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Nature vs. Nurture (2)

It isialways; BOTH!

Twes conditiensi must be satisfied:

s 1. There must be aniunderlying
physiolegical mechanismythat sk paiit of the:
human visual system|that canj alter the
parameters; of the' physielogy. itself.

u 2. There must be environmentall triggers
that activate the above named| processes.
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Nature vs. Nurture

Nature: There must be a genetic
determination! hecause: sermany: studies
shew high correlations: torthe: number of
parents thiat are nearsightedi andltheir
degree of nearsightedness.

Nurture: Environmentall demands are
the cause.
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It’s Both!

“Tihe causes; ol myopia are net kAeWI.
Epidemioclegical conrelation suggest: that
lengithy: perieds; ofi close woerk: are
prebably: a contributeny factey, and that
there isisome genetic predisposition| to
myopia andits severity, with
chromoesemes 18q, 12p;, 749, and 17q
having heenjimplicated. Gene=
envirenment interactions; are eing
defined.” 12
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Emmetropization

Emmetiepization)is the: precess
occurfing during the nermal growih
peroed by whichithe eyerchanges firom a
state off ametiopia teremmetropia.
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\What structures; change?

It might e easier te aski what deesn't
change? Nearlyeverything dees.

Whiletthe average eye is moeving from
moderate’ hyperepiar torlow: hyperepia
the eye'is growing inaxialllength; the
cornea and Iens Pewers; are decreasing,
anterior chiamber depthiisiincreasing,
etc. all'in'a contralled symphony: of
moevement!
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Active vs. Passive

Norten,, 1., Siegwart, J., “These
EXPErMENts have provided convineing
evidence that emmetrepization infanimals
IS anl active regulateny precess:™

Sershy, “Ametropia resultsifrom failure of
coprdination| ofi the optical compenents
withr the axial components.”
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Some Early Work on Physieclogy.

Lodiumret all oni ther myoepia research
project dene at the' Optemetric Center of
New: York:

u 1964-601 develop) testing devices

u 1969-74 testinofphase

s Over 500 subjects seen every 6=months
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Ludlum: Group Comparisens Group Comparisons
(N=50) (N=50) (E<0) 0E<)

0:0348 D 0:0608 D Posterior Lens .366Mmm 0.0759 mm
- Cunvature

éﬂterigr b AUZdZE 0 Posterior 0.242 mm 0174261 mm
am' EEDL Segment Length
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Group Comparisons What efifect does deprivation

have?
Net Changes SubGroup A [SubrGroup B /i
fis £ “Wihen eyes arerdeprived ol nermal ferm
(N=30) (N=230) X . :
: vision| thiey: typically become: axially elongated
Axiall Length 0.4697 mm 7285 mim and myopic.” L (tree shrew)

Intra Ocular 4,857 mm 4782 mm Hg Thzre are .tWO perlocls of grovi)
T = Early period of fast change
Pressure Hg J ;
= Juvenile period of slow’ growth
“Eyes deprived| of form vision early in the
Expec_ted / 1.4426 D 2 AVCHD) “juvenile™ period becamer myopic, and had' a
Myopic Shifit (8x thinner sclera and a reduced amount of
change in axial collagen and proteoglycans thaniin control
Iength) eyes.” 3 (tree shrew)
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Deprivation: Sector/Complete Total deprivation 2 & 6 weeks

Total retina deprived
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Deprivation nasal: 2 & 6 Deprivation temporal: 2 & 6
weeks \Wweeks

Temporal retina deprived

Nasal retina deprived -

o ot i
","/ | ~\ <
7 Nasal

Temporal

2 weeks 6 weeks
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Local or Higher Control?

