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Increased expression of erythropoietin receptor
in human pterygial tissues
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Abstract. Erythropoietin (Epo) induces physiological
activities such as cell proliferation, migration, and angio-
genesis in Epo receptor (EpoR)-expressing vascular endo-
thelial and tumor cells. Recently, it has been demonstrated
that growth factor-independent proliferation is frequently
observed during the cell transformation process. Pterygium is
a fibrovascular proliferating tissue that includes transformed
cells. The aim of this study was to examine the localization of
Epo and EpoR proteins in human pterygial tissues. Eleven
samples including nine pterygia and two normal bulbar
conjunctivas, which were surgically excised, were studied.
Formalin-fixed, paraffin-embedded tissue sections were
constructed and then were examined by immunohisto-
chemistry with anti-Epo and EpoR antibodies. Cytoplasmic
immunoreactivity for EpoR was heterogeneously detected in
basal and suprabasal cells of the pterygium epithelium. In the
pterygium stroma, a variety of endothelial cells forming
vascular cavities showed cytolasmic immunoreactivity for
EpoR. In normal conjunctival epithelium, a few basal cells
showed a weak homogeneous immunoreactivity for EpoR in
the cytoplasm. The number of EpoR-expressing epithelial
cells was much higher in the pterygium compared to the
normal conjunctiva. EpoR expression was marginally
detected in stromal microvessels of the normal conjunctiva.
Immunoreactivity for Epo was not noted in pterygium
epithelium and stroma, and in normal conjunctiva. These
results suggest that the Epo-independent EpoR-signaling
pathway plays a potential role in cell proliferation and
angiogenesis in human pterygium.
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Introduction

Pterygium represents an epithelial and fibrovascular
configuration on the ocular surface which is continuous with
the conjunctiva. Pathobiology of the pterygium reveals
neoplasia-like behaviors such as cell proliferation, invasion
to the cornea, and recurrence after resection. We recently
demonstrated that pterygium epithelial cells showed cellular
transition from quiescence to the proliferative state (1)
possibly through induction of B-catenin transcription factor
(2) and cyclin D1, a G1 cyclin (3). Detection of micro-
satellite instability and loss of heterozygosity, two events
transpiring in tumor cells or in premalignant cells, constitutes
strong evidence of the presence of transformed cells in the
pterygium tissue (4-6). In fact, squamous cell carcinoma and
carcinoma in situ rarely arise from pterygium (7). These
results support the hypothesis that pterygium is a neoplastic
benign lesion, as previously proposed (4).

Angiogenesis is defined as the formation of new blood
vessels from pre-existing vasculature and underlies physio-
logical processes including growth and differentiation, as well
as neoplastic conditions (8). The process of vascularization
involves the activation of angiogenic factors and several
signaling pathways for endothelial cell migration. It has
been demonstrated that microvessel density is significantly
higher in pterygium stroma than in normal conjunctiva (9),
indicating that pterygium is a vascular-rich tissue, and
angiogenesis plays an important role in its pathogenesis and
development.

Erythropoietin (Epo) was first described as a glycoprotein
produced exclusively in fetal liver and adult kidney which
acts as a major regulator of erythropoiesis (10). Epo receptor
(EpoR) is a member of the type I cytokine receptor family
which modulates cell growth, apoptosis, and differentiation
(11,12). Epo shows angiogenic activity in EpoR-expressing
vascular endothelial cells, which stimulates proliferation,
migration, and angiogenesis (13). Furthermore, EpoR is up-
regulated in a variety of malignant solid neoplasias (12,14).
We recently demonstrated that EpoR is expressed in Merkel
cell carcinoma cells and intratumoral microvessels (15). The
aim of this study was to examine the expression of Epo and
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EpoR in human normal conjunctiva and pterygium tissues by
immunohistochemistry.

