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Gonococcal entry into primary human urethral epithelial cells (HUEC) can occur by macropinocytosis.
Scanning and transmission electron microscopy revealed lamellipodia surrounding gonococci, and confocal
laser scanning microscopy analysis showed organisms colocalized with Mr 70,000 fluorescein isothiocyanate-
labeled dextran within the cells. Phosphoinositide 3-kinase inhibitors and an actin polymerization inhibitor
prevented macropinocytic entry of gonococci into HUEC.

Neisseria gonorrhoeae colonizes and invades the reproductive
mucosal epithelium as well as mucosal epithelial cells from
other tissues. Several groups have evaluated gonococcal in-
ternalization in primary and immortalized cell systems. Hu-
man adenocarcinoma endometrial cells were shown to possess
structures with the appearance of coated pits, characteristic of
clathrin, adjacent to gonococci interacting with the cell surface
(13). Internalization of gonococci into Chang conjunctival epi-
thelial cells has been shown to occur by actin-mediated recep-
tor-dependent endocytosis and to be insensitive to inhibitors
of clathrin-mediated endocytosis (8). Mosleh et al. have de-
scribed the interaction of gonococci with human ureteral tissue
explants and have shown tight associations between the cells of
the explant and the organisms during internalization, sugges-
tive of a receptor-mediated process (11). We have previously
evaluated the interactions of gonococci with human urethral
epithelial cells (HUEC) and have reported actin-dependent
receptor-mediated invasion in this primary cell culture system
(6, 9). Our previous studies have also suggested that clathrin-
dependent mechanisms are operative in internalization of
gonococci in the cells of infected patients (1).

Endocytosis is a mechanism by which cells take in nutrients
and regulate the expression of molecules on the cell surface.
The classic endocytotic pathway is clathrin-mediated receptor-
dependent endocytosis. Cells can also internalize extracellular
material by a process termed macropinocytosis (14). This pro-
cess involves the actin-dependent formation of lamellipodia,
sheet-like plasma membrane extensions supported by a web of
actin filaments. Macropinocytosis, as a mechanism of bacterial
invasion, has been evaluated in pathogens such as Salmonella
enterica serovar Typhimurium, Shigella flexneri, and Haemophi-
lus influenzae (3–5, 7, 10). The entry of both S. enterica serovar
Typhimurium and S. flexneri into nonprofessional phagocytic
cells involves activation of the bacterial type III secretion sys-
tem upon cell contact (7). Virulence proteins secreted into
host cells stimulate extensive membrane ruffling, which is a
form of macropinocytosis. N. gonorrhoeae has not previously
been shown to express a type III secretion system or to invade
epithelial cells by a process involving this form of membrane
ruffling. The macropinocytosis associated with nontypeable

H. influenzae invasion of human airway epithelial cells is less
extensive than that seen with the ruffling process in Salmonella
and Shigella infections. It involves the fusion of several lamel-
lipodia around a single bacterium (10). The purpose of this
report is to describe macropinocytosis as a mechanism of gono-
coccal entry into HUEC that is similar to that seen during
Haemophilus infection of human airway cells.

We have investigated models of gonococcal invasion in
HUEC derived from membranous urethral tissue explants ob-
tained from men undergoing radical retropubic prostatectomy
for prostate cancer (6, 9). These cells were cultured on various
collagen-coated tissue culture plates or on round glass cover-
slips in prostate epithelial growth medium (Clonetics, San Di-
ego, Calif.), as described previously (6, 9). HUEC were sub-
jected to no more than two passages prior to use.

HUEC were challenged with early log-phase cultures of
gonococcal strain VP1 or 1291 (2 3 107 CFU/ml) in the pres-
ence or absence of Mr 70,000 fluorescein isothiocyanate (FITC)-
labeled dextran (dextran-70,000) (Molecular Probes Inc., Eugene,
Oreg.). The gonococci expressed Opa, Pil, and 3F111 lipooli-
gosaccharide. Prior to some of the challenge studies, HUEC
were incubated for 2 to 4 h with either wortmannin (1 mM),
LY294002 (50 mM), or cytochalasin D (1.5 mM). Postchallenge at
various time points, HUEC were washed with sterile phosphate-
buffered saline (PBS) and fixed with either 2% paraformaldehyde
(30 min at 25°C) or 2.5% glutaraldehyde (30 min at 25°C) in PBS
prior to further processing. Trypan blue (0.02%) uptake was used
to evaluate HUEC viability. All experiments were duplicated us-
ing HUEC derived from at least three different patients. Identical
results were obtained with strains 1291 and VP1.

