Involvement of bone
marrow-derived
stem and progenitor
cells in the
pathogenesis of
pterygium

Abstract

Aims To evaluate the involvement of
multipotential stem and progenitor cells in the
pathogenesis of pterygium.

Methods Paraffin-embedded and snap-frozen
primary pterygium (n=10) were serially
sectioned and analysed
immunohistochemically to determine the
expression level of AC133 (marker for the
primitive haematopoietic progenitors), CD34
(marker for the haematopoietic progenitor
cells and endothelium), c-Kit (marker for
haematopoietic and stromal progenitor cells),
and STRO-1 (a differentiation antigen present
on bone marrow fibroblast cells and on
various nonhaematopoietic progenitor cells).
Results 1In all the primary pterygium,
immunoreactivity of AC133 and STRO-1 was
found in some of the epithelial and stromal
cells, CD34 was observed in the vascular
endothelium, and some scattered ovoidal cells
were found in the subepithelial connective
tissue. C-Kit was expressed mainly in the
basal epithelium of the head portions, and
some spindle-shaped stromal cells. There is no
immunoreactivity of AC133, c-Kit, and
STRO-1 in normal conjunctiva, whereas
CD34 was mildly stained with vessel

wall.

Conclusion Multipotential stem and
progenitor cells may be involved in the
pathogenesis of pterygium through its
differentiation into fibroblasts and vascular
endothelial cells.
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Introduction

Pterygium is a chronic condition characterized
by the encroachment of altered ocular surface
tissue into the normal cornea. ' Pterygium tissue
consists of a superficial conjunctival epithelial
layer and an underlying fibrovascular
component, with features indicative of both
degenerative process and disordered growth.?
The pathogenesis of the simple pterygium today
remains an ophthalmic enigma. Although
extensive literature exists on pterygium,
controversy still surrounds the cell origin and
the initial trigger in the development of this
lesion; the relative roles of the pterygium
fibroblast, epithelial cells, and limbal basal
epithelial stem cell in the formation of this
disease; and the mechanisms of pterygium’s
aggressive recurrence behaviour after surgical
excision.

Despite the many classic and advanced
theories of pterygium pathogenesis that have
been reported, there is no consensus regarding
the exact pathophysiological mechanisms. The
multistep development of the tumour-like
pterygium involves a tissue-remodelling
process that includes increased expression of
cytokines and overproliferation and
differentiation of some cells. We hypothesize
that certain environmental stimuli known to be
associated with pterygium may stimulate bone
marrow multipotential stem and progenitor
cells and limbal stem cells to gain the
unexpected potential ability to differentiate into
cell types that are phenotypically unrelated to
the origin, such as transformed fibroblast and
altered epithelial cells, and that are capable of
expressing various cytokines and stem cell-
related factors associated with cell proliferation,
angiogenesis, and tissue remodelling. These
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traits may be important for the formation of pterygium
and its recurrence after surgical removal. The human
haematopoietic progenitor cell antigen CD34 is known to
be synthesized and expressed by certain cells of
haematopoietic lineage.>* Staining in tissue for CD34 is
usually associated with vascular sprouting during
vascularization.” AC133 is another newly discovered
early marker for primitive haematopoietic progenitors.
CD34 cells that express AC133 are truly an immature
population of haematopoietic stem and progenitor
cells.®” ¢-Kit is expressed only by activated bone marrow
stromal cells.® STRO-1 has recently been shown to mark
multipotential bone marrow stromal cells.” The purpose
of this study was to advance the understanding of the
cell origin of pterygium and the underlying mechanisms
of recurrence, and to determine whether bone marrow-
derived multipotential stem and progenitor cells are
involved in the pathogenesis of pterygium.

Materials and methods
Specimen collection

All procedures followed the tenets of the Helsinki
declaration, and written informed consent was obtained
from all patients in the study. Specimens of pterygium
were obtained after surgical removal (1 =10). Specimens
of normal human conjunctiva were obtained from
healthy donors who did not have signs or symptoms of
an ocular surface disorder or of dry eye. All tissue
specimens were paraffin-embedded and snap-frozen.
Serial cross-sections of pterygium were made along the
longitudinal axis.

