle aspi-
ration biopsies (FNABs). So far an assay has been de-
scribed for peritoneal and bladder washes and other ef-

For double-staining of cytokeratin and DNA 1 ml
FACSLysis (BD Biosciences, San Jose, CA, USA) is
added to each tube. Tubes are incubated for 15 min
at room temperature. After spinning at 250g for
5 min the supernatant is decanted and the pellet is re-
suspended in 501 PBS with 0.5% BSA. 1-2:l of the
suspension are checked in the microscope for the den-
sity of the cells. Depending on the density 1020
are transferred to two quadratic areas each measuring
1.2 x 1.2 cm on a conventional glass microscope slide.
As a general rule cells dispersed on the slide should
lie mainly as distinct cells and the distance to every
neighboring cell should equal the diameter of a cell.
For each specimen at least one slide with two areas
is prepared (for specific staining and negative control,
resp.). Slides are air-dried for 1 h and stored in 70%
ethanol at room temperature.

2.3. Staining

Slides are removed from the ethanol and placed in
a container filled with PBS for 5 min. Slides are re-

fusions [42]. For our study we have developed an assay moved from the container and the areas where the

that allows to determine the ploidy of SCCH by LSC
using FNABs.

2. Material and methods

2.1. Specimens

FNABs are taken in the out-patient department or
immediately after resection of the primary tumor, the

cells were transferred onto are encircled with a fat pen
(DAKOPen; Dako, Carpinteria, CA, USA). 2Qd of
PBS with 1% BSA are pipetted onto each area and
slides are incubated for 15 min at room temperature.
After decanting by inversion, areas are incubated ei-
ther with 5 ul of FITC-conjugated anti-cytokeratin-
antibody recognizing several basic and acidic cytoker-
atins (Clone MNF116, Code F0859) or with unspecific
control-antibody (Code X0927; both purchased from
Dako) in 100! PBS with 0.5% BSA for 30 min at

lymph nodes, and suspected metastases with a 27Groom temperature in the dark in a humidified cham-
needle and a 20 ml syringe. The material obtained ber. After decanting by inversion areas are washed
is suspended in a 1.5 ml Eppendorf tube (Eppendorf, with 0.5 ml PBS twice and then are incubated with
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100 pl PBS with 0.5% BSA containing %l anti-
FITC-antibody conjugated to Alexa-Gre®ndiluted
1:100 (A-11090; Molecular Probes Europe BV, Lei-
den, The Netherlands) and 5@ PI/ml (Sigma, St.
Louis, MO, USA) and 0.1 mg RNase (Sigma) for
30 min in the dark in a humidified chamber. After de-
canting by inversion areas are washed with 0.5 ml PBS
twice and then are covered with 40 of glycerol in
PBS 75%/25% with 2%g Pl/ml each.

2.4. Data acquisition

The design of the LSC is described in detail else-
where [25]. For data acquisition, the slide is placed
on the motorized stage of the LSC. The focal plane
is adjusted with the 20 objective. In the proprietary
software (WinCyt&®) the scan area is fitted to the ac-
tual area of the slide where the cells are placed. This
step is performed with minimal light exposure of the
cells. Then the parameter and photomultiplier (PMT)
settings are adjusted: the contouring signal is set on
the fluorescence-3-channel (FL3 red fluorescence,
Pl), the minimal area is 20m?, the threshold level is

1200. The threshold setting is checked at the beginning

of the analysis to ensure that neither cells are lost for
analysis nor fused to doublets. Data are gained for FL1
(green, FITC) and FL3 (red, PI) and for forward scat-
ter (FSC) after excitation with the argon laser (power
setto 5 mW). For FL1 and FL3, PMT-voltage, -offset,
and -gain are set to 30%, 2075, and 255, respectively.
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2.6. Data analysis and interpretation

