I*I Innovation, Sciences et Innovation, Science and CA 2915540 C 2021/08/31

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 9 1 5 540
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépo6t PCT/PCT Filing Date: 2014/03/14 (51) ClLInt./Int.Cl. C72Q 1/02(2006.01),
(87) Date publication PCT/PCT Publication Date: 2014/09/25 AOTK 67/027(2006.01), GOTN 33/53(2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2021/08/31 NI HSIAO-TZU, US:
(85) Entrée phase nationale/National Entry: 2015/09/08 ES-SLAMI, SAMIRA, US;
®6) N° demande PCT/PCT Application No.: US 2014/029410 GILBERT, REBECCA SUSAN, US

(87) N° publication PCT/PCT Publication No.: 2014/153173 (73) Propriétaire/Owner:

o FUJIFILM IRVINE SCIENTIFIC, INC., US
(30) Priorité/Priority: 2013/03/14 (US61/783,557)
(74) Agent: SMART & BIGGAR LLP

(54) Titre : PROCEDE ET ESSAI MOLECULAIRE DE CONTROLE QUALITE SUR UN EMBRYON DE SOURIS POUR
UNE UTILISATION AVEC LA TECHNOLOGIE DE LA FECONDATION IN VITRO

(54) Title: A METHOD AND QUALITY CONTROL MOLECULAR BASED MOUSE EMBRYO ASSAY FOR USE WITH IN
VITRO FERTILIZATION TECHNOLOGY

Cxked sty I optimal and sub-optimal growth conditions

Note: lack of Oct 3/4 staining on the right cell of the embryo (slow embryo)

(57) Abrégé/Abstract:
A method for qualitatively assessing products used in in vitro fertilization is provided. Also disclosed is an improved quality control
assay for use in clinical Assisted Reproductive Technologies (ART).

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




wo 2014/153173 A1 [N 00O

(43) International Publication Date

CA 02915540 2015-09-08

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/153173 Al

25 September 2014 (25.09.2014) WIPO I PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
C12Q 1/02 (2006.01) GOIN 33/53 (2006.01) kind of national protection available): AE, AG, AL, AM,
AOIK 67/027 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) Tat tional Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PCT/US2014/029410 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
14 March 2014 (14.03.2014 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
( )
) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(25) Filing Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
(26) Publication Language: English ?’V’ TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: o
61/783,557 14 March 2013 (14.03.2013) us 84 D.e51gnated. States (unle.ss othemzse indicated, for every
(71) Applicant: IRVINE SCIENTIFIC SALES COMPANY kind of regional protection available): ARIPO (BW, GH,
pplicant: s GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
INC. [US/US]; 1830 E. Warner, Santa Ana, California UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
92705-5505 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
. EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventors; and = . o MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM.
(71) Applicants : NI, Hsiao-Tzu [US/US]; ¢/o Irvine Scientific
. TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Sales Company, Inc., 1830 E. Warner, Santa Ana, Califor- KM. ML. MR. NE. SN. TD. TG
nia 92705-5505 (US). ES-SLAMI, Samira [US/US]; c¢/o ? ’ - NE, SN, TD, TG).
Irvine Scientific Sales Company, Inc., 1830 E. Warner, Published:
Santa Ana, California 92705-5505 (US). GILBERT, Re- P .
becca Susan [US/US]; c¢/o Irvine Scientific Sales Com- with international search report (drt. 21(3))
pany, Inc., 1830 E. Warner, Santa Ana, California 92705- —  before the expiration of the time limit for amending the
5505 (US). claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))
(74) Agents: MORLEY, Marc T. et al.; Foley & Lardner LLP,

3000 K Street, Suite 600, Washington, D.C. 20007 (US).

(54) Title: A METHOD AND QUALITY CONTROL MOLECULAR BASED MOUSE EMBRYO ASSAY FOR USE WITH IN
VITRO FERTILIZATION TECHNOLOGY

FIGURE 1

CcC

DD Note: lack of Oct 3/4 staining on the right cell of the embryo (slow embryo)
(57) Abstract: A method for qualitatively assessing products used in in vitro fertilization is provided. Also disclosed is an improved
quality control assay for use in clinical Assisted Reproductive Technologies (ART).



CA2915540
1

A METHOD AND QUALITY CONTROL MOLECULAR BASED MOUSE EMBRYO
ASSAY FOR USE WITH IN VITRO FERTILIZATION TECHNOLOGY
CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This application claims priority from Provisional Application US Application
61/783,557, filed March 14, 2013, entitted A METHOD AND QUALITY CONTROL
MOLECULAR BASED MOUSE EMBRYO ASSAY FOR USE WITH IN VITRO
FERTILIZATION TECHNOLOGY.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a method for assessing products used in cellular
biology, for example, in vitro fertilization. Also disclosed is a quality control assay for use in

clinical Assisted Reproductive Technologies (ART).

Description of the Related Art

[0003] The in vitro fertilization (IVF) laboratory plays a fundamental role in the
treatment of infertile couples. Ensuring proper Quality Control (QC) in the IVF laboratory is
critical to the success of any IVF program, as the environment of the laboratory can alter the
quality of the embryos produced. An optimal culture medium and a stable environment are
necessary for the successful development of human embryos in vifro. 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 is unique because, unlike somatic cell culture, embryos are constantly and

rapidly changing, both in morphology and function (Leese 1991; Bavister 1995).

[0004] During development, pre-implantation embryos change rapidly, in just a matter
of days, from a metabolically quiescent, undifferentiated single cell under the genetic control of
maternal transcripts into a dynamic, multi-celled embryo that has developed homeostatic

mechanisms and its own functioning genome (Leese 1991; Lane

Date Regue/Date Received 2020-05-01
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2001; Gardner ef al. 2005). The early embryo, which depends on a pyruvate-based metabolism
and is solely dependent on mitochondrial oxidative phosphorylation for energy production; like a
unicellular organism, the early embryo lacks many key regulatory functions for pH and osmotic
control. After compaction at the eight- to 16-cell stage (dependent on species), there is a change
in metabolic control to a highly glycolytic metabolism. Concomitantly, there is also a marked
transition in the functional complexity of other cellular mechanisms as the embryo’s physiology
becomes more like that of a somatic cell. It is the initially crude nature of homeostatic regulation
in the early embryo and its subsequent development through later stages of pre-implantation
development that pose significant challenges in the laboratory. Maintenance of a favorable in

vitro environment is essential for maximizing viability and promoting ongoing development.

[0005] Perturbations to the environment surrounding the embryo during development in
culture, relative to “normal” conditions encountered in the reproductive tract, result in reduced
embryo viability and impaired development. As discussed below, there is a need for objective,
sensitive, and reproducible methods and assays for testing materials used in human IVF for

embryo toxicity as well as growth promoting and inhibiting factors.
SUMMARY OF THE INVENTION

[0006] It 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 to 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 to implant
and produce a successful 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 techniques and
protocols employed for performing the MEA are set forth in In Vitro Fertilization and Embryo
Transfer: A Manual of Basic Techniques (Don P. Wolf, Editor), 1988, pages 57-75. Briefly, the

assay involves superovulation of female mice with pregnant mare serum gonadotropin

Date Regue/Date Received 2020-05-01
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(PMSG) and laenan chorionic gonadotropin (5CG). The mice are placed with males at

the time of hCG injection and killed 24 hours following MG w obain one-cell embryos

or 36 hours after injection to obtain two-cell embrvos, One-cell embrvos are selecied for
use if they have two polar bodies visible; two cell embryos are selected for use if they

ook morphologically normal,

[T The MEA is used for toxicity and functionality testing of reproductive
media, labware, or any device coming into contact with gametes and/or embryos. The
rationale for requiring information on tlus fest as a special control for class {] assistec
reproduction devices is that 11 s a good surrogate indicator of potential toxicity of

ed reproduction devices 1o gametes and/or embryos. The FDA hag

e ¥

materiale used in assisty

recognized that the MEA 1s currently the most appropriafe test for embryo toxicity,

Briefly, both ong-cell and two-cell assays are vsed, and these are identical except that

one-cell embryos are flushed from the mouse oviduct earlier than two-cell embryos
5

Whether a one-cell or two-cell MEA Is used, the bioassay should represent, as closely ag

wssible, the corresponding procedures used for which the device 1s used for human IVFE,

b
e

V3

such as the acquisition, maintenance, culture, transter (relocation) and cryopreservaiion o

erabrvos.  Typically, embrve morphology is assessed and blastocyst formation s

aTeY:

determined aller 96 hours of culture. ¥ more than 80% of the zygotes have reached the

et suitable

blastocyst stage, the medium, labware, or other equipment tested are cons

for clindcal use.

