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4 Doublee fluorescent flow 
cytometricc assessment of 
bacteriall internalization and 
bindingg by epithelial cells 

Elizabethh C. de Boer, Rob F.M. Bevers, Karl-Heinz Kurth, 
andd Denis H.J. Schamhart 

Departmentt of Urology, University of Amsterdam, Amsterdam, The 
Netherlands s 

Abstract t 

Thiss study describes a new flow cytometric method for assessment of 
phagocytosiss of specific bacteria (bacillus Calmette-Guérin (BCG) and 
EscherichiaEscherichia coli) by bladder epithelial cells. The internalization assay 
consistedd of labeling bacteria chemically with fluorescein isothiocyanate 
(FITC).. Subsequent to incubation of fluoresceinated bacteria with 
internalizingg cells, adherent nonphagocytosed bacteria were marked by two-
stepp labeling using specific antibodies and phycoerythrin (PE)-conjugated 
antibodies.. Double fluorescent FACS analysis differentiated between 
bacteriall  phagocytosis and adherence. The validity of the method was shown 

31 1 



byy inhibition of BCG phagocytosis at 4 °C, by cytochalasin B, by removal of 
excesss free bacteria, and by anti-BCG antibodies. BCG-phagocytosing and -
nonphagocytosingg cell lines were discriminated by applying this technique to 
aa series of bladder carcinoma cell lines. There seemed to be a relationship 
betweenn phagocytic capacity and grade of differentiation in these cell lines, 
whichh may have implications for topical BCG immunotherapy in superficial 
bladderr cancer. In conclusion, a new, reliable, rapid, and relatively simple 
doublee fluorescent method is described for quantification of specific 
bacteriall  internalization by large numbers of (bladder) epithelial cells. This 
methodd should be generally applicable to the study of in vitro interaction 
betweenn bacteria and different types of host cells. 

Introduction n 

Bindingg and internalization of bacteria by so-called nonphagocytic cells, 
suchh as epithelial, endothelial, and microglial cells and fibroblasts, are 
importantt yet largely undiscovered aspects of the pathway in bacterial 
infectionn (10). Binding and internalization of bacillus Calmette-Guérin 
(BCG)) by bladder (cancer) epithelial cells may be the initial events in the 
immunologicall  cascade resulting in eradication of tumor cells in topical 
BCGG immunotherapy of superficial bladder cancer (1,13,15). In vitro 
studiess of this kind of bacterial interaction with host (epithelial) cells require 
aa method to differentiate between bacterial binding and internalization. 
Variouss techniques have been employed to study phagocytosis (10). 
Transmissionn electron microscopy has been used to confirm the intracellular 
positionn of phagocytosed bacteria, but it is an elaborate and expensive 
method.. Confocal scanning fluorescence microscopy, fluorescence 
microscopyy using fluorescent bacteria together with a quenching agent, and 
immunofluorescencee microscopy are other techniques that have been 
described.. These methods allow differentiation between adherent and 
phagocytosedd bacteria. However, the major drawbacks of microscopic-
techniquess are the subjective nature of measurement and the considerable 
timee required for handling large-scale sampling. In contrast, flow cytometry 
hass the advantage that great numbers of cells and of samples can be 
examined.. Previously described flow cytometric methods that distinguished 
ingestedd from attached fluoresceinated particles involved quenching with 
crystall  violet (7), trypan blue (8), or tannic acid (6); the fluorescence 
wavelengthh shift from green to red with ethidium bromide (3,5); or the 
enzymaticc elimination of noningested bacteria (4,9). However, 
disadvantagess of these methods are the necessity of using heat-killed 
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organisms,, the requirement of acidic conditions that may interfere with 
receptor-ligandd interactions, and the interference involved in the detection of 
attachedd bacteria with rapid ethidium bromide staining of the phagocyte 
itself. . 
Thiss study presents a new and reliable flow cytometric method that 
distinguishess adherence from phagocytosis and permits the quantification of 
phagocytosiss of bacteria by "nonprofessional" phagocytic cells. The method 
iss based on ingestion of fluorescein-conjugated bacteria by epithelial cells 
andd subsequent labeling of bacteria adherent to the external surface of the 
celll  membrane with phycoerythrin (PE)-conjugated antibodies, followed by 
doublee fluorescent flow cytometry. Internalization of BCG in a series of 
humann bladder carcinoma cell lines with different degrees of differentiation 
wass studied by means of this method in order to gain insight into the 
occurrencee of this phenomenon among bladder cancer cell lines and thus into 
thee implications for BCG therapy in bladder cancer. 

