
Microbiology and Infectious Disease / CD45 EPITOPES IN CANDIDA ALBICANS

Immunodetection of CD45 Epitopes on the 
Surface of Candida albicans Cells in Culture and 
Infected Human Tissues

Carlos Monteagudo, MD,1 José L. Lopez-Ribot, PhD,2 Amelia Murgui, PhD,3

Manuel Casanova, PhD,4 W. LaJean Chaffin, PhD,5 and José P. Martinez, PhD4

Key Words: CD45; Candidiasis; Candida albicans; Immunocytochemistry

A b s t r a c t

Candida albicans is a leading cause of disseminated
fungal infection in immunocompromised patients.
Candida–host cell interactions are mediated at the cell
surface. Since blood-group I epitopes have been
detected on the surface of C albicans cells, we
investigated whether CD45, the molecule that carries
the I antigen on human lymphocytes, is present on the C
albicans cell surface, in culture and in human tissue
specimens of human candidiasis. By using monoclonal
antibodies to CD45, CD45RO, and CD45RA, we found
a strong immunoreactivity at the cell surface of
blastoconidia bearing germ tubes but weak or no
immunostaining of the germ tubes themselves. In
human tissues, immunostaining of C albicans yeast cells
was detected, whereas pseudohyphae were mostly
negative. CD45 epitopes on the surface of C albicans
might have a role in tissue invasion and dissemination
of the fungus. On the other hand, its detection may
disturb quantitative non–morphology-based
determinations of lymphoid cell populations in
infected tissues.

Disseminated candidiasis is a growing cause of
morbidity and mortality in immunocompromised patients,
and Candida albicans is the most common pathogenic
species.1-3 Candida albicans is a dimorphic fungus, the fila-
mentous form of which commonly is associated with inva-
siveness.4,5 Physical interactions of this fungus with the host
are mediated at the cell surface.4-6

Martinez et al4 have detected the presence of blood
group–related I epitopes on the surface of C albicans cells.
Since the I antigen is a part of the CD45 molecule in human
lymphocytes,7-9 we performed an immunocytochemical study
to test the hypothesis of the presence of CD45 on the surface
of C albicans cells. Monoclonal antibodies to CD45,
CD45RO, and CD45RA were applied to cell cultures of a
well-characterized strain of C albicans and to paraffin
sections from tissue specimens of human candidiasis.

Materials and Methods

Organism and Culture Conditions

Candida albicans strain 3153A was maintained on
Sabouraud medium containing 2% agar. Yeast cells were
grown in suspension culture in the medium of Lee at 22ÞC in
a gyratory water bath shaker at 180 to 200 rpm. Germ tubes
were induced from stationary-phase yeast cells that were
resuspended at 5 × 106 cells per milliliter in fresh prewarmed
medium and incubated at 37ÞC for 4 hours.

Tissues

Formalin-fixed paraffin-embedded tissue sections from
well-characterized cases of human systemic and superficial
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candidiasis in which C albicans was identified specifically10

were included in the study.

Antibodies

Three monoclonal antibodies to CD45 isoforms were
used: anti-CD45 (clone 1.22, Concepta, Barcelona, Spain,
1:30), anti-CD45RO (UCHL-1, Biomeda, Foster City, CA,
1:100), and anti-CD45RA (clone 4KB5, Dako, Carpinteria,
CA, 1:50).

Immunocytochemistry

When monoclonal antibodies were applied to tissue
sections, the avidin-biotin immunoperoxidase technique was
used. Endogenous peroxidase activity was blocked by 0.3%
hydrogen peroxide in absolute methanol (30 minutes). The
sequence of incubations was the following: 2% (vol/vol)
normal horse serum (20 minutes), anti-CD45, UCHL-I, or
4KB5 (60 minutes), followed by biotinylated horse anti-
mouse immunoglobulins (Vector, Burlingame, CA) (30
minutes), and avidin-biotin peroxidase complex solution (45
minutes). The colored reaction was developed with a solu-
tion containing 3-3´ diaminobenzidine tetrahydrochloride
(Sigma, St Louis, MO) (0.5 mg/mL) and 3% (vol/vol)
hydrogen peroxide in a 50-mmol/L concentration of
tris(hydroxymethyl)aminomethane, pH 7.6. The tissue
sections finally were counterstained with hematoxylin.

When monoclonal antibodies were applied to cytocen-
trifuged preparations of 3153A cells, the Dako-EnVision
system was used: after a 30-minute incubation with anti-
CD45, CD45RO, or CD45RA at the same dilutions as for
tissue sections, cells were incubated with Dako-EnVision
peroxidase (mouse) for 30 minutes and then with 20 µL/mL
of Dako-liquid diaminobenzidine for 20 minutes.

Phosphate-buffered saline was used for all washes
between steps and for antibody dilutions. Normal reactive
lymphocytes served as positive internal controls. For nega-
tive controls, the primary antibody was omitted from the first
incubation and replaced by a 1:50 dilution of monoclonal
antibody HMB-45 (Dako).