RS In addition to deteciing 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 limitations of this assav which are often overlosked. Tor

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

toxic. The MEA cannot detect or differentiate growth promoting or indubiting factors at ¢

100689] Fmbodiments described hercin generally are directed 1o systems and

g molecnlar based mouse embryo

methods for provi

gquality control in. for example, in vifre fertilization

Reproductive Technologies (ARTY and more specifically 1o

assessing embryonic development from the one-cell or

stage.
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{6016 From this description, in conjunction with other items, the advantages of

(.g

the imvention will become clear and apparent based upon the hereinafter descriptions and

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

{6611 In one aspect, a quality control method for asse

human IVEF or ART is provided. The method inciudes providing a

least one-cell) and culturing the embryo i vire for a specified period of time,  The
method further includes evaluating the ombryonic development from one-cell or two-cell

~ PR
H

astooyvst stage and beyond.  Acceptability or fatlure of

<
-
el
%
e
oy

ctermited based upon qualitative and quantitative analyses of the embryo development.
Optionally, the one-cell embryo ineludes at least one fluorescent protein tramsgene

operably  litked (o the regulatory  region  of  at feast one  embrvonic

development/sluripotency reguiator

{8012} The transgene may include a reporter gene encoding a selected fluorescent

protein such as green fluorescent protein (GFP), red fluorescent protein, cyan fluorescer

protein, orange fluorescent protein or yellow flucrescent protein.

j0013] In another aspect, the quality control method and assay are designed to

est items used in [VE environments and/or ART. The test items mav include

&)
(
o
=
&
o
e
e
( C

gamete and embryo culture media, gamete and embryo handling/processing media (1o

include washing and separation media), transport media, enzymes for denuding QOCYIeS.
e R foy /

gradient for sperm separation, freszing/vitrification media, thawing/warming media,
pipette and eywbryo handling devices, lab-ware used in the process of human in vitro
fortilization including but not Timited to Petri dishes, centrifuge tubes, ervopreservation
and Cryo-storage devices, and any solutions, reagents or devices invoived with in virro

ART related procedures.

LHEY fn another aspect, evaluation of embryonic development is accomplished
by analysis of general embryo morphology related 1o the deveiopmental stages of the

embryos and/or the location/quantity/guality of fluorescence. Preferably, the embrvo is

derived from a manunal and can include murine. porcine, equine, bovine. ovine, le eporine,

and non-human mrnu,(: emb Yo,

{B015] in still another aspect, the opera ced embryonic pluripotency

regulator may include withouwt limitation Oct-4, S¢ CDX2 and Rext as well as
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upstrea mediators and downstream effector

embrvo development,

3

{16} Embryo development may be assessed at any or all stages inchuding 1 and

Z-cell-stages, 4-cell stage, 8-cell stage, morula stage, blastocyst stage and gastrulation

stage
[8017] A quality control assay or kit {or use i clinical ART 1o evaluate producis

used in the process of handling and preserving human gametes and producing. culturing

and preserving human embryos is likewise provided. The assay advantageously includes

a transgenic one-cell embryo harvested from a transgenic mammal, wherein the embryo
comnprises at least one reporter gene operably linked to the regulatory region of at
one cmbryonic plaripotency marker; and instructions for evaluating ART products and
IVE culture conditions. The instructions can include incubating g fransgenic one-cell

embryoe under certain culture conditions and evaluating embryvo development based upon

norphology from the one and two-cell to blastulation and gastrulation stages.

’:‘

.‘3

{0318 Uptionally, the reporter gene encodes a thaorescont protein, such as Gree

o
u

Fluorescent Protein, Red Fhiorescent Profein, Cyan Fluorescent  Protein, Orange

Fluorescent Protein, or Yellow Fluorescent Protein.

{0819} in another aspect, the assay includes at least one fransgenic embryvo,
wherein the transgene comprises at Jeast one embryonic pluripotency regulator and/or 1is

upstreamn mediators andfor downstream effectors). where the

regilate

pluripotency regulator playvs a role in ensuring normal embrve development. The test
* fanl

itemns/growth conditions may be evaluated based on embryo growth, development and

quality based upon assessment of embryo morphology and/or qualitative/guaniitative
assessment of fluorescence. The acceptable threshold for optimal embrve growth and
development is based on individual set coriteria depending on test items and expected
development under normal/control conditions. In the event that the test items do not meet

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

considered suboptimal or embryvotoxic (1., unacceptable)

{328] fn still another aspect of the invention, an embryo assay
sensitivity for use in quality control of clinical human ART/IVF is described. The assay

may include a transgenic one-cell embryo. The embryo can juchude at least one reporter
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Lene Opcrabiy linked to at least one gene associated with embrvonic development

toxic, Also provided is a test item such as, for example, embryve culture media, gamete

¥ o

handling media, enzymes {or denuding oocytes, gradient for sperm scparation, freering

modia, thawing media, pipeties and {:mbr}f«a handling devices, or labware used in the

process of human in vitro fertilization including but not linited 1o Petri dishes, centrifuge

wahes, cryopreservalion and cryostorage devices,

18021} The invention disclosed herein {urther includes a method for enhancing the
sensitivity of an embryo assay using analysis of embryo development o the blastocyst
stage.  The method includes providing a transgenic embryoe comprising at least one
reporter gene operably linked to the regulatovy region of at least one embryonic
plunpotency marker; incubating the transgenic embryvo under culture conditions that
utilize the test item{s); and evalusting cmbryo development morphologically and/or via
the expression of said embryonic marker from one-cell to blastocyst and/or gastrulation

stages,

Ei‘
j6022] Optionally, the method for enhancing the sensitivity of an embrvo assay

further includes evaluating expression of the embryonic marker at the blastocyst stage and

bevond (gastrulation). The evaluation may comprise delermining fluorescence of the

reporter gene. The assay may detect embryvo-toxicity in culture media and/or culture

materials.  In one aspeet, the assay detects functionality of meodia and suitability of

materials used in clinical in virre fortilization environments.
{023 A modified, transgenic embryo, comprising at least one transgene vperabily

linked to the regulatory region of at least onc embryonic pluripotency regulator is

£

disclosed. The embryonic pluripotency regulators include these regulators’ genes as well

ffectors that play a role in ensuring normal

<«

as their upstream mediators and downstream

embryo development.  Advantageously, the transgene is a reporter gene, The reporter

gene may be a luorescent or luminescent protein such as green fluorescent profein, rod

fluorescent protein, cyan fluorescent protein. crange Huorescent protein, or yellow

fluorescent proien,
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[0024] In another aspect, there is provided a method for assessing a product used for human
Assisted Reproductive Technologies (ART), the method comprising: culturing one or more
transgenic murine embryos in vifro using the product for a specified duration wherein the product
is used in the method in a manner similar to its intended use in human ART; wherein the embryos
comprise at least one reporter gene operably linked to 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 embryonic viability marker, wherein the viability marker is selected from the group
congisting of Oct-4, Cdx2, Sox2, and Nanog; evaluating a level and/or location of expression of
the at least one reporter gene and/or the transgene during at least one stage of development of the
one or more embryos; and determining the acceptability or failure of said product based upon said
evaluation, wherein the product is deemed acceptable when expression of the reporter gene
compared to a control or a pre-determined standard is sufficient to indicate that growth and/or

development of the one or more embryos is not affected by use of the product.