Materialss and methods 

CellCell Lines 
Thee BCG-internalizing human bladder carcinoma cell line T24 was used as 
wee have previously described (15). Other human bladder carcinoma cell 
liness tested for their phagocytosing capacity were TCC-SUP, J82, and RT4 
(kindlyy provided by Dr. T. Otto, Department of Urology, university Clinic 
Essen,, Essen, Germany) and BT-B, SBC2, and SBC7 (kindly provided by 
Dr.. A. Böhle, Department of Urology, Medical University, Liibeck, Liibeck, 
Germany).. All cell lines were cultured as monolayers in standard Dulbecco's 
modifiedd Eagle's medium (DMEM), supplemented with 50 U/ml penicillin, 
500 U/ml streptomycin, 1 % L-glutamine, and 10 % FCS, at 37 °C in a 
humidifiedd 5 % COT atmosphere, at pH 7.2. Cultures were negative for 
mycoplasma.. Tissue culture media were obtained from Flow Laboratories 
(Irvine,, Scotland), and tissue culture plastics were from Costar (Cambridge, 
MA) . . 

Bacteria Bacteria 
Inn most experiments, Mycobacterium bovis BCG from a commercial 
lyophilizedd preparation (Connaught, North York, Ontario, Canada; applied 
inn intravesical therapy of superficial bladder cancer) was used for 
internalizationn experiments. A vial containing 3.2 x 108 colony forming units 
(cfu)) BCG was reconstituted in 10 ml DMEM without supplements. To 
eliminatee large clumps of bacteria, the suspension was centrifuged at 300 g 
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forr 3 min (1). The top 5 ml was used for fluoresceination. The concentration 
off  cfu was set by measuring the absorbance at a wavelength of 440 nm and 
calculatingg the amount of cfu according to the following formula: 
absorbancee at 440 nm of 0.20 is equivalent to 3 x 106 cfu/ml. The cfu of 
BCGG bacteria was determined by plating out 100 \i\ portions of  l()log 
dilutionss on 7H10 agar (kindly performed by Dr. J.D.A. van Embden, 
Nationall  Institute of Public Health and Environmental Protection, Bilthoven, 
Thee Netherlands). 
Besidess BCG from the commercial lyophilized preparation, freshly cultured 
BCGG bacteria were used for some internalization experiments in order to 
ensuree a suspension free of dead bacteria and debris. BCG-Connaught was 
inoculatedd in 10 ml Middlebrook 7H9 supplemented with 0.5 % glycerol and 
ADCC (albumin, dextrose, and catalase; Difco Laboratories, Detroit, MI) in a 
200 ml flask. The flask was incubated at 37 °C for 3 d, and the bacteria were 
transferredd to a 0.5 liter bottle with 300 ml culture medium. After 10 d of 
incubation,, the absorbance at 420 nm of the bacterial suspension was 
measuredd and the amount of bacteria calculated according to the following 
formula:: absorbance at 420 nm of 0.15 is equivalent to 108 mycobacteria, as 
describedd by Scheming et al. (14; kindly performed by Dr. A.HJ. Kolk, Royal 
Tropicall  Institute, Amsterdam, The Netherlands). In addition, freshly 
culturedd Escherichia coli, isolated from a patient's urine and cultured under 
thee same conditions as described above for 1 d only, was used in 
experiments. . 

FluoresceinationFluoresceination of bacteria 
Bacteriaa (3 x 108 cfu) were incubated with 1 mg fluorescein isothiocyanate 
(FITC;; Merck, Darmstadt, Germany) for 30 min at 20 °C in 1 ml buffer 
containingg 50 mM Na2C03, and 100 mM NaCl at pH 9.2, as described by 
Catanzaroo et al. (2). After washing with PBS three times and centrifuging for 
100 min at 15,000 rpm (Eppendorff centrifuge), FITC-labeled bacteria were 
resuspendedd in prewarmed culture medium. The supernatant of the last 
centrifugationn contained no free fluorescent dye. 

