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Abstract
Introduction: Understanding early embryonic growth and development in the sea urchin model is beneficial for understanding similar events for human embryos 
Many environmental and external factors impact embryo growth/development and physiological processes, such as apoptosis. Furthermore, several endogenous 
molecules impact embryo development such as embryo-derived growth factors, e.g. platelet-activating factor (PAF). PAF is a potent signaling phospholipid produced 
by human gametes and early embryos and is required for fertilization and subsequent development. Exogenous PAF has been used for enhanced fertilization and 
embryo development, however, the mechanism and process by which PAF improves development has not been fully elucidated. In other systems, PAF modulates 
apoptosis activity, both by inhibition and activation. Therefore, this study utilized the sea urchin to investigate PAF’s extent of action during early embryo development.

Methods: Two-cell stage sea urchin embryos were cultured (20 embryos/replicate; 6 replicates per treatment group) in synthetic sea water (50mL) and in the presence 
or absence (control group) of 10-7M PAF. Following a 24-hour culture period at 22oC, embryo development was recorded and caspase-3 activity, one measure of 
apoptotic activity, was assessed by monitoring cleavage of DEVD-AMC peptide substrate. Cleavage of the DEVD-AMC peptide by sea urchin embryonic extracts 
was determined by measuring fluorescence at 360/405nm by detecting absolute fluorescence (reported in AFU) over time (once per minute for a total of 30 minutes).

Results: There was a significant (P<0.01) difference in overall embryo development between sea urchin embryos cultured in PAF (99.2%) versus controls (89.2%). The 
PAF group (55.8%) had significantly (P<0.01) more late-stage (gastrula) embryos than the control group (16.7%). There was also a significant difference (P<0.05) in 
caspase-3 enzyme activity between sea urchin embryos cultured in PAF (1.25 [AFU/minute]) versus controls (2.19 [AFU/minute).

Conclusion: Exogenous PAF introduced to the sea urchin embryo resulted in reduced caspase-3 activity and higher stages of development. Moreover, sea urchin 
embryos exposed to PAF exhibited lower levels of apoptosis, as demonstrated by the significantly lower rate of substrate cleavage by extracts. Further studies will 
elucidate the mechanism by which PAF reduces apoptosis to promote early embryonic development.
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Introduction
Approximately 15% of reproductive age couples are affected by 

infertility, and the numbers continue to rise [1]. Unfortunately, infertility 
has become stigmatized and oftentimes leads to discrimination, 
depression, and ostracism [2]. With changing cultural norms pushing 
pregnancies to later ages, an increase in obesity, smoking, alcohol, 
and drugs as well as environmental pollution deteriorating male 
fertility rates, the number of infertile couples is only bound to increase 
aggressively [3]. While in vitro fertilization (IVF) is an option for 
couples, rates of successful implantation and live birth still only hover 
around 50%, decreasing in chance with age and other complications 
[4]. Given the increasing infertility, the use of IVF continues rise, and 
therefore enhancing IVF methods holds significant value.

Problems in IVF outcomes may arise when embryos fail to develop 
in culture and fail uterine implantation. While procedures in IVF 
require assessing the quality of oocytes and sperm and subsequent 
actions employ these results, there still remains mystery over why 
certain embryos fail to develop and implant [5,6]. Uncovering the 
molecular mechanisms that regulate early embryo development is 
crucial to understanding why implantation of IVF generated embryos 
does not always result in a live birth. Furthermore, endogenous and 
exogenous elements impact human embryo development such as 
embryo-derived growth factors [7].

One such embryo-derived growth factor is platelet-activating 
factor (PAF: 1-alkyl, 2-acetyl phosphatidylcholine), a potent signaling 
phospholipid produced by human gametes and early embryos, which 
is also required for fertilization and subsequent development [8]. 
Exogenous PAF has been used for enhanced fertilization and embryo 
development, however, the mechanism or the extent by which PAF 
improves development in embryology has not been fully elucidated [9]. 
In other biological systems, PAF modulates apoptosis activity, both by 
inhibition and activation of the apoptosis pathways, and serves multiple 
roles in additional biochemical pathways [10,11].

The regulation of apoptosis by PAF provides a viable opportunity 
to develop a hypothesis correlating PAF to embryo development rates. 
The fact that apoptosis plays a major role in embryo development 
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[12]. Apoptosis, known as programmed cell death, occurs during pre-
implantation embryo development and possibly serves as a corrective 
mechanism, sacrificing cells for overall embryo competence [13]. The 
regulation of the apoptosis pathway during development may serve as a 
reason for understanding potential differences in embryo quality during 
our experimentation. Moreover, we utilized the activity of caspase 3, 
a caspase protein that plays a paramount role in the execution of cell 
apoptosis, to quantitively assess any differences in apoptosis which 
exogenous PAF initiated [14].

To understand the implications of exogenous PAF treatment and 
observe the resulting levels of apoptosis, we selected a marine model 
organism. Marine invertebrates, such as the sea urchin, are a time-
honored model for investigational studies throughout developmental 
biology. Moreover, sea urchin embryos undergo apoptosis via the 
enzymatic activity of caspases and other proteins similar as human 
embryo [15]. Due to this similarity, understanding early embryonic 
growth and development in the sea urchin model is beneficial for 
understanding similar events for human embryos. Therefore, this study 
utilized the sea urchin to investigate PAF’s mechanism of action during 
early embryo development. Extensive study of PAF through a sea urchin 
model may uncover additional methods to improve IVF live birth rates.