[0025] In another aspect, there is provided a use of a quality control assay in assessing a
medium used for human Assisted Reproductive Technologies (ART), said assay comprising: one
or more transgenic murine embryos, wherein said embryos comprise at least one reporter gene
operably linked to the regulatory region of at least one embryonic viability marker, wherein the
viability marker is selected from the group consisting of Oct-4, Cdx2, Sox2, and Nanog; control
media and/or control product, wherein said media and control product allows for optimal embryo

growth; and instructions for evaluating human ART products and IVF culture conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIGURE 1 is a photograph of a mouse embryo incubated from the 2-cell to early-
stage embryo under optimal and sub-optimal IVF growth conditions. The mouse embryo

comprises the OCT 4 embryonic pluripotency regulator linked to a fluorescent tag.

[0027] FIGURE 2 represents the expression of OCT-4 under optimal or suboptimal
growth conditions. FIGURE 2A is a color photograph of a mouse embryo incubated under
optimal growth conditions. FIGURE 2B is a color photograph of a mouse embryo incubated

Date Regue/Date Received 2021-03-01
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under sub-optimal growth conditions. Embryos were grown to the blastocyst stage, then stained
with DAPI (blue; nuclear stain) and anti-OCT-3/4 antibody (red). The embryo was visualized by

fluorescence microscopy.

[0028] FIGURE 3 represents the expression of SOX2 under optimal or suboptimal growth
conditions. FIGURE 3A is a color photograph of a mouse embryo incubated under optimal growth
conditions. FIGURE 3B is a color photograph of a mouse embryo incubated under suboptimal
growth conditions. FIGURE 3C is a color photograph of mouse embryos incubated under
suboptimal growth conditions. Embryos were grown to the blastocyst stage, stained with DAPI (blue)
and anti-SOX2 antibody (green), then photographed under fluorescence microscopy.

[0029]
[0030]
[0031]

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Date Regue/Date Received 2021-03-01



CA 02915540 2015-09-08

WO 2014/153173 PCT/US2014/029410

ng this description it will become apparent to one skilied in the

el

832 After readh
art how (o implement the ivertion in verious alternative embodiments and alternative
applications, Hnwcws', all the various embodiments of the present invention will not be

[t wiil be understood that the embodiments presented here are presented

ample only, and not himitation. As such, this detailed deseription of

odiments should not be consirued to limdt the scope or breadth of

pree
pony
-
o
o
=3
Lok

the present mvention as set forth balow.,

|33 Before the present invention is disclosed and described, it is to be

understood that the aspects described below are not limited to epecific compositions,

methods of preparing such compositions, or uses thereof ss such may, of course, vary, It

is also o be understood that the terminology used herein is for the purpose of describing

particular aspects only and is not intended to be limiting

ra

B34} The detatled deseription of the invention is divided into various sections

only for the reader’s convenience and disclosure found in any section may be combined

with that in another section. Unfess defined otherwise, all technical and scientific terms

'

used herein have the same meaning as commonly understood by one of ordinary skill in

the art to which thus invention belongs.

[{HI35] i this specification and Jo the clabms that follow, reference will be made
to a number of terms that shall be defined to have the following meanings:
0836} The terminology used herein is for the purpose of describing particular

1
pye
i1

embodiments only and 1s not intended fo be limiting of the invention. As used herein, the

~

1

intended to include the plural forms as well, unless

& ",g

singular forms "a", "an” and "the" are

the context clearly indicates otherwise,

3637} “Optional” or “opticnally” means that the subsequently described event or

cireumsiance 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” s mniended {o mean that the compesitions and

methods include the recited elements, but not excluding others. “Consisting essentially

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

of any essential significance 1o the combination. For example, a composition consisting

+

essentially of the clements as defined herein would not exciude other elements that do not
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&

materially  affect the basic and novel characteristic(s) o 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 transition terms

ot

are within the scope of this invention,

7 inwludes all of the elements

[3839] As used herein, the term “reguiatory

and/or sequences of the gene of interest that are required for proper expression of that

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

o

the like, Regulatory regions can include regions upstreanm ¢f

@ ranseription s site (3
untransiated region), downstream of the transcription start site, within introns, in the 3
untransiated regioﬂ, or within coding sequences. For example, the regulatory region may
nchide only the minimum essertial elements of the viability marker gene to dircot

-

expression of the transgene. In other aspects, the regulatory region may include larger

Dm‘tionﬁ or substantially all of the viahility marker gene. including part or ali of the

o

coding region. The regulatory may alse include upstream mediators and/or downstream

fiectors,

{0040] As used heretn, 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 wmarkers include embrvonic  development  markers  and

pluripotency markers. Generally, these markers include embryvonic sten

transeript genes.  Pluripotent stem cell markers, a3 used herein, are oxpressed at a
predictable level and location at a predictable time of embrvonic development. Viability
markers may be expressed at a certain stage of embrvo development. Expression at a
certain time during development may indicaie that the ewbryo is developing normally;

iack of cxpression may indicate abnormal development. Alternatively, viability markers

may be genes that are not normally expressed at a certan stage of embryo development,

)

and whose expression at such a time indicates abnormal development.
j0041] As used herein, the term “reporter gene” includes any gene that can be
operably linked to the regulatory region of a viability marker and can be visualived or

otherwise evaluated to determine its expression. In a preferred embodiment, the reporter

o

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

s
’3

¥

be or include, for example, an epitope tag {e.g., HIS, FLAG, HA) that is recognized by an
£ \ o K = o

o

,,4

anti “)Ud
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jHg42; As used herein, “acceptability” of a product is determinad by rates of
survival, development, and/or reporter gene of blastocysts that are
approximately equal o or better than that observed in the control or a standard (e
greater than 80% developed blastocvsis). Likewise, “failure” as used herein is determined
by rates that are below that observed in the control or a standard.

(3043} As used herein, “control conditions™
for optimal embryo growth and/or development.

emploving the IVF product 1o be tested fo

[y “Optimal” conditions as used herein, 1
healthy, unfettered embryonic development

culture conditions which allow for some cellular grow

3

robust than what wou

rits effect on embrvo growth and

“Sub-optimal” ¢

d be predicted to be observed under optimal

f
L

he conditions known to provide

“Test conditions™ are c¢onditions

develapment.

ers o conditions which promote

A%
H

conditions, by contrast, are

growth is slower and Jess

cul

vih but the

H
i

ure conditions.

“Embryo toxicity™ as used herein, refers o culture conditions which induce abnormal
development or embryo death.

