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AMETHOD AND QUALITY CONTROL MOLECULAR BASED MOUSE
EMBRYO ASSAY FOR USE WITH IN VITRO FERTILIZATION
TECHRNGLOGY

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

{8081} This application claims priority from Provisional AppHeation US
Application 61/783.557, filed March 14, 2013, entitled A METHOD AND QUALITY
CONTROL MOLECULAR BASED MOUSE EMBRY(O ASSAY FOR USE WITH IN
VITRO FERTILIZATION TECHNOLOGY ., which is incorporated herein by reference in

its entirety.
BACKGROUND OF THE INVENTION

Field of the Invention

LHE A The present invention relates to a method for assessing products used in
cellular biology. for example, in virro fertilization. Also disclosed 15 a quality control

o

assay for use in clinical Assisted Reproductive Technologies {ART).

Description of the Related Art

[6883] The in vitro fertilization (IVF) laboratory plays a fundamental role in the
treatment of infertife couples.  Ensuring proper Quality Control (QC) in the TVF
iammtor}f is critical to the success of any IVE program, as the environment of the

horatory can alter the quality of the embryos produced. An optimal culture medium and
a stable environment are necessary for the successtul development of human embryos in
vitro. The ultimate role of the embryology laboratory is to maintain the inherent viability

of the gametes and embryos in an environment outside the female reproductive tract. The

dynamic nature of pre-implantation embryo development 1 wuque because, unlike
somatic cell culture, embryos are constantly and rapidly changing, both in morphology

and function (Leese 1991; Bavister 1993),

jBH04] During development, pre-implantation embrvos change rapidly. in just a

matter of days, from a metabolically quiescent, unditferentiated single cell under the

enietic control of maternal transcripts into g dypamic, multi-celied embryvo that has

W‘i

developed homeostatic mechanisms and its own functioning genome (Leese 1991; Lane
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20015 Gardner er af. 2005). The early embryo. which depends on a pyruvate-based

v

metabolism and is solely dependent on mitochondrial oxidative phosphorviation for

. oyt . i . v e i MR & U P oy -y, ey RN | P Togr . i
energy production: like a unicellular organism. the early embryo lacks many ke
regulatory functions for pH and osmotic control. After compaction af the eight- o | 6-celi

stage (dependent on species), there is a change in metabelic control to a highly glyeolytic

metaboiism. Concomitantly, there is also a marked transition in the functional complexity

i <

of other cellular mechanisms as the embryo’s physiology becomes more like that of a
somatic cell. 1t s the initially crude nature of homeostatic regulation in the early embryo
and uts subsequent development through Jater stages of pre-implantation development that

pose significant challenges in the laboratory.  Maintenance of a favorable in virro

fee c o

environment is essential for maximizing viability and promoting ongoing development.

[B085] Perturbations  to the environment swrounding the embryo  during
development in culture, relative 1o “normal” conditions encountered in the reproductive
iract, resulf in reduced embryo viability and impaired development. As discussed below,
there s a need for objective, sensitive. and reproducible methods and assays for testing
naterials used in human IVFE for embryo toxicity as well as growth promoting and
inhibiting factors.
UMMARY OF THE INVENTIO

ja666] [t is often difficult to assess the impact of suboptimal environment using

morphology as a marker on embryos and other cells. For example, in certain instances,

embryos that develop o apparently morphologically normal blastocysts may, in fact, not
be completely normal or healthy, Such apparently morphologically normal blastocysts
can be compromised at the cellular level, for example, Compromised blastocysts may

have a reduced capacity fo implant and produce a successiul term pregnancy.  The
environment that an embryo is exposed to during collection and culture can significantly

alter its developmental potential and cellular regulation.  The mouse embryo assay
(MEA) has been the gold standard to examine the applicability of culture media and
environment without involving human materials.  The basic technigues and protocols

employed for performing the MEA are set forth in In Vito Fertilization and Embrvo

Transfer: A Manual of Basic Techniques (Don P. Wolf, Editor), 1988, pages $7-75: the

W1

contents of which are hereby incorporated by reference in their entirety.  Driefly, the

-

assay nvolves supcrovulation of female mice with pregnant mare serum gonadutropin
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(PMSG) and human chorionie gonadotropin (hCG). The mice are placed with males at

¢ time of hCG injection and killed 24 hours following h(CG 1o obtain onc-cell embrvos

?;iu
ur 36 hours alter injection to obtain two-cell embrvos. One-cell embrvos are selecied for
use if they have two polar bodies visibler two cell embryos are selected for use if they

look morphologically normal,

{8087 The MEA is used for toxicity and functionality testing of reproductive
media. labware, or any device coming o contact with gametes and/or embryos. The
rationale for requiring information on this test as a special contral for class T assistec
reproduction devices is that it is a good surrogate indicator of potential toxicity of
materials used in assisted reproduction devices to gametes and/or embryos. The FDA has
recognized that the MEA is currently the most apg;n*c;pr:?ais test for embryo toxicity,
Briefly, both one-cell and two-cell assays are used, and these are identical except that
one-cell embrvos are flushed from the mouse oviduct earlier than two-cell embryos.
Whether a one-cell or two-cell MEA is used. the bicassay should represent, as closely as
possible, the cm*rcs;:s(mciing procedures used for which the device is used for human IVE,
such as the acquisition. maintenance. culture, transfer (relocation) and cryopreservation of
embr;«os, Typically, embrvo morphology 15 assessed and blastocvst formation s
etermined alter 96 hours of culture. ¥ more than 80% of the zygotes have reached the

blastocyst stage, the medium, labware, or other equipment tested are considered suitable

for clinical use,

{H60&] In addition to detecting embryo toxicity, the MEA is capable of detecting
suboptimal raw materials, media, and contact materials associated with IVF and ART
However, there are a number of imitations of this assay which are often overlooked. Tos

example. the assay can only detect conditions which are grossly and harshly embryo

toxic. The MEA cannot detect or differentiate growth promating or inhibitin

[608Y] Embodiments described herein generally are directed to systems and
methods for providing a molecnlar based mouse embryo assay (mMEA} for use as a
quality control in, for example, in vigro fertilization (IVF) arenas and/or Assisted
Reproductive Technologies (ART) and more specifically to an improved assay for
assessing embryonic development from the one-cell or two-cell stage o the blastoovst

stage.
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{6610} From this deseription, in conjunction with other items, the advantages of
the invention will become clear and apparent based upon the hereinafter descriptions and

claims, which are supported by drawings as described in the following sections.

o011 In one aspect, a quality control method for assessing products used for
human IVE or ART is provided. The method includes providing a transgenic embryvo (a
least one-cell) and culturing the embryo in vitre for a specified period of time. The
method further includes evaluating the embryonic development from one-cell or two-cell
to the blastocyst stage and beyond.  Acceptebility or failure of the tested items is
determined based upon qualitative and quantitative analyses of the embryo development.
Optionally, the one-cell embryo includes at least one fluorescent protein transgene

limked 0 the  regulatory  region  of at  least one embrvonic

b

operably

development/pluripotency regulator

(8012} The transgene may inelude a reporter gene encoding a selecied fluorescent
protein such as green fluorescent protein (GFP), red fluorescent protein, cyvan fluorescent

protein, orange fluorescent protein or yellow fluorescent protein.

16613} In another aspect, the quality control metbod and assay are designed to

¥

cvahiale test fems used in IVF environments and/or ART. The test items ma v include

samete and embryo culture media. gamete and embrvo handling/processing media (to

as

i

mnclude washing and sepuration mediay, transport media, enzymes for ¢ denuding oocyies.
gradient for sperm separation, freczing/vitrification media, thawing/warming media,
pipette and embrye handling devices, lab-ware used in the process of human in vitro
fortilization including but not limited to Petri dishes, centrifuge tubes, ervopreservation

nd Cryo-storage devices, and any solutions, reagents or devices invoived with in vitro

ART related procedures

HEUES fn another aspect, evaluation of embryonic development is accomplished

by analysis of general embrve moerphology related 1o the developmental st
embryos and/or the location/quantity/guality of fluorescence. Preferably. the eribryo is
derived from a mammal and can include murine. porcine, equine, bovine. ovine, leporine,

and non-human primate embryo.

18015} In still another aspect. the operably linked embryonic pluripotency

regulator may include without limitation Oct-4. Sox2, Nanog, CDX2 and Rex! as well as

A
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P

their upstream mediators and downstream effectors that play a role in ensuris

embryo development,

{16} Embrye development may be assessed at any or all stages including 1 and

Hocinmoac  doroll af el o . . i actmrrat ota e sepadid
Z-cell-stages, d-cell stage, 8-cell stage, morula stage, blastocyst stage and gastrulation
stage

¥

[0617] A guality control assay or kit for use i chinical ART 1o evaluate producis

of handling and preserving buman gametes and producing. culturing

b3
& o

13

used in the process

£
and preserving human embryos is likewise provided. The assay advantageously includes
a transgenic one-cell embryo harvested from a transgenic mammal, wherein the embryo

¥ . - 5
3
H

comprises at least one reporter gene operably linked to the regulatory region of at |
one embryonic pluripotency marker; and instructions for evaluating ART products and
IVE culture conditions, The instructions can include incubating a transgenic one-cell
embryo under certain culture conditions and evaluating embryve development based upon

morphology from the one and hwo-cell to blastulation and gastrulation stages.

;..

{00138} Crptionally, the reporter gene encodes a fluorescent protein, such as Green

Ey

Fluorescent Protein, Red [luorescent Protein, Cyan Fluorescent Protein, Orange

Fluorescent Protein, or Yellow Fluorescent Protein.

