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Introduction

In Salamander, if the lens of an eye is damaged, a new

lens is formed from dorsal iris cells. The original lens is

developed from anterior head ectoderm

(surface/external/epidermal ectoderm) during embryonic

life, but regenerating lens is developed from iris

(neuroectoderm). This regeneration of a part of an organ

from a tissue other than its original embryonic tissue is

called Wolffian regeneration, named after its discoverer

Wolf (1935).





Lens regeneration



In case of newt, lens regeneration involves
transdifferentiation of the pigmented epithelial cells (PECs)
of the dorsal iris. Following removal of the lens, the PECs
dedifferentiate, re-enter cell cycle and lose their
pigmentation. Cell proliferation is initiated by day-4 post
lentectomy. Visible dedifferentiation and loss of pigments
begins by day 8. By day 12, a lens vesicle is formed which
represents the precursor to what will become a fully
differentiated lens. At day 19, δ-crystallin gene begins to
express. By 20-25 days, the regenerated lens has the
characteristics of a small, normal one.

Duration of various stages of lens 

regeneration



Once lens differentiation has started, the rest of the process is
remarkably similar to lens development. 1st, similarity is found
in terms of crystalline genes expression. The β-crystallin and
γ-crystallin genes are first expressed in lens vesicle followed
by the expression of α-crystallin gene. Another similarity
between lens regeneration and lens development is seen in
the expression pattern of two important eye genes Pax6 and
Prox1. Pax6 (master regulator gene, homeobox gene) gene
first expressed both in dorsal and ventral iris. As regeneration
continues, Pax6 expression becomes restricted to the dorsal
iris. Eventually, Prox1 (homeobox gene) becomes expressed
Pax6 expressing dorsal iris.

Similarities between embryonic and 

regenerative lens formation



 Hedgehog signaling is required for cell proliferation, differentiation,

regulation of spatial expression of Pax6 and dorsoventral and

anteroposterior axes patterning of the retina.

 RAs and their receptors are essential for transcriptional control of

genes including α-crystallin gene in lens cells.

 FGFs and their receptors are essential for controlling temporal pattern

of crystallin genes expression, cell differentiation. In regeneration,

several FGFs and their receptors are expressed but only FGFR1 is seen

in dorsal iris. FGF2 acts in combination of Wnt3A.

 BMPs are probably responsible for blocking transdifferentiation of

ventral iris.

 SIX3 (homeobox gene) is expressed at a higher level only in dorsal iris

during regeneration and is required for Pax6 gene expression.

Molecules responsible for lens 

regeneration


