








10

Figure 8
ofSchein
and contr

Sparrow, Bron, Brown, Neil

15 - *Diabetics (solid line) lens epithelial mitosis in serum free culture
Controls (dashed line) medium.39 Fibroblast growth factors (basic and

acidic FGF) are both mitogenic and capable
of inducing changes in cell culture which are
characteristic of fibre differentiation in rat lens

ADi;- . . as o eepithelial explants.442 Several of these growth
A A,& AA o° factors are known to exist in the ocular tissues.

Thus eye-derived growth factors (1 and 2) and
retina-derived (endothelial cell) growth factors
(j and a) are synonymous with fibroblast growth

-~i. o 0 factors (basic and acidic), and angiogenic
factor derived from the retina (retina-derived
endothelial growth factor) may also be synony-
mous with a fibroblast growth factor,42 though
this is disputed.43" Lentropin, derived from

-I I §I I I I I vitreous humour, has been identified as an
O 10 20 30 40 50 60 70 80 90 insulin-like growth factor which is capable of

initiating fibre differentiation in lens epithelial
AGE (years) explants from chick embryos.45 Modulation of

Plot of back radius ofcurvature ofthe lens in mm units derivedfrom image analysis the effects of these growth factors by the plasma
npflug photographs, against age in years. Separate linear regression lines for diabetics membrane Na+H+ exchanger (via intracellular
rols. pH) may play a part." The above suggests that

there are multiple regulatory peptides capable
ofinfluencing the mitotic activity ofthe lenticular

non-diabetics, though the numbers of diabetis, epithelium, some ofwhich are structurally similarin this study were small and it is possible that a
modeate o sall iffrenemyhaebe to insulin with insulin itself having mitogenic

missed. properties. Insulin can also produce a hyper-
trophic cellular response without stimulation ofAnimal studies have shown that the lenticular t i lrnespnw4

epithelium can be stimulated by a number of DNA synthesis.
There is general agreement that growthbiological substances. Mitosis can be reinitiated 47

in th eptelu ofhyohyet e frogs by hormone (GH) is raised in human diabetes.4 No
ins ,epitheliu hyo ysectisedfro consensus exists with regard to IGF 1, however,
insulinrowth hmtne, proact andi-, with levels having been reported which areiodothyronine. -38 In the rabbit lens insulin, raised, normal, or reduced in diabetics comparedinsulin-like growth factors (IGF 1 and 2), and w 48
epidermal growth factor (EGF) can stimulate with4thexst of retin h ththiwith the existence of retinopathy,4 though this

association was not found when an adjustment
for the presence ofproteinuria was made.48 In the

Summary ofp valuesfrom analysis oflens dimensions in early-onset diabetes and
'clear lenses) present work an association between retiopathy

and increased anterior clear zone thickness,
Lens Cortex Nucleus ACZ AC FR BK nuclear size, and steeper curvatures was found

ts (n=306) (renal status not accounted for). A retina-derived
<<106 <<10- <106 000037 <<106 <<106 <10-6 growth factor (which may be raised in eyes with
<10-6 <10-6 0-00002 <104 <104 <104 <10-6 * * *a0-00008 0-0021 NS NS 0-021 NS NS retiopathy) may play a part i this association.
NS 0-0010 0-00061 NS 0-017 NS NS Recent work indicates that non-diabetic renal

et«diabetes0(nN=153) transplant patients have increased anteropos-
< 104 0-000002 0-0049 NS <10-4 < 10-6 0<00002 terror lens thickness.50
NS 00070 NS NS NS NS NS The increased size of the anterior clear zone of
NS NS 0°0057 0o045 NS NS NS the lens in early-onset diabetes is associated in
NS NS 0-045 0-0032 NS 0-047 NS
NS NS NS 0-016 NS NS 0-034 the present study with increased daily insulin

n=153) dose. Insulin is known to have a mitogenic effect
«<10-6 «10- 0-00006 0-010 <104 <10-6 < 104 9 0 n t cNS 0011 0-0012 NS NS NS NS on the lenticular epithelium,39" and it can also

induce hypertrophy in an epithelial tissue.34 The
rior chamber depth. ACZ=anterior clear zone thickness of lens. FR-front radius of possibility exists that the above association could
of lens. BK=back radius of curvature of lens. STA=diabetic or non-diabetic status. be significant in terms of a causal role for insulin inabetic duration. INS=daily insulin dose. BGR background retinopathy. growth. i dl diabeic
Aliferatlve retinopathy. stimulating lens growth. In individual diabetic

patients the insulin dose would vary from time to
Summary ofslopes for age and diabetic duration from multiple linear regression time, so the prevailing dose at the time of lens

of lens dimensions in early-onset diabetes and controls (clear lenses) photography may not represent a composite
Lens Cortex Nucleus AC FR BK statement about insulin dose covering the entire

duration of the diabetic state. On the other handn-=153)
+0-025 +0-022 +0-0029 -0-014 -0-077 -0-027 the prevailing insulin dose may be more relevant
<<10-6 <<104 0-00006 <10-6 <<10-6 <104 to the thickness of the anterior clear zone. Too

TABLE 2
controls
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Age
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Age.Sta
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DUR
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BGR
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curvature
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TABLE 3
analysis i

Controls (I
Age slope
p
Early-ons
DUR Slob
p
Slope rati
(DUR/,

p=Probal
curvature
were imp(
slopes du(

,et diabetes (n-=153)hihislndsg orh hpues fisun,pe +0 017 +0-013 +0 0035 -0-014 -0-068 -0-014 high insulin dosage or high pulses of insulin
<10-6 0 000002 0-0049 <10-6 <106 0 00002 associated with insulin injections may be relevant

age) 068 059 121 102 088 052 in this regard.' From the present data there is no
way of distinguishing between changes resultant

bility. DUR=diabetic duration. AC=anterior chamber depth. FR=front radius of on the effects of 'worse diabetes' (requiring more
of lens. BK=back radius of curvature of lens. The slopes for age from the control groups insulin), and the possible effects of the insulin
osed upon the diabetic groups in order to avoid unwanted distortion of the age and duration
e to the effects of partially correlated variables. itself. The association between increased daily
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insulin dose and increased nuclear thickness is
difficult to interpret.

Extracellular overhydration of the lens as a
whole (unless progressive with years of diabetes)
cannot easily explain the powerful effect of
duration found in the present study. Simple
osmotic events related to the polyol pathway52 53
therefore seem an unlikely explanation. Over-
hydration at the cellular level, however, remains
a possible cause ofthe biometric changes. Cellular
overhydration of metabolically active recently
formed fibres only would fit with the 'hyper-
trophic model', and could satisfactorily explain a
duration effect. A number of mechanisms are
available by which cellular overhydration could
come about. Abnormally functioning mem-
brane pumps might be involved, with damage to
Na+K+ ATPase by non-enzymatic glycosylation54
or oxidation" possibly playing a role. (Diabetics
may be at increased risk of damage by oxidation
from autooxidation of monosaccharides5657 or

depletion of glutathione."59) Other membrane
pumps could be similarly damaged in the dia-
betic. Thus, not only NA+K+ ATPase but also
Ca++ ATPase and the Na+H+ exchanger might be
affected. Malfunction of Na+K+ ATPase and the
Na+H+ exchanger could affect cellular hydration
and fibre size in keeping with the 'hypertrophic
model,' while malfunction of the Na+H+
exchanger could also have an effect (by modula-
tion of growth factors) on the mitotic activity of
the epithelium. 60 The present data do not allow
a distinction to be drawn between an abnormality
of lens growth and an abnormality of cellular
hydration.
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