{8019} fn another aspect, the assay includes at least one transgenic embryo,
wherein the transgene comprises at least one embryonic pluripotency regulator and/or iis

regulatory regions (e.g. upstream mediators and/or downstream effectors), where the

piuripoten{:y regulator piavs a role in ens normal embrvo development. The test

=t
-
ey
-
g%
i

ems/growth conditions may be evaluated based on embryo growth, development and
quality based upon assessment of embryo morphology and/or qualitative/quantitative
assessment of fluorescence. The acceptable threshold for optimal embrvo growth and
development is based on individual set criteria depending ou test items and expected
developrment under nommal/control conditions. T the event that the test items do not meset

o

the established acceptance criteria compared to a normal control, they would be

3

considered suboptimal or embryotoxic (1.e., unacceptable),

{86247 fn still another aspect of the invention, an embryo assay with enhanced
sensitivity for use in quality control of clinical human ART/IVE is described. The assay

may include a transgenic one-cell embryo. The embryo can include at least one reporter

yor
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gene operably linked to at least one gene gssociated with embryonic development.

v, the embryo expresses a transgenic/reporter gene differentially under opitimal

Preferal
and sub-optimal culture conditions. In another aspect, the culture conditions are embrvo-
toxic, Also provided is a test item such as, for example, embryo culture media, gamete
handling media, enzymes for denuding oocytes, gradient for sporm scparation, freczing
vioncdin g »~, i o «i By o ii“ )i oo PR 1 T .,,,i*« the
media, thawing media, pipeties and embryo handling devices, or labware used in the
process of human in vitro fertthization including but not himited 1o Petri dishes, cenirifuge

tubes, cryopreservation and cryostorage devices

8021} The invention disclosed herein {urther includes a method for enhancing the
sensitivity of an embryo assay using analysis of embryo development o the blastocyst

i feast one

ﬂ(,‘:
&)

stage.  The method includes providing a transgenic embryo comprisiy

reporter gene operably linked to the regulatory region of at least one embryvo
phuripotency marker; incubating the transgenic embryo under culture conditions that
utilize the test item{s); and evaluating embryo development morphologically and/or via
the expression of said embryonic marker from one-cell to blastocyst and/or gastrulation

stages.

{6622} Optionally, the method for enhancing the sensitivity of an embryo assay
further includes evaluating expression of the embryonic marker at the blastocyst stage and
bevond (gastrulation). The evaluation may comprise determining fluorescence of the
reporter gene. The assay may detect embryo-toxicity in culture media and/or culture
materials. In one aspect. the assay detects functionality of media and suitability of
materials used in clinical in vifre fortilization cnvironments,

23] A modified, transgenic embryo, comprising at feast one transgene operably
linked o the regulatory region of at least one embryonic pluripotency regulator s
disclosed. The embryonic pluripotency regulators include these regulators” genes as well
as their upstream mediators and downstream effectors that play a role in ensuring normal
embryo development.  Advantageously, the transgene is a reporter gene, The reporter

wreseent profein, red

jonst
St
el
e

gene may be a thuorescent or luminescent protein such as greer
Y

fluorescent protein, cyan fluorescent protein, orange fuorescent protein, or yellow

flyorescent proiein,
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BRIEF DESCRIPTION OF THE DRAWINGS

d in

{0624} The patent or spphication file contains at least one drawing executed

23

color. Copies of this patent or patent application publication with color drawing(s) will be

provided by the Office upon request and pavment of the necessary fee.
{25 FIGURE 2 represents the expression of OCT-4 under optimal or
suboptimal growth conditions. FIGURE 2ZA is a color photograph of a mouse embrvo

incubated under optimal growth conditions. FIGURE 2B is a color photograph of a

e

nouse embryo incubated under sub-optimal growth conditions. Embryos were grown to

the blastooyst stage, then stained with DAPL (blue: nuclear stain) and anti-OCT-3/4
b /

g

antibody (red). The embryo was visualized by {lusrescence microscopy,

{0026 FIGURE 3 represents the expression of S0X2Z under optimal or
suboptimal growth conditions. FIGURE 3A is a color photograph of a mouse embrvo
incubated under optimal growth conditions. FIGURE 3B is a color photograph of a
mouse embryo incubated under subopiimal growth conditions. FIGURE 3C is a color
photograph of mouse embryos incubated under suboptunal growth conditions. Embryos
were grown (o the blastocyst stage, stained with DAPI (blue) and anti-SOX2 antibody

{green), then photographed under tluorescence microscopy.

{6027} FIGURE 4 is a color photograph of mouse embryos incubated under

s
&

» the blastocyst stage. The embryos were stained with DAPI

-

optimal growth conditions §
(bluey and anti-CDX-2 antibody {(green), then photographed under fluorescence

MICIosCopy.

{0628] FIGURE 5 shows QOct4-GFP transgenic mouse embryos culiured for 48
hours based on morphological analysis using hight microscopy (FIGURE 3A) or
flucrescence microscopy (FIGURE 5B). Lmbryos expressing enhanced  green

fluorescent protein (EGEFP) under the control of the Oct-4 promoter demonstrate low (F1

U1y and high (FI 2-3) levels of fluorescence intensity.

{8029} FIGURE 6 indicates the correlation between early {luorescence and
blastecyst development in transgenic mouse embryos expressing EGFP under the control

that were cultured under optimal or suboptimal

pi4

of the Gct-4 promoter and distal enhance

conditions. Each embryo was examined under light and fluorescence microscopy afler 48
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and 96 hours. FIGURE 64 indicates the percentage of embryos that had not (blue) or had
{red) reached the 8-vell stage by 48 hours, as determined by light microscopy, FIGURE
6B indicates the percentage of embryos with fow (blue) or high (red) fluorescence at 48
hours. FIGURE 6C indicates the percentage of transgenic mouse f:mbr}fes i each
blastocyst stage {degenerated or early blastocyst, blue: blastocyst, red; expanded, green:
hatching, purple) based on morphological analysis using light microscopy. FIGURE 6D
indicates the percentage of embrvos in cach blastocyst stage based on morphological
analysis under fluorescence micrascopy. FIGURE 6K indicates the percentage of
embryos exhibiting each level of fluorescence (no fluorescence, bluer low intensity
fluorescence, red; medium intensity fluorescence, green: high intensity fluorescence,

purple} at 48 hours that developed (o the indicated stage by 96 hours.

{0834} FIGURE 7 indicates the distribution of embryos grown under suboptimal
{red}) or optimal (blue} conditions according to the fluorescence inlensity as determined at

48 hours

14

{00311 FIGURE 8 graphically depicts an embryo development study where
transgenic mouse embryos containing CDX2-GFP were used in a molecular-based mouse
embryo assay (mMUEA} in the presence of different qualities of oil: (1) good oil, (2) 5%
bad oil, {3} 7.5% bad oil, {4) 10% bad oil, and (5) 15% bad oil. FIGURE 8A graphically
lustrates the percentage of embryos that had not (blue) or had (red) developed to the §-

cell stage by 48 hours, as determined by light microscopy evaluation of visual

x...

morphology. FIGURE 8B graphically ilfustrates the percentage of embrvos at 48 hours

for each of the categories of oil using molecular expression analysis via low (blue) or

high (red} fluorescence intensity. FIGURE 8C graphically illustrates the percentage of

development at 96 hours for cach of the categories of oil using a visual morphological

¥l
&4}
‘I

~ 3
¥

evaluation. FIGURE 8 graphically illustrates the percentage of embryos at 96 hours

rated as a low fluorescence intensity (F1 0-1, blue) or a high fluorescence intensity (F] 2-

3, red) for each of the categories of oif using molecular expression analvsis. FIGURE 8E
depicts the disinbution of embryos in optimal and suboptimal culture conditions
according to their fluorescence status,

5

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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(0321 After reading this description it will become apparent to one skilled in the

art how to implement the ivention in various alternative embodiments and alternative
applications. However, all the various embodiments of the present invention will not be
described herein. Towill be understood that the embodiments presented here are presented
by way ol an example only. and not imitation. Ag such, this detailed deseription of
various alternative embodiments should not be construed to Hmit the scope or breadth of

£,

the present mvention as set forth beloy

{8933} Before the present invention is disclosed and described, it is 1o be
understood that the aspects described below are not limited to specific compositions,
methods of preparing such compositions, or uses thereof as such may, of course, vary, It
is also to be understood that the terminology used herein is for the purpose of describing

particular aspects only and s not intended to be limiting.

{80341 The detailed deseription of the invention is divided info various sections

?

ounly for the reader’s convenience and disclosure found in any section mav be combined
- o

0
—
o
-
17

with that in another section. Unless defined otherwise, all technical and scientific ¢
used herein have the same meaning as commonly understood by one of ordinary skill in
the art to which this invention belongs.

{H35] In this specification and io the claims that follow, reference will be made
to a nunber of terms that shall be defined to have the following meanings:

0036] The terminology used herein is for the purpose of describing particular

X

embodiments only and is not intended to he hmiting of the invention. As used herein, the

singular torms "a", "an” and "the” are intended to mnclude the plural forms as well, unless

lt\‘“

the context clearly indicates otherwise,

8637} “Optional” or “optionally™ means that the subsequently described event or
circumstance can or cannot occur, and that the description includes instances where the

event or circumstance occurs and instances where it does not.

[6038] The term “comprising” is intended (o mean that the compositions and
methods include the recited elements, but not excluding others. “Consisting essentiaily

of " when used to define compositions and methods, shall mean excluding other elements

of any essential significance to the combination. For example, a composition consisting

essentiaily of the elements as defined herein would not exclude other clements that do not
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materially affect the basic and novel characteristic{s) of the claimed invention,

“Consisting of” shall mean excluding more than trace amount of other ingredients and

substantial method steps recited. Embodiments defined by each of these wransition terms

are within the scope of this invention,

[8639] As used herein, the term “regulatory region” includes all of the elements
nd/or sequences of the gene of interest that are required for proper expression of that

gene. Known regulatory elements include promoters, enhancers, silencers, insulators, and

5

afa

the like. Regulatory regions can include regions upstream of the transeription start stie (5
untransiated region), downstream of the transcription start site, within introns, in the 3
untransiated region, or within coding sequences. For example, the regulatory region may
nclude Gniy the minimum essential elements of the viability marker gene to direet
expression of the ransgene. in other aspects, the regulatory region may include larger
portions or substantially all ot the viability marker gene, including part or all of the
coding region. The regulatory may also include upstream mediators and/or downstream
effectors.
{0044 As used herein, the term “viability marker” refers to any gene whose
expression or lack thereof indicates the viability of the embryo during at least one stage of
development.  Viability markers  inclede  embryonic  development  markers  and
phluripotency markers. Generally, these markers include embryonic stem cell associated
transeript genes.  Pluripotent stem cell markers, as used herein, are expressed at a
predictabie level and location at a predictable time of embryonic development. Viability
markers may be expressed at a certain stage of embrvo development. Expression at a
certain time during development may indicate that the embryo is developing normally:
tack of cxpression may indicate abnormal development, Alternatively, viabiiity markers
may be genes that are not normally cxpmawj at a certain stage of embryo development,

and whose expression at such a time indicates abnormal development.

an
{0041] As used herein, the term “reporter gene” includes any gene thal can be
operably linked to the regulatory region of a viability marker and can be visualived or
otherwise evaluated to defermune its expression. In a preferred embodiment, the reporter

gene is a fluorescent or fuminescent protemn. In some embodiments, the reporter gene may

rf

be or include, for example, an epitope tag {e.g., HIS, FLAG, HA) that is recognized by an
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421 As used herein, “acceptability”™ of a product is determined by rates of

survival, development, and/or reporter gene expression of blaswocysts  that are

o

approximately equal 1o or better than that observed in the control or a standard (e
greater than 80% developed blastocysis). Likewise, “failure™ as used herein is determined

Y

» below that observed in the control or a standard.