Immunohistochemical Analysis

Sectioned (2—4 um) specimens were processed
immunohistochemically, as previously described.®
Briefly, paraffin sections were deparafinized in xylene,
rehydrated through decreasing graded ethanol, and
quenched for endogenous peroxidase. Cryostat sections
were placed on gelatinized slides, and then fixed in cold
actone and rinsed in Tris-buffered saline. Nonspecific
background was eliminated by incubating the tissue
section with non-immuno serum (Zymed Laboratories,
South San Francisco, CA, USA Histostain-plus Kits,
Reagent A). Sections were then incubated with
monoclonal mouse anti-human AC133 antibody (Clone
AC133 epitopel, Miltenyi Biotech, Bergisch Gladbach,
Germany), monoclonal mouse anti-human STRO-1
(DSHB, IA, USA), and polyclonal goat anti-human IgG
primary antibodies: CD34( N-19, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), c-Kit (C-14, Santa
Cruz Biotechnology, Santa Cruz, CA, USA) overnight at
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4°C, then extensively washed in 0.05m Tris-buffered
saline (pH 7.6) before the addition of a biotinylated
secondary antibody (Reagent B). Sections were again
washed, incubated for 1h with peroxidase-conjugated
streptavidin (Reagent C), and the presence of peroxidase
was revealed by adding substrate-chromogen (3-amino-
9-ethycar bazole) solution (Reagent D). Sections were
counterstained with haematoxylin.

Each section was photographed, and the entire tissue
area was examined. The numbers of AC133, CD34, c-Kit,
and STRO-1 positive cells were counted from three
different regions of each sample under x 400
magnification. Statistical analyses were performed with
SPSS version 11.5 for windows (SPSS Inc, Chicago, IL,
USA).

Results

The blood vessels in the substantia propria displayed
mild-to-moderate immunostaining for CD34 in the
normal conjunctiva, whereas the epithelium of normal
conjunctiva showed negative reaction for CD34. No
AC133-, c-Kit-, or STRO-1-positive staining cells were
observed in any part of the normal conjunctiva. In all the
primary pterygium, immunoreactivity of AC133 was
found in some of the round and ovoidal epithelial and
stromal cells (Figure 1a). STRO-1 was expressed by many
pterygium epithelial cells and stroma cells. Some of them
exhibited a typical spindle-shape (Figure 1b). CD34 was
observed in the endothelial cells of vascular cells and
some oblong, ovoidal cells in subepithelial connective
tissue. No staining was observed in the epithelium
(Figure 1c¢). Staining indicative of the expression of c-Kit
was found in the epithelium, especially along the base of
the epithelium of the head portions of all the primary
pterygium, and in some spindle-shaped or small and
ovoidal-shaped cells in the subepithelial stromal tissue
(Figure 1d).

The intensity of the AC133, CD34, c-Kit, and STRO-1
positive staining was variable among the 10 primary
pterygium specimens. One of the 10 primary pterygium
showed stronger reactivity for AC133, CD34, c-Kit, and
STRO-1 than the other specimens. The staining pattern
was similar to that of recurrent pterygium (data not
shown). There were more STRO-1-positive cells
(21.5+7.2) than CD34 (16.5+4.9) (t=3.151, P<0.05),
than AC133 — (11.043.8) (t=7.056, P <0.001) and
c-Kit - (15.945.0) (t=3.471, P<0.05) positive cells.

Discussion

The progressive nature of primary pterygium and its
tendency to recur after surgical removal led us to further
investigate the pathogenesis of this proliferative growth
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Figure 1 Immunohistochemical localization of AC133 (a),
STRO-1 (b), CD34 (c), and C-Kit (d) in the head of primary
pterygium. Red staining was regarded as specific immunor-
eactivity (arrow) (original magnification x 400, Epi: epithelium;
Stro: subepithelial stroma tissue).
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disorder, especially with regard to what kinds of cells
initiate the formation of pterygium and are involved in
its recurrence.

This present study demonstrated that AC133, CD34,
c-Kit, and STRO-1 were expressed by primary pterygium
cells. Leucocyte antigen CD34 is the common surface
marker for the haematopoietic progenitor cells and
endothelium," and it appears early in development as an
endothelial cell surface receptor.> The c-Kit proto-
oncogene has been identified as a member of the
receptor-tyrosine kinase family. When the c-Kit receptor
binds with human stem cell factor (SCF), also termed c-
Kit ligand, which is produced by mesenchymal cells, it
will augment the proliferation of primitive bone marrow
progenitor cells and differentiated mast cells."**> The
fibroblast-like stem cells express the c-Kit, suggestive of
mesenchymal differentiation. STRO-1 is a monoclonal
antibody that has been shown to recognize all the
clonogenic mesenchymal stem cells in human bone
marrow. STRO-1 antigen is a differentiation antigen that
is present on human bone marrow fibroblast-like cells
and on various nonhaematopoietic progenitor cells.'®'”
In independent studies, a novel marker of human
haematopoietic stem and progenitor cells was identified,
characterized, and referred to as AC133 antigen.6'7 The
majority of cells reactive to the AC133 antibodies were
found to co-express the human stem and progenitor
marker CD34 and c-Kit."*'* Expression of AC133 is
rapidly downregulated during cell differentiation. The
AC133-positive cell population not only has
haematopoietic potential, but also has the ability to
differentiate into vascular endothelial cells.*®* AC133 was
expressed by pterygium epithelial and stromal cells.
CD34-positive cells were not restricted to vascular
endothelial cells, but also appeared in the subepithelial
connective tissue. The expression pattern of c-Kit in
primary pterygium was similar to that found by
Nakagami,®! and it was expressed in pterygium
epithelial cells and subepithelial stroma cells. The
expression of progenitor cell’s antigen on pterygium
tissue is a sign of involvement of bone marrow-
originated cells. We thus speculate that bone marrow-
derived endothelial and stromal stem and progenitor
cells are the likely candidates involved in pathogenesis of
pterygium. The number of involved stem cells may be
correlated with the risk of recurrence.