For analysis, a dotplot showing PI vs. FITC is cre-
ated. In this dotplot gates are set in the negative con-
trol with a cut-off at 5% (see Fig. 1a) which are applied
to separate the FITC-positive and FITC-negative frac-
tions in the specifically stained sample (see Figs 1b-3).
For the specifically stained sample an overlay his-
togram for PI showing the data of all cells and that of
the cytokeratin positive fraction only is created. For in-
terpretation, the slide is stained with H&E and placed
back onto the LSC stage. The morphology of the cells
is confirmed in each separate sub-population after re-
localization in the microscope. Images of the cells are
taken with the built-in CCD-camera. This feature al-
lows to determine the diploid reference population and
to discriminate it from artifacts. Therefore, the diploid
peak can be marked in the Pl-histogram and the DNA-
index (DI) of the cytokeratin-positive sub-populations
can be calculated (see Figs 1b—3). The coefficient of
variation (CV) of the different peaks within the DNA-
histogram is calculated. In addition, the percentage
of cytokeratin-positive cells with a DNA-content ex-
ceeding 5c (5c-exceeding rate 5cER) among all
cytokeratin-positive cells is calculated.

2.7. Feulgen stainingg]

In order to validate the DI determined by LSC, sam-
ples were treated for analysis by standard image cy-
tometry. By taking an extra aliquot of the sample cells
were prepared with Feulgen-staining as described ear-
lier [2] with minor modifications. Specimens were re-
moved from the ethanol, rehydrated, and post-fixed

For FSC no voltage has to be set, offset and gain are in 4% paraformaldehyde for 30 min. 5 N HCI was
adjusted to 2020 and 20, respectively. Data are stored applied at 28C for 60 min, followed by staining in

in list mode files (FCS 3.0 version).

2.5. Cytomorphological staining

After analysis in the LSC the slide is removed from

Schiff's reagent (Merck, Darmstadt, Germany) at@5

for 60 min. Slides were then rinsed in $@ater and
dehydrated by increasing ethanol concentrations. The
slides were then covered in Eukitt (Kindler, Freiburg,
Germany) and stored in the dark. Quantitative DNA
measurements were then performed using a computer-
ized TV based image analysis system (Autocyte, Zeiss,
Oberkochen, Germany). The system consists of a mi-

the stage and the coverslip is detached by placing the croscope (Axioscope, Zeiss) with an attached 3CCD-

slide vertically in a container filled with PBS for 15 to
60 min to allow the cover to slip off. Then a conven-
tional hematoxylin—eosin staining is performed. Slides
are covered again using Eukitt (Kindler GmbH&Co,
Freiburg, Germany) and are stored as normal cytologi-
cal samples.

videocamera (Sony). The performance of the system
meets the standards of the ESACP task force on stan-
dardization in diagnostic image cytometry [14]. At
least 300 tumor cells were measured at random after
detection on the TV screen. To determine the individ-
ual normal 2c peak at least 25 lymphocytes were mea-
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Fig. 1. FNAB from a hypopharyngeal carcinoma (histologically, pNop Mg Gy, patient #58) processed as described with (a) negative control
antibody or (b) a specific antibody stained. The dot plot represents the DNA content (x-axis, linear) vs. the cytokeratin expression per area (y-axis,
logarithmic). The horizontal line shows the 5%-cut off level set in the negative control. Gates 1-4 and gate E are set on major sub-populations of
the specifically stained sample. The histogram in the lower center of Fig. 1(b) shows DNA content of the specific staining (black line: cytokeratin
negative fraction; black area: cytokeratin positive fraction). The histogram inset shows green fluorescence of the negative control (black area) vs
specific staining (black line). Images in the frames are taken with the built in CCD-camera and represent H&E stained cells re-localized from
the respective gates set in the dot plot (gate 1: leukocytes; gates 2—4: epithelial cells; gate E: eosinophils). Their respective DI is indicated in th
DNA-histogram. For the negative control only cells in gate E are shown. Total cell count (specifically stained sample): 17 069. This figure can be
viewed on http://www.esacp.org/acp/2003/25-2/gerstnef.htm.
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Fig. 2. Same patient as in Fig. 1 but FNAB was taken from a lymphatic metastasis in the left neck (Meta #1 in Table 1). Note the different values
determined for the DI as compared to the primary tumor. (For set-up of the figure see Fig. 1.) Total cell count: 10541.
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Fig. 3. Same patient as in Figs 1 & 2 but FNAB was taken from a lymphatic metastasis in the right neck (Meta #2 in Table 1). Note that cells do
not show specific green fluorescence for cytokeratin but are clearly epithelial (gates 2 & 3) or are eosinophils (gate E). Note the different values
determined for the DI as compared to the primary tumor and the other metastasis. (For set-up of the figure see Fig. 1.) Total cell count: 3937.
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sured as reference cells in the same sample. Measure- For primary tumors and metastases, the determi-
ment and data analysis was performed using the Auto- nation of the ploidy was performed in the specif-
Cyte QUIC-DNA image analysis software (AutoCyte, ically stained sample. The DNA-histogram of the
Burlington, NC, USA). cytokeratin-positive fraction was analyzed and the DI
of its peak or peaks was determined (see Figs 1b-3).
The DI of the tumor cells in primary tumors and metas-