P

that are

|23
P
on
e

Y peey e
oy rate

{8043} As used herein, “control conditions™ are the conditions known to provide
for optimal embrvo growth and/or development. “Test conditions™ are conditions
employing the IVF product to be tested for its effect on embryo growth and development.

3

[thdd “Optimal™ conditions as used herein, refers 1o conditions which promote
healthy, unfettered embryonic development. “Sub-optimal™ conditions, by contrast, are
culture conditions which allow for sore cellular growth but the growth is slower and Jess
robust than what would be predicted to be observed under optimal culture conditions.

“Embrye toxicity”™ as used herein, refers to culture conditions which induce abnormal

development or embryo death.

3

{0045] “Assisted Reproductive Technology™ or AR as used herein. includes ali
fertifity treatments in which both female gametes (eggs or oocytes) and male gametes

) is one of several assisted reproductive

{sperm) are handled. /n Virro Fertilization (IVE
technigues used to assist infertile couples in conceiving a child,  [VF refers o the
procedure by which eggs are removed from the female’s ovary and fertilized with sperm
in a laboratory procedure. The fertilized egg (embryo) can be cryopreserved for future

use or transferred 1o the uterus.

D046} As used herein, “blastocyst” refers to a structure in carly embryonic

development consisting of a ball of ceils with surrounding wall {trophectoderm or TE)

which will form the placenta, a fluid filled cavity (blastocoels) which will form the

¢, and an internal cluster of cells called the 1uner cell mass (ICM) from which

amniotic s
the fetus arises. Other terms relating to the invention are defined and deseribed in more

detail below,

36471 Generally disclosed herein are methods, systems and kits related to
assessing the impact on the culture and development of biclogical cells of certain culture
conditions or parareters. For example, some embodiments relate to a quality control

Yy

method for assessing the culture conditions for i vinro fertilization or ART.  For
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example, fertilized embryvos harvested from reporter-transgenic animal, such as a mouse,

,’3 "

are used to detect possible detrimental or sy

RHIB ) As will be described in greater detail below, the method can include
providing a transgenic blastocyst with at least one-~cell; culturing the blastocyst under in
vitre or Assisted Reproductive Technology (TART”) culture conditions, and evaluating

{

blastocyst differentistion o determine the acceptability of the cufture conditions. Quality

3
3
H

control assays and methods of performing quality control assavs as deseribed in detail
below include a mammalian transgenic embryo {at least one-cell).  In preferred
embodiments, the embryo is at the one- or two-cell stage. The mammalian embrvo can
be obtained from bovine, ovine, porcine, murine, canine, cquine, simian, or human origin.
in some embodiments, the mammalian embryo is porcine, equine, or bovine. More

commonly, the embryo is murine derived.

{0849] The melecular MEA as ¢ »advantages over

Ll

the standard MEA that is currently used to test IVF reagents and consumabies. The
standard MEA 1s based on a determination of the morphology of the embryvos at one or
more stages of development. In contrast, the molecular MEA can utilize molecular
analysis of developmental markers to determine the effects of a test product on cmbryo
development. Also, the molecular MEA can couple molecular analysis of developmental
markers with morphological analysis to determine the effects of a test product on embryo

1
H
i

mclude availabil

development. Bepefits ity of early results, increased sensitivity, and the

avatfability of automation. Suboeptimal culture conditions may be apparent as early as 48
1 e Ths . .y - . " - ¥ SRR I DFIoI (Y I . o ¢ . Y Tt ovws ins g on
hours when using mouse embryos, In addition, IV reagents having small deleterious
effects, especially effects that affect gene expression but not morphology, may be
observed. Reporter gene expression, as represented, for example, by fluorescence, can be
determined quantitatively or qualitatively, including for cxample, by a mechanized

method, aliowing for increased automation (e.g., an automated assessment).

SHIRIH] Titles or subtitles may be used in the specification for the convenience of a
reader, which are not intended to influence the scope of the present invention.

Additionally, some terms used in this specification are more specitically defined below.
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i Methods

10851 The culture of gametes and embryos is an integral part of any reproductive
research laboratory, as is the use of plastic and glassware, and other consumables, such as
doves, plates. media, chemicals, and ot In the IVF seiting, the quality conwol of all

consumable and materials is important for maintaining an optimal environment for
embryo cuiture, thus ensuring normal embryvo physiclogy and subsequent pregnancy
rates. Thus, some embodiments relate to methods of evaluating the impact or effect on an

3

embryo {e.g.. potential toxicity) of IV consumables and materials,

[6052] As used herein, IVFE consumables include, withouwt lmitation, media,
media supplements. plastic ware. tubing, pipeties, pipeite tips, etc. or any material that
comes inte contact with human eggs or embrvos.  Plastic and glassware can include
assisted reproduction needles, laboratory gloves, assisted reproduction catheters, and
assisted reproduction microtools such as pipeites or other devices used in the laboratory
to denude, micromanipulate, hold, or transfer embryos, IVF consumables further include
assisted reproduction labware, including without Hmitation, syringes, IVF tissue culture

ressels that come

*

dishes, IVE tissue culture plates, pipetie tips, dishes, plates, and other
into physical contact with gametes, embryos, or tissue culture media.  As used herein,
IVF consumables can inchide assisted reproduction water and water purification systems

intended to generate high quality sterile, pyrogen-free water for reconstituiion of media

used for aspiration, incubation, transfer or storage of embryos for [VF or other a
reproduction procedures as well as for use as the final rinse for labware or other assisted
reproduction devices which will contact the embryos. Non-limiting examples of products
that may be tested can be found in 21 CE.R. 884.6100, et seq., which is incorporated

herein by reference in relevant part.

[3853] In one aspect, this invention relates to a method for assessing a product

cthod may include. for

>
s
oo
L7}
jou]
o
B

used for Assisted Reproductive Technologies (ART)
example, providing a fransgenic embryo comprising at least one cell, wherein the embrvo
comprises at least one transgene operably linked to the regulatory region of at least one
embryonic viability marker; culturing the embrye jn vifre for a specified duration;
evaluating expression of the transgene during at least one stage of development of the

ibryo; and determining the acceptability or failure of the product based upon said
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ar 1o 1s intended

evaluation, wherein the product is used in the method in a manner simil

use it ART, In sume embodiments, the transgene is a reporter gene.

{00841 In one aspect, this invention relates to a method for assessing a product
for

used
&

Assisted Reproductive Technologies (ART).  The method mav include, for
example, providing a transgenic embryo. wherein the cmbryvo comprises at least one

i

reporter gene operably finke

jo%

to the regulatory region of at least one embrvonic visbility

CXPIEssien of

marker: culturing the embryo i virro for a specified duration: evaluating ¢
the at least one reporter gene during at least one stage of development of the embryo; and
determining the acceptability or fatlure of the product based upon said evalnation,

1,

wherein the product is used in the method in a manner similar to its intended use in ART.

o~

LIRS In one aspect, the invention relates to methods for assessing a product used

for Assisted Reproductive Technologies (ART). The method can include, for example,

providing a transgenic embryo, wherein the embryo comprises at least one reporter gene

operably linked to the regulatory region of at least one embryonic viability marker,
utihizing a product that is proposed for use in ART: culturing the embryo i virro for a
specified duration; evaluating expression of the at least one reporter gene in the cultured
embryo for af least a part of the specified duration; and assessing the impact on the
embryo of utilizing the product based upon expression of the at least one reporter gene. In
some embodiments, the product is used in the method in a manner similar to its intended
use in ART. In some embodimems, the method {urther comprises determining the

acceptability or fatlure of said product based upon the assessment.

{0086} In some embodiments, the methods can include, for example, evaiuating
the morphology of the embryo during at least one stage of development of the embryo. In
some embodiments, the transgenic embryo is provided as a one-cell embryo or two-cell
embryo. In some embodiments, the fransgenic embryo is from a mammal. In some

embodiments, the maramal is murine, porcine, equine, bovine, ovine, leporine or non-

ks

Sovden

human primate. In some embodiments. the transgenic embrvo is from a rat. In a preforred

o
e

embaodiment, the transgenic embryo is from a mouse. In some embodiments.
transgene or at least one reporier gene encodes a fluorescent protein. In some

embodiments, the evaluating step comprises determining the thuorescence intensity of the

fluorescent protein,
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{38571 Fhe specified duration can depend on a nurber of factors, including the

species of embryvo used, the expression patiern of the transgenets) of interest, the intended

ase of the test product, ete. In some embodiments, the specified duration is one. fwo.
three, four, five, six, seven, eight, nine, ten. or more days. Some examples of non-
Himiting duration time points are 24, 48, 72 and 96 hours, The duration can also be such
that one or more evaluations are done on one or more days (¢.g.. once, twice, three, four,

five, six, seven, eight, nine or ten dilferent times during one or more 24 hour periods over

&

a 1-10 day periﬁd for example). In some embodiments, the specified duration is

determined by the desired developmental stage. for example through the 2-cell-stage. 4-

stage. blastocyst stage, gasirulation stage. or bevond,

&V

cell stage, 8-cell stage. moruls

{8055} In some embodiments, the evaluating step can include, for example, one or
more of: 1. capturing at least one tmage of said embrvo; i determining a level of
expression of said reporter gene based on the image; and Hi. comparing said level of
expression to a threshold level andior a control level. In some embodiments, steps it and
it are performed by a computer. In some embodiments, the ovaluating may include

1

iight enussion and/or intensity visually, or using a device for the same.

133394 In some embodiments, the evaluating step further may include comparing
the expression of the transgene or at least one reporter gene in a transgenic embryo that

has been cultured under control conditions.