Materials and methods

Operative specimens. Eight patients (nine eyes) with primary
pterygia who underwent the bare-sclera procedure were
enrolled in this study. The pterygium head and body were
confirmed, and excised tissue was immediately placed on
sterilized filter paper. Normal bulbar conjunctival tissues
were obtained from two patients during cataract surgery
without any ocular surface disorder. The tissues were then
fixed in 4% paraformaldehyde. After fixation, slides were
washed in phosphate-buffered saline, and processed for
paraffin sectioning. Informed consent was obtained according
to the Declaration of Helsinki. All human experiments
conformed to the ethics committee of Hokkaido University
Graduate School of Medicine.

Immunohistochemistry. Dewaxed paraffin sections were
immunostained using the streptavidin-biotin peroxidase

EpoR

\ | |
Pterygium
epithelium

KASE et al: ERYTHROPOIETIN RECEPTOR IN PTERYGIUM

complex method. Formalin-fixed, paraffin-embedded serial
tissue sections were cut at a thickness of 4 ym, and
endogenous peroxidase activity was inhibited by immersing
the slides in 0.3% hydrogen peroxide in methanol for 30 min.
As a pretreatment, microwave-based antigen retrieval was
performed in 10 mM citrate buffer (pH 6.0). Then, nonspecific
binding of the primary antibody was blocked by incubating
the slides in the blocking serum for 20 min. The slides were
serially incubated with anti-Epo (dilution 1:50, R&D
Systems), and EpoR (1:100, Santa Cruz Biotechnology, Inc.,
CA, USA) antibodies overnight at 4°C, followed by the
secondary antibody and biotin-streptavidin complex for 30 min
each at room temperature. Immunoreactions were visualized
with diaminobenzidine, and the sections were counterstained
with hematoxylin. To examine the specificity of immuno-
staining, the primary antibody was replaced with mouse
normal IgG or Tris-buffered saline. Control slides were
invariably negative for immunostaining. As a positive control
for Epo, malignant melanoma tissues of the skin were
examined (16). Merkel cell carcinoma of the eyelid tissues
served as a positive control for EpoR as previously described

Epo

’ 7

a b
Pterygium
stroma P -
v c d
Normal
conjunctiva
/ ]
e f

Figure 1. Immunoreactivity for erythropoietin (Epo) receptor (EpoR) (a,c.e) and Epo (b.d.f) in human pterygium epithelium (a,b) and stroma (c,d), and normal
conjunctiva (e,f). Cytoplasmic immunoreactivity for EpoR is detected in basal and supra-basal cells of the pterygium epithelium (a). EpoR expression is not
observed in goblet cells intermingled in the superficial layer (a, arrowheads). In the pterygium stroma, a variety of endothelial cells forming vascular cavities
show cytoplasmic immunoreactivity for EpoR (c, arrows). The immunoreactivity is also noted in several nonvascular stromal fibroblasts (c, arrowheads). In
normal conjunctival epithelium, a few basal cells show a weak homogeneous immunoreactivity for EpoR in the cytoplasm (e). EpoR expression is not
detected in normal conjunctival stromal microvessels (e, arrows). Immunoreactivity for Epo is not noted in pterygium epithelium (b), and stromal

microvessels (d), and in the normal conjunctiva (f). Bar, 50 ym.
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Table I. Immunopositive cells (%) for erythropoietin (Epo)
receptor (EpoR) and Epo in human normal conjunctiva and
pterygium tissues.

EpoR Epo
Epithelium Stromal microvessels
Conjunctiva 152 10 0
Pterygium head 575 52.8 0
Pterygium body 535 40.0 0

(15). We counted at least 100 epithelial and/or stromal
endothelial cells in one or two microscopic fields from the
examined tissues. Positive-staining cells were noted by their
labeling index as a percentage (%) in each specimen, and the
measurements were averaged.