[8045] “Assisted Reproductive Tee . as used herein, includes all
fertifity treatments in which both female gametes (cggs or oocytes) and male gametes
{sperm) are handled. In Virro Fertilization (IVEF} is ovue of several assisted reproductive
techniques used to assist infertile couples in conceiving a child,  IVF refers 1o the

procedure by which eggs are removed from the female’s ovary and fertitized with spern
in a laboratory procedure. The fertilized egg (ombryo) can be cryopreserved for future
use or transforred to the uterus

{0046} As used herein, “blastocyst” refers to a structure in carly embryvoni
development consisting of a ball of ceils with surrounding wall {rophectoderm or TF)

the Had 6

jod

which will form lacenta, a

and

[

amniotic sac an inte

the

fetus arises.

detaii

Ge‘ﬂemliy heretn are met

N
HA

i development ¢
+h

e a

mpact on the ot

ararpeters.  For example, some en

thod for

me

ifled cavity
ernal cluster of cells called the uner

COrther terms relating to the invention are define

i
Wit

{blastocoels) ich will fo

cell mass (1CM)Y from which

and described in more

hods, systems and kits related 1o

of biological cells of cortain culture
odiments relate to g quality contro
in vitro fertilization or ART. For
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example, fertilized embryos harvested from reporter-transgenic animal, such as a mouse,
are used 1o detect possible detrimental or sub-optimal culture conditions or parameters.

Effectively, the transgenic embryos pr(}\fzide a more sensitive and Vf‘:.azmi(:-rsaiiy

-

cualitative quality control (QC) assay

i vireo tertilization and ART laboratories,

[B048] As will be described in greater detail below, the method can include

providing a transgenic blastocyst with at least ovne~cell; culturing the blastocyst under in
vitre or Assisted Reproductive Technology ("ART™) culture conditions, and evaluating
blastocyst differentistion to determine the acceptability of the culture conditions. i’jz,ia’sitj\/

control assays and methods of performing qualitv contro

below include o mammalian ansgenic embrvo (a
embodiments, the embryvo is at the one- or two-cell stage. The mammalian embryo can
be obtained from bovine, ovine, porcine, murine, caning, equine, sirian, or human origin.
fn some embodiments, the mammalian embryo is porcine, equine, or bovine. More

ommounly, the embryo is murine derived,

HHESH The molecular MEA as
the standard MEA that is currently used to test IVF reagents and consumables. The
standard MEA is based on a determination of the morphology of the embryos 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 embryo
development. Also, the molecular MEA can couple molecular amlysis of developmental

markers with morphological analysis to determine the effects of a test product on embryo

o

3

refopment. Benefits include availability of early results, increased sensitivity, and the

avatlability of automation. Suboptimal culture conditions may be apparent as early as 48

hours when using mouse embryos, In addition, IVF reagents having small deleterious
elfects, especially elfects that affect gene expression but not morphology, may be

observed. Reporter gene expression, as represented, for example, by fluorescence, can be
determined quantitatively or gqualitatively, including for cxample, by a mechanized

v

method, allowing for increased automation {e.g., an automated assessment).

&

IR Titles or subtities may be used in the specification for the convenience of a

which are not intended o influence the scope of the present invention.

Additionally, some terms used in this specilication are more specifically defined below.
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I. Methods

[0051] 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
gloves, plates, media, chemicals, and oil. In the IVF setting, the quality control of all
consumable and materials is important for maintaining an optimal environment for embryo
culture, thus ensuring normal embryo physiology and subsequent pregnancy rates. Thus, some
embodiments relate to methods of evaluating the impact or effect on an embryo (e.g., potential

toxicity) of IVF consumables and materials.

[0052] As used herein, IVF consumables include, without limitation, media, media
supplements, plastic ware, tubing, pipettes, pipette tips, etc. or any material that comes into
contact with human eggs or embryos. Plastic and glassware can include assisted reproduction
needles, laboratory gloves, assisted reproduction catheters, and assisted reproduction
microtools such as pipettes or other devices used in the laboratory to denude, micromanipulate,
hold, or transfer embryos. IVF consumables further include assisted reproduction labware,
including without limitation, syringes, [VF tissue culture dishes, IVF tissue culture plates,
pipette tips, dishes, plates, and other vessels that come into physical contact with gametes,
embryos, or tissue culture media. As used herein, IVF consumables can include assisted
reproduction water and water purification systems intended to generate high quality sterile,
pyrogen-free water for reconstitution of media used for aspiration, incubation, transfer or storage
of embryos for IVF or other assisted 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 foundin 21 C.F.R. 884.6100, et seq.

[0053] In one aspect, this invention relates to a method for assessing a product used for
Assisted Reproductive Technologies (ART), the method may include, for example, providing a
transgenic embryo comprising at least one cell, wherein the embryo comprises at least one
transgene operably linked to the regulatory region of at least one embryonic viability marker;
culturing the embryo in vitro for a specified duration; evaluating expression of the transgene
during at least one stage of development of the embryo; and determining the acceptability or

failure of the product based upon said

Date Regue/Date Received 2020-05-01
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evaluation, wherein the product is used 1n the method in a manner similar o its intended

use it ART. In some embodiments, the ransgene is a reporter gene.

{6084 In one aspeet. this invention relates to a method for assessing a product

used for Assisted Reproductive Technologies (ART).  The method may inelude, for

&
5
g
)
o
9]
=
T
-
e
oy
B
&
5
“
2
3
4

example, providing s transgenic embrvo, wherein tF

porter gene operably linked 1o the regulatory regio

secified duration: evaluating expression of

narker: cultiwing the embryo in vivs for a

4!

the at least one reporter gene during at least one stage of development of the embryo; and

determining the acceptability or failure of the product based upon said evaluation
ot P Iy I i

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

RN In one aspect, the invention relates w0 methods for assessing a product used

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

providing a transgenic embrye. wherein the embryo comprises at lcast one reporter gene
operably linked to the regulatory region of at least one embryonic viabiliny marker:
utihizing a product that is proposed for use in ART: culturing the embryo in virro for a

specified duration; evaluating expression of the at least one reporter gene in the cultured
embryo for at least a part of the specified duration; and assessing the impact on the
enthryo ol utilizing the product based upon expression of the at least one reporter gene. [n
some embodiments, the product 1s used in the method in a4 manner similar to its intended
use in ART. In some embodiments, the method further comprises determining the

acceptability or fail

aid product based upon the assessmi

{0856} In some embodiments, the methods can include, for example, evaluating
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 mummal is murine, porcine, equine, bovine, ovine, leporine or non-
human primate. In some embodiments, the transgenic embrvo is from a rat. In a preforred
embodiment. the transgenic embryo 1S {rom a mouse. In some embodiments. the
transgene or at least one reporier gene encodes a flw
embodiments, the evaluating step comprises determining the tluorescence intensity of the

fluorescent protoin,
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[B057) Fhe specified duration can depend on a number of factors, including the
species of embryo used, the expresaion patiern of the transgene(s) of interest, the intended
ase of the test product, ete. In some embodiments, the specified duration is one. two.

three, four, five, six, seven, eight, nine, ten, or more days. Some exaruples of non-
Himiting durgtion time points are 24, 48, 72 and 96 howrs, The duration can also be such
that one or more evaluations are done on one or more days (e.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 period ftor example). In some embodiments, the specified duraiion is

determined by the desired developmental stage, for example through the Z-celi-stage. 4-
cell stage, &-cell stage, morula stage. blustocyst stage, gastrulation stage. or bevond,
{80558} in some ernbodiments, the evaluating step can include, for example, one or

more off 1. capturing &t least one image of said embryvo; i, determining a level of
expression of said reporter gene based on the image: and iil. comparing said level of
expression 1o a threshold level and/or a control level. In some embodiments, steps il an

it are performed by a computer.  In some embodiments, the evaluating mav include

measuring Hght emussion and/or intensity visually, or using a device for the same.
39 In some embodiments. the evaluating step further may include comparing

the expression of the bansgene or a least one yeporier gens In 4 ansgenic embryo that

has been cultured under control conditions.

j0066] in some embodiments, the at least one stage of development can be, for

re, &-cell stage, morula stage, blastocyst

example, the 1-cell stage, 2-cell-sf

stage, and/or gastrulation stage.