InternalizationInternalization assay 
Subconfluentt bladder carcinoma cell monolayers were harvested 
nonenzymaticallyy with cell dissociation solution (CDS; Sigma, St. Louis, 
MO)) 1 d prior to the experiment and seeded in 24 well plates at a 
concentrationn of 3 x 10 cells/well. For experiments, the medium was 
removedd and 1 ml FITC-labeled bacteria were added at indicated 
concentrationss during varying periods of time (0-24 h). At the end of the 
incubationn time, excess bacteria were gently washed away with prewarmed 
DMEM.. Cell monolayers were harvested with cold CDS to obtain a single 
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celll  suspension, cooled, and washed in PBS (pH 7.2) containing 0.2 % 
albuminn (Boehringer Mannheim, Mannheim, Germany), 0.02 % K-EDTA 
(Merck),, and 0.01 % NaN3 (Merck) for antibody labeling, all at a 
temperaturee of 4 °C. In order to recognize nonphagocytosed cell associated 
bacteria,, cells were incubated for 30 min with polyclonal rabbit anti-BCG 
antibodiess (1:100; Dakopatts, Copenhagen, Denmark) or with polyclonal 
rabbitt anti-£". coli antibodies (1:100; Dakopatts), depending on the bacterial 
speciess used. After a wash, the cells were incubated with PE-conjugated 
goatt anti-rabbit antibodies for 30 min (1:25; Sigma). Subsequently, after 
anotherr wash, the cells were fixed in 300 jul paraformaldehyde solution (0.5 
%% in PBS). A fluorescence-activated cell sorter (FACScan, Becton 
Dickinsonn Immunocytometry Systems, Mountain View, CA) was used to 
measuree individual cells for green fluorescence (FL1), due to intracellular 
and/orr extracellular FITC-labeled bacteria, as well as for red fluorescence 
(FL2),, due to extracellular PE-labeled bacteria. In each sample, 104 cells 
weree measured. Gates were set on bladder carcinoma cells during 
measurementt to exclude debris and noncell-associated bacteria (Fig. la). 
Thresholdss to identify fluorescence positive cells were set by using negative 
controls;; i.e., T24 cells incubated with BCG-FITC were subsequently PE-
labeledd with anti-BCG antibodies omitted, or T24 cells incubated with non-
FITC-labeledd BCG subsequently PE-labeled with anti-BCG antibodies 
omittedd (Fig. lc,d, respectively). Tests were performed in duplicate. 
Statisticall  analyses were performed using Student's t test for independent 
sampless (SPSS 6.1 for Microsoft Windows software). 

InhibitionInhibition and control studies 
Phagocytosiss was inhibited by adding different concentrations (0, 1.1, 3.3, 
10,, 30 ug/ml) of cytochalasin B (CytB; Sigma) to T24 cells 1 h before and 
duringg the assay. In addition, phagocytosis was blocked by adding precooled 
BCG-FITCC to T24 cells and by performing the internalization assay at 4 °C. 
Too study the effect of removal of excess BCG-FITC T24 cells were 
incubatedd with BCG-FITC for 4 h, washed three times with prewarmed 
DMEM,, and subsequently incubated with culture medium until harvesting. 
Internalizationn was measured at 4, 6, 8, and 24 h and compared to the results 
withoutt washing. To inhibit attachment and internalization of BCG, rabbit 
polyclonall  anti-BCG antibodies (1:25 and 1:100; Dakopatts) were added to 
thee BCG-FITC suspension 30 min prior to the internalization assay. 
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Results s 