3. Results tases ranged from 0.4 to 3.8 (see Table 1). For lymph
nodes and benign tumors, the DNA histogram showed
3.1. Specimen preparation only one peak. The case of a histologically confirmed

pleomorphic adenoma of the parotid gland was taken

Included in this study were eleven patients with as a control; the DI of its epithelial cells was 1.0 (see
newly diagnosed hypopharyngeal carcinoma. All re- Table 1). The CV of the DNA-peak of the diploid ref-
sected tissue was sent to routine histopathological erence population ranged from 4.4 to 13.6%, for the
analysis which in all cases confirmed the diagnosis tumor cells the CV ranged from 4.5 to 18.0%. In some
of primary or metastasizing squamous cell carcinoma cases there was a remarkable difference between the
and disease free lymph node, respectively. In general, ploidy of the primary tumor and its metastases (see
FNABs typically yielded between 3000-20000 cells Figs 1b—3 and Table 1).
(in primary tumors) and up to 100000 cells (lymph
nodes and metastases). Slides could be stored in 70%3.4. Correlation with Feulgen-staining
ethanol for up to six months before further preparation
without any detectable effect on the cytokeratin stain-  Among the many parameters determined by image

ing. analysis the percentage of aneuploid cells with a DNA
content exceeding 5¢ (5cER) was calculated according
3.2. Cytokeratin staining to the same mathematical model as applied in LSC. We

therefore compared the DNA-histograms obtained by

Cytokeratin staining was restricted to the cytoplasm both methods graphically (Fig. 4) and calculated Pear-
in all cases. In all samples there was a sub-population sons coefficient of correlation for the 5cER showing a
of varying proportion that showed the same DNA con- high correlation of both methods (Fig. 5).
tent as the tumor cells but was cytokeratin negative. By
re-localization this sub-population turned out to con- 3.5. “False cytokeratin-positive” cells
sist of events that in the vast majority were nuclei with-
out cytoplasm. This correlated well with the observa- In specimens of six of the patients a diploid pop-
tion of positively stained cytoskeletons without nuclei ulation with bright green fluorescence appeared (see
that could be found by direct visual examination of the Figs 1b & 3). These cells could be identified by re-
slides in the epifluorescence microscope of the LSC. In localization as eosinophilic granulocytes and were also
several cases there was remarkably different cytoker- detected in the corresponding negative controls (see
atin staining intensity between the primary tumor and Fig. 1a, Gate E). All specimens were analyzed apply-
its metastasis/metastases which occurred to be partially ing gate E (Figs 1a and b); however, only in nine speci-
negative in some cases (see Fig. 3). There were no cy- mens eosinophils were detected. This finding was con-
tokeratin positive cells in biopsies from histologically firmed by direct microscopic visualization of the H&E
disease free lymph nodes. stained specimens.