[8068] in some embodiments, the at least one stage of development can be, for
example. the 1-cell stage, 2-cell-stage, 4-cell stage. 8-cell stage, morula stage, blastocyst

stage, and/or gastrulation stage.

gmm; I some embediments, the product can be deemed acceptable, for exampie,
 expression of the transgene or at least one reporier gene is sufficient to indicate that the

i3

embrye is not affected by the use of the test product. In some embodiments, sufficiency
of expression is determined by comparison to a control and/or comparison to other cells

being tested. In some embodiments, sufficiency of expression is determined by

i

comparison o a pre-determined standard. In some embodiments, the product is deemed

o)

acceptable if the morphology of the embryo is appropriate. In some embodiments.
appropriate morphology is determined by comparison o a control. In some embodiments,

-

appropriate morphology is determined by comparison to a pre-determined standard.  In
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some embadiments morphology und expression can be assessed to determine the impact

ol a parameter on embryo development. For example, if both morphology and expression

woesitive, then an assessment of no negative impact or a positive impact can be made.
24 i i

it the morphology is favorable, but expression is poor al one or more time poings, then an

appropriale assessment can be made, for example, that there is an adverse or ne

impact.
180621 In some embodiments, the level of fluorescence of embryvos in a test
condition is compared to the level of fluorescence of embryos in a control condition o

determine whether the test condition is acceptable. In some embodiments, the nercentage

& Hoh

of embryos exhibiting a certain level of {luorescence (e.g., 0-1 or 2.3} is compared. [n

some cmbodiments. an acceptable level of fluorescence observed in embryos in test

i /.

ondition is 50% or greater of fluorescence observed in embryos in control condition. In
some embodiments, an acceptable level of fluorescence observed i embryos in test
condition is 60% or greater of fluorescence observed in embrvos in control condition. In
some embodiments, an acceptable level of fluorescence observed in embryos in test
condition 1s 70% or greater of fluorescence observed in embryos in control condition. In
some embodiments, an acceptable level of fluorescence observed in em bryos in test
condition is R0% or greater of fluorescence observed in embrvos in control condition. In
some embodiments, an acceptable level of fluorescence observed in embryos in test
condition is 90% or greater of fluorescence observed in embryos in control condition. In
some embodiments, an accepiable level of fluorescence observed i embryos in test
condition is 100% or greater of fluorescence observed in embryos in control condition. Tt
should be understood that any subvalue or subrange from within the values described

above are contemplated for use with the embodiments described herein.

JH63] in some embodiments, the location of fluorescence of embryvos in a test
condition is compared to the Jocation of fluorescence of embryos in g control condition to

determine whether the test condition is acceptable. In some embodiments, the percentage

¢
ol embryos exhibiting a certain level of fluorescence (e.z., F1 0-1 or FI 2-3} in a cortain
location {e.g., nucleus or cytoplasm) is compared. In some embodiments, an acceptable

fevel of fluorescence observed in the given location of embryos in test condition is 50%

or greater of fluorescence observed in the given location of embryos in control vondition.

In some embodiments, an acceptable { fluorescence observed in the given location
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» embryos in test condition is 60% or greater of fluorescence observed in the given

location of erbryos in control condition. In some embodiments, an acceptable level of
fluorescence observed in the given location of embryvos in test condition is 70% or greater
of fluorescence observed in the given location of embryvos in control condition. In some

P

embodiments, an acceptable level o

e

fluorescence observed i the given location of
embryos in test condition is 80% or greater of fluorescence ohserved in the given location
of embryos in control condition. In some embodiments, an acceptable level of

H
I
H

{fluorescence observed in the given location of embryvos in test condition is 90% or greater
of fluorescence observed in the given location of embryos in control condition. In some
embodiments, an acceptable level of fluorescence observed in the given location of
embryos in test condition is 100% or greater of fluorescence observed in the given
location of erabryos in control condition. It should be understood that any subvalue or
subrange from within the values described above are contemplated for use with the

embodiments deseribed herein,

{8064} In some embodiments, the marker or transgene present in the embrvo is a
gene that would be expected to be turned off at a specific time on embryo development,
for example at the time the embryo is examined. In some embodiments, an acceptable
level of fluorescence observed in embryos in test condition is 80% or less of fhuorescence
observed in embryos in controf condition. In some embodiments, an acceptable level of
fluorescence observed in embryos in test condition is 70% or less of
observed in embryos in control condition. In some embod:
fluorescence observed in embryos in test condition is 60% or less of fluorescence
observed in embryos in control condition. In some embodiments, an acceptable level of
fluorescence observed in embryos in lest condition is 50% or less of fluorescence
observed in embryos in control condition. In some embodiments, an acceptabie level of
fluorescence observed in embryos in test condition is 40% or less of fluorescence
observed in embryos in control condition. In some embodiments, an acceptable level of
fluorescence observed in embryos in test condition is 30% or less of fluorescence
observed in embryos in control condition. In some embodiments, an acceptable level of
fluorescence observed in embryos in test condition is 20% or less of fluorescence
observed in embryos in control condition. In some embodiments, an acceptabie level of
fluorescence observed in embryos in test condition is 10% or less of fluorescence

observed in embryos in controf condition. It should be understood that any subvalue or
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subrange from within the values described above are contemplated for use with the

T

embodiments described herein,

|BU6S] In some embodiments, at least 5396 of control embryos must exhibit

t

fluorescence at a specitied level {e.g., FI -1 or 1 2-3) in order to indicate the assay was
successful. In some embodiments, at least 60%, 70%, 80%. 90% or 100% of control
embryos must exbibit fluorescence at the specified level (e.g., FI -1 or FI 2-3) in order to
indicate the assay was successful. It should be understood that any subvalue or subrange

from within the values described above are comtemplated for use with the embodiments

described herein.

{6066 in some embodiments, the level of Huorescence of embrvos in a test
condition is compared to a standard, In some embodiments, the standard is based on the
transgene/marker used, the species embryo used, the type of reagent being tested, the
microscope used, ot any other parameter. In some embodiments, the standard requires
that at least 50% of the embryos in the test condition exhibit fluorescence at a spcciﬁt’d
fevel {feg., FI O-1 or FI 2-3). In some embodiments, the stundard requires that at least
60% of the embryos in the test condition exhibit fluorescence at a specified level. In some
embodiments, the standard requires that at least 70% of the embryos in the test condition
exhibit fluorescence at a specified level. In some embodiments, the standard requires that
at feast 80% of the embryvos in the test condition exhibit fluorescence at a specified level,
{n some embodiments, the standard requires that at least 90% of the embryos in the test
condition exhibit fluorescence af a specified level In some embodiments, the standard

at least 100% of the embryos in the test condition exhibit fluorescence at a

—
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specified level, [t should be understood that any subvalue or subrange from within the

values described above are contemplated for use with the embodiments described herein.

s

{8867} in some embodiments, the product can be, for example, one or more of
needies, catheters, microtools, labware, syringes, tssue culture dishes, tissue culture
pipette tips, dishes, plates. water, water purification systems, media, media

supplements, and other vessels, devices, or reagents that come into physical contact with
gametes, embryos or tissue culture media. In some embodiments, the product can be, for

example, one or more of gamete and embryo culture media, gamete and embryo

s

wndling/processing media, transport media, enzymes for denuding oocyies, gradient for

i

sperm separation, freezing/vitrification media, thawing/warming media, pipetie and
; g g . F
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embryo handling devices, lab-ware used in the process of human ART including but not
limited to Petri dishes, centrifuge tubes, crvopreservation and crvo-storage devices, and

any solutions, reagents or devices involved with ART.

{0668} I some embodiments, the viability marker can be any marker or gene
associated with the development and/or health of a blastocyst or embryo.  Also, for
example, the marker or gene can be any gene. gene family associated with, or gene
regulated by one or more of Oct-d, Cdx2, Sox2, and Nanog. In some embodiments, the
fluorescent protein is a green fluorescent protein, a red fluorescent protein, a vellow

tiuorescent protein, an orange fluorescent protein, a cyan fluorescent protein. or the like.

664} Some embodiments relate to methods for enhancing the sensitivity of an

embryo assay using embryo development to the blastocyst stage. The methods can

include for example providing a transgenic embryo con ng at least onc reporter gene

operably linked to at least one embryonic ph ripofcnq marker, incubating the transgenic
cmbryo under culture conditions utilizing test items and/or control; and evaluating
embryo development morphologically and via the expression of the embryonic marker
from one-cell to blastocyst and gastrulation stages. The methods can further include
evaluating expression of the embryonic marker ar the blastoeyst stage and bevond
{gastrule tm‘z) Evaluation of expression can be measured, for example, by determining

fluorescence or other

b
H

§

i
i

=

emission of the veporter gene. The embryo assay can detect

fod)

i

embrvo-toxicity i culture media and/or culture materials. In another embodiment, the

Y

assay can detect functionality of media and swiability of materials used in clinical in vivro

fertilization environments.

[{3676] An assay for testing the effectiveness of glassware washing technigues

pénj

cleansing of surgical instruments {aspiration needle), transfer catheters and any other item

that comes in contact with the human eggs, sperrn or embryos is likewise encompassed by

the current technology and methods.
TL Transgenic Embryos

18071} The term “transgenic” means of or perfaining to a segment of DNA that
has been incorporated into a host genome or is capable of replication in a host cell and is
capable of causing expression of one or more cellular products. Exemplary transgenes

i
f

can provide the host cell. or animals developed theretrom, with a novel phenot
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imal” means

1g non-transtormed cell or animal,

X

refative to the correspondir

acid sequence

a non-human animal, usually a mammal, having a non-endogencus m
present as an extrachromosomal element i at least a portion of its ceils or stably

integrated joto its germ Hne DNA.

{88724 Transgenesis 18 used to create transgenic mammals such as mice with
reporter genes hinked to a gens of interest. Methods in molecular genetics and genetic
engineering are described generally in the current edittons of Molecular Cloning: A

H

Laboratory Manual, (Sambrook et aly Oligonucleotide Synthesis (M. 1 Gain, ed.);
Animal Cell Culture (R, L Freshney, ed.); Gene Transfer Vectors for Mammalian Cells
{Milier & Calos, eds.}; Current Protocols in Molecular Biology and Short Protocols in

Molecular Biology, 3.sup.rd Edition (F. M. Ausubel et al., eds.): and Recombinant DNA
Methodology (R. Wu ed., Academic Press). Thus, fransgenic technology is well
established.  Sge. ¢.g. Transgenic Mouse: Mcothods and Protocels (M. THofker and I

Deursen, Eds.y in Mcthods in Moelecular Biology (Vol. 209) {the contents of which are

N

hereby incorporated by reference in their entirety).

