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Binding and Uptake of Trichophyton Rubrum Mannan by Human
Epidermal Keratinocytes: A Time-course Study

SERGEI A. GRANDO, MICHAEL J. HERRON, MARK V. DAHL and ROBERT D. NELSON

Department of Dermatology, University of Minnesota Medical School, Minneapolis, Minnesota, U.S.A.

Trichophyton rubrum infects skin. This fungus or its products
might affect the function of epidermal cells. We previously
reported that T. rubrum mannan (TRM) exhibits a suppressive
effect on proliferation of human lymphocytes. The goal of the
present study was to investigate the possibility of direct inter-
action of TRM with cultured normal human epidermal
keratinocytes (EK). Mannan, a cell wall glycoprotein, was ex-
tracted from T. rubrum by precipitation with cetyltrimethyl-
ammonium bromide and conjugated with fluorescein isothio-
cyanate (FITC-TRM). After incubation of EK with 50 pug/ml
FITC-TRM for 30 min, the surface of EK showed bright fluo-
rescent staining. EK cultures pretreated with non-labelled
TRM remained unstained. The fate of TRM bound to EK
surface was determined in a time-course study. After pulse
exposure to FITC-TRM, EK cultures were washed and in-
cubated for various time periods. The EK moved surface man-
nan to the one area of cell membrane, so that at 4-6 h, the
homogeneous staining of the entire cell surface was replaced by
staining in a *“cap” pattern. By 12 h, FITC-TRM was taken up
into the cell, brought to the nuclear area and concentrated in
the EK nucleoli. During the next 3 days nucleolar and cyto-
plasmic staining of the cells was observed. The intensity of
fluorescence gradually diminished. On the 4th day, the sharp
staining of organelles disappeared; instead, a large number of
small fluorescent granules were seen intra- and extracellularly.
By the 6th day after exposure, no EK staining remained. Thus,
EK specifically bound, internalized and apparently catabolized
TRM. These findings indicate that EK take up mannan and
suggest that this could influence their function. Excreted cata-
bolites could have biological effects on other cells. Key words:
Fungal cell wall glycoprotein; Endocytosis; Fluorescence.
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Many factors probably elicit inflammation in skin infected by
Trichophyton rubrum. The broad spectrum of the host defense
includes both a specific immune response and non-immune
responses that inhibit the growth of the fungus. Circulating
antibodies (1), sensitized T lymphocytes (2), polymorpho-
nuclear leukocytes (3), activated components of complement
(4), serum inhibiting factor (5) and fungicidal products of
professional phagocytes (6, 7) resist the infection. We recently
reported that T. rubrum mannan (TRM), a fungal cell wall
glycoprotein, inhibits antigenic and mitogenic responses of
lymphocytes (8). By inhibiting the lymphocyte response to
antigen. the fungus might be able to persist on the skin surface
and establish a more chronic infection. If so, TRM must leave
the stratum corneum and interact with immunocompetent cells

I8

in the viable epidermis or dermis. Microconidia of T. rubrum
can adhere to human epidermal keratinocytes (EK) and epi-
dermal cells can phagocytize fungi (9, 10). This suggests that
keratinocytes may directly participate in host defense. perhaps
by processing T. rubrum products at the carly stage of fungal
invasion. We present herein data to show that EK can take up,
concentrate and degrade or excrete mannan.

MATERIAL AND METHODS

Isolation and preparation of mannan

I rubrum mycelia were obtained by the method of Blake et al. (8) by
growing fungi for 3 weeks in 15-1 carboys containing fluid Sabouraud
medium (Difco, Detroit, MI) inoculated with a dehydrated T. rubrum
isolate (No. 28188 American Type Culture Collection. Rockville,
MD). Crude glycoprotein was extracted from lyophilized mycelia by
addition of methanol, and mannan was further precipitated with ce-
tyltrimethylammonium bromide (11). Purified T. rubrum mannan
(TRM) was 75% carbohydrate by weight with a 4:1:1 ratio of mannose
to glucose to galactose and contained 17% protein and 2.4%
phosphate.

