Available online at www.sciencedirect.com

L
ENTA
SCIENCE DIRECT?® UNM AND
" s T U);(\BMAC
ELSEVIER Environmental Toxicology and Pharmacology 21 (2006) 215-221 PH ETAP

www.elsevier.com/locate/etap

A focus on the human lens in vitro

[. Michael Wormstoné, David J. Collison,
Simon P. Hansom, George Duncan

The Humane Research Trust, School of Biological Sciences, University of East Anglia, Norwich NR4 7TJ, UK
Available online 22 August 2005

Abstract

The lens is a unique organ in that it is avascular and non-innervated, obtaining all nutrients from the aqueous and vitreous humours that b
the lens. All lenses attempt to achieve the same goal, namely to maintain transparency and focus light on to the retina. However, the mechan
by which these processes are maintained, or disrupted leading to a loss of transparency, are likely to differ in some cases between animal:
humans. To allow comparison to take place, human in vitro models have been developed, ranging from whole organ culture to the generatio
human lens cell lines. All have their merits and limitations, but as a whole, they permit extensive studies of lens cell behaviour and function to
carried out. Together, these in vitro methods allow the biological events of the lens to be further understood. Moreover, they could help identify |
mechanisms that give rise to cataract and posterior capsule opacification, a problem that occurs following surgery, providing therapeutic tar
for their prevention.
© 2005 Published by Elsevier B.V.
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1. Introduction 2. The lens

At first glance, the lens is a simple organ but its apparent The lens is a unique organ in that it is avascular and non-
simplicity disguises a wealth of cell biological sophisticationinnervated, obtaining all nutrients from the aqueous and vitreous
and ingenuity. The level of complexity in our understandinghumours that bathe the anterior and posterior regions of the lens,
of this organ is, however, increased when we consider specigsspectivelyDavson, 1981 All cells within the lens are derived
variation. All lenses attempt to achieve the same goal, namelfrom epithelial cells and the region where cell division and fibre
to maintain transparency and focus light on to the retinadifferentiation take place is highly localiseBig. 1). In the nor-
However, the mechanisms by which these processes amal lens, these events only take place at the equatorial region
maintained, or disrupted leading to a loss of transparency, amghile the central epithelium is in effect a non-dividing popula-
likely to differ in some cases between animals and humangton. Identifying the processes controlling normal cell function
(Vrensen, 1994; Fougerousse et al.,, 2000; Rhodes et als of great importance as modification of these highly regu-
2002. It is, therefore, important to identify the similarities lated mechanisms can result in lenticular pathologies, namely
and differences between human and animal species, such tlettaract.
meaningful advances in human biomedicine can be achieved.

For comparison to be made, it is important to identify thes cataract
different mechanisms driving similar cell biological events in
the human lens. The review that follows will consider some of  cataract is one of the major causes of blindness in the world

the techniques currently employed to study human lens cells ignq is a disease largely associated with the eldditylgfors
vitro. et al., 199%. The incidence of cataract on a global scale is not
uniformly distributed, with developing countries showing a far
greater frequency than developed countries. Cataract is the term
* Corresponding author. Tel.: +44 1603 591319; fax: +44 1603 592250.  Used to describe any opacification of the lens and this may be
E-mail address: i.m.wormstone@uea.ac.uk (I.M. Wormstone). restricted to a localised region or can involve the entire lens
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Fig. 1. A diagrammatic representation of a cross section of the human lens
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substance preventing any light transmission througbat/éon,
1984. The induction of a cataract may be caused by a number of
factors, such as senile changes or trauma where UV light, nutri-
tional defects and osmotic imbalance have all been identified as
important Davies et al., 1984; Bunce et al., 1990; Hightower,
1994. At present, there is no prevention or cure for cataract
with surgical intervention being the only means to resolve it.
However, the relative success of this procedure is diminished by
the development of a secondary loss of vision termed posterior
capsule opacificationformstone, 2002

4. Posterior capsule opacification (PCO) 200 um

Cataract surgery initially restores high visual quality, but
unfortunately, a significant proportion of patients develop PCCFig. 2. A schematic representation of: (A) the post surgical capsular bag; (B) the
(Wormstone, 2002 A modern cataract operation generates aextensive growth and modification that gives rise to postertior capsule opacifi-
capsular bagRig. 2A), which comprises a proportion of the cation; (C) a dark-field micrograph ofac_apsular bag remove_d_fror_nadonor eye

teri d th ti teri le. The b . that had undergone cataract surgery prior to death that exhibits light scattering
a_n eror an € entire postenor cgpsu e. € bag rema_lns pagions beneath an intraocular leigafmstone, 200R
situ, partitions the aqueous and vitreous humours and in the

majority of cases, houses an intraocular lens. The production of

a capsular bag following surgery permits a free passage of lighfystems are available and these include: whole lens culture
along the visual axis through the transparent intraocular |e”§Sanderson et al., 20p@apsular bag cultureki(i et al., 1996

and thin acellular posterior capsule. However, on the remainingnd cell lines Andley et al., 1994; Ibaraki et al., 1998; Worm-
anterior capsule, lens epithelial cells stubbornly reside despitggne et al., 2004All have their merits and limitations, but as a
enduring the rigours of surgical trauma. This resilient groupwnole, they permit extensive studies of lens cell behaviour and

of cells then begin to re-colonise the denuded regions of th@nction to be carried out. These methods will now be discussed
anterior capsule, grow on to the intraocular lens surface, occupyjith respect to the human lens and its cells.

regions of the outer anterior capsule and most importantly of all,
begin to colonise the previously cell-free posterior capsule. Cellg, whole organ culture
continue to divide, begin to cover the posterior capsule and can

ultimately encroach on the visual axisg. 2B). Although a thin Lenses can be isolated from the eye and remain transparent
cover of cells is insufficient to affect the light path, subsequentyhen maintained in culture. This technique has been used for
changes to the matrix and cell organisation can give rise to lighknses from a number of species, including mo&gettor etal.,
scattering properies=(g. 2C). If these changes are sufficiently 2001), rat (Hales et al., 1995 pig (Tamiya et al., 200)) bovine
severe, vision becomes seriously impaired and corrective |as?l(/larcantonio and Duncan, 1988nd humanilarcantonio and
surgery is required\{oisseiev etal., 1989; Sudhakar etal., 1989; pyncan, 198y Although, all lenses from all these species
Sundelin and Sjostrand, 199@hich is both expensive and not gppear to behave similarly, it is becoming increasingly obvious

without some risk to the patienR@nta and Kivela, 1998 thatthe controlling mechanisms exhibit variation between differ-
entspecies. This could potentially have significant consequences
5. In vitro methods for drug development and confuse our true understanding of nor-

mal tissue and pathological development if this fact is ignored.
Our knowledge of lens cell biology can be greatly enhanced Organ culture of the human lens has many advantages. One
from a study of lens cells in vitro. A number of in vitro model interesting benefit of using human donors is the considerable
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