[8873] [n one aspect, the transgenic marnmal includes a reporter gene linked 1w
the regulatory region ol a viability marker gene of interest. Reporter genes include, for
example, fluorescent or luminescent proteins such as luciferase, green fluorescent protein,
or red fluorescent protein. Fluorescent proteins can include, without Himitation, blue/UV
proteins such as TagBFP, mTagBFP2Z, azurite, EBFP2, mKalamal, Sirius, sapphire, and
{-sapphire. Fluorescent proteins can alse include cyvan proteins such as BCFP, cerulean,
SCFP3A, mTurquotse. miurquoiseZ, monomeric Midoriishi-Cyan, TagCFP, and mTFPL.
In a preferred embediment, the fluorescent protein is a green protein such as HGFP,
Emerald, Superfolder GFP, Monomeric Azami Green, TagGFP2, mUKG, mWasabi, or
Clover. Yellow [Huorescent proteins including EYFP, Cirine, Venus, SYFP2Z,
ZsYellowl, and Tag¥YUP are likewise contemplated for use as a reporter gene. Orange

roteins for use as reporter genes can include Monomeric Kusabiva-Orange, mK Oy,

mKOZ2 mOrange, and mOrange2. Red proteins such as HeRedl, mRaspberry, mCherry,

(wJ

mStrawberry, mTangerine, tdlomato, TagREFP, mApple, mRuby, and mRuby2. Far-red

proteins inciude, without limitation, mPlum, HeRed-Tandem, mKate?, mNeptune, and

Nirt'P. The embryos of transgenic mice express the reporter proteinds) at the same time
7

and focalion that ¢ the marker{s} of interest 1s expressed.

I
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{80741 In some embodiments, the transgenic animal comprises more than one

transgene operably hinked 1o the regulatory region of an embryonic viability marker. In

some emnbodiments, the tansgenic animal comprises 2. 3. 4, or more fransgenes ope!

linked to the regulatory region of different embryonic viability marker. For example. a

transgenic animal may comprise multipie fluorescent reporter go
different viability marker such that multiple fluorescont proteins are expressed in the
embryo. The expression of the reporter genes may change as the embryvo develops. Ina
preferred embodiment, all of the reporter genes that are expressed in the embrvo can be

analyred by the same method, e.g., fluorescence microscopy. Without being bound by

onn 1er
i

theory, it 1s believed that analysis of multiple genes in the same embryo(s) can

JO075) in some aspects, gametes will be harvested from male and female animals
{sperm and cocytes, respectively) and the oocytes will be fertilized in vitro using methods
sunilar to [VF protocols. In some as‘.pscts, the male and fernale animals will be mated, and
resulting embryo(s) harvested from the female animal at the desired tme point, In a

R

erred embodiment, the female is wild type (ie., does not carry the transgene) and the
male is transgenic, Without being bound by theory. it is believed that expression of the
transgene from maternal transcripts in an ecarly embrve will result in undesirable
background expression of the transgene. In some embodiments, the female is transgenic
and the male is wild type. In some embodiments, both the male and the female comprise
the fransgene. In some embodiments, the ferale and male animals carry one or more
different transgenes. One of skill in the art would understand that different viability

markers are expressed at different times during development, and as such expression from

maternal transeripts is not an important consideration for all viability markers.

{8676} As used herein, viability markers include embryonic development markers

£

and pluripoiency markers, as well as gene families and/or genes regulated by such
markers,  Generally, these markers include embrvonic sterm cell associated transeript
genes. Pluripotent stem cell markers, as used hercin, are expressed at a predictable level

wd focation at a predictable time of embryonic development.  Pluripotent stem cell (PS)-

1§

specific markers include, but are not limited to, the family of octumer transcription

factors. Le. Oct-4; genes reg -4 the fumily of Sox genes, e.g.. Sox 1, Sox2.
A e o bl
Sox3, Sox 13, and Sox 18; the family of KIf genes such as K4 and KI5, the family of
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Nanog genes, e.g., NANOG, as well as their regulatory regions. Other viability markers

Pl o)

include, without limitation, the TGF-beta superfamily and their receptors, Le. Activ

RIB/ALK-4, GDF-3 and Lefty, the cryptic protein family, ie. Cripto-1, the integrin
family, Le. integrin alpha 6 ({CD49]) and integrin bets [ (CD29), the Podocalyxin family,
the Forkhead box transcription

te. PODX-1, the FGF family, 1o FGF4 and FGF-5.

factor fanuly, Le, FoxB3, the T-box family of transcription factor, te TBRX3 and TRXS,

s

the family of developmental pluripotency associated molecules, e, Dppa2. Dppa3/Stelia,
Dppa4 and DppaS/ESGI, the LRR family, f.e. ST4, the cadherin family, ie, E-Cadherin,
the connexin family of transmembrane proteins, Le. Connexin-43 and Connexin-45. the
F-box family of “other” category, te. FBOXGIS, the family of chemokine/chemokine

receptors e, COR4 and CXCR4, the ATP jindis’xg Casstet Transporters, Le. ABCG2

>

Additional conunon known markers invelved in OCT-4 and/or SOXZ-mediated

Cﬁ

femness

o

maintenance are U, TERT, Zscand, CDO. CD1S/Lowis X, D235, CDIO/TNFRSFS.
CD90/Thy!, Alkaline Phosphatase/ALPL, alpha HCG, HCG, DNMT3B, GRX2,

GUNFMNROAL Gi24/Diesl/VISTA, | LIN-28A, LIN-28B, LIN-41, c-Myc, Rex-1/7FP42,
sFRP-2, Smad2, Smad2/3, SPARC, STAT3, SUZ12, TOBX2, TEX19/19.1, THAPII,

and TROP-2. A person of skill in the art would understand that any viability marker,

3

currently known ot to be discovered, is encompassed by the present invention.

{06771 Also contemplated and disclosed is a modified. transgenic embrvo,

comprising at least one transgene operably linked to at least one embryonic pluripotency

marker.  The embryonic pluripotency markers and their upstream mediators and

1

downstream effectors play a role in ensuring normal embryo development. In a preferred
embodiment, the transgene s a reporter gene. In a preforred embodiment, the reporter

gene is a fluorescent or luminescent protein selected from the group consisting of green

fluorescent protein, red fluorescent protein, cyan fluorescent protein, orange fluorescent

protein, yellow Huorescent protein,
L. Analysis of Embryo Bevelopment

G378 The suitability of a particuiar product for use in clinical ART is evaluated
- 5 |

based on embryo growth, development and/or quality. Qualitative scoring of embryo

i J

development can be based upon a qualitative/guantitative assessment of expression of a

marker, for example, by assessing light emission or intensity or fluorescence, or any other
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nent of embryo morphology

visual indicator such as color. In some embodiments, asse

also can be done and utilized together with the expression analysis.

[
v

[4079] in some cmbodiments., one or more conirols can be included for

comparative purposes.  For both conirol and test products, roughly the same number of

2

onc-cell or two-cell embryos can be cultured in vitra, For example, in one non-limiting

g8
[
e
jos?
.
jsv

approach 30 embryos can be divided up between ten drops that are each culture
separate welll In some aspects, the control and test products can each have approximately

30 embryos divided up between ten drops and wells. Any other suitable number can be

tested and run as well,

[B08G] Qualitative analysis of embryo development can be accomplished by

analyzing the developing embryo by measuring or assessing color,

fluorescence visually, for example, via Hght microscopy which may incl

H

visualize luorescent protein expression. Such measuring or assessing also can include or

can take nto account the location of the color, light or fluorescence within the blastocyst.
As will be seen in greater detail with reference to the Examples and Figures, optimal anc
suboptimal culture conditions can be assessed or determined based upon location of the

fluorescence (nuclear versus cytoplasmic localization, etc.), as well as the intensity of

‘

{6081} As will be readily appreciated by a skilled artisan, the acceptabie threshold
for optimal embryo growth can be based on individual set criteria, for example culture
conditions, the developmental marker, the transgenc/reporter genc. and test items.
Blastocyst differcntiation can be evaluated via confocal microscopy. In a preferred

mbodiment, acceptability of culture conditions is based upon the qualitative analysis of

o

rye  development via fluorescence microscopy.  In a particularly  preferred
embodiment, embryonic  development is observed via an embryvo scope (e.g.,
) 3o o} g reed 2 o o IS IO FE : " Dot 5
EmbryoScope” Time-lapse system, Unisense Fertilitech A/S), whercin a picture of

developing embryes can be taken as desired, for example. approximately every (0

minuies and a time-lapse video can be generated to track al

development.  As illustrated in the Figures (as will be described
reference to the Examples), embryo development can bhe determined both in terms of
chronology (stage reached for a specific culture duration) and embryo quality, both

morphologically and functionally, by assessing the location and guantity/intensity of the

o
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fluorescence or other Hight or indicator.  Expression of single markers in a test coll wi

sated phenotype, according to the
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provide cvidence of
expression patiorn. Expression of genes that are down-regulated and/or lack of

expression of genes that are up-regulated upon development/differentiation may indicate

the stage of development of the embryo.

b
‘.::.
~
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{6682] Embryo development and quality can be assessed qualitatively an

quantitatively. In some embodiments, qualitanve

morphologyy is performed, for @xampic by visualization of the blastocyst under a

microscope, A qualitative analysis of expression {e.g.. via fluorescen

example, a subjective rating of fluorescence intensity of the test samples, and optionally

control samples (c.g., no Huorescence, low intensity, medium intensity, high intensity). In

one non-limiting embodiment, a scale of -3 can be used where a rating of 0-1 means
fittle or no light or expression, 2-3 means medium to high expression or light. The rating
can be done, for example, based upon relative expression of a group of samples to each
other.  For example, a relative rating of 3, 10, 20, or 30 wells, where each well is
categorized on a scale, In some embodiments, the scale is between © and 3. In some
aspects, a score of 2 or greater can mean that the development is normal.  In some
aspects, a score of 2 or greater, coupled with proper development in an MEA can mean
that the development is normal or acceptable. Conversely, a score of 0-1 can mean that
the tested product or parameter is unacceptable, even where the visual morphology if
wsessed (e.g., using MEA locks acceptable). Such a low score can help avoid false

positives that otherwise would have occurred 1 one were using MEA alone. Acceptable

fimits may be determined, for example, as described above.