TRM was conjugated with fluorescein isothiocyanate (FITC) using
a standard technique (12). Briefly, 2 mg FITC (Sigma Diagnostics, St
Louis, MO} in 100 ul dimethyl sulfoxide was added to 10 mg TRM in
2.0 ml bicarbonate buffer, pH 9.5; and incubated for 2 h at 25°C.
FITC-labelled TRM (FITC-TRM) was separated from superfluous
FITC by chromatography on G-10 Sephadex (Pharmacia Fine Chem-
icals, Inc., Piscataway, NJI) and eluted using phosphate-buffered saline
(PBS). A stock solution of FITC-TRM was prepared by dissolving the
conjugate in PBS to a concentration of 5 mg/ml.

Keratinocyte cultures

EK were cultured from normal foreskins obtained by infant circum-
cision. The foreskin specimens were freed from fat and clotted blood,
rinsed in Ca™*- and Mg**-free PBS (Life Technologies, Inc, Grand
Island, NY: Gibco) and placed, epidermis up. into 35 mm Petri dishes
(Falcon 3001, Becton Dickinson Labware, Lincoln Park., NJ). The
specimens were incubated overnight in a solution of trypsin (0.125%
in Eagle minimal essential medium (EMEM) containing Earle’s salts
and L-glutamine (Biologos, Inc, Naperville, IL) and supplemented
with 10 ul gentamicin and 20 pl fungizone (Gibco) at 37°C in a
humidified atmosphere with 5% CO. in air. Epidermis was separated
from the dermis and individual EK disrupted by rapid pipetting. EK
were resuspended in wash medium consisting of EMEM supple-
mented with 20% pooled decomplemented newborn calf serum (Bio-
logos) and centrifuged for 10 min at 200 x g. The pellet was re-
suspended in growth medium (GM) consisting of keratinocyte serum
free medium supplemented to contain 5 ng/ml recombinant epidermal
growth factor and 50 pg/ml bovine pituitary extract (all from Gibco)
and grown in 75 em® Falcon tissue culture flasks at 37°C in CO,
incubator. GM was changed every 3 days until keratinocytes covered
2/3 of the flask bottom. EK were released from the flasks surface by a
Z-min incubation in 0.05% trypsin-0.02% EDTA solution (Biologos),
spun 10 min at 200 % g in wash medium, resuspended in GM and
passed to new T-flasks for further growth. After 2-3 passes EK were
used in experiments.

Immunoperoxidase staining of cell smears employing DAKO-CK
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Fig. 1. The patterns of EK fluorescence at different time periods after 30 min exposure to FITC-TRM. (A) Homogeneous staining of the entire cell
surface immediately after exposure (x1500); (B) “capping” pattern of surface staining at 6 h (x1500); (C) clustered granular and nucleolar
staining at 12 h (x1500); (D) homogeneous cytoplasmic and sharp nucleolar fluorescence 48 h after exposure (x1000); (E) punctate pattern of
cytoplasmic staining at 96 h (<1500); (F) extracellular fluoreascent granules in EK cultures on the 5th day of incubation (x1250).
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monoclonal mouse anti-human cytokeratin antibody (MNF116, Dako-
patts, Carpinteria, CA) revealed not less than 90% cytokeratin-posi-
tive keratinocytes in tested EK cultures.

The viability of EK at various stages of the experiments was never
less than 85% as assessed by the trypan blue exclusion test.

Fate of mannan

EK were suspended in GM to a concentration of 1 x 10%ml. plated
onto 8 chamber Lab-Tek tissue culture units (Nunc, Inc, Naperville
IL) in a total volume of 100 ul/chamber, and cultivated at 37°C in a
humid CO, incubator. On the 3rd day of cultivation, 100 ul GM
containing FITC-TRM were added to each chamber (final concentra-
tion 50 pg/ml), and incubated for 30 min. Then chambers slides were
transformed into slides by removing bonding material, washed in PBS,
air-dried and examined with a fluorescence microscope. In control
experiments. EK cultures were preincubated for 30 min with 50 pg/ml
unlabelled TRM before being exposed to FITC-TRM. For extended
incubation, EK (attached to tissue culture units) were thrice washed
with prewarmed PBS and incubated for additional time periods in GM
at 37°C in the humid CO, incubator. A phase-contrast microscope was
employed in order to distinguish cellular organelles exhibiting
fluorescence.