{0061} i some embediments, the product can be deemed acceprable, for exampic,

if expression of the transgene or at least one reporter gene is suflicient to indicate that the

¥

embryo 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, sufliciency of expression is determined by

comparison 1o a pre-determined standard. In some embodiments, the product is deemed

1Y

riagte. In some embodiments.

.,3

acceptable 11 the n’iurphulogy of the embryvo is approp

appropriate morphology is determined by comparison to a control In some embodima:

approprate morphology 1s determined by comparison to a pre-deternuned standard. In
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some embodiments morphology and expression can be assessed to determine the impact
ol a parameter on embryo development. For example, if both morphology and expression

sment of no negative Impact or a positive impact can be made.

tive, then an ass

the morphology is favorable, but expression is poor at one or more thne points, then an

appropriate assessment can be made, for example, that there is an adverse ar negative

impact,

[BU62] In seme embodiments, the level of fluorescence of embryos in a test

control condition o

ot

condition is compared to the level of fluorescence of embryos in

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

of embrvos exhibiting a certain level of fluorescence (e.g., 0-1 or 223} is compared. In

some embodiments. an accepiable level of fluorescence observed in embrvos in iest
condition is 30% or greater of fluorescence observed in embryos in control condition. In
some embodiments, an accepiable level of fluorescence observed m cmbryos in test

fluorescence observed in embryos in control condition. In

—

condition is 60% or greater o

b

]

some embodiments, an acceptable level of Huorescence ohserved in embrvos in test
condition 1s 70% or greater of fluorescence observed in embiyos in control conditon. In

[ v

some embodiments, an acceptable level of flucrescence observed in embryos in test

mdition s 80% or greater of {luorescence observed in embrvos in control condition. In

some embodiments, an acceptable level of fluorescence observed in embrvos in test

condition is 0% or greater of fluorescence observed i embryos in control condition, In
some embodiments, an acceptable level of fluorescence observed m embryos in test
condition is 100% or greater of fluorescence observed i embryvos in control condition. [t
should be understood that any subvalue or subrange from within the values described

above are contemplated for use with the embodiments deseribed herein.

j0a3] In some embodiments, the location of tluorescence of embrvos in a test
condition is compared to the lecation of fluoresvence of embryvos in a control condition fo
determine whether the test condition is acceptable. In some embodiments, the percentage

o~

of embryos exhibiting a certain level of fluorescence (e, FI 0-1 or FI 2-3) in a cortain

focation {e.g., nucleus or cytoplasm) is compared. In some embodiments, an acceptable
B > 11

&

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

reater of fluorescence observed in the given location of embryos in control condition.

in some embodiments, an acceptable observed in the given location
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t condition is 60% or greater of fluorescence observed in the given

ts, an acceptable fevel of

mbryos in control condition. In some embodiment

fb

is 70% or greater

fluorescence ohserved in the given location of embrvos in test condition

embodiments, an aceeptable level of fluorescence observed i the given Incation of
embrvos in tost condition is 80% or greater of fluorsscence ohserved in the given focation
of embryos in conwel condition. In some embodiments, an accepiable level of

fluoreseenice observed in the given location of embryos in | ndition is 90% or greater
of fluotescence observed in the given Jocation of embryos in control condition. In some
embodiments, an acceptable level of fluorescence observed in the given location of

embryos in fest conditdon is 100% or greater of {luorescence o

location of embryos in control condition. It should be understeod th

ithin the values described ahove are

herein

subrange from

o

embodiments described

o
32

{#364] In some embodiments, the marker or transgene present in the embryo |

gene that would be expected to be tuned off at a specitic time on embryo development,

e

3

for example at the time the embryo is examined. In some embodiments, an accepta

level of fluorescence observed in embryos in test condition is 80% or less of flucrescence

observed in embryos in control condition. In some embodiments, an acceptable level

fluorescence observed in embryos in test condition is 70% or less of {luorescence
observed in embryos i control condition. In some embodiments, an acceptabie level of
fluorescence observed in embryos in st condition s 609% or less of Huorcscence
observed in embryos in control condition. In some embodiments, an acceptable level of

flucrescence observed In embryss in test condition is 50% or less of flusrescence

3

observed in embryos in control condition. {n some embodiments, an acceptable level of

of fluorescence

fluorescence ohses

observed in embryos

fuore
ohserved in embryo
fluorescence
observed in
fluorescene

ohserved

erved in embryos in test condition is 40% or less

scence observe

e observed
embryos
¢ observed i

i embryos in oo

i condrol condition, In some embodiments

24 in embryos in test condidon

5 in contred condition. In some embodiments, an a
m embryos v test condition is 20% or less of fuorescence
controt condition. In some embodiments, an acceptabie level of

n embryos in test condition is 10% or less of fluorescence

. o should be understood that any subvalue or

nirol conditio
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subrange from within the values described above are contemplated for use with the

[B065] In some embodiments, at least 30% of control embryos must exhibit
fhuorescence at a specified level {e.g, FT0-1 or FI 223} in order to indicate the assay was

successful, In some embodiments, at least 60%, 70%., 8(%, 90% or 100% of ¢
embryos must exhibit flucrescence at the specified level {e.g., FI 0-1 or FI 2-3) in order o
indicate the assay was successful. [t should be understood that any subvalue or subrange
from within the values deseribed above are contemplated for use with the embodiments

fescribed herein,

"‘:

{8066} in some embodiments, the level of fuorescence of embrvos in a test
condition is compared 1o a standard. [n some embodiments, the standard is based on the
transgene/marker used, the specics embryo used, the type of reagent being tested, the
microseope used, ot any other parsmeter. In some embodiments, the standard requires

that at least 50% of the embryos in the test condition exhibit fluorescence at a specified

e

evel {e.g., ¥F1 0-1 or FI 2-3}. In some embodiments, the standard reguires that at least
6(%% of the embryos in the test condition exhibit floorescence at a specified level. In some

T0% of the embryos in the test condition

embodiments, the standard requires that

(&)

xhibit fluorescence at a specit
at least 80% of the embryos in the test condition exhibit fluorescence at a specified fevel
in some embodiments, the standard requires that at least 80% of the embryos in the test

conglitton exhibit fluorescence at a specified level In some embodiments, the stndard

requires that at least 100% of the embryos n the test condition exhibit Huorescence at a
specitied level. It should be understood that any subvalue or subrange from within the

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

{68671 in some embodiments, the product can be, for example, one or more of

ssue culture dishes, tissue culture

1

needies, catheters, microtools, labware, syringes,

plates, pipette tips, dishes, plates, water, water purification systems, media, media
supplements, and other vessels, devices, or reagents that come into physical contact with
gameles, embryos or tissue culture wedia. In some embodiments, the product can be, for
example, one or more of gamete and embrye culture media. gamete and embryo
handling/processing media, transport media, enzymes for denuding oocyies. gradient for

freezing/vitrification media, thawing/warming media, pipetie and

s AN =
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>

embryo handling devices, lab-ware used in the process of human ART including but not
limited to Petri dishes, centrifuge wibes, crvopreservation and cryvo-storage devices, and

any solutions, reagents or devices involved with ART.