3.3. Morphological analysis and determination of
ploidy 4. Discussion

Morphological analysis of the cells in the different Colour figures can be viewed on http://www.esacp.
sub-populations was easily performed after H&E stain- [org/acp/2003/25-2/gerstner.htm.
ing by re-localizing the cells of interest. Removing the Although it is still an issue under discussion there is
coverslip produced some cell loss but this never ex- growing evidence that aneuploidy is rather a cause than
ceeded 5%. This cell loss was not specific to a certain a consequence of cancer [27,35]. Aneuploidy has been
sub-population. identified to be prognostically relevant in several tumor
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Table 1

Analysis of the DNA-index (DI) and 5c-exceeding rate (5cER) in 11 cases of newly diagnosed primary tumors and
metastases of SCCH

Pat. # (pTpNcM) Peak #1 Peak #2 Peak #3 Peak #4 Peak #5 5cER
age(years), m# DI/ CV-% DI/ CV-% DI /CV-% DI/ CV-% DI/ CV-%
#24 (ToNypMo), 47, m
Prim. Eos+ 1.2/na 1.9/77% | 27/na 31%
Meta. Eos+ 1.7/na. 7%
LN 0%
#29 (T2NpMo), 59, m
Prim. 0.7 /n.a. 14/na | 1%
Meta. 0.5/18% 1.8/108% [ 8%
LN 0%
#47 (T;NoMy), 42, m
Prim. Eos+ 1.7/105% | 9%
LN 1%
#56 (T3NpMo), 62, m
Prim. Eos+ 1.2/136% | 20/na. | 27/na 10%
Meta. 25/94% | 12%
LN Eos+ 0%
#58 (T2N2,Mp), 63, m
Prim. 1.9/8.7% 3.8/45% | 16%
Meta. #1 1.2/14.2% 2.4/16.3% 10%
Meta. #2 1.7/9.0% 3.7/58% [ 1%
#75 (ToNgMp), 71, 1
Prim. 14/na | 10%
LN 1%
#98 (T2NgpMp), 62, m
Prim. Eos+ 1.5/na_ | 22/na | 17%
Meta. 22/na. | 6%
LN 0%
#145 (T3N;Mp), 50, m
Prim. 0.6/na. 2.0/na. 15%
Meta. 0.5/na. 0.8/9.7% 1.7/8.2% 33/73% 20%
LN 0%
#147 (T4N25M0), 57, m
Prim. 0.4/25.7% 1.6/52% [ 2.0/na. 3.2/na. 12%
Meta. #1 1.2/9.2% 10%
Meta. #2 1.5/na._ | 31/na | 4%
LN 0%
#191 (T4No.My), 56, m
Prim. 1.2/72% | 19/60% | 24/na 21%
Meta. #1 Eos+| 0.7/14.8% 1.6/63% | 7%
Meta. #2 19%
#196 (T,N,M,), 69, m
Prim. 1.3/49% | 24/na. 13%
#82 = Adenoma, 41, m 3%
Eos+ indicates that diploid bright green cells exsisted and that these cells were identified as eosinophils.
The other specimens did contain neither eosinophils nor diploid bright green cells.
n.a. = not applicable due to cell count < 100

Specimens from eleven patients with histologically confirmed hypopharyngeal carcinoma and from one patient
with pleomorphic adenoma of the parotid gland were analyzed. In the cytokeratin-negative fraction the diploid
reference population was defined by re-localization and its DI was set to 1.0. In the DNA-histogram of the
cytokeratin-positive fraction the aneuploid peaks were verified to consist of single cells only and their DI was
calculated. The CV of every peak was determined. The 5cER was calculated for the cytokeratin-positive cells. For
disease-free lymph nodes and the only non-cytokeratin positive tumor (patient #58, meta #2) calculations were
performed on all cells.

