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Figure 5. Suppression of TGFB-induced changes in aSMA and Pax6 expression by catalase. Explants were cultured for two days with catalase
alone at a concentration of 300 units/ml (A-C) or with 75 pg/ml TGF2 in the absence (D-F) or presence (G-I) of catalase and then fixed as
whole mounts and processed for immunolocalization of Pax6 (red; B,E,H) and aSMA (green; C,F.I) by a double labeling technique. Nuclei
were counterstained using Hoechst dye (blue; A,D,G). Images of the same explant region are shown in each row. Explants cultured with
catalase alone were indistinguishable from the controls in that they exhibited strong nuclear expression of the lens epithelial cell marker, Pax6
(B), and lacked reactivity for the transdifferentiation marker, tSMA (C). Explants cultured with TGFp lost reactivity for Pax6 (E) and contained
many aSMA-positive cells (F). Catalase protected against TGF-induced loss of Pax6 expression (H) and and strongly suppressed the induction
of aSMA by TGFp (I). The scale bar represents 60 um (A-I). Cat, catalase.

of H,O: with possible cross-talk between this new pathway
and other signaling pathways [43,50-54]. Responses to TGF3
shown to be dependent upon the release of H.O: in various
non-lens cell types include proliferation; epithelial-
mesenchymal transition and/or related upregulation of aSMA,
collagen type I, and fibronectin [42,53,55-57];
downregulation of E-cadherin [53]; and induction of
apoptosis [58,59]. Interestingly, it has been reported that
Smad2 phosphorylation is dependent upon prior release of
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H:0. by TGFp in renal epithelial cells [53]. In other cell types,
ithas been shown that TGFf induces different responses when
acting via H,O»-dependent and H.O:-independent pathways,
the concentration of TGFf being a critical factor [58,60,61].
Production of H.O., which generally occurs rapidly and
transiently [54,59,62-64], requires the action of an NAD(P)H
oxidase located on the plasma membrane [51,62]. Cellular
responses to TGFPB mediated by H.O. are inhibited by
catalase, by antioxidants such as glutathione, N-
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acetylcysteine, and ascorbic acid, and by inhibiting NAD(P)H
oxidase [42,43,51-59,62-65] or the type I TGFB/ALKS
receptor [63]. Further, such responses to TGFp are
exacerbated by inhibiting GSH synthesis [56,59,65] and may
be mimicked or enhanced by exposure of the cells to H,O:
[42,54,56-58,60].

The present study builds on previous studies in the lens.
These previous studies provide evidence that TGFf exerts at
least some of its biological effects on lens cells via a ROS- or
H>O,-dependent signaling pathway. Lenses of several
mammalian species including the rat have been shown to
contain the non-phagocytic NAD(P)H oxidase required for
H.Os release [11,39], and a rapid release of ROS by TGFp has
been demonstrated using human lens epithelial cell lines [39,
61]. In one of the latter studies [61], apoptosis was induced by
TGFp only when present at a concentration that triggered ROS
production. Under these conditions, apoptosis was inhibited
by free radical scavengers, a result analogous to the finding
reported here that glutathione suppressed morphological
changes typically associated with TGFB-induced apoptosis in
lens epithelial explants. Furthermore, the ability of TGFf to
induce upregulation of 1-cysPrx mRNA and protein in human
lens epithelial cells was mimicked by exposing the cells to a
non-cytotoxic concentration of H>O, [66]. The finding that the
H.Os-specific enzyme catalase inhibited TGFp-induced
cataract-like changes in the present study strongly suggests a
role for H>Os in eliciting these responses, a suggestion that is
supported by the results of the previous studies of lens
epithelial cells and lenses that show a link between TGFf
stimulation and ROS or H,O: release [39,61,66]. However,
further investigation of the proposed involvement of H>O: in
TGFB-induced cataract-like responses is warranted.

There have been numerous reports of the induction of
cataract in cultured lenses exposed to H.O, (for example, see
[7,66,67] ). However, relatively high concentrations of H,O»
have often been used in such studies in excess of the cytotoxic
range (100-200 pM) reported for lens epithelial cells
[66-69], resulting in severe damage to the lens epithelium and
rapid opacification, which may extend throughout the entire
lens. It is not clear whether H»O-mediated signaling
contributes to the cataractogenesis observed under these
conditions.

Our study taken together with other recent studies of the
lens [35,39,61,66] indicates that future investigations of
cataractogenesis will need to take into account not only the
ability of oxidative stress or radiation-induced ROS release to
adversely modify lens cells and their constituents by directly
interacting with target molecules but also the possibility that
H>0, may serve as a signaling molecule in pathways that lead
to cataract-related phenotypic changes in lens epithelial cells.
Further, because active TGFp is released from lens epithelial
cells when the epithelium is damaged [31,70], it is possible
that oxidative stress-associated cataractogenesis may be
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augmented by TGFB-induced stimulation of H>O,-dependent,
Smad-dependent, and/or other growth factor signaling
pathways. The possibility that H,O, also mediates
upregulation of TGFp in the lens as in other cell types [53,
57] remains to be investigated.

Thus, the present study highlights the need to approach
future investigations of the etiology of cataract from a much
broader, more holistic perspective, paving the way for novel
experimental approaches to the study of cataractogenesis and
its prevention. In addition, this study suggests that the
complex array of enzymic and non-enzymic antioxidant
systems present in the normal lens may serve not only to
counter the direct assault of free radicals on lens cells and their
constituents but also to protect the epithelium against the
potentially cataractogenic effects of TGFp.
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