3 §

{0083} fn a preferred embodiment, embrvo development can be assessec
quantitatively or semi-quantitatively., Non-limiting examples include assessment of
fluorescence or light intensity by a computer attached to the microscope, asscssment of
intensity based on a photograph of the embryvo, measurement of Hght intensity using a
photometer or a Huorometer, or any other method of determining fluorescence intensity.

[ some embodiments, determination of fluorescence intensity is automated. In some

embodiments, a camera or other device present on the microscope detects the

Ghuorescence signal{s) and transmits the signal to a software program capable of
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determining fluorescence intensity and/or comparing flucrescence intensity o intensity

from other embryvos, ¢.g., embrvos grown under control conditions.

ja084] In some embodiments, the fluorescence intensity andior location of the
fluorescence for each embryo grown under cach condition {¢.g., tes
measured separately. In some embodiments, multiple embryos arc grown in a contined
area, for example a single droplet of media, and the fluorescence intensity of all of the

¥

embryos in the area are assessed or measured together. As noted above, the assessment

r qualitalive/quantitative measure can be based upon a comparative assessment to other

tested samples, including a control, if present.

{6085} As noted, the methods can include, if desired, qualitative assessment based

upon visually assessing morphology, for example, as done with the mouse embryo assay

=
(MEA). Such assessment can include a comparison of embryonic development from day

0, starting at the [-cell stage, to the blastocyst stage, {or example, by 96 hours in culture.

Ome day after fertilization, for example, one would expect to observe cleavage of the

embrvo in boih the control and embryos cultured on the fest product. Two days after

ertilization, 1o the case of murine assays, one would expect to observe eight-cel] stage of

development under optimal conditions in both the control and test product if the test

¥

£

¢ for use in ART. The number of embryos that develop

product is to be deeme
to the blastocyst stage 15 likewise guantified in both the control and test product. An
assessiment is made with regard to suitability of the test product for use in ART based
upon the namber of viable btaamc;f s eobserved as well as qualitative appearance of those

¥

blastocysts when observed microscopically.

V5 Assays and Kifs

[3086] Methods and assay kits with a higher level of sensitivity than standard
MEA assays for evaluating embrvo impact or {oxicily associated with ART products is
likewise described herein.  The methods can include providing an assay comprising a
transgenic embryo having at least the regulatory region of a reporter gene operably linked

& o

result

ot

1o a pluripotency marker. Also, a control preduct which promotes or is known {o

have ¥

normal embryvo development can be provided. The control product can have the same or

simitar use in ART as the use mtended for the test product.
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{00871 In some embodiments, the product (o be tested can be culture media or

supplements. As used herein, culture media includes, without Hmitation, reproductive

media and supplemnents used for assisted reproduction procedures. Media include liguid
and powder versions of various substances which come in direct physical contact with
embrvos {e.g. water, acid solutions used 1o treat gametes or embryos, rinsing solutions.

reagents, sperm separation media, or oil used to cover the media) for the purposes of

preparation, maintenance, transfer or storage.  Supplements. as used herein, include
specific reagents added to media to enhance specific properties of the media such as

proteins, sera, antibiotics, or the like.

[BORR] The acveptability of the test product can be compared to a control product
by assessing embryo developrent at 2-cell-stage, 4-cell stage, 8-cell stage, morula stage.
blastocyst stage and/or gastrulation stage. More particularly, the transgenic embryos can
be analyzed microscopically to assess differentiation at the bizzs‘:;oc,\/st stage  of
development. For example, in the case of transgenic murine embryos, the embryos can
be assessed at approximately 48 and/or 96 hours after fertilization. In some aspects the
methods can include an evaluation at 48 hours, which can be an early predictor of quality
of development. For other mammalian embryos, the duration of time from fertilization to
blastocyst development can vary depending upon the source of the embryos.  Fo
example, blastocyst development for human embryos typically occurs at Dav 3.
Embryonic  wviability is  assessed based upon  assessing  or  scoring  embryo

qualitative/quantitative assessment of expression (e.g.. via fluorescence), and if desired

alse with an assessment of morphology.

[63:89] The acceptable threshold for optimal embryo growth is based on individual

set criteria depending on culture conditions and test iterns.  In some aspects, a control

¥

benchmark s run in paraliel with the test culture medium in euch test. For example, when
new medium is evaluated for use in an IVE environment, the medium is tested against a

1
Iy

control medium which has been pre-determined 1o provide optimal growth conditions for
embryos. New test culture medivm is evaluated by assessing blastocyst development
relative to the blastocyst development in the control medium. Asscssment can include a

]

the blastocyst stage in

lize)

qualitative comparison of the number of cultured embryos reachin
the control medium as compared to the number of embryo reaching the same stage in the

test medium.  Acceptable quality control generally requires development of at least 80%
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blastocysts in the st medium in ovder for a product 1o pass the test. Additional growth
parameters include the number of cells observed at the blastocyst stage in the control

versus the test medium as well as the intensity and localization of fluorescence of the
reporter gene in the fransgenic blastocysts. As compared with the standard MEA assay.

a3

where the blastocyst may look normal, the disclosed assay provides a more enhanced
sensitivity  to embryvo development.  The reporter gene operably linked to a
pluripotency/viability marker (and/or regulatory region thereof) can be observed
microscopically and provides a better delineation of gene expression in optimal, sub-

Lk

optimal, and/or embryo toxic growth conditions.  Acceptable limits may be determined,

for example, as described n the Analysis of Embryo Development section above

{80961 In some aspects, assessment of the test product does not reguire
comparison to a control product run in parallel. In some aspects, standardized criteria are
used to determine whether the test product is acceptable. For example, expression {c.g..

via fluorescence analysis) from blastocysts grown under test conditions at various stages

may be compared to expression levels that correspond to optimal embryvo growth. In some

Ty

embodiments. the user casily can determine acceptable levels, e.g., based on previous

g 3
3«

experiments under similar conditions. In some embodiments, the assay includes standards
deemed acceptable. In some embodiments, acceptability Hmits are set by a regulatory

agency or similar group. Acceptable limits may be determined, for example, as described

in the Analysis of Embryvoe Development section above.

(6091} A quality control assay for use in ehinical ART to evaluate products used
in the process of handling and preserving hurnan gametes and producing, culturing and
preserving human embryos is provided.  The assay can include a transgenic one-cell

cmbryo harvested from a transgenic mammal, wherein the transgenic embryvo includes at

cast one reporter gene operably linked to at least one embryonic pluripotency marker.

The pluripotency regulator can be a viability marker such as OCT-4, SOX2, Nanog,

x...

CPBX2 as well as their upstream mediators and downstream etfectors that play a role in
ensuring novmal embryo development. The reporter gene can encode a protein.  The
protein can include any reporter protein including, without limitation, Green Fluorescent
Protein, Red Fluorescent Protein, Cyan Fluorescent Protein, Orange Fluorescent Protein,
or Yellow Fluorescent Protein. The assay also includes instructions for evaluating ART

products and VI culture conditions.  These instructions include directions relating (0
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1

incubating a transgenic one-cell embryo under ART conditions and evaluating embryo

e

development based upon morphology and/or gene expression (as determined by reporter

\Iv\

gene expression) from the one and two-cell to later blastulation and gastrulation stages.
incubation, as used herein, describes the process by which fertilized, one or two cell
-y

embryos are cubtured for a predetermined amount of time, e.g. approximately 24-96 hours

ina defined culture media.

{8092} in one aspect, this invention refates o a quality control assay for use in
asscssing a media used for Assisted Reproductive Technologies (ART), the assayv
Comprising: one or more transgenic embryos, wherein the embryos comprise at least one
reporter gene operably linked to the regulatory region of at least one embryonic viability
marker; a conirol product, wherein the product allows for optimal embryo growth; and
instructions for evaluating ART products and IVF culture conditions using the assay. In
some embodiments, the control product is control medium. In some embodiments, the
assay also includes suboptimal media, wherein the suboptimal media allows for
suboptimal embryo growth. In some embodimenis, the instructions include standards or

guidelines for detcrmining acceptability of the product to be tested for use in ART.

{093 Also disclosed is a molecular MEA kit for use in quality control of clinical
buman ART/EVE. The kit includes a transgenic one-cell embryo. The transgenic embryo
includes at least one reporter gene operably linked to at feast the regulatory region of at
least one gene assoviated with embryonic development; and an embryo expressing a
transgenic/reporter gene that is differentially expressed under optimal and sub-optimal or
embryo-toxic culture conditions. The kit further inchudes an ART/IVFE consumable. An
ART consumabie can include, without limitation, embryo culture media, gamete handling
media, enzymes for denuding ococytes, gradient for sperm separation, freezing mcdia,
thawing media, pipeties and embryo handling devices, lab-ware used in the process of

human in vitro fertilization incloding but not limited 1o Petri dishes, cenwrifuge tubes,
fox

cryopreservaiion and eryosiorage devices,

EXAMPL

j0494] Additional embodiments are disclosed in further detail in the foliowing

examples, which are not in any way intended to limit the scope of the claima.

EXAMPLE 1: EVALUATION OF PURIPOTENCY REGULATORS
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{0095] Several factors such as toxicity and sterility of the culture media or
materials used in ART can affect development of embryos,  The following examples
describe assays to assess embryonic viability under optimal and sub-optimal culture
conditions. Embrvos in which pluripoteney regulators were visualized using a fluorescent
microscope are shown. The pluripotency markers used for assessing embryonic
development from one or two ccll stage of development include, for exampile, SOX2,
Oct-4, Nanog as well as their upstream mediators and downstream effectors that play a

role in ensuring normal embryo development.

