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Deliverable D<9.43>

Abstract
The lens of the eye is more radiosensitive than previously thought, but the mechanism(s) that lead
to low dose radiation cataract have yet to be fully elucidated. This is now a critically important
knowledge gap for radiation protection because of the recent substantial reduction in occupational
dose limits as a result of epidemiological information and reanalyses. The public health issues
concern medical radiation workers, many of whom will likely need to amend their working practices
as our understanding of the underlying process and ultimate effects of chronic, low dose, ionising
radiation exposure becomes more complete.
The LDLensRad project brings together experts from across Europe to answer a number of key
research questions on this topic, including: how does low dose radiation cause cataracts; is there a
dose rate effect, and how does genetic background influence cataract development after radiation
exposure. CONCERT Deliverable D 9.43 of the project, describes methods currently being employed
to assess how ionising radiation affects the proliferation rate and the cellular organisation in the
lens epithelium. The data are currently being collated and will be analysed for submission for
publication.
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Introduction

In 2012, the International Commission on Radiological Protection (ICRP) reduced its recommended
ionising radiation (IR) threshold of 2 Gy for acute exposure and 5 Gy for chronic exposure to a threshold
of 0.5 Gy independent of the IR dose rate, to prevent vision impairing cataracts (1). One of the most
radiosensitive tissues in the human body is the eye lens, and cataract development has been
associated with IR exposure. However, the ICRP acknowledged that our understanding of the biological
processes causing cataracts at low-dose IR levels is yet to be fully elucidated.
The eye lens is an avascular, elastic, transparent tissue, which along with the cornea, refracts the
incoming light onto the retina. A single layer of lens epithelial cells (LECs) attached to the lens capsule
covers the anterior hemisphere of the eye lens. The lens epithelium is divided into central (CZ),
germinative (GZ) and transition (TZ) zone. In the central zone, the cells are largely quiescent, whilst
proliferation of the LECs peaks in the germinative zone (2). Differentiation of LECs into lens fibre cells
(LFCs), which form the bulk of the lens, occurs in the transition zone where the cells eventually align
to form the characteristic meridional rows (MR) before being internalized into the body of the lens
(figure 1a and b, adapted from Uwineza et al. 2019 (3)). The development and maintenance of optical
transparency, refraction and elasticity is vastly dependent on these processes. Disruption of these
leads to cataractogenesis.
The GZ and TZ at the lens equator are considered the most radiosensitive regions in the lens epithelium
(4). Multiple studies on the influence of IR on the lens epithelium showed that exposure to levels >2 Gy
cause increased proliferation, aberrant LEC differentiation and organisation in the germinative and
transition zone. Only recently have the effects of doses <0.5 Gy been investigated and initial in vitro
and in vivo radiation experiments show changes in proliferation and cell density at these low doses in
the germinative and transition zone. We aim to expand our comprehension of the consequences of
low dose IR-exposure by studying cell density through 3D-imaging and proliferation studies. For
comparison of this advanced imaging technique, traditional flat mounting (5, 6) with proliferation
marker Ki67 (7, 8) is performed.

Figure 1: (A) Schematic of the epithelium that covers the anterior hemisphere of the eye lens. (B) Example of a mouse lens
stained with DAPI to identify cell nuclei in the lens epithelium. The lens is orientated in the same way as the schematic.
Notice the change in cell density between the different zones and the organization in the meridional rows.
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Methods

To understand how LECs manage IR induced stress, nominally radio-sensitive CD1 and radio-resistant
C57BL/6J (Ptch1+/- and wild type (WT) mice) were exposed to 0.5, 1 and 2 Gy using 60Co gamma-rays
(broad beam, whole body) at 0.3 and 0.063 Gy/ min dose rates. Moreover, C57BL/6J x C3HeB/FeJ (WT
and Ercc2+/-) and 129 Sv were also exposed to 0.5, 1 and 2 Gy using 60Co gamma-rays (broad beam,
whole body) at only 0.3 Gy/ min dose rate. Subsequently, the animals were returned to their cages and
received standard care. Mice were sacrificed 24 hours, 4 months and 12 moths post irradiation. The
eyes were removed and eye lenses collected using a dissection microscope. Lenses were then fixed in
paraformaldehyde and stained with Hoechst to stain nuclei (Figure 1b). Images were collected using a
Confocal Laser Scanning Microscope in conjunction with software analytical tools such as LAS-X,
Image J. An in-house written cell density calculating MatLab program was used to analyse the cell
density in the captured images. Alongside 3D whole mount imaging, isolated and flat mounted
epitheliums were stained with proliferation marker Ki67, DNA double stranded breaks marker 53BP1
and nuclear counterstain DAPI (figure 2, as part of deliverable 9.42 DNA DAMAGE).

Figure 2: Dual immunofluorescent staining of 53BP1 (DNA DSB marker)
and proliferation marker Ki67 in flat mounted lens epithelium

The results are currently being collated and prepared for submission for publication.

3

Discussion

3D-imaging is a methodological breakthrough for studying the lens epithelium. Marckiewicz and
colleagues (5, 6) used flat mounts to study IR-induced changes in the LECs. The latter technique is very
challenging, requiring highly trained individuals, and is extremely laborious (due to the need for
overnight data accumulation). With our whole mount approach, the technical challenges and data
collection times are significantly reduced enabling us to more easily study the changes in cell density
across the different zones in the epithelium in larger animal cohorts. Flat mounts are still vital as this
approach ensures complete accessibility of the epithelium by exposing these cells directly. The LECs
are still covered by the lens capsule when deploying whole-mount staining, which can affect some
staining protocols. Alongside investigating the effects of IR on LEC proliferation and cell organisation,
comparisons between the two observational techniques discussed above can be drawn.
Epidemiological data show that there can be a very long latency period between low dose IR-exposure
and cataract development (1). This accentuates the importance of longitudinal studies to understand
IR-induced cataract. Our experimental design allows us to study short and long-term effects, and
therefore to identify new tissue-defined characteristics that occur early after IR-exposure associated
with cataract development later in life.
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