57
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Fig. 4. Overlay of DNA histograms obtained by LSC (straight line) and by image cytometry (solid graph) for eight specimens. x-axis was scaled
to 12c for all cases. This figure can be viewed on http://www.esacp.org/acp/2003/25-2/gerstner.htm.
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2% cer recently cytological scrapings have been used for
IC = 2.14 + 0.89xLSC ploidy analysis by image cytometry [31]. This tech-
nology can be adapted for hypopharyngeal and laryn-
geal cancer, too, in order to obtain cytological sam-
ples by an experienced otorhinolaryngologist on an
out-patient basis; however, it cannot be applied for the
corresponding metastases. We rather concentrated on
FNABs because it promised to yield semi-non inva-
sively specimens also from the metastases on an out-
patient basis. The biopsies from the primary hypopha-
ryngeal carcinomas were obtained directly after resec-
tion of the tumor under general anesthesia. Moreover,
FNAB is a well established procedure for diagnosis
Fig. 5. Correlation of the 5¢cER determined by LSC (x-axis) vs. the  and treatment follow-up in several tumor entities [6,7,
ScER determined by IC (y-axis) for eight specimens. Specimens 341 \We developed a modification of the existing tech-
were split into two aliquots and were stained separately with P1 + ;) o the aspirate is transferred into a solution rather
anti-cytokeratin for LSC and with Feulgen-staining for IC, respec- ' . . .
tively; insert= regression equitation, = Pearson’s coefficient of than placed d'reCtIy onto the slide. Once in solution
correlation. the specimen can be modified in different ways. For
example, this allows to lyse “contaminating” erythro-
entities [29]. In head and neck cancer, the percentage cytes and to remove most of the cell debris by cen-
of the 5cER was shown to be prognostically signifi- trifugation. The solution can be further diluted in or-
cant for the overall survival in T1 squamous cell car- der to optimize the cellular density on the slide and to
cinoma of the oral cavity [40]; it has also been shown avoid densely packed and overlapping cell conglomer-
that the existence of an aneuploid stem line is associ- ates. This might lead to some loss of information by
ated with the development of neck metastases in oro- disaggregating cell complexes that could help in estab-
and hypopharyngeal carcinoma [41] and with a marked lishing the diagnosis solely by conventional cytology.
decrease in the 5-year overall survival [19,21,22]. The However, after analysis in the LSC cells can easily be
role of aneuploidy is particularly demonstrated by the assessed on the slide by cytological examination nev-
observation that patients with aneuploid premalignant ertheless.
lesions (such as leukoplakias and erythroplakias) have  Since we were working with FNABs we did not
a high risk to develop oral cancer exceeding the risk of compare LSC with flow cytometry due to the minimal
patients with diploid lesions by far [36,37]. sample size but rather choose image cytometry in or-
On this background, in the present study we aimed der to compare results on ploidy and 5cER. We found
to develop and test an application of slide-based cy- a good correlation of the two methods using FNABs as
tometry such as LSC for the determination of the has been shown previously by others using single cell
ploidy in SCCH; the LSC is a relatively new instru-  or nuclei suspensions from tissue blocks or imprints [5,
ment that allows to perform multiparametric analyses 28,32,33]. We conclude from this observationthat LSC
of minimal sample volumes (for review see [38]). We analysis of FNABs can be applied for the determina-
also wanted to compare the results with standard im- tion of the ploidy of a tumor pre-operatively. In our
age cytometry using Feulgen-staining. For image cy- opinion LSC might have some advantages as compared
tometry, we performed a protocol consistent with the to image cytometry: (A) with LSC much higher cell
recommendations by the ESACP [14,16,17]. For LSC, counts can easily be achieved than with image cytom-
existing protocols for tumor analysis so far used mate- etry (about 300 cells for routine examinations) [18,31,
rial obtained by imprinting or scratching the surface of 39,40]; however, this increase in cell count very likely
the resected specimen [5,15], paraffin-embedded mate-will not result in different ploidy values but rather in
rial [23], body fluids, effusions, or washes [42]. How- the detection of rare cells such as mitotic cells [12].
ever, for solid tumors this material is only available (B) In image cytometry cells are selected by the ob-
after surgical resection. Our main interest was to de- server and therefore a substantial bias on the malignant
velop a method that can be applied preoperatively as cell population might result from preferring grossly
part of the routine clinical examination. In tumors that atypical cells; this needs training in morphological
are accessible for direct inspection such as oral can- analysis and helps to concentrate on the most interest-
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ing cells (i.e., the malignant cells) but could explain
the sub-optimal correlation of the 5cER determined by
image cytometry and LSC in our study. (C) In image
cytometry mostly only parameters concerning the cel-
lular DNA (e.g., ploidy) can be analyzed. Since with
LSC up to six colors can be measured at once [11] it of-
fers the opportunity to analyze nuclear DNA and addi-
tionally other characteristics such as the immunophe-
notype [4]; other combined applications in future could
include FISH and immunohistochemistry (e.g., cyclin
B1, Ki67). The principle of repeatedly staining and re-