RESULTS

Exposure of EK cultures to 50 ug/ml FITC-TRM for 30 min
resulted in the bright fluorescence of the entire keratinocyte
surface (Fig. 1A). Pretreatment of EK cultures with unla-
belled TRM prevented fluorescent staining of the cells. Ex-
tended incubation of EK after the unbound FITC-TRM had
been removed from the cultures allowed us to determine the
fate of mannan bound to epidermal cells. At 6 h, we observed
a focal cell surface “capping” staining pattern of EK (Fig. 1B).
At 12 h, FITC-TRM induced both granular cytoplasmic and
nuclear fluorescence of the cells (Fig. 1C). Later, 24-72 h after
exposure, mannan was seen in the EK nucleoli (Fig. 1D). At
this time we also observed homogeneous cytoplasmic staining
of the cells. The intensity of fluorescence gradually diminished
during this period of observation. The pattern of fluorescent
staining dramatically changed after 3 days of incubation. At
96-120 h, the cellular organelles were almost invisible. In-
stead, a large number of small intra- and extracellular
fluorescent granules appeared in EK cultures. At 96 h, most of
the cells exhibited a punctate cytoplasmic staining pattern
(Fig. 1E). At 120 h, fluorescent granules were observed extra-
cellularly (Fig. 1F). No fluorescent staining of EK remained
after 5 days of incubation.

DISCUSSION

We demonstrated that mannan can interact with epidermal
cells. The abrogation of FITC-TRM binding to EK by un-
labelled TRM suggests binding by a receptor/ligand type of
interaction. Mannose (13) and mannose-6-phosphate (14) re-
ceptors have been previously found on mammalian cells, and
TRM contains this sugar. If mannan interacts with these recep-
tors or some other EK receptor(s), this may affect cell-to-cell
attachments and interactions in infected skin.

After binding to the keratianocyte membrane, FITC-TRM
was first clustered and then internalized by the cells. The
time-course study revealed that FITC-TRM was transported to
EK nuclear area where it accumulated in the cell’s nucleoli.
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Glycoproteins can bind to the fibrillar and granular compo-
nents of nucleolus (15). Since TRM is a glycoprotein, and
since the mannan-binding sites of mammalian cells are in the
nucleoli where 45 S rRNA is synthesized (16), TRM may
interfere with preribosomal RNA synthesis. This may affect
cell function. For example, this may be how TRM decreases
EK proliferation (17).

A homogeneous cytoplasmic staining was observed 24-72 h
after pulse exposure to FITC-TRM. In EK cytoplasm, mannan
could interact with mannose-6-phosphate lectin similar or
identical to those that target hydrolytic enzymes to Kupffer
cell lysosomes (18).

The homogeneous cytoplasmic staining by FITC-TRM in
epidermal cells lasted 3 days. The disappearance of this type of
staining and the appearance of small fluorescent granules
extracellularly in EK cultures on the 4th day of incubation
suggest that the processing of FITC-TRM by EK was con-
cluded by the excretion of mannan or mannan catabolites.
This observation is important since it provides evidence that
epidermal cells may directly participate in the processing of
fungal products.

Mannan inhibits host defense. Its pathogenic effects include
inhibition of the immune response (8) and reduction of phago-
cytic ability (19). TRM did not kill epidermal cells but its
uptake could affect their function. EK proliferation (17). des-
quamation (20), phagocytosis (10), killing of fungi (21), and
production of cytokines and other mediators of inflammation
(22,23) could be affected by mannan to promote the survival
of T. rubrum on the skin.

Thus, we have shown that human keratinocytes can bind,
internalize and excrete TRM or its metabolites. These findings
indicate that epidermal cells may process mannan. Since EK
have some properties of antigen presenting cells (24) and since
TRM is antigenic (25), this processing could be an event
helping the host to rid the fungus by inducing a specific
immune response. On the other hand, the uptake of TRM by
keratinocytes might foster survival of fungus on the surface of
the skin by altering normal EK proliferation and desquama-
tion.
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