“In’ chickens, rhesus macague monkeys, and
treershrews, deprivation-inducedimyopia has
been found te develop even after the central
communicatien fromjithe retina was severed
surgicallysor chiemically.”*

“Tihe amount ofi retinal blur may; affect the
guality, or quantity’ef the retinalfneural
activity. Tihis,, initurn;, may: alter the release
off depamine, acetylcholine, or other
neurotransmitters.”
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INEWeI CONCEPLS: o7
Physielogical Mechanisms of:
Change

Emmetiopization

u Selective tuning of the compoenents ofi the
opticst as, the system matures.

u [Vany: changes occur in infants withr shifits
towards a low: degree off hyperopia over: the
finst 2 years ofi life.  The further from +0.75
the faster ther shiitseccur.

Retinal defecus/local hormone/enzyime

release
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Locall or Higher Control?
(Hung and Ciufireda)

“Elongation’ 6ceurs EVENWHER the optic nemnve s
severed.” A%

“Vereever, these appropriate changestin' growth
rate eccurred evenwhen the opticinene was
severed or thermidbrain nucleirfor controlling
accommodation were lesioned;, thus precluding
any: central or cortical visual feedback
mechanism. Hence;, the retina is the site for
controlling the rate off axial lengthr growth.” A5
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Human Refractive Trends2
(Yackle/Fitzgerald)

Sphere: Born <+£2.50/=='emmetropiea

Sphere: Born >+2.50' == increase hyperopia
untillage 3.5

Cylinder: at birth;average 298 diopters!t By 2.5=
5/ years off age decreases torabout 1.00D:
Ametropia: Infantsilose 1/3) of their spherical
equivalent: and 2/3of their astigmatismi by age 2!
Anise: 3.001 Dl o) more off anise: 90% chance of
staying anisol by the age ofi 10." 60%;arne at risk
for amblyopial

Paul Harris (C) 2006




Scleral Thinning:
an early: or late change?

Some Cellular: Biclogy.

“Iihe eye enlargement is accompanied by, “The fibreblasts secrete: collagen, the main
sclenal thinning), Whichreccursieanly inithe structural component of the sclera.
development; off myopia and whichris due During the development off myopia

not to passive stretching but to; tissue collagen’ degradation!is; acecelerated and
remodeling. Alater featurelis a reduction collagen; synthesisiis reduced.”:

in the diameter of the scleral collagen

Iizbrils, wWhich further weakens the sclera.”
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Hung and Ciuffreda Hung| Ciuffreda Simple Model
Statements, ofi Principle

Cornesl & Lens

=< Thickness and (s Genatically
Curvature

It isjsomewhat ironic that rather than ' ] ?“:?::
being a failure ofi the emmetropization 4 it pons At | | A
process, myopia develepment is; actually’a : o
result off the emmetropization! Process that | |

operates under the constraints of the AS/R T T

(Accommuodative Stimulus/Response) o
2 4 : 4 A | _J Lens-change
function during increments of genetically- ‘Ta, AR Cooter | | Rosponse }7

programmed ecular growth.” 1
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Complex Model

inisial Cormaal & Leas Pamas Long-Term Genaticaity-
Total Deular Pewss = 133320 = #0.7 0 Controlisd inputs

at Far o4 Comesl & Lens
e TTLT Tt o e NN M -y oot
) Total Auial Lomgin Aaist Lungih -~ e

41 Egulvalent Axisd Langth

- B

|=ss 1|

Blerhameal s, ki L
I Oysamic Bement b Mychesicel 0 Hygsinpla Offsst

5 b cstagie

= 20,08 . 0.2 mm
Theeshkd & Sm2

Converganes
Acssmmodation

What Makes; it \Work?

“During aniimcrement ofi normallgenetically-
driven axial lengthr growth, the magnitude: ofi
retinal detecus will*have decreased or increased,
respectively. Itisiproposed that feedback
regulation previded by the interplexiform
neurons fremi the inner to the euter plexiferm
layers, wWhich aims; te, maintain a relatively:
constant sensitivity: torretinal~image contrast;
leads to a decrease or Increase; respectively in
neuromodulators, suchias depaming.” 2
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Retinal Defocus; Pathwaysi & Scleral
Growth
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More Gene Stuff

“GENE! EXPrESSION, Off MatiiX
metalloproteinases (MMP’s)rand their tissue
inlibiters ane bothrincreased during
development o myoepia, Whichrindicates
tight control of collagen degradation.” 2
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Muscarinic Receptors

