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Of light and mouse embryos: Less is more

Richard M. Schultz*
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Ithough light is essential for

life on this planet, Hamlet’s

sun pun, “Not so, my lord, I

am too much in the sun”
(Hamlet, Act 1, Scene 2, line 68), points
to the detrimental effects of light on cells
by means of light’s ability to generate
DNA damage by promoting thymidine-
dimer formation as well as reactive oxy-
gen species (ROS) that can damage
DNA, proteins, and lipids. Such damage
can lead to premature cell death or can-
cer. The small number of cells of the
early developing embryo makes it partic-
ularly vulnerable to light-induced dam-
age. In lower species, such as marine
organisms that develop at or near the
water’s surface, mechanisms have
evolved to protect the developing em-
bryo from light, in particular high-
energy UV radiation. These mechanisms
typically entail the egg’s producing UV-
absorbing compounds (1). The work re-
ported by Takenaka ef al. (2) in a recent
issue of PNAS describes the effect of
light on mouse zygotes.

In contrast to the development of
lower species, early mammalian develop-
ment, i.e., preimplantation development,
occurs within the lightless reproductive
tract of the mother. This fact likely ac-
counts for the absence of a mecha-
nism(s) protecting from light, be it UV
or visible light, in mammalian zygotes
and embryos. Over the course of the
past 4-5 decades, culture systems have
been developed that support oocyte
maturation and fertilization in vitro, and
development of zygotes to become de-
velopmentally competent blastocysts,
i.e., blastocysts that, after embryo trans-
fer, develop to term. The ability to reca-
pitulate preimplantation development in
vitro paved the way for molecular, cell
biological, and biochemical studies ad-
dressed at understanding basic molecu-
lar and cellular processes that govern
early development. These, in turn, have
led to advances in treatment of human
infertility, cloning, and stem cell biology.

What became apparent during the
course of developing these culture con-
ditions is that preimplantation embryos
respond to the culture conditions by
mounting a stress response. For exam-
ple, embryo culture results in shifts in
energy metabolism (3, 4). Mouse blasto-
cysts that develop in vivo convert 40-50%
of the glucose to lactate, whereas blasto-
cysts that develop in vitro from the
morula stage convert ~100% of the
glucose to lactate. Early cleavage-stage
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embryos also exhibit an increase in gly-
colysis in response to culture that is as-
sociated with reduced implantation and
development after embryo transfer. Cul-
ture of preimplantation mouse embryos
can lead to changes in gene expression
(5, 6), including changes in expression of
imprinted genes, e.g., H19 (7, 8). More-
over, these changes in expression of im-
printed genes persist after implantation
and are readily observed in placental
tissue (8, 9). It is noteworthy that adults
derived from cultured embryos exhibit
specific behavioral alterations in the ele-
vated zero maze and Morris water maze
tasks, stressing how early and subtle
perturbations that occur during preim-
plantation development can have a long-
term impact on offspring (10).

In vitro manipulation of mammalian
gametes and preimplantation embryos
inherently entails their being exposed to
light, the period of exposure ranging
from just a few minutes to many min-
utes, e.g., micromanipulation proce-
dures, before their being returned to an
incubator and hence shielded from light.
Light’s detrimental effects on preim-
plantation development have been re-
ported previously, but the effects have
not been systematically studied. The
work reported by Takenaka et al. (2)
carefully examines the effects of visible
light on development of preimplantation
mouse and hamster embryos, in particu-
lar by examining the effects of warm
and cool fluorescent light; cool fluores-
cent lights are commonly used in labora-
tories. The emission spectrum for both
types of light is in the 400- to 700-nm
range, with cool fluorescent light dis-
playing a higher relative light intensity
in the 400- to 500-nm range.

Sensitivity of Zygotes to Light

Consistent with previous reports that
hamster zygotes are extremely sensitive
to light exposure, Takenaka et al. (2)
noted that none of the hamster zygotes
exposed to cool fluorescent light (1,200
lux for 15 min) developed beyond the
two-cell stage, whereas all of the mouse
zygotes developed to the blastocyst
stage. Genome activation occurs during
the two-cell stage in hamster and mouse
embryos and entails a dramatic repro-
gramming of gene expression that is
essential for further development. To
minimize the effects of light during the
course of zygote manipulation on the
microscope stage, the incandescent light
source was covered with a piece of red

cellophane, resulting in the zygotes be-
ing exposed to a light intensity of 80 lux.
The experiments were conducted in a
windowless room equipped with nine
fluorescent ceiling lamps (100 V, 40 W
each) that emitted either cool or warm
light. In the absence of ceiling light, the
room was illuminated with a single in-
candescent lamp (100 V, 20 W). Under
these conditions, light intensity on the
laboratory bench and microscope stage
was 8 and 250 lux, respectively.