Results

Histopathological findings demonstrated that pterygium
epithelium consisted of squamous metaplasia and goblet cell
hyperplasia (3). Cytoplasmic immunoreactivity for EpoR was
heterogeneously detected in basal and suprabasal cells of all
pterygium tissues (Fig. la). EpoR expression was not
observed in goblet cells intermingled in the superficial layer
(Fig. 1a, arrowheads). In the pterygium stroma, a variety of
endothelial cells forming vascular cavities showed cyto-
plasmic immunoreactivity for EpoR (Fig. 1c, arrows). The
immunoreactivity was also noted in several nonvascular
stromal fibroblasts (Fig. 1c, arrowheads). In normal
conjunctival epithelium, a few basal cells showed a weak
homogeneous immunoreactivity for EpoR in the cytoplasm
(Fig. le). The number of EpoR-expressing epithelial cells
was less marked in the normal conjunctiva compared to the
pterygia (Table I). EpoR expression was marginally detected
in the normal conjunctival stromal microvessels (Fig. le,
arrows). The number of EpoR-immunopositive cells showed
no significant difference between pterygium head and body.
Immunoreactivity for Epo was not noted in pterygium
epithelium (Fig. 1b) and stroma (Fig. 1d), and in normal
conjunctiva (Fig. 1f). The rate of EpoR- and Epo-immuno-
positive cells is summarized in Table I. Epo was strongly
expressed in the cytoplasm of malignant melanoma cells as a
positive control (data not shown).

Discussion

We clearly demonstrated that cytoplasmic immunoreactivity
for EpoR was detected in pterygium epithelial cells, whereas
the immunoreactivity was less marked in normal conjunctival
epithelium. These results suggest that EpoR is upregulated in
the pterygium epithelia as shown in a variety of systemic
neoplastic lesions (12,14,15). Acs et al demonstrated that Epo
bound to EpoR was expressed in cancer cells and activated
the signal transducer and activator of transcription (STAT) 5
and nuclear factor-xB signaling transduction pathways (14).
Furthermore, activation of the pathways subsequently leads
to cancer cell proliferation (17) and migration (18). Taken
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together, increased expression of EpoR in pterygium
epithelium is possibly correlated with epithelial proliferation
and invasion through the EpoR-signaling pathway.

In the pterygium stroma, a variety of endothelial cells
showed cytoplasmic immunoreactivity for EpoR, while EpoR
expression was less marked in normal conjunctival stromal
vessels. This indicates that EpoR is induced in stromal
microvessels of pterygium tissues. It was reported that the
binding of Epo to EpoR-expressing vascular endothelial cells
stimulates proliferation, migration, and angiogenesis (13).
Collectively, these findings suggest that EpoR accumulation
in pterygium endothelial cells reflects its angiogenic activity.

In contrast to EpoR, Epo immunoreactivity was not
detected in pterygial and conjunctival tissues. It is known that
growth factor-independent proliferation is frequently
observed during the cell transformation process (19). In
erythroid cells, several mechanisms lead to Epo independence,
such as alterations of the EpoR, autocriny, and apoptosis
resistance. Indeed, it was demonstrated that there must be
transformed cells in the pterygium tissue (4). EpoR was
constitutively activated either by interaction with the env
protein encoded by the spleen focus forming virus (SFFV)
component of the Friend virus (20) or by a point mutation in
the exoplasmic domain of the EpoR (21). Therefore, cell
proliferation and angiogenesis in EpoR-expressing pterygium
tissues might be correlated with Epo-independent mechanisms.

In this study, several nonvascular stromal fibroblasts also
showed EpoR immunoreactivity. This suggests that not only
pterygium endothelial cells, but also fibroblasts, take part in
angiogenesis via the EpoR-signaling pathway.

Recent clinicopathological analysis implies that hypoxia
plays an important role in pterygium pathogenesis (22).
Moreover, it was recently suggested that EpoR is upregulated
by ischemia or hypoxia (23,24). In fact, we demonstrated that
EpoR expression was noted in ischemic ocular tissues (25).
These results indicate that the upregulation of EpoR observed
in this study is correlated with a potential ischemic/hypoxic
condition in pterygium tissues. Clarification of the mechanism
in the regulation of EpoR expression may contribute to a
novel therapeutic targeting for pterygium angiogenesis and
proliferation.
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