For scanning electron microscopy (SEM), samples were pro-
cessed and mounted on aluminum stubs, according to previ-
ously described methods, prior to viewing with a Hitachi S-4000
scanning electron microscope (Hitachi, Mountain View, Calif.)
(10). The results are shown in Fig. 1. At 1 h of infection, la-
mellipodia surrounded some gonococci on the surface of
HUEC. The absence of close association between the eukary-
otic cell surface and the membranes of gonococci surrounded
by lamellipodia suggests internalization by a non-receptor-me-
diated process (Fig. 1A). However, the majority of the organ-
isms on the cell surface appeared to be intimately associated
with the host cell membrane, indicative of a receptor-mediated
process (Fig. 1B).

The specimens prepared for transmission electron micros-
copy (TEM) were treated with 1% osmium tetroxide and de-
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hydrated in a standard ethanol series prior to embedment in
Epon acrylic resin and sectioning as previously described (1).
The specimens were viewed with an Hitachi H-7000 transmis-
sion electron microscope. TEM showed lamellipodia surround-
ing some gonococci (Fig. 2A). This was in contrast to the
majority of the gonococci, where tight bacterial/host cell inter-
actions were observed (Fig. 2B). This is in agreement with the
SEM observations.

FITC-labeled dextran-70,000 was used to study macropino-
cytosis and track macropinocytotic vesicles in eukaryotic cells

(12). HUEC and gonococci were counterstained with the nu-
cleic acid stain ethidium bromide (5 mg/ml in PBS for 5 min at
25°C), washed with PBS, and mounted for visualization by con-
focal laser scanning microscopy (CLSM) using a Bio-Rad MRC
1024 confocal laser scanning microscope (Bio-Rad, Richmond,
Calif.). The data are shown in Fig. 3A and B. Dextran was
localized inside the cells and was presumed to be in intracel-
lular vesicles. In some of these intracellular vesicles, gonococci
were colocalized with dextran, suggesting that the bacteria
were taken in with the dextran during a macropinocytotic event.

FIG. 1. Scanning electron micrographs of gonococci invading HUEC at 1 h postchallenge. (A) Gonococci enveloped by lamellipodia, indicative of macropinocytosis
(bar, 2 mm). (B) Gonococci tightly associated with the host cell membrane, characteristic of a receptor-mediated process (bar, 750 nm).
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FIG. 2. Transmission electron micrographs of gonococci invading HUEC at 1 h postchallenge. (A) Gonococcus with lamellipodium formation beginning to
encompass the bacterium (bar, 500 nm). (B) Gonococci in tight association with the host cell membrane (bar, 600 nm).
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Using N. gonorrhoeae strain 1291 expressing green fluorescent
protein (GFP), we viewed eight random fields at 3630 mag-
nification and counted all organisms (green [GFP]) and mac-
ropinocytic events (red [Texas red-labeled dextran-70,000])
colocalized and not colocalized. Approximately one macropi-
nocytotic event involving this strain occurred per 20 host epi-
thelial cells. Approximately 2% of the organisms counted in
these fields were internalized by macropinocytosis. We ob-
served that the majority of intracellular gonococci were not
colocalized with dextran and more likely taken up by other
internalization processes. There were also dextran aggregates
as well as gonococci on the cell surface that had not yet been
internalized.

Figures 3C and D show the results of parallel experiments in
which HUEC were incubated with the phosphoinositide (PI)
3-kinase inhibitor wortmannin. PI 3-kinase inhibitors have been
shown to prevent complete formation of macropinosomes (2).
Dextran was not internalized by HUEC preincubated with wort-
mannin. These experiments were also performed with LY294002,
which is another PI 3-kinase inhibitor, and cytochalasin D, an
inhibitor of actin polymerization. These inhibitors also pre-
vented macropinocytosis of gonococci (data not shown). In
each of these experiments, there was at least 90% cell viability,
as evaluated by trypan blue staining (data not shown).

Our findings suggest that macropinocytosis is one of the
mechanisms by which N. gonorrhoeae enters primary HUEC.
Based on other studies in our laboratory (data not presented),
receptor-mediated endocytosis appears to be the major mech-
anism for gonococcal entry into these epithelial cells. However,
the macropinocytotic process by which cells sample their en-
vironment appears to be a means by which a substantial num-
ber of gonococci can enter HUEC.
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FIG. 3. CLSM images of HUEC at 1 h postchallenge with N. gonorrhoeae and FITC-labeled dextran-70,000. Stacked images in the x/y axis (A) and in the z axis (B) show
infection in the absence of any inhibitors. Dextrans fluorescing green are observed in continuity with organisms fluorescing red, resulting in yellow fluorescence at sites of
colocalization in intracellular vesicles (solid arrow). Panels C and D show HUEC that were incubated with 1 mM wortmannin for 2 h prior to challenge. Stacked images
in the x/y axis (C) and in the z axis (D) reveal dextrans and organisms localized to the cell surface with no dextran internalization (dashed arrow). Magnification, 360.
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