InternalizationInternalization by T24 bladder carcinoma cells 
AHH bacteria from the lyophilized commercial BCG preparation and the 
freshlyy grown BCG and E. coli cultures showed bright green (Fl 1) and red 
(FLL 2) fluorescence signals in the FACS after the labeling procedure (data 
nott shown). Incubation of T24 cells with fluoresceinated BCG (BCG-FITC) 
fromm the commercial preparation for a duration of 4 h with a concentration 
off  10 cfu BCG per T24 cell and subsequent antibody-PE labeling resulted in 
thee FL 1/ FL 2 scattergram of T24 cells shown in Figure lb after gating on 
T244 cells in the FSC/SSC diagram (Fig. la). T24 cells became green 
fluorescentt (FL1+; quadrants 3 and 4) due to cell-associated BCG-FITC, 
eitherr internalized or bound. For the majority of green fluorescent cells, the 
factt that they lacked red fluorescence (FL1 + / FL2 ; quadrant 4) excluded the 
possibilityy that they were green fluorescent due to mere binding of BCG 
insteadd of internalization. Thus, the percentage of FL1+ / FL2" cells was 
consideredd to give the number of internalizing T24 cells. In addition, cells 
withh red fluorescence due to antibody PE-labeled adherent BCG-FITC could 
bee recognized (FL1+ / FL2+; quadrant 3). However, in addition to BCG 
binding,, BCG internalization by (some of) these FL1 + / FL2+ cells could not 
bee excluded based on the present data. As a result, the percentage of FL1 + / 
FL22 cells may be an underestimation of the real percentage of internalizing 
cells.. Quadrant 2 was empty, as expected, because there were no non-FITC 
labeledd BCG bacteria, either labeled or not labeled with PE. T24 cells 
incubatedd with BCG-FITC and subsequently PE-labeled with anti-BCG 
antibodiess omitted resulted in FL1 + / FL2 cells (quadrant 4) only (Fig. lc). 
T244 cells incubated with non-FITC-labeled BCG and subsequently PE-
labeledd with anti-BCG antibodies omitted resulted in FL1" / FL2" cells 
(quadrantt 1; Fig. Id). 
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Figuree 1. Scattergrams of FSC vs. SSC and green (FL1, X-axis) vs. red (FL2, Y-axis) 
fluorescence,, showing BCG internalization and binding by T24 bladder carcinoma cells. 
a:: A gate was set on bladder carcinoma cells to exclude debris and noncell-associated 
bacteria,, b: Incubation of T24 cells with fluoresceinated BCG (10 cfu BCG/cell) for a 
durationn of 4 h and subsequent labeling with anti-BCG and PE-conjugated second antibody: 
FL11 + /FL2- cells (quadrant 4) represent BCG-internalizing cells, FL1+/FL2+ cells 
(quadrantt 3) represent BCG-binding cells. 
c:: Control incubation with fluoresceinated BCG and PE-conjugated second antibody only. 
d:: Control incubation with nonfluoresceinated BCG and PE-conjugated second antibody only 
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Thee kinetics of BCG internalization by T24 cells were investigated by 
incubationn for a duration of 2, 4, 6, 8, and 24 h with 10 cfu BCG/cell (Fig. 
2).. The percentage of BCG-internalizing (FL1+ / FL2") cells proportionally 
increasedd during the first 24 h, from 11 % at 2 h to 67% at 24 h (p=0.002). 
Thee percentage of cells with extracellular BCG (FL1+/ FL2+) increased to a 
lesserr extent, from 11 % at 2 h to 20 % at 24 h (p = 0.008). 
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Figuree 2. Kinetics of BCG internalization and binding by T24 cells. 
T244 cells were incubated for 24 h with BCG (10 cfu/cell). At different time points, the 
percentagess of BCG-internalizing (FL1 + / FL2-) cells (solid bars) and BCG-binding (FL1+ / 
FL22 +) cells (hatched bars) were determined with FACS analysis. Each value represents the 
meann of duplicate cultures: the SD is less than 10 %. Differences between percentages of 
positivee cells at 2 h and at all other time points investigated were statistically significant (P 
betweenn 0.037 and 0.002) 