[0068] [n some embodiments, the viability marker can be any marker or gene
assoctated with the development and/or heaith of a blastocyst or embryo.  Alse, for

example, the marker or gene can be any gene. gene family associated with, or gene
regulated by one or more of Oct-d, Cds2, Sex?2, and Nanog. [n some embodiments, the
fuorescent protein is a green [luorescent protein, a red fluorescent protein, a vellow

fhuorescent profein, an orange fluorescent protein, a cvan fluorescent protein. or the like.

[664] Some embodimenis relate 1o methods for enhancing the sensitivity of an
embryo assay using embryo development 1o the blastocyst stage.  The methods can
include for example providing a transgende embryo comprising at least one reporter gene
operably linked to at Jeast one embryonic pluripotency marker, incubating the transgenic

embryo under culture conditions utilizing test items and/or confrol; and evahuating

embryo development morphologically and via the expression of the embryonic marker

from one-cell fo blastocyst and gastrulation stages.  The methods can further include

..a

evaluating expression of the embryonic marker at the bdlastocyst stage and bey
{(gastrulation). Evaluation of expression can be measured, for example, by determining

fluorescence or other | emission of the reporter gene. The embryo assay can detect

embryo-toxicity in culture media and/or culture materials, In ancther erobodiment, the

assay can detect functionality of media and switability of materials used in clinical in vitro

fertilization environments.

t

[3376] An assay for testing the effectiveness of glassware washing technigues,

cleansing of surgical lustruments (aspiration needle), transfer catheters and any other jtem
that comes in contact with the human eggs. Sperm or ermbryos is likewise encompassed by
the current technology and methods.

i Transgenic Embryos

8071 The term “transgenic” means of or pertaining o 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 trausgenes

with a novel phenotype

can provide the host cell, or animals developed
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relative to the corresponding non-transformed cell or animal. “Transgenic animal” means a non-

human animal, usually a mammal, having a non-endogenous nucleic acid sequence present as an

extrachromosomal element in at least a portion of its cells or stably integrated into its germ line DNA.

[0072] Transgenesis is used to create transgenic mammals such as mice with reporter
genes linked to a gene of interest. Methods in molecular genetics and genetic engineering are
described generally in the current editions of Molecular Cloning: A Laboratory Manual,
(Sambrook et al.); Oligonucleotide Synthesis (M. J. Gait, ed.); Animal Cell Culture (R. L
Freshney, ed.); Gene Transfer Vectors for Mammalian Cells (Miller & 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, transgenic technology is well established. See, e.g. Transgenic Mouse: Methods and
Protocols (M. Hofker and J. Deursen, Eds.) in Methods in Molecular Biology (Vol. 209).

[0073] In one aspect, the transgenic mammal includes a reporter gene linked to the
regulatory region of 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 limitation, blue/UV proteins
such as TagBFP, mTagBFP2, azurite, EBFP2, mKalamal, Sirius, sapphire, and T-sapphire.
Fluorescent proteins can also include cyan proteins such as ECFP, cerulean, SCFP3A,
mTurquoise, mTurquoise2, monomeric Midoriishi-Cyan, TagCFP, and mTFP1. In a preferred
embodiment, the fluorescent protein is a green protein such as EGFP, Emerald, Superfolder
GFP, Monomeric Azami Green, TagGFP2, mUKG, mWasabi, or Clover. Yellow fluorescent
proteins including EYFP, Citrine, Venus, SYFP2, ZsYellowl, and TagYFP are likewise
contemplated for use as a reporter gene. Orange proteins for use as reporter genes can include
Monomeric Kusabira-Orange, mKOx, mKO2, mOrange, and mOrange2. Red proteins such as
HcRedl, mRaspberry, mCherry, mStrawberry, mTangerine, tdTomato, TagRFP, mApple,
mRuby, and mRuby2. Far-red proteins include, without limitation, mPlum, HcRed-Tandem,
mKate2, mNeptune, and NitFP. The embryos of transgenic mice express the reporter protein(s)

at the same time and location that e the marker(s) of interest is expressed.

Date Regue/Date Received 2020-05-01
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{80741 In some embodiments, the transgenic animal comprises more than one

1, 2 v

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

some embodiments, the transgenic animal comprises 2. 3. 4, or more frans:

linked 1o the regulatory region of ditferent embryonic viability marker. For example. a

transgenic animal may comprise multiple fluorescent reporter ger

different viability marker such that multiple fluorescont protein
embryo. The expression of the reporter genes may change as the embryo develops. In a
preferred embodiment, all of the reporter genes that are expressed in the embryvo can be
analyzed by the same method, e.g., flnorescence microscopy. Without being bound by

theory, it 15 believed that analysis of multiple genes in the same embryo(s) can lead o

increased sensitivity,

[3075] 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
similar to [V protocols. In some aspects, the male and female animals will be mated, and

resufting embryo(s) harvested from the female animal at the desired time point. Tn o

male i3 transgenic. Without being bound b}f Umm}ﬁ is helieved that expression of the
ansgene from maternal transcripts in an carly embrvo will result in wndesirable
background expression of the transgene. In some embodiments, the female is ransgenic
and the male is wild type. In some embodiments, both the male and the fomale comprise
the transgene. In some embodiments, the female and male animals carry one or more
different transgencs. One of skill in the art would understand that different viability

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

3%

malernal ranscripls is not an important consideration for all viability markers,

{{76] As used herefn, viability markers include embryonic developmeut markers

and pluripotency markers, as well as gene families and/or genes regulated by such

Y
P

s

markers,  Generally, these markers include embryonic stern cell associated transeript
genes. Pluripotent stern cell markers, as used herein, are expressed at a prediciable level

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

s
oy
Foe
e

specific markers include, but are not hmited 1o, the family of octamer franscription
factors, ie. Oet-4; genes regulated by Oct-4; the family of Sox genes, e.g.. Sox 1. Sox

Sox3, Sox 15, and Sox 18; the family of KIf genes such as KH4 and KI5, the family of
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Nanog genes, e.g.. NANOG, as well as their regulatory regions. Other viability markers
include, without Hmitaton, the TGF-bets SUI}EIﬁEmi}}’ and their receptors, Le. Activ

RIB/ALK-4, GDF-3 and Leftv, the cryptic protein family, ie. Cripto-1. the integrin

flami‘sjy(, i, integrin afphzs 6 {CD495 and integrt (CB29), the Podocalyxin family,

pe, PODRXATL the FGE family, 1e FGF4 and FGE-5. the Torkhead box transcription

SRV

factor famuly, e FoxD3, the T-box family of transcription tactor, te. TBX3 and TBXS,

sciated molecules, e, Dppal. Dppad/Stella,

the famity of developmental pluripotency a

" £

Dppad and Dppad/E58G1, the LRR family, i.e 3T4, the cadl

n family, Le. E-Cadherin,
the connexin family of transmembrane proteins, e, Connexin-43 and Connexin-45, the

F-box family of “other” category, ie. FBOXGIS, the family of chemokine/chemokine

receptors be. CCR4 and CXCR4, the ATP-binding Casstet Transporters, i.e. ARBCG2.

Addidonal common known markers invelved in OCT-4 and/or SOX2-media
maintenance are Ul Zscand, CDY, CHY S/ owis X, OD25, CD3/TNFRSFR.
CD20/Thyl, Alkaline tase/ALPL, alpha HOG, HCG, DNMTIB, GBX2.
GUNE/NROAT, Gi24/Diesl/VISTA, |, LIN-28A, LIN-28B, LIN-41, ¢-Myc, Rex-1/ZFP42,
sFRP-2, Smad?, Smad2/3, SPARC, STAT3, U7 TOBX2, TEX19/19.1, THAPIL,

T ie

¥

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

»wmniw known or o be discovered, is CE’;LO”T'{‘?&\*‘”’% ‘"‘V the present invention.