Results

3153A Cells

Strong cell surface immunoreactivity of 3153A cells was
found using anti-CD45 and anti-CD45RO. Immunostaining
was detected particularly on the surface of blastoconidia
bearing germ tubes, whereas weak or no immunoreactivity
was detected on the germ tubes ❚Image 1A❚ and ❚Image
1B❚. A similar pattern of reactivity was found with anti-
CD45RA, although the intensity of the reaction was weaker

❚Image 1C❚. Few (<5%) nongerminated blastospores were
positive ❚Image 1D❚. No immunostaining was found in
negative controls ❚Image 1E❚.

Human Tissues

CD45 immunostaining was detected on the surface of C
albicans cells in superficial and systemic candidiasis.
Immunoreactivity was present in most yeast cells but only a
few pseudomycelial elements ❚Image 2A❚ . CD45RO
immunostaining was stronger, but the heterogeneity of the
reaction was higher than that of CD45. CD45RA showed a
weaker reactivity. Positive staining was found with all 3 anti-
bodies on the reactive lymphocytes present in the same tissue
sections. Negative controls showed no immunostaining
❚Image 2B❚.

Discussion

CD45 (leukocyte common antigen) constitutes a family
of high-molecular-weight glycoproteins that are expressed
on the surface of leukocytes and their hematopoietic precur-
sors.9 CD45 carries much of the carbohydrate of these cells.
Poly-N-acetyllactosamine structures, including the Ii antigen,
have been found to be carried on the CD45 molecule in
human lymphocytes.7-9 The I antigen also is present in the
carbohydrate portion of receptor molecules, such as the C8
binding protein.11 Other blood group-related antigens also
have been detected in the C3b/C4b receptor (CRI).12,13

The CD45 molecule has a cytoplasmic domain with
protein tyrosine phosphatase activity and an aminoterminal
heavily glycosylated extracellular domain.9 The functions of
CD45 include T- and B-lymphocyte signal transduction and
subsequent lymphocyte activation,14 as well as homotypic
cell adhesion of activated T cells.15,16 In neutrophils, CD45
also interacts with inflammatory mediators regulating
chemotactic responses.17 In addition, it should be noted that
CD22 on B lymphocytes adheres to CD45RO on T lympho-
cytes.18 CD45 also is involved in apoptosis.19,20

Anti-CD45 reacts with most hematopoietic cells,
including B and T lymphocytes, monocytes, granulocytes,
and natural killer cells. No reactivity is found in
nonhematopoietic cells.21 UCHL-I reacts with most activated
and memory T lymphocytes, macrophages, and
granulocytes.9 The only nonhematopoietic cell type reported
to show membrane CD45RO immunostaining is the Hofbauer
cell of the placenta.21 CD45RO also has been detected in
interleukin-l stimulated endothelial cells in culture.22

CD45RA recognizes peripheral B cells and a small subpopu-
lation of T cells.

Host defenses against C albicans infections include cell-
mediated and humoral responses. Macrophages, granulocytes,
and CD4+ T lymphocytes are responsible for the former and
protective antibodies for the latter.23 In experimental models,

60 Am J Clin Pathol 2000;113:59–63   © American Society of Clinical Pathologists

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article/113/1/59/1757603 by guest on 16 M

ay 2023



Microbiology and Infectious Disease / ORIGINAL ARTICLE

Am J Clin Pathol 2000;113:59–63     61© American Society of Clinical Pathologists

A B

C D

E ❚Image 1❚ A, Strong CD45 cell-surface immunoperoxidase
labeling of 3153A blastoconidia bearing germ tubes and
absence of immunoreactivity of germ tubes. B, A similar
reactivity and the same distribution with anti-CD45RO (UCHL-
1, Biomeda, Foster City, CA). C, Weaker immunostaining, but
a similar distribution again is present with 
anti-CD45RA (clone 4KB5, Dako, Carpinteria, CA). D, Few
nongerminated 3153A cells show CD45 immunoreactivity. 
E, Negative control (immunoperoxidase, ×1,000).
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evidence suggests that candidal infection may result from an
imbalance between 2 different T-helper (Th) cell subset
responses: Th1, which seems to be host-protective; and Th2,
which seems to be disease promoting.23 In this regard, CD45
epitopes on C albicans might interfere with T- and B-
lymphocyte activation and chemotactic stimuli during the
host response to Candida organisms. Since the successful
completion of the pathogenic process by fungi essentially
requires perturbing host defenses and tissue damage,24 the
hypothetical effects of CD45 epitopes on the surface of C
albicans might have a role in human candidiasis.

In a search of the databases containing all the available,
and still incomplete, information on the C albicans genome,
we found several sequences with high homology at the
protein level with CD45 and other protein tyrosine phos-
phatases, which serves as additional support for our
immunocytochemical findings. The fact that CD45
immunoreactivity is essentially present on the surface of C
albicans blastoconidia bearing mycelium and absent in
nongerminated cells, together with its detection in tissue
specimens from human systemic candidiasis, suggest its
hypothetical participation in fungal penetration and dissemi-
nation in host tissues. On the other hand, the presence of
CD45 epitopes on the surface of C albicans may be a source
of error when non–morphology-based techniques are used to
quantify cell populations in infected tissue samples.
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❚Image 2❚ A, CD45 immunostaining of C albicans (arrows) in thyroid sections from a human systemic candidiasis. B, Negative
control (immunoperoxidase, ×1,000).
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