Materials and Methods
Individual Lytechinus variegatus sea urchins were injected with 0.5 

mL KCl (0.5M) to induce gamete shedding and pooled accordingly. 
Oocytes were inseminated with spermatozoa in synthetic sea water 
and cultured (for approximately 90 minutes) to produce two-cell stage 
embryos. The two-cell stage embryos were selected and cultured (20 
embryos/replicate; 6 replicates per treatment group) in synthetic sea 
water (50μL) in the presence or absence (control group) of 10-7M platelet-
activating factor (PAF; Fertility Genomics, Marietta, GA). Following 
a 24-hour culture period at 22ºC, embryo development (blastopore, 

blastula and gastrula stages) was recorded and each replicate group 
were collected and stored at -80oC. Each individual replicate group 
was frozen and subsequently thawed three times to induce cellular 
lysis. Following cellular lysis, each frozen/thawed replicate group was 
centrifuged (1,000g; 5 minutes) and an aliquot of the aqueous phase 
was assayed for caspase-3 activity by monitoring cleavage of the 
DEVD-AMC peptide substrate (known caspase-3 specific substrate) 
per manufacturer’s instructions (Enzo Life Science, Farmingdale, NY). 
Briefly, 10μL of the sea urchin embryonic extract was placed in buffer 
in a 96-well plate and 40μL DEVD-AMC peptide was added to each 
well. Cleavage of the substrate by caspase-3 present in the sea urchin 
embryonic extract was detected by measuring absolute fluorescence 
(reported as AFU) at 420-460 nm wavelength range (Tecan Infinite 
M1000 plate reader). The emission from each sea urchin extract group 
was measured over a total of 30 minutes and AFUs were plotted (time 
vs AFU) and then the slope was calculated once the background from 
buffer emission was subtracted from the total value.

Results
Morphological and developmental differences were observed 

between the sea urchin L. variegatus embryos cultured in exogenous 
PAF and controls. There was a significant (P<0.01; Figure 1) difference 
in overall embryo threshold development (indicated by the embryo 
reaching the blastopore, blastula, and gastrula stages of development) 
between sea urchin embryos cultured in PAF (99.2%) versus controls 
(89.2%), considering approximately 120 embryos per group. Also, of 
those embryos which developed at least into the blastula phase, the 
PAF group (55.8%) had significantly (P<0.01; Figure 2) more late-stage 
(gastrula) embryos than the control group (16.7%), which contained far 
more mid-stage (blastula) embryos.

Moreover, biochemical differences were also detected within 
the two groups. When considering the average rate of caspase-3 

Figure 1. Sea Urchin embryo development differs in embryos cultured in PAF. There was a significant (P<0.01) difference in overall embryo development between sea urchin embryos 
cultured in PAF (99.2%) versus controls (89.2%). For the surviving embryos, the levels of development varied per treatment group

Figure 2. Sea urchin development rates in the PAF and control groups. The group of embryos cultured in PAF (55.8%) had significantly (P<0.01) more late-stage (gastrula) embryos than 
the control group (16.7%)
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enzyme activity, there was a significant difference (P<0.05; Figure 
3) between sea urchin embryos cultured in exogenous PAF (33.5 
[AFU/minute]) versus controls (43.8 [AFU/minute]) in each group. 
As a follow-up, the time-dependent graph (Figure 4) analyzing 
the caspase-3 enzyme activity demonstrated a continually present 
difference in numerical value signifying enzyme activity throughout 
the 30 minutes.

Discussion
PAF plays many roles in embryology, including an autocrine 

trophic loop completer, functional embryonic receptor for insulin, 
and a regulator of apoptotic activity [11,16,17]. Moreover, endogenous 
release of PAF has been found in human embryos [18-21], mouse 
[22-24], sheep [25], rabbit [9,26], hamster [27], and cow [28] and its 
production may be an indicator of embryo viability [29]. Yet, PAF 
appears to have an even more fundamental role than as an endogenous 
mammalian embryo development enhancer. As per our experiments, 
the exogenous application of PAF with embryos has both biochemical 
and morphological implications.

We have demonstrated that sea urchin embryos exposed to 
exogenous PAF resulted in reduced caspase-3 activity in the developing 
embryos. As the rate of caspase-3 activity correlates to apoptosis, the 
significantly lower rate of caspase-3 specific substrate cleavage by 
extracts implies that sea urchin embryos exposed to PAF exhibited lower 
levels of apoptosis. Therefore, the introduction of PAF had biochemical 
implications e.g. inhibition of apoptosis. Nevertheless, morphological 
and physiological differences also result from the exogenous 
introduction of PAF. A significantly greater percentage of embryos 
in the group treated with exogenous PAF developed past the morula 
stage (which was set as a bar for development by following the expected 
development rate of previous studies), indicating the effectiveness of 
PAF as a system for improving embryo survival rates [30]. The embryos 
in the PAF group also reached later stages of development at significant 
levels, demonstrating another developmental change associated with 
the exogenous application.

Additional studies will further elucidate the mechanism by which 
PAF inhibits apoptotic activity during early embryonic development. 
Moreover, it is paramount to understand the effects of exogenous PAF 
on the human embryo—does the decrease in apoptosis also entail any 
significant potential future harm for the embryo or is it a mechanism 
for maximizing embryo success?

Nevertheless, the understanding of PAF’s selective benefits have 
significant potential for in vitro fertilization, embryo development 
and subsequent successful implantation. The current trend in IVF is 
to minimize multiple embryos for transfer but require optimal embryo 
development and selection. However, even with selection of embryos 
via genetic screening, post embryo transfer implantations still have 
a low percentage of success (less than 60%), and each failure places 
challenges financially and emotionally upon couples undergoing IVF 
[4]. A complete understanding of PAF may permit IVF procedures to 
produce more high-quality embryos to maximize pregnancy outcomes, 
thus potentially mitigating the implications of an increasing human 
infertility problem.
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