Based on the data presented in this investigation, we
propose a theory for the pathogenesis of pterygium.
Environmental factors, such as albedo UV light, heat,
dryness, and wind, that have been regarded as important
factors in the development of pterygium®* > cause limbal
basal epithelial cells to be damaged,* and trigger the
secretion of proinflammatory mediators such as: TGF-f,
tumour necrosis factor o (TNF-«), interleukin-1p, 6,8
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(IL-1p, 6,8), and granulocyte colony-stimulating factor
(GM-CSF).*”?® These cytokines, on one hand, affect the
production of matrix metalloproteinases (MMPs) by
altered limbal basal cells and certain types of fibroblasts,
to favour the degradation of extracellular matrix
(ECM),” thus enhancing the progressive corneal
invasion of pterygium.*® On the other hand, these
mediators and the damage to the corneal limbal area act
as signals to bone marrow, stimulating the multistep
repair and regenerative reaction by bone marrow
multipotential stem and progenitor cells to heal corneal
local damage. After they are stimulated, multipotential
bone marrow stem and progenitor cells migrate through
peripheral blood to the corneal limbal area. Under this
special ocular microenvironment, these stem cells can be
fully activated by expressing AC133, CD34, c-Kit, and
STRO-1 receptor, and they produce certain cytokines and
growth factors such as IL-6, IL-11, SCF, and GM-CSE.*!
These factors may have both effect on themselves and
limbal basal stem cells, resulting in differentiation into
transformed pterygium fibroblast, epithelial cells, and
endothelial cells.

Our hypothesis was consistent with the finding
reported by Dushku that migration of altered limbal stem
cells contributes to the pathogenesis of pterygium, and
the vascular fibroplasias seen in pterygium is a response
to a signal from the altered cells.*** A recent study
suggested that fibroblasts isolated from pterygium tissue
exhibit a transformed phenotype.® Our findings have
relevance to explaining a new idea. The pivotal concept
is that the infiltration of bone marrow AC133-, CD34-, c-
Kit-, and STRO-1-positive stem cells may play an
important role in the increase of transformed fibroblasts
and new vascular formation of pterygium. Our data may
help to explain why the subepithelial pterygium
fibrovascular tissue, which is comprised of fibroblasts
and capillary blood vessel cells, showed high
proliferative ability.*> More STRO-1-positive cells than
AC133, CD34, and c-Kit cells in our findings also showed
the evidence that fibroblasts are the main component of
the pterygium tissue.

Overexpression of AC133, CD34, c-Kit, and STRO-1
was detected in one of our 10 primary pterygium. Since,
in certain abnormal ocular environments, infiltrated stem
cells are frequently associated with differentiation and
overproliferation, it is not unreasonable to postulate that
the involvement of an increased number of stem cells
may present an increased risk of recurrence of
pterygium. If the pterygium is not completely removed
by surgical excision, the stimulative condition will over
time lead them to overdifferentiation and
overproliferation of stem cells, thus contributing to more
progressive and extensive fibrovascular formation in
recurrent pterygium.

Eye

We demonstrate, for the first time, that the bone
marrow-derived multipotential stem and progenitor cells
are involved in the pathogenesis of pterygium, and are
perhaps the important cells for both origin and
recurrence of pterygium. In light of our findings, a
pterygium grading system based on the infiltration of
stem cells can be proposed to better predict the risk of
recurrence clinically. The implication of our finding lies
in devising a new possible strategy of pterygium
treatment. A more focused approach to block stem cell
activity and inhibit their overproliferative and
overdifferentiative ability needs to be further studied.
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