130961 To test culture media, media additives, or ART consumables, the coliected
i i

transgenic embryos are st incubated 1 S0 ul droplets of either control medium

{medium which has already been determined fo promote optimal blastocyst development)

r test media. In each case the embryos are covered by mineral oil and incubated at 37

o

degrees C under classical cell culture conditions (humidified atmosphere of 5% CO2 in
air). Onday 1, 2, and/or 3, embryos are sclected for assays and transicrred in the medium

to be tested.  The embryos are cuoltivated until day 5. By comparing the rates of

*'7'\

=

blastocysts stages reached versus control groups, a cytotoxic or sub-optimal effect can be

identified which interferes with embryo development.
a. Expression of OGCT-4 in mouse embryo

pgraph from the fluorescence microscope showing

fas—
i e
2]
e
o

{8097} Figure
expression of the pluripotency regulator OCT-4 in early-stage mouse embryos. The 2-
cell embryo was cultured in vifre in optimal {control} and suboptimal {(test) conditions,
After approximately 48 hours, the embryos were stained with an antibody specitic for
OCTT-4 (red) and evaluated via fluorescence microscopy. {OUT-4 s also called OCT-
34y As is evident from Figure 1) the embryvo on the left, which was incubated under

]

optimal growth cooditions, s well developed with uniform staiming, By contrast, the
blastocyst on the right was incubated in sub-optimal growth conditions. A lack of OCT-4

staining is observed on the right cell of the embryo on the right, demonstrating that the
sub-optimal growth conditions result in slower embryonic development and reduced

OCT-4 expression, even al an early stage of embryo development.

b Expression of OCT-4 1 mouse blastooyst
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{6698] Figures 2A and 2B illustrate expression of OUT-4 at the blastocyst stage.
The embryos were cultured in virro for 96 hours, then stained with DAPI (blue nuclear
stain, left image} and an anti-OUT-4 antibody {red, center image} and ohserved via a

k)

fluorescence microscope. The right image in cach Figure represents a merged mage of

the AP and OCT-4 images: overlap of staining is indicated in purple. In Figure 24,

under optimal growth conditions, normal embrye development is observed as
demonstrated by the uniforrn OCT-4 staining. By contrast, in Figure 2B, the embrvos

were incubated under sub-optimal growth conditions. A lach

o

of OCT-4 staining on some

mural trophectoderm ceils is observed in the embryos, as noted by the arrows on Fi

2B, Without the use of the presently claimed technology, the sub-optimal culture
conditions would not be evident or identifiablc as sub-optimal when using the
conventional MEA standard QO protocol of morphological assessment because the
blastocyst appears to be normal and developing at a normal rate. However, by observing
the slow growth in Figure 2B, it is clear that blastocyst development is qualitatively less

uniform  and  less optimal than in the embryonic development and  blastocyst

differentiation observed in Figure 2A.
c. Expression of Sox2 in mouse blastocyst

j0099] Figures 3A, 3B, and 3C demonstrate the expression pattern of Sox2 in
embryos grown under thimsﬂ or suboptimal conditions. Figures 3A-3C are fluorescence

microscopy photographs of control murine embryos.  Embryos were incubated to the
At

blastocyst stage in vitro, fixed. stained with DAPT (bluey and anti-Sox2 antibody {green),

“

and observed microscopically. After 96 hours of culture, the tmage on the left of Figure
3A shows DAPI staining of the embryo.  The center image in Figure 3A shows the
staining pattern for the Sox2 viability marker, and the image on the right is a merged
image. The staining pattern observed in the embryo is uniform and evidences normal,
heaithy blastocyst development under optimal conditions. Notice the uniform staining as

well as the well-detined difterentiation of the blastocyst.

{80100] Turning to Figure 3B, blastocysts menbated in sub-optimal growth
conditions are observed.  Afier 96 hours, the embryo was fixed and stained with DAPI

3

(bluey and anti-Sox2 antibody {green), and observed microscopica

I
H
(g2

i

ly 10 assess growth.
The picture appears to demonstrate normal growth and development despite the sub-

optimal culture conditions.
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{Gi}mli Figure 3C shows two embryos stained with DAPI (biue) and anti-Sox?

d. Expression of CDX-2 in mouse blastocvst

poiuz Figure 4 further demonstrates the superior assessment or quality control
& E 1 B

capability featurcs of the technology. [Iigure 4 represents fluorescence microscopy

photographs of control murine embryos. Embryos were jncubated 1o the blastocyst stage
in vitro, stained, and observed microscopically. After 96 hours of culture, the image on
the left of Figure 4 shows an embryo that was fixed and stained with DAPT (blue) and
observed microscopically 1o assess growth. The staining paitern observed in the embryo
is uniform and evidences normal, healthy blastocyst development under oplimal

conditions.  The center image in Figure 4 shows the embryo having the CDX-2

franscription factor stained with green fluorescence. The image oo the right in Figure 4 is

a merged image of CDX-2 and DAPI staining.  Notice the uniform staining of the

trophectoderm, but not the inner cell mass. Arrows show non-stained inner cell mass.

EXAMPLE 2: MOLECULAR MOUSE EMBRYONIC ASSAY

LR Transgenic mice conlaining a reporter gene linked to plaripotency

narker(s) were used o carry out molecular-based mouse embryo assay (mMEA) under

optimal and sub-optimal conditions. Transgenic male mice (B6:CBA-Tg(Pousfi-

EGFPY2Munn/l; Jackson Laboratory) expressing enhanced green fluorescent protein

(EGEFP) under the control of the POU protein domain, class 5, transcription factor 1

{Poustl, adia. Oct-4) promoter and distal enhancer were used.
HIBRIEY Transgenic male mice were mated with supm‘--‘;wulaled wild  type

¥
H

(BOD2ET) female mice. One-celi embryvos were collected and cultured in groups of 3 to 4

embryos per 20 pl drop of medium, or a single embryo per 10 ul drop of medium,

depending on experiment performed. Embryos were cultured for 96 hours under optimal
or sub-optimal conditions. Fluorescence indicates expression of the Oct-4-EGFP

fransger

a. Comparison of morphological development and Oct-4 expression during embryo
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{185 One-cell embryos were cultured in groups of 3 to 4 embryos per 20 pb

drop of medium under optimal and suboptimal conditions. Embryo development was
assessed afier 48 hours of culture using both light {(sterecscope) and UV {inverted
microseops with UV light) microscopy 1o check embryo morphology,  determine
developmental stage and evaluate levels of Get-d expression as a function of the
fluorescence intensity of GFP. The same embryvos were assessed by both mcethods,
Embryve development as deternuned by light microscopy (Figure 3A) showed both 8-cell
and < &-cell embryos, and Huorescence intensity (Figure 3B} was characierized as low

{no tight to low light, 0-1) or high (medium fo high light, 2-3}. As shown in Figure 3B, §-

& d &2

cell embryos with normal morphelogy may have low expression of Oct-4 as demonsirated

o

by the low intensity (arrow) of the 8-cell embryo

b Correlation of fluorescence pattern/intensity with embrvo development

Analysis of multiple embryos

{80106} One-cell embryos were collected and cultured in groups of 3 1o 4 embryos

per 20wl drop of medium under optimal or suboptimal conditions. Blinded assessment

¥

of each group of embryvoes was performed at 48 hours by two evaluators: one evaluator

determined the morphology of the group of embryos by light microscopy (stereoscope):

y
i

the second evaluator determined the fluorescence intensity of the group of embryos.

-

Another assessment of each group of embryvos was doune at 96 hours to determine

blastocyst development.

1841071 Figure 6A indicates the percentage of groups of embrvos with 8 cells or

nore (red: >R-cell) or fess than 8 celis (blue: <&-celi) at 48 hours by morphology analysis

by light microscopy. Figure 6B indicates the percentage of embryos with the mdicated
fluorescence intensity (bluer fluorescence 0-1; red: fluorescence 2-2) at 48 hours. §§ = No
fluorescence:; 1 = low intensity: 2 = medium intensity; 3 = high intensity, Comparison of
the two methods at 48 hours for the suboptimal condition showed that the morphology-

]

based assay determined that 63.3% of the embrvos had progressed to the B-cell stage or

bevond, 11y contrast (o the fluorescence-based assay which determined that only 33.3% of
the embrvos had the desired {medium to hi) fluorescence intensity. The molecular MEA
was more sensitive than the standard MEA at an carlier stage for determining that the
growth conditions were suboptimal, Figures 6C and 60 indicate the blastocyst

development as determined by hght microscopy (Figure 6C) and fluorescent microscopy
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(Figure 613 at 96 hours (blue: early blastocyst: ved: blastocyst; green: expanded
blastocvst; purple: hatching blastocyst) was no different. Figure 6F indicates the
correlation of fluorescence intensity at 48 hours with the blastocyst stage of the same
embryo al 96 hours, as a percentage of blastocysts at a given stage that exhibited the
indicated fluorescence at 48 hours {blue: no fluorescence; red: low intensity fluorescence;
green: medivm intensity fluorescence; purpler high intensity fluorescence). Good
correlation was observed between early expression of OCT-4 (fluorescence) and
progression to later stages of embrvo develepment for individual embrvos. Figure 7
indicates the distribution of cmbryos in optimal (blue line} and suboptimal (red line}

culture conditions according to their fluorescence status, shown as the percent of embryos

exhibiting each fluorescence intensity at 48 hours
EXAMPLE 3: MOLECULAR MOUSE EMBRYONIC ASSAY USED TO ASSESS

BLASTOCYST DEVELOPMENT IN PRESENCE OF DIFFERENT QUALITIES OF
OGIL

-

Transgenic mouse embrvos containing CDX2-GFP were used 1o carry out molecular-

e v

3]

based mouse embryo assay (mMEA) in the presence ol different qualities of oil: (1) good
oil, {21 5% bad oil. (3) 7.5% bad oif, (43 10% bad oil, and (5) 15% bad oil. Eighieen
embryos were tested for each of the above-histed oil qualiies.  The embryvos were
evaluated using a stereo nucroscope to at 48 and 96 hours to assess morphologically

blastocyst development, and also using a fluorescent microscope at 48 and 96 hours to

L

assess expression of GFP. Using conventional MEA protocols, any embryo scoring at or
above 80% at 96 hr (expanded and hatching blastocysts) would pass such that the restec
Aararmeter wn ;Ed Ef"} i. e o SYr) § :‘ ,/3}'.: "E‘:{\‘ 7Yy I i 37 t!’\ 34y T \} Eq ’;r)r\g L r,} Feie
parameter would be deemed accessible.  As shown below, the morphological analysis
alone was not as sensitive as the molecular expression methodology and would have

resulted in one false positive for the 7.5% bad oil.
. Meorphological Evaluation of Development and Cdx-2 Uxpression at 48 Hour

$3108 Figure 8A shows the early cleavage development of embryos for
4 ) & $

morphology assessment after 48 hours, specitically the percentage of embrvos with less
than 8 cells {(bluey and those with greater than or equal w0 § cells (red). The Cdx-2

expression/ fluorescence intensity of the same embryos was also evaluated at 48 hr.