“MUscannic receptors anefound on
virtually every type: of fibbreklast. In
culturedihuman scleral fibreblastsithe
muscannic antagoenist: atrepine, and to a
lesser extent pirenzepine, reduce
proliferation Whereas: theragonist
carbachol increasesiit slightly: Yet
antagenists; can slow: the progression; of
myopia.” 2
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Gene Switching (2)

Frenchmani Franceis Jacel and Jacques
Vionedl discovered in the 19507s  how,
this switching| eecurs:

= ‘Knewn| as prometers and enhancers,
these switches are: the key: to) the
develepment of a body/ from anl embnyo.
Viany genes require severall activators; to
attach| te thellr promoters; activators can
work in different combinations; and some
genes; cani be switchedl on by different sets
of activators.” 14 ...
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Gene Switching

“Tihe same: gene can be reused in
different places and at different times
simply by putting a set of different
promoters by it.”

“Joimake grand chiangesiin the hedy,
plan: oft animals, there is ne needl to
invent new:genes. Allfyou need te dolis
to) switchi the same: anes;onrand ofifin
different patterns. Suddenly; herelis a
mechanism fior creatingllarge and small
evolutionary: changes;fiiom small'genetic
differences.” **
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Gene Switching (3)

... Ihe result is that the same gene canibe
used in different species; of in different parts
ofi the' bedy tor preduce completely: different
effiects depending en whichi other genes: are
alse active.”

“Suddenly, hereiis a very: different way/ of
VIEwIng genes;: as a set ofi developmental
switches. All'tissuesicarry the complete set
ofi genes;, but the genes are switchedion in
different combinations infdifferent tissues.
INow/ forget the seguence ofi thergene; what
countsiis where and' how! the gene is
expressed.” 14
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A final thought oni genes

“Genes are devices; for extracting
Infermation: from the envirenment. EVERy
minute;, every second, the pattenn of
genes being expressed in your brain
changes, often inidirect o indirect
response to eventsioutside therbody.
ﬁenes are the mechanisms) ol experience:.”

Paul Harris (C) 2006

Conjecture on Mechanism

Wallman et.al. suggest that THE probleniis
deprivation| of: farmyvision.

Tihey suggest that reading|is a type of form
deprivation| in that it deesfnot provide
adeguate amounts off differences ini the
person’s peripherallvision from fixation to
fixation.

Tihis results in: arelativer glekal form
deprivation, in spiteref:massive use of the
central aspects of vision! for decoding.

The lack off stimulation causes a lack of
neurenal activity in the peripherall nets.

Paul Harris (C) 2006

OK, So | have a different gene,
dees; that mean I'm; deomed?

“Development accomimaedates to)the
envirenment: it isicapable of coping with
different circumstances andfstill achieving
a result that works. It different
developments can| result fiiomi the same
Set of genes, then different genes might
alsorbercapable of achieving the same
outcome: Technically ene canrsay,
development isiwellbuffered” against
miner genetic changes.” ™
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Conjecture on Mechanism (2)

The lack ofi neuronal activity may: then be
linked to lack of Use and transport of
essential nutrients andl the retina functiens
“asHiitisivisually deprived.

Thus, the natural elongation’ that eccurs in
the form deprived conditions continues
Unabated.

Luminance: paper has enly: a 10 times light:
ratiordififerences  between the letters and e
background. Normal eutdoer scenes have
many/ orders off magnitude: differences more.
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Conjecture on Mechanism (3)

“Some children may: chironically’ under-
accommodate while reading or
perfeiming other near work. Ifi se; they,
may: experience’ a situation similafto
tree shrews reared with minus |enses;
Where an intact emmetropization
mechanism produces anelengatedieye
because the focal plane! isishifted
posteriorly, increasingl the' amount of
blur andl triggering elengation.”
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Genes, Experience, &
What Makes Us Human

Nature via
Nurture

=8 Author of the Natiana
Bestsellor GENOM E

Matt Ridley
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