Dosee response curves of BCG internalization during 24 h with 2, 10, and 50 
cfuu BCG/cell are shown in figure 3. With 2 cfu BCG/cell, the percentage of 
BCG-internalizingg (FL1+/ FL2") cells was lower than with 10 cfu/cell for all 
incubationss (e.g., at 4 h, p=0.004), which indicates that 2 cfu/cell is a 
suboptimall  dose. Incubation of T24 cells with the high dose of 50 cfu 
BCG/celll  did not result in a higher percentage of BCG-internalizing cells 
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Figuree 3. Dose response curves of BCG internalization by T24 cells. 
T244 cells were incubated for 24 h with BCG 2 cfu/cell (squares), 10 cfu/cells (circles) or 50 
cfu/celll  (triangles). Percentages of BCG internalizing (FL1+ /FL2- ) cells were determined at 
differentt time points with FACS analysis. Each value represents the mean of duplicate 
cultures:: the SD is less than 10 %. Significant differences were observed between values for 2 
cfu/celll  and 10 cfu/cell at all time points (P between 0.030 and 0.011), and between 10 
cfu/celll  and 50 cfu/cell at 24 h (P = 0.031). 

comparedd to 10 cfu BCG/cell. Rather, it resulted in a decreased percentage 
off  internalizing cells at 24 h (p=0.031), indicating an optimal internalization 
att 10 cfu BCG/cell. Based on this, subsequent experiments were usually 
performedd for 4 h with 10 cfu BCG/cell, resulting in 45 %  13 % 
internalizingg cells [95 % confidence interval (CI) for mean 36-54 %; n = 10] 
andd 12 % + 7 % cells with extracellular BCG (95% CI for mean 7-17 %; n = 
10). . 
Thee commercial lyophilized BCG preparation is known to contain a 
substantiall  amount of dead BCG bacteria and debris in addition to live BCG 
bacteria.. Although most debris had been washed away prior to addition of 
thee preparation to T24 cells, we also investigated internalization of live BCG 
bacteriaa from fresh cultures. Furthermore, we tested whether phagocytosis of 
freshlyy cultured E. coli bacteria by T24 cells could be demonstrated with the 
presentt method. After incubation of T24 cells for a duration of 6 h, 
internalizationn of both bacterial species was found. The percentage of cells 
internalizingg BCG was 56 %; the percentage of E. coli phagocytosing cells 
wass 41 %. 
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InhibitionInhibition and control studies 
Too verify the observed internalization with the present method, several 
inhibitionn and control experiments were performed. CytB, a microfilament-
perturbantt drug used to inhibit phagocytosis, prevents cellular movements 
throughh the polymerization of actin filaments. As is depicted in Figure 4, 
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Figuree 4. Effect of cytochalasin B on BCG internalization and binding by T24 cells. 
T244 cells were incubated for 4 h with BCG (10 cfu/cell). Subsequently, percentages of BCG-
internalizingg (FL1+ /FL2-) cells (solid bars) and BCG4oinding (FL1+ / FL2+) cells (hatched 
bars)) were determined with FACS analysis. Each value represents the mean of duplicate 
cultures:: the SD is less than 10 %. Significant differences were observed between percentages 
off  internalizing cells and percentages of cells with adherent BCG for the control (no CytB) 
andd for the CytB treatment with concentrations of 3,3 ug /ml or higher (P between 0.030 and 
0.002,, and between 0.036 and 0.010, respectively) 

treatmentt of T24 cells with CytB resulted in decreased percentages of BCG-
internalizingg (FL1 + / FL2") cells when CytB was used in a concentration of 
3.33 ug/ml (p - 0.030) or higher. Notably, CytB treatment seemed to increase 
thee percentages of cells with adherent BCG (FL1+ / FL2+), especially in 
intermediatee concentrations (3.3 ug/ml; p=0.010). CytB did not influence 
viabilityy of T24 cells, as indicated by trypan blue exclusion. 
Performancee of internalization at 4 °C has been described to block 
phagocytosiss while leaving attachment intact (1). At 4 °C neither T24 cells 
showingg internalization nor cells with adherent BCG were observed after 
incubationn for 4 or 6 h with 10 cfu BCG/cell (data not shown). This may 
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indicatee that BCG found attached to cells with the present method is 
evidencee of partial phagocytosis rather than of mere adherence. 
Thee effect of excess BCG-FITC removal followed by incubation in the 
absencee of free BCG is shown in Figure 5. Removal of free BCG at 4 h 
resultedd in a diminished percentage of ingesting cells at 24 h (p= 0.010). 
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Figuree 5. Effect of the removal of excess BCG on internalization by T24 cells. 
T244 cells were incubated for 24 h with BCG (10 cfu/cell). After 4 h of incubation, excess free 
BCGG was pipetted off and T24 cells were washed (arrow). At different time points, the 
percentagess of BCG - internalizing (FL1+ /F12-) cells were determined with FACS analysis 
(solidd line) and compared to the results without BCG removal (dotted line). Each value 
representss the mean of duplicate cultures: the SD is less than 10 %. A significant difference 
wass observed at 24 h (P = 0.010). 