A.O.H. Gerstner et al. / Analysis of ploidy in hypopharyngeal cancer by laser scanning cytometry

It has even been proposed to use eosinophilic gran-
ulocytes to clear antibody formulations from uncon-
jugated FITC. Consistent with this interpretation is
the fact that we observed these bright green diploid
cells also in the negative samples stained with irrele-
vant FITC-conjugated control antibody and identified
them as eosinophils. This problem could be circum-
vented by using a different fluorochrome to detect anti-
cytokeratin antibody binding, e.qg., allophycocyanine.

analyzing the same cells has successfully been applied® Conclusion

for immunophenotyping recently [13].

The CV for the peaks in the DNA-histogram ob-
tained by our protocol is higher than that obtained by
flow cytometry using DAPI or ethidium bromide [19—
21] or P1[9,26] for nuclear staining. Compared to LSC
these protocols are superior in terms of the CV, but
have substantial drawbacks. The material needed for
analysis exceeds that for LSC by far making analy-
sis of FNABs hardly possible. In general, with flow
cytometry cells cannot be studied a second time by
different methods disabling the morphological analy-
sis of the detected “events”; the only exceptions are
cell sorters which are technically demanding to operate
and time consuming or flow cytometers with real-time
videoscopy. These problems are solved by LSC: speci-
mens are analyzed in a “no cell-loss” slide based man-
ner. Its major advantage is the re-localization feature.
Without this means it would have been very difficult to
interpret the histogram shown in Fig. 3 correctly since
the metastasizing cells did not stain with the cytoker-
atin antibody. Interestingly, as shown in Fig. 4 there
were often differences in the ploidy of the primary tu-
mor as compared to the metastatic disease. This could
be interpreted as an effect of field cancerization with
multi-clonal cancerogenesis; in order to further inves-
tigate this issue future studies should include swabs or
scrapings also from adjacent and healthy mucosa as
well as from distant sites such as bronchi or esophagus.

Analyses by flow cytometry showed diploid cells
that appeared to be positively stained for cytoker-
atin [30]; these cells were considered to play a role
in tumor progression. In our specimens we detected
a similar population with diploid DI that exhibited
bright green fluorescence. However, by re-localization
we made the observation that this population consisted
of eosinophilic granulocytes but not of epithelial cells.
From other observations such as the TUNEL-assay it is
well known and documented that eosinophilic granulo-
cytes have very high affinity to unconjugated FITC [1].

Our data show that LSC provides a reliable and ob-
jective way to determine the ploidy of solid tumors
such as SCCH on an out-patient basis. It needs only
minimal sample volumes such as FNABs and its clin-
ical application could further be enlarged by using
swabs or scrapings. This combined microanalytical ap-
proach might help to establish cytometric analyses as
part of the routine diagnostic repertoire pre-operatively
and therefore could yield further improvements in the
therapy outcome.
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