






After a long term follow up of 11.8 (0.4) months, we have
confirmed that a normal stromal architecture with the lack of
Coll-IV and Fn deposition, identical to that of normal
corneas, was restored in those corneas with successful
restoration of a corneal epithelial phenotype. Similarly, a
normal stromal architecture was also restored in the area
with a corneal epithelium but lost in the area with
conjunctival epithelium of those corneas with partial success.
In the latter area, the superficial stroma was deposited with
Coll-IV and Fn. Deposition of Coll-IV was also found in rabbit
corneal stroma injured by alkali burns or laceration, was
associated with activated stromal fibroblasts, and was
thought to be the reason for forming opaque granulation
tissue.7 In the early stage of wound healing, fibronectin

exudated from the plasma or tears and secreted by activated
fibroblasts is deposited in the corneal stroma as a provisional
matrix. Fn is completely reabsorbed when the wound healing
process is completed.18 We thus surmise that wound
remodelling remained incomplete in corneas with partial
success. To our surprise, we did not observe deposition of
Coll-IV or Fn in the corneal stroma of the failure group no
matter whether the failure resulted from ex vivo expansion or
not. Therefore, we conclude that continuous wound remodel-
ling is not associated with the presence of a conjunctival
epithelium.

That was the reason why we also looked into the presence
of myofibroblasts, which characteristically express contractile
a-SMA in cytoskeletons and integrin a5b1 on cytoplasmic

Figure 3 Corneas with partial success.
Slit lamp appearance shows that part of
these corneas is smooth and clear and
the other is vascularised and opaque
(A, F). Keratin 3 (K3) is expressed only
in the smooth and clear area (arrow
marks the border between corneal and
conjunctival phenotypes) (B).
Haematoxylin and eosin staining shows
AM remnant (marked by asterisks) (C).
Coll-IV is expressed in the corneal
basement membrane, AM remnants
and the superficial corneal stroma (D).
a-SMA was only expressed in the
smooth muscles of blood vessels in the
limbal stroma (arrowhead marks a
blood vessel) (E). Coll-IV is expressed in
superficial stroma and intrastromal
blood vessels (G). Fibronectin (Fn) was
highly expressed in the stroma and
blood vessels of granuloma (H). a-SMA
expression suggests the presence of
myofibroblasts in the granuloma (I). Bar
50 mm.

Figure 4 Cornea with failure following
ex vivo expansion. Slit lamp
appearance shows corneal haze,
vascularisation, and inflammation (A).
MUC5AC staining of the goblet cells
confirms conjunctival invasion of the
corneal surface (B). Coll-IV is expressed
in the corneal basement membrane and
intrastromal blood vessels. Inset shows
the higher magnification of blood vessel
wall (C). Fibronectin (Fn) and a-SMA
were expressed only in stromal blood
vessels (D and E, respectively). Bar
50 mm.
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membranes, and deposit EDA domain containing cellular
fibronectin in the pericellular matrix, and collagens and
proteoglycans in the stromal matrix (for reviews see Jester
et al10). In this report, we noted that expression of a-SMA was
absent in the stromal fibroblasts in corneas with successful
reconstruction, similar to that of normal corneas. In contrast,
a-SMA positive myofibroblasts were found in the same area
deposited with Coll-IV and Fn in corneas with partial success.
This result supports the notion that complete remodelling is
associated with the absence of myofibroblasts, and that
incomplete remodelling leads to the persistence of myofibro-
blasts. Again, we did not detect any myofibroblasts in failure
corneas, further confirming that corneal stromal opacity in
failure corneas was not the result of myofibroblasts. Besides
the reason that a conjunctival epithelium covering the cornea
is not optically as sound as the corneal epithelium, the
opacity in failure corneas might also be caused by intense
infiltration of blood vessels. These blood vessels contained
Coll-IV (in the basement membrane) but not a-SMA (which
is also found in smooth muscle cells), indicating that they
were capillaries (Figs 3–5). The other contributing factor to
stromal opacity might be infiltration of chronic inflammatory
cells.

It is intriguing to note that expression of a-SMA in corneas
with partial success was aborted in the area with AM
remnant (Fig 3). This finding suggests that formation of
myofibroblasts is prohibited by AM, a finding consistent with
our previously reports showing that myofibroblasts are
inhibited by AM in vivo and in vitro19 and that TGFb (tumour
necrosis factor b) signalling and myofibroblast differentiation
are downregulated by AM stroma.20 21 Taken together, we
believe investigations into the mechanism whereby corneal
stromal transparency can be achieved by restoration of a
corneal epithelial phenotype and complete remodelling of
AM will unveil additional applications in the future.
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