Still,, an increase in phagocytosing cells was observed up until 8 h. From 8 h 
too 24 h, the percentage of ingesting cells no longer increased. Notably, the 
increasee in internalizing cells as observed after washing (14% from 4 to 8 h) 
approximatess the percentage of cells with adherent BCG at 4 h (15 %; see 
Fig.. 2), which suggests that the adherent BCG was not washed away and was 
subsequentlyy internalized. 
Ass a last step, the effect of anti-BCG antibodies on internalization was 
tested.. These antibodies were previously found to inhibit both BCG 
ingestionn and attachment to T24 (Kuroda et al., 11). Figure 6 indicates that 
anti-BCGG antibodies decreased the percentages of T24 cells with cell-
associatedd BCG (FLl+) in a dose-dependent manner (1:100, p=0.045; 1:25, 
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p=0.003).. No differentiation between FL1+ / FL2" and FL1+ / FL2+ cells 
couldd be made due to high FL2 intensity; this suggests (nonspecific) binding 
off  antibodies by T24 cells during 4 h of incubation at 37 °C. Notably, these 
antibodiess were not bound by T24 cells during 0.5 h of incubation at 4 °C, as 
assessedd in regular control labeling experiments. 

anti-BC G G 

Figuree 6. Dose dependent inhibition by anti-BCG antibodies of BCG internalization and/or 
bindingg by T24 cells. 
T244 cells were incubated for 4 h with BCG (10 cfu/cell) without anti-BCG antibodies and 
withh anti-BCG antibodies in two concentrations. Subsequently, percentages of T24 cells with 
cell-associatedd BCG (FL1+) were determined with FACS analysis. Each value represents the 
meann of duplicate cultures: the SD is less than 10 %. Significant differences between the 
controll  and the test conditions with anti-BCG antibodies added in concentrations of 1:100 and 
1:255 were observed (P= 0.045 and P = 0.003. respectively). 

InternalizationInternalization by a series of bladder carcinoma cell lines 
Byy using the described method, we observed different degrees of BCG 
internalizationn by human bladder carcinoma cell lines, ranging from 0 % to 
688 % phagocytosing (FL1 + / FL2") cells, after 4 h of incubation with 10 cfu 
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T24 4 
J82 2 
TCC-SUP P 
BT-B B 
SBC2 2 
SBC7 7 
RT4 4 

Poorly y 
Poorly y 
Poorly y 
Poorly y 
Well l 
Well l 
Well l 

BCG/celll  (Table 1). Notably, the ability to internalize was found in cell lines 
originatingg from poorly differentiated bladder tumors (T24, J82, and TCC-
SUP),, whereas well-differentiated cell lines (SBC7, SBC2, and RT4) seemed 
too lack this capacity. 

Tablee 1. Internalization of BCG by a series of human bladder tumor cell lines varying in 
differentiationn grade a 

Celll  line Differentiation grade BCG internalization (%) 

68 8 
51 1 
34 4 
0 0 
0 0 
2 2 
0 0 

aa Internalization was expressed as percentage of internalizing cells (Fl 1+ / Fl 2-) after 4 h of 
incubationn with BCG and subsequent FACS analysis 