Embryos were rated on a relative subjective scale of 0-3 for fluorescence with € meaning

v
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no Huorescence, 1T meaning low fluorescence, 2 meaning medium fluorescence, and 3
mweaning high fluorescence. The percent of developing embryvos rated as 8-1 (no or low

B

fluorescence, blue) 2-3 (medium or high fluorescence. red) are shown in Figure 88,
b. Morphological Evaluation of Development and Cdx-2 Expression at 96 Hours

{60189} Figures 8C and 8D indicate the blastocyst development as determined by
fight microscopy (Figure 8C) and tluorescent microscopy (Figure 8D} at 96 hours (blue
carly blastocyst; red: blas ; ereen: expanded blastocyst: purple: hatching blastocyst).
As shown in Figure 8C, the ‘good oil,” the 5% bad oil.” and the ~7.5% bad o1l all meet
the 80% threshold using MEA or morphological analves for being deemed acceptable,
The 100 and 153% bad oils would have failed the 80% threshold.  bvaluation of
blastocysts specifically for fluorescence intensity at 96 hr does not distinguish the
development differences between optvnal and suboptimal conditions. Figure 8E indicates
the distribution of embryos in the various treatment conditions according to their
fluorescence status, shown as the number of embryos exhibiting each fluorescence
intensity at 48 hours. Embryos were rated on a relative subjective secale of 0-3 for
fluorescence with 0 meaning no fluorescence, 1 meaning low {luorescence, 2 meaning

e

Ie]

nedium fluorescence, and 3 meaning high tluoresce
e. scussion ! Summary of Results

{0118} Tables 1 and 2 below show that using only the morphological assessment
would have led to a false positive for the 7.5% bad oil*. In contrast, the molecular MEA
identified the suboptimal development as early as 48 hours. As illustrated by the data in
Table 2, using morphology alone, the 7.5% bad ol would have scored above the 80%
cutoff, while the developmental expression of Cdx-2 demonstrated that those embrvos

0/
i

(,l)

[

This iltustrates the increased sensitivity

s

1k

o3

o
o

vy the 7. ac

p—

were adversely affected

A

according to some embodiments provided by the molecular MEA as described herein as

compared to only visual morphological analysis.

%% of early

Fluorescence

(GGooed ol {control)

% Bad Ol
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160.0

0% Bad (1l
g

7.3% Bad Ol
3

i

1 5% Bad oil

% of blastocyst stage development at 96 hours

Maorphology ’E\mecue Hatching
GOOG il R R : . R
5% Bad Ol
7.5% Bad O
1% Bad O
15% Bad ol

EXAMPLE 4: MOLECULAR MOUSE EMBRYO ASSAY CASE STUDY

a. Determination of Suboptimal Media Components
[08111] Transgenic mouse embryos containing 4 reporter gene linked 1o

i

phluripotency marker were incubated in 20 pl droplets of medium containing human
serum albumin (HSA) of differing quality. The embryos were covered by mineral oil and
incubated at 37 degrees C under classical cell culture conditions (humidified atmosphere
of 5% CO2 in air). Fmbryos were evaluated morphologically and for expression of GFP

afier 48 and 96 hours in culture.

(0182} At 48 h, the embryos were assessed by standard MEA and molecular

[l

MEA. The results are shown in Table 3. All of the HSA samples gave similar results with

the standard MEA (top panel}, with 95.3% to 97.7% of the embrvos progressing to the 8-

N

cell stage or bevond in each condition. The molecular MEA (lower panel) identified two

HSA samples (HSA-A and HSA-D) that exhubited a greater number of embrvos with no
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G o Tecell =8-cell
CHEA-A 0.0 RS 955
CHSA&R 0.0 4,7 85,3
CHSA-T 0.4 2.3 977
HSAD oo 23 97.7
: o 4. 5.

je0113] At 96 h, the embrvos were assessed to determine the percentage of
embryos in cach stage. The results are shown in Table 4. HSA-B, HSA-C, and HSA-F
allowed greater than 85% of the embryos to progress to the expanded blastocyst stage and
beyond, which surpasses the requirements for allowable IVFE culture media. HSA-D

3.7% of the embryos to progress to the expanded blastocyst stage and beyond,

\/f.}

allowed 8§
which barcly passes the requirements for allowable TVF culture media. H5A-A allowed

¥
/

]

78,
Y

Lo s

of the embryvos to progress to the expanded blastocyst stage and bevond,

=N

only

i

which fails the requirements for allowable IVE culture media. The molecular MEA

identified the subeptimal culture conditions at an earlier stage {48 h) than the standard

MLEA.

TABLE 4

cand C’ﬂa'ﬁ

[30114] It will be understood by those of skill in the art that numerous and various
modifications can be made without departing from the spirit of the present disclosure.
Therefore, it should be clearly understood that the forms disclosed herein are iflustrative

o

only and are not intended fo limit the scope of the present disclosure.
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WHAT IS CLAIMED IS:

1. A method for assessing a product used for A d Reproductive Technologies
(ART), the method comprizsing:

providing a transgenic embryo, wherein said embryo comprises at feast one
reporter gene operably linked o the regulatory region of at least one embryonic viability

marker and/or at least one transgene operably linked to the regulatory region of at least
one embrvonic viabihity marker;

culturing said embryn in vigre Tor a specified duration;

evaluating expression of the at least one reporter gene and/or the fransgene during

e

at feast one stage of development of said embryo; and
determining the acceptability or {ature of said product based upon said
evaluation, wherein the product is used in the method in a manner similar to its intended

use in ART.

2. The method of ¢laim i, further comprising evaluating the morphology of the

embryo during at feast one stage of development of said embryo.

i The method of ¢laim 1, wherein the transgenic embryo is a onc-cell embryo or a

two-cell embryo.

4. The method of claim 1, wherein the transgenic embryvo is from a mammal.
3. The method of claim 4, wherein the mammal is murine, porcine, equine, bovine,

{‘,-an*{ oF non-human *)E“]la.h,

. The method of ¢claim |, wherein the at least one reporier gene encodes a

fluorescent proiein

7 The method of claim 6, wherein the evaluating step comprises determining the

i i

Huorescence intensity of the fluoreseent protein.

8. The method of claim |, wherein satd evaluating step comprises:
capturing at feast one image of said embryo;
i1 determining s level of expression of said reporter gene based orn the Image

2. The method of ¢laim 8, wherein steps (i1} 18 performed by g computer,
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1 The method of claim &, further comprising:

i, comparing said fevel of expression to a threshold level and/or g control
leve]
it The method of claim 1, wherein steps {iii} is performed by a computer.

12 The method of ciaim 1, wherein said evaluating step comprises comparing said

on to a threshold level and/or a control level

i3, The method of claim 1, wherein said evaluating step compriscs a relative

omparing of said level of expression.

t4. The method of claim 1. wherein said evaluating step turther comprises comparing
the expression of the at least one reporter gene in a transgenic embrvo cultured under

control conditions.

15, The method of claim 1. wherein the at least one stage of development is 1-cell
stage, 2-cell stage, 4-cell stage, 8-cell stage, movrula stage, blastocyst stage and/or

astrulation stage.

ao

¥

16, The method of claim 1, wherein the product is acceptable if expression of the at
least one reporter gene is sufficient to indicate that the embryo is not affected by the use

of the product

17 The method of claim |, wherein the product is selected from the group consisting

of needles, catheters, microtonls, labware, syringes, tissue culture dishes, tissue culture

%

plates, pipette tips, dishes, plates, water, water purification systems, me

ia, media

supplements, and other vessels, devices, or reagents that come into physical contact with

gametes, embryos or tissue culture media,

1

18, The method of claim 1. wherein the viability marker is chosen from the eroup

consisting of Get-4, Tdx2, Sox2, and Nanog.

19, The method of claim 6, wherein the tfluorcscent protein is a green fluorescent

,.
'.'TO

protein, a red Huorescent protein, a yellow fluorescent protein, or a cyan fluorescent

protein.
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20, A method for assessing a product use

{ART the method comprising

o

d for Assisted Re

providing a transgenic embryo, wherein said embrvo ¢

I
&

gene operably linked to the re

€3
o
2
%
s
9]
=3
{f j

marker;

utihzing a product that is proposed for use in ART in 2

PCT/US2014/029410

}}Y‘}?NS'\’ at least one

y region of at feast one embrvonic viability

s
(-\
.’.‘.‘.
Py

turing process;

culturing said embryo i vitre according to said culturing process for a specified

duration:
valuating expression of the at least o

at least a part of the specitied duration; and

e reporter gene

3

in the cultured embryo for

assessing the impact on the embryo of utihizing said product based upon

expression of said at least one reporter gene.

bk

i The method of claim 20, wherein the

similar to its intended use in ART.

22 The method of clalm 20, wherein the

enbryo.

23 The method of claim 20, wherein the

of gamete and embryo culture media, gamete

transport media, enzymes for denuding cocytes, gradient for spet

o

product is used in the method in a manner

embryo is a one-ce

product is selecte

1

and embryo handhng/proces

il embryo or a two-cell

from the group consisting

g media,

‘m separation,

freezing/vitrification media, thawing/warming media, pipette and embryo handling

devices, fab-ware used in the process of human ART ncludiz

1 but not Hmited to Petri

dishes, centrifuge tubes, cryopreservation and cryo-storage devices, and any solulions,

reagents or devices involved with ART,

24, The method of elaim 20, further comprising determining the acceptability or

fatlure of said product based upon said assess

25, The method of claim 28, wheren the evalu

pat

the expression in one or more embryos culture

ment.

?ing expression comprising comparing

>d utilizing the product that is proposed for

use in ART to expression of one or more embryos cultured without the product that is

proposed.
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26. The method of claim 25, wherein the one or more embrvos cultured without the

product that is proposed are cultured with a control product.

vy for use in assessing a media used for Assisted

3§€:S {ARTY, said assay comprising:
one or more transgenic embryos, wherein said embryos comprise at least one
reporter gene operably linked to the regulatory region of at least one embryonic viability
marker;

x

controf media and/or control product, wherein said media and control product

H

i

allows for optimal embryo growth; and

mstructions tor evaluating ART products and IVF culture conditions.

28. The assay of claum 27, further comprising suboptimal media, wherein said

suboptimal media allows for suboptimal embrvo growth.
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FIGURE 1
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FIGURE 2A
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FIGURE 2B
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FIGURE 3A
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FIGURE 3B
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FIGURE 3C
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