{06771 Also contemplated and disclosed s a meodified. transgenic embryo,

comprising at feast one transgene operably linked 1o at least one embryonic pluripotency

jor}

wrker.  The embryonic pluripotency markers and their upstream mediators and
downstream effectors play a role in ensuring normal embryo development. In a preferred
embodiment, the transgene is a reporter gene. In a preferred embodiment, the reporter
gene is a fluorescent or luminescent protein selected from the group consisting of green

Huorescent protein, red fhuorescent protein, cyan Huorescent protein, orange fluorescent

protein. yvellow flucrescent protein,
L. Apalysis of Embryo Development

{0G78] The suttability of a particalar product for use in clinical ART is cvaluated
based on embryoe growth, development and/or quality. Qualitative scoring of embryo

deveiopn ent can be based upon a qualitative/guaniitative assessment of expression of a

emission or intensity or fluorescence, or any other

marker, for example, by assessing hight
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visual indicator such as color. In some embodiments, assessment of embryvo morpholog
d

aleo can be done and utilized together with the expression analysis

{879 in some embodiments, one or more controls can be included for

umber of

omparative purposes. For both controd ¢
one-cell or two-cell embryos can be cultured i viro, For example, in one non-limitin
approach 30 embryos can be divided up between ten drops that are cach cultured in a
separate well 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.

[o080] Qualitative analysis of embryo development can be accomplished by

b

mbryo by measuring or assessing color, Hght intensity or

analyzing the devakaping g
fluorescence visually, for example, via light microscopy which may include UV light to
visunlize fluorescent protein expression. Such measuring or assessing also can include or
can take mto 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 and

o

St

suboptimal culture conditions can be assessed or determined based upon location of the
fluorescence (nuclear versus cyvtoplasmic localization, etc.), as well as the intensity of

fluorescence,
{06811 As will be readily appreciated by a skilled artisan. the acceptable threshold

for optimal embrvo growth can be based on individual set criteria, for example culture

:onditions, the developmental marker, the transgene/reporter genc, and test ilems.

Blastocyst differentiation can be evaluated via confocal microscopy.  In a preferred
ernbodiment, acceptability of culture conditions is based upon the qualitative analysis of

development via fluorescence microscopy. In a particularly preferred

embodiment, embryonic  development is observed via an embrvo scope (e.g.,

- S oY) Y e e reed ‘e ey il g 4 P 5
EmbryoScepe” Time-lapse svstern, Unisense Fertilitech A/S), wherein g picture o
) f 3 ; }s

developing embryos can be taken us desived, for example, approximuiely every [0
ninutes and a time-lapse video can be generated to track all stages of embryvo

development.  As illustrated in the figures {as will be deseribed in greater detail with

reference to the Examples), embryoe development can be determined both i terms of

e

chronology (stage reached for a specific culture duration} and embrys quality, both

morpholegically and functionally, by assessing the location and quamiiyf‘inwnsiiy of the
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exprossion pattern. Expression of genes that are down-regulated and/or lack of

expression of genes that are up-re

H

the stage ol development of the embrvo,

{80821 Embryo development and quality can be assessed qualitatively and/or

{and

guantitatively. In some embodiments, qualitanve
morphology) is performed, for example by visualization of the blastocyst under a

microscope. A qualitative analyvsis of expre jia fluorescence) may involve, for

Cthe test samoples, and optionally

@

example, a subjective rating of fhuorescene

conirol samples {e.g., no tluorcscence, low intensity, mediom intensity, high infensity). In

nhodiment, a scale of 0-3 can be used wheve a rvating of 0-1 means

one non-limiting en
little 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 ol a group of samples 1o cach
other.  For example, a relative rating of 3, 10, 20, or 30 wells, where cach well is
categorized on a scale. In some embodiments, the scale is between 9 and 3. In some
aspects, a score of 2 or greater can mean that the developroent is normal. In some
aspects, a score of 2 or grealer, coupled with proper development in an MEA can mean

hat the development is normal or acceptable. Conversely, a score of (-1 can mean tha

iL

P

the tested product or parameter is unacceptable, even where the visual morphology if
assessed (e.g., using MEA Jooks acceptable). Such a low score can help avoid false

positives that otherwise would have occurred if one were using MEA alone Accepiable

fimits may be determined, for example, as described above.
f0683] In a preferred embodiment, embryo development can be assessed

i

guantitatively or  semwi-quantifatively. Non-limiting examples include assessment of
fluorescence or light intensity by a computer attached to the microscope, asscssment of

intensity using a

mntensity based on g photograph of the embryoe, measurement of g

photometer or a fluorometer, or any other method of determining fluorescence intensity.
In some embodiments, determination of fluorescence intensity 1s auwomated. In some

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

fnd

juorescence signal{s) and transmits the signal to a software program capable of
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determining fluorescence intensity and/or comparing fluorescence intensity 1o intensity

e

from other embryos, e.g., embryos grown urder control conditions.,

=
@

{384} In some embodiments, the fluorescence intensity and/or location of
fluorescence for each embrye grown under cach condition {e.g. test and controly s
measured separately. In some embodimoents, multiple ombryos are grown i a confined
area, for exampie a single droplet of media, and the Hluorescence intensity of all of the
embryos in the area are assessed or measured together. As noted above, the assessment
or qualitative/quantitaive measure can be based upon a comparative assessment to other

tested samples, including a control, if present.

HEREY As noted, the methods can include, if desired, gualitative assessment based
upon visually assessing morphology, for example. as done with the mouse embryo assay
{MEA)., Such assessment can include a comparison of embryvonic development from day

0, starting at the [-cell stage, to the blastocyst stage, for exarople, by 96 hours in culture

Ume day after fertilization, for g\,ampfw one would cxpect to observe cleavage of the
embryo in both the control and embryos cultured on the test product. Two days after

ertilization, in the case of murine assays, one would expect to observe eight-celf stage of

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

product is to be deemed acceptable for use in ART. The number of embryos that devetop

to the blastooyst stage is likewise quantified in both the control and test product. An

assessment is made with regard to suitability of the test product for use in ART based
upon the number of viable blastocysts observed as well as qualitative appearance of those

hlastocysts when observed microscopically.

Yi. Assays and Kifs

[3086] Methods and assay Kits with a higher level of sensitivity than standard

MEA assays for evaluating embryo impact or foxicity associated with ART products 1s
likewise deseribed herein.  The methods can include providing an assay comprising a
transgenic embrvo having at least the regulatory region of a reporter gene operably linked
to a pluripotency marker. Also, a conirol product which promotes or is known {0 resuit in

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

simifar use in ART as the use mitended for the test product.
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jO087] In some embodiments, the product o be tested can be culture media or

supplements. As used heretn, culture media includes, without limitation, reproductive

media and supplernents used for assisted reproduction procedures. Media include liguid

and powder versions of various substances which come in direct physical contact with

H

cid solutions used to treat gametes or embryos, rinsing solutions,

)

embryos {e.g. water, 7

reagents, sperm separation media, or oil used to cover the media) for the purposes of
preparation, mainienance, transfer or storage.  Supplements, as used herein, include

wance specilic properties of the media such as

iy

speciic reagents added to media fo en

proteins, seva, antibiotics, or the like.

{BORR] The acceptability of the test product can be compared 10 a control product
by assessing embryo development at 2-cell-stage, d-cell stage, 8-cell stage, morula stage.
blastocyst stage and/or gastrulation stage. More particularly. the transgenic embrvos can
be analyzed microscopically to assess differenuation at the blastocyst stage of

development. For example, in the case of transgenic murine embryos, the embryos can
be assessed al approximately 48 and/or 96 hours after fertilization. In some aspects the
methods can include an evaluation at 48 hours, which can be ap 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 embrvos.  For

blastocyst development for human embryos typically ocours at Day 3.