Discussion n 

Inn this study, internalization of FITC-conjugated bacteria by bladder 
epitheliall  cells resulted in a readily detectable green fluorescence (FL1) 
signall  for flow cytometry. With the present method, green fluorescence of 
epitheliall  cells as a result of internalized FITC-labeled bacteria could be 
distinguishedd from green fluorescence due to adherent, noninternalized 
FITC-labeledd bacteria. The latter cell population acquired red fluorescence 
(FL2)) after labeling with PE-conjugated antibodies against the specific 
bacteriall  species, whereas the former did not. Phagocytosis was inhibited at 
44 °C or by CytB, intermittent removal of excess bacteria, or by anti-BCG 
antibodies,, thus showing the validity of this method. 
Thee method presented appears to provide the possibility to study 
phagocytosiss of living organisms from different bacterial species by 
"nonprofessional""  phagocytic cells such as epithelial, endothelial, and 
microgliall  cells and fibroblasts. It seems likely, however, that the present 
methodd is not well suited for phagocytes such as polymorphonuclear 
neutrophilss and macrophages because these cells generally express Fc 
receptorss on their outer membranes, causing nonspecific binding of 
antibodiess directed to bacteria. This could possibly be circumvented by the 
usee of F(ab)2 fragments. 
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AA possible drawback of the present method is that the fraction of bacteria-
internalizingg cells (FLI+ / FL2) might be an underestimation of the real 
percentagee of cells showing phagocytic capacity. The cells with adherent 
bacteriaa (FL1+ / FL2+), or part of them, could also be ingesting cells. 
However,, epithelial cells within the FL1 + / FL2+ population that have indeed 
internalizedd cannot be differentiated because the amount of cell-associated 
bacteriaa is unknown. 
Thee present study shows a steady increase in the percentage of 
phagocytosingg T24 cells during the first 8 h of the assay, up to 45 %, and 
thatt this rate of increase diminished up to 24 h (67% phagocytosing cells). 
Thee percentage of T24 cells showing phagocytosis at 24 h is in agreement 
withh previous findings from electron microscopy (15). Becich et al. (1), 
usingg light microscopic histochemical staining of acid-fast bacilli and 
electronn microscopy reported 50-70 % BCG-internalizing T24 cells that 
agreee with our data. In contrast, they observed maximum ingestion after 3 h. 
Inn a later study from the same group (11), using a double 
immunofluorescencee microscopy assay, approximately 10 % internalizing 
cellss after 3 h of incubation was reported. 

Inn the present study, relatively high concentrations of CytB (30 }ig/ml) were 
requiredd to obtain a distinct inhibition of phagocytosis by T24 cells, 
comparedd to studies using T24 (10 jig/ml) (1) or other phagocytic cells 
(usuallyy 5or 10 ug/ml) (5,6). Interestingly, however, with suboptimal 
concentrationss of CytB, we observed increased percentages of cells with 
adherentt BCG bacteria. It can be speculated that, during suboptimal 
inhibitionn of cellular movements with CytB, the initial protrusion of the cell 
iss not inhibited, whereas larger movements required for subsequent 
processess in phagocytosis are inhibited. This could then result in larger 
numberss of cells showing partial ingestion. In this latter situation, cell-
associatedd bacteria would be detectable by antibody labeling as being non-
internalizedd (FL2+). From internalization experiments performed at 4 °C, we 
alreadyy obtained the indication that, with the method described herein, 
extracellularr (attached) bacteria are partially phagocytosed rather than 
adherent. . 
Thiss flow cytometric technique has been shown to discriminate between 
BCG-phagocytosingg and nonphagocytosing bladder carcinoma cell lines. In 
studyingg a series of bladder carcinoma cell lines, there seemed to be a 
relationshipp between phagocytic capacity and grade of differentiation (Table 
1).. These data suggest that poorly differentiated bladder carcinoma cells 
wouldd be the better BCG-internalizing cells when applied in BCG therapy 
forr superficial bladder cancer. This is in accordance with the observation that 
high-gradee bladder tumors (G3) show better response to BCG therapy than 
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tumorss of lower grades (12). Recently, Schneider and coworkers (13) found 
aa higher adherence of BCG bacteria to poorly differentiated bladder cancer 
celll  lines than to well differentiated cell lines. 
Inn conclusion, we have described a new double fluorescent method for 
quantificationn of specific bacterial internalization by (bladder) epithelial 
cells.. This method should be generally applicable to study in vitro 
interactionn of bacteria and different types of "nonprofessional" phagocytic 
cells s 
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