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A B S T R A C T

Ionizing radiation is a proven human carcinogen and cataractogen. The crystalline lens of the eye is among
the most radiosensitive tissues in the body. A clouding of the normally transparent lens (i.e., cataract) is
very common. Conversely, the lens continues to grow throughout life without developing tumors, sug-
gesting that the lens possesses strong anti-carcinogenesis mechanisms. There is mounting evidence that
mutations of oncogenes, tumor suppressor genes, DNA repair genes involved in base excision repair, nucleo-
tide excision repair, and DNA double-strand break repair, and genes involved in intercellular interactions
(e.g., via connexin gap junctions), and inflammation affect cataract development. Associations of these
factors with cancer have long been recognized, highlighting that cataractogenesis shares some common
mechanisms with carcinogenesis. This paper briefly overviews the current knowledge on the potential
involvement of tumor related factors, DNA repair factors, intercellular interactions and inflammation in
spontaneous cataractogenesis, and discusses its implications for cataractogenesis induced by targeted
and nontargeted effects of ionizing irradiation.
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Recent upsurge of interest in ionizing radiation (IR) cataracts

Ever since the discovery of X-rays in 1895, IR has been indispens-
able in medicine and industry. Whereas human IR cataracts have been
described since 1903 [1], the observation of atomic-bomb (A-bomb)
and cyclotron cataracts in the late 1940s brought a surge of interest [2,3].
The International Commission on Radiological Protection (ICRP) listed
cataracts as a radiation health hazard in 1950 [4] and recommended
the first dose limit for the lens of the eye in 1954 [5]. In 2011, ICRP rec-
ommended lowering the thresholds for vision-impairing cataract (VIC)
from 5 Gy for a single, brief exposure and >8 Gy for highly fraction-
ated or protracted exposures to 0.5 Gy and the occupational equivalent
dose limit for the lens from 150 mSv/year to 20 mSv/year (100 mSv in
defined 5 years with no single year exceeding 50 mSv) [6], which were
revised 27 and 31 years respectively after the previous revision [7]. Such
reductions may affect some medical or nuclear workers (and perhaps
patients as well) [8], thereby stimulating a resurgence of interest in cata-
racts. ICRP concluded that cataract is a tissue reaction with a threshold
albeit small, and deduced a threshold dose from epidemiological data
documenting no threshold [6]. This stimulated a debate as to whether
cataracts are of stochastic nature without threshold [9–11], thus ne-
cessitating more mechanistic knowledge to justifiably classify cataracts
as tissue reactions or stochastic effects [12].

In radiotherapy, the lens dose is kept to a minimum, where 10 Gy
and 18 Gy are judged as tolerance dose that produces cataracts
needing surgical intervention in 5% and 50% of patients respective-
ly within 5 years post therapy [13] (c.f., an ICRP threshold of 0.5 Gy
producing VIC in 1% of exposed individuals with >20 years follow-
up [6]). Notwithstanding, children with retinoblastoma often receive
radiotherapy because of its radiosensitive nature, leading to cata-
racts for which pediatric surgery is a challenge [14]. IR cataract is
also a concern for long-term interplanetary manned missions [15],
but mitigators have yet to be established because mechanisms

behind IR cataractogenesis remain incompletely understood. Its
mechanisms therefore need to be further clarified.

Here, we briefly overview the current knowledge on the potential
involvement of tumor related factors, DNA repair factors, intercellular
interactions and inflammation in spontaneous cataractogenesis (see
sections ‘Role of tumor related factors in cataractogenesis’, ‘Role of DNA
repair factors in cataractogenesis’, ‘Role of intercellular interactions in
cataractogenesis’ and ‘Role of inflammation and other immune re-
sponses in cataractogenesis’, and Fig. 1), and discuss its implications for
cataractogenesis induced by targeted effects and nontargeted effects
(NTEs) of IR (see section ‘Implications for IR cataractogenesis’ and Fig. 2).

Cataracts and unique features of the lens

A cataract is a clouding or opacity of the normally transparent
lens. Cataract is the leading cause of visual impairment and blind-
ness worldwide [16], among which age related cataracts (hereinafter
referred to as senile cataracts) are most common. Inherited
childhood/juvenile cataracts (hereafter congenital cataracts) also
occur, and several factors such as IR and ultraviolet light (UV) are
proven to increase a risk of cataracts.

The lens helps focus light onto the retina to form a sharp image
and changes shape to adjust the focal length. Lenticular vascula-
ture regresses prenatally in humans and before eye opening in
rodents [17]. The cell nucleus and all other organelles undergo deg-
radation during differentiation from cuboidal lens epithelial cells
(LECs) into lens fiber cells (LFCs) that compose the bulk of the lens.
Crystallins (Cry) are the major lens structural, water-soluble pro-
teins [18]. The lens is proficient in physical intercellular contacts
and physiological intercellular exchanges between adjoining cells
mediated by connexin (Cx) gap junctions (GJs), aquaporin (AQP)
water channels and various ion channels. Any impairment of these
processes causes cataracts [19].

Fig. 1. A schema depicting possible changes in carcinogenesis mechanism-related molecules and events that facilitate spontaneous cataractogenesis. Orange-highlighted areas rep-
resent increased gene expression or increased frequency of events, and blue-highlighted areas represent decreased gene expression or decreased frequency of events. For details, see
sections ‘Role of tumor related factors in cataractogenesis’, ‘Role of DNA repair factors in cataractogenesis’, ‘Role of intercellular interactions in cataractogenesis’ and ‘Role of inflam-
mation and other immune responses in cataractogenesis’. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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