The effect of cool and warm fluores-
cent light exposure on ROS production,
as assayed by hydrogen peroxide forma-
tion, was then assessed. For both hamster
and mouse zygotes, a 15-min exposure
to cool fluorescent light generated a
significant increase in ROS production,
the increase being more prominent in
the more sensitive hamster zygotes.
Warm fluorescent light also produced
a significant increase in ROS in hamster
but not mouse zygotes. Although a 15-
min exposure to cool fluorescent light
did not inhibit development of mouse
zygotes to the blastocyst stage, this ex-
posure did result in a marked increase
in the incidence of apoptosis as assessed
by TUNEL, an effect inhibited by in-
cluding polyphenol, an antioxidant, in
the culture medium during the period of
light exposure. Exposing mouse zygotes
to warm light for 15 min did not result
in any increase in the incidence of apo-
ptosis. In contrast, brief exposure of zy-
gotes to sunlight (1-60 s, >20,000 lux)
resulted in a marked increase in apopto-
sis in the resulting blastocysts.

Development to the blastocyst stage is
no longer considered an adequate
means to assess developmental compe-
tence. For example, cloned embryos de-
velop to the blastocyst stage and appear
morphologically normal, but many of
these clones misexpress genes (11) and
exhibit a high incidence of apoptosis
(12). The accepted gold standard to as-
sess developmental competence is to
conduct embryo transfer experiments
and measure either late stages of fetal
development or development to term.
Consistent with the effects of cool and
warm fluorescent light on apoptosis, the
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authors noted that developmental com-
petence of blastocysts derived from zy-
gotes exposed to cool light for 15 min
was markedly reduced when compared
with their counterparts exposed to warm
fluorescent light. Only 44% of the trans-
ferred blastocysts exposed to cool light
developed to live fetuses at 19 days
postcoitum, in contrast to 73% of the
control embryos. Transfer of blastocysts
that developed from zygotes exposed to
warm light resulted in 58% developing
to live fetuses at 19 days postcoitum, a
difference that was not statistically sig-
nificant. The incidence of resorption
(=20%) was the same in control and
experimental groups. A 1-min exposure
to sunlight was catastrophic, with only
25% of the embryos developing and
35% being resorbed. Of great interest
will be to assess the long-term effects of
light exposure on development and be-
havior of the offspring.

Ramifications

Results of these studies, although simple
in design and outcome, have profound
clinical ramifications. Although much
media attention focuses on problems
associated with a growing world popula-
tion, infertility is quite common among
couples in developed countries; it is
estimated that some 10-15% of such
couples are infertile. This translates
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worldwide to up to 70 million couples
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sisted reproductive technology (ART) to
treat their infertility, and it is apparent
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pone the time of having their first child.

It is estimated that
~3 million children
have been conceived by
assisted reproductive
technology.

Since the birth of Louise Brown in 1978,
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~2-3% of children born are conceived
by ART, and in Denmark this figure is
~6%.

Intrinsic to most ART procedures is
manipulation of gametes and embryos,
and this in turn entails their being ex-
posed to light. A recent study from
Denmark (14) noted that normal ART
procedures used result in human zygotes
being exposed to stressful dosages of

9. Mann MR, Lee SS, Doherty AS, Verona

RI, Nolen LD, Schultz RM, Bartolomei MS

(2004) Development (Cambridge, UK) 131:3727-

3735.

Ecker DJ, Stein P, Xu Z, Williams CJ, Kopf GS,

Bilker WB, Abel T, Schultz RM (2004) Proc Natl

Acad Sci USA 101:1595-1600.

. Boiani M, Eckardt S, Scholer HR, McLaughlin KJ

(2002) Genes Dev 16:1209-1219.

12. Park E, Hwang W, Jang G, Cho J, Kang S, Lee B,
Han J, Lim J (2004) Mol Reprod Dev 68:65-71.

13. Chandra A, Martinez GM, Mosher WD, Abma
JC, Jones J (2005) Vital Health Stat 23:1-160.

14. Ottosen L, Hindkjaer J, Ingerslev J (2007) J Assist
Reprod Genet 24:99-103.

15. Maher ER (2005) Hum Mol Genet 14(Spec No
1):R133-R138.

10.

—_

14548 | www.pnas.org/cgi/doi/10.1073/pnas.0707142104

visible light, and yet no Danish in vitro
fertilization program seems to take pre-
ventive measures to protect the embryos
from light. A similar situation likely ex-
ists in many ART clinics throughout the
world. The results reported by Takenaka
et al. (2) reinforce the need to assess
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assess its short- and long-term impact
(15). For example, recent studies dem-
onstrate that merely pipetting embryos
can result in activating stress-induced
kinases (16). This need for critical assess-
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finding that results of recent retrospec-
tive studies revealed that children con-
ceived by ART display a significantly
higher incidence of Angelman syndrome
(17) and Beckwith—-Wiedemann syn-
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methylation in critical regulatory regions
that control expression of genes respon-
sible for these syndromes) (18, 19), as
well as retinoblastoma (20). ART-
conceived children may also be at risk
for Silver—Russell syndrome (21).
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