Embrvonic  viability s assessed  based upen  assessing  or  scoring  embryo

gualitative/quantitaive assessment of expressinn (e.g.. via Huorescence), and i desired

aiso with an assessment of morphology.

{3039} The acceptable threshold for optimal embryo growth is based on individual
set criteria depending on culture conditions and test items.  Tn some aspects, a contyol
benchmark 1s run in parallel with the test culture medium in each test. Por example. when
new medium is evaluaied for use inan IVF environment, the medium is tested against a
control medium which has been pre-determined 1o provide optimal growth conditions for
embryos.  New test culture medivm is evaluaied by assessing blastocyst development

stocyst developmient in the control medivm.  Assesament can include a

0
oy
=
b
=%
Py

relative to th

1

quelitative comparison of the number of cultured cmbryos reaching the blastocyst stage in

the control medium as compared to the number of embryo reaching the same stage in the

test medium.  Acceptable guality control generally requires development of at least 80%
i
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medium in oxder {or a product 1o pass the test. Additional growth

parameters inchude the number of cells observed at the blastooyst stage in the control

versus the test medium as well as the intensity and localization of fluorescence of the

reporter gene in the transgenic blasioovsis. As cgsm,mrc::sd with the standard MEA gssay,

pluripote 1};\4%531’:‘,,\9 marker {‘:;mdfor regulatory  region thereol)y can be observed

microscopically and provides a hetter delineation of gene expression in optimal, sub-

¢ determined,

bt

optimal, and/or embrye toxic growth conditions. Acceptable It

for example, as deseribed in the Analysis of Embryo Development section above,

~

R H In some aspects, assessment of the test product does not reguire
comparison to a conirol product run in paraliel. In some aspects, standardized criteria are
used o determine whether the test product is acceptable. For example, expression (e.g.,
via fluorescence analysis) from blastocysts grown under test conditions at various stages

id to optimal embryo growth, In some

may be comparcd (o ¢
embodiments, the user casily can determine acceptable levels, e.g., based on previous
experiments under similar conditions. In some embodiments, the assay ncludes standards

deemed acceptable. In some embodiments, acceptability limits are sel by a regulatory
agency or similar group. Acceptable limits may be determined, for example, as described

in the Analysis of Embryo Development section above.
{0091} A guality control assay for use in chnical ART o evalnate products used

in the process of handling and preserving human gametes and producing, culturing and
Lt & & o

preserving human embryos is provided. The assay can include a transgenic one-cell
embryo harvested from a transgenic mammal, wherein the transgenic embryo includes at
least 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,

CDX2 as well as their upstream mediators and downstream effectors that plav a role in
ensuring normal embryo development. The reporter gene can encode o protein. The

protein ¢an include any reporter protein including, without

s

imitation, Green Fluorescent

Protein, Red Fluorescent Protein, Cyan Fluorescent Protein, Orange Fluorsscent Protain,
or Yellow Fluorescent Protein. The assay alse includes instructions for evaluating ART

e

products and IV culture conditions. These instructions include directions relating to
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incubating a transgenic one-cell embryo under ART vonditions and cvaluating embrvo

& &

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

Vi

gene expression) {rom the one and two-cell to later blastulation and gastrulation stages.

incubation, as used herein, describes the process by which fertilized, one or two coll

: for a predetermined amount of time, ¢.g. approximately 24-96 hours

oy

in a defined culture media.

6082} In one aspect. this invention relates to a quality control assay for use in

assessing a media used for Assisted Reproductive Technologics (ART). the assay

I
3o
or

Ci’ﬂ’“()'{’}i'iﬁil"ﬁc{f One or Morg 1'?'51!’%55;53? . mby Yus "‘I‘PH%C gl least one

reporter gene operably linked to

o
oot
ooy
joom
et

e

feast one embryonic via
marker; a control product, wherein the prmiim 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 aliows for
suboptimal embrye growth, In same embodiments, the instructions include standards or

gudelines for determimng acceptability of the product to be tested for use in ART

j3043] Also disclosed is a molecular MIEA kit for use in quality control of ¢linical
buman ARTAVE. The kit includes a transgenic one-vell embryo. The transgenic embryo
includes at least one reporter gene operably linked 1o at least the regulatory region of at
least one gene assoviated with embryonic development: and an embryo expressing
transgenic/reporter gene that is differentially ex ed under optimal and sub-optimal or
embryvo-toxic culture conditions. The kit further inchudes an ART/IVF consumable. An
ART consumable can include. without lumitation, embryo culture media, gamete handling
media, enzymes for denuding cocyles, gradient for sperm separation, freezing media,
thawing media, pipeties and embryo handling devices, lab-ware used in the process of

human in vitro fertilization including but not hmited w Petrl dishes, ¢ enirifuge tubes,

cryopreservation and cryostorage devices,

EXAMPLES
{694} Additional embodiments are disclosed in further detai] in the foliowing

1

examples, which are not in any way intende

w/.A

to it the scope of the elaims.

EXAMPLE I EVALUATION OF PURIPOTENCY REGULATORS
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{0095 Several factors such as toxivily and sterility of the culture media or

materials used in ART can affect development of embryos,  The following examples

deseribe assays to assess embryvonic viability under optimal and sub-optimal culture

conditions. Embrvos

cregulators were visuabzed using a flusrescent

reroscope are shown, The plunpotency markers used for asscssing cmbryonic
development from one or two ccll stage of development include, for example. SOXZ,

Oct-4, Nanog as well as their upstream mediators and downstream effectors that play 2

. A e o '
role tn ensurin € norinal x‘,iﬂh!“}'i) de 'CEG,)E’?I'E??H@,

[3096] To test culture media, media additives, or ART consumables, the collected

enic embryvos are frst incubaied in 38 ul droplets of efther control medium

,_.
g
@

st

'F‘S

{medium which has already been determined to promote optimal blastocvst development)
or test media. In each case the embryes are covered by mineral oil and incubated at 37
degrees C under classical cell culture conditions thumidified atmosphere of 5% CO2 in
air). Onday 1, 2, and/or 3, embryos arce selected for assays and transforred in the medium
1o be tested.  The embryos are coltivated until day 3. By comparing the rates of

blastooysts stages reached versus control groups, g cytotoxic or sub-optimal effect can be

identified which interferes with embryo development.

a, Expression of OCT-4 in mouse embryo

fond
s
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{80971 Figure 1 is a photograph from
expression of the pluripotency regulator OCT-4 in early-stage mouse embryos. The
cell embryo was eultured in vitro in optimal {control} and suboptimal {test) conditions,
After approximately 48 hours, the embrvos were stained with an antibody specilic for

OCT-4 (red) and evaluated via fluorescence microscopy., {(OUT-4 s also called OCT-

Y As s evident from Figure 1, the embrvo on the feft, which was meubated under
optimal growth conditions, is well developed with uniformm staining, By conuast, the
blastoeyst on the right was incubated in sub-optimal growth conditions, A

&

right cell of the embryvo on the right, demonstrating that the

esult in slower smbr}fonic development and reduced



CA 02915540 2015-09-08

WO 2014/153173 PCT/US2014/029410

30

{8098 Figures 2A and 2B illustrate expression of OUT-4 at the blastocvst stage.
The erobryvos were cultured in virro for 96 hours, then stained with DAPI (blue nuclear
stain, left image} and an anti-OCT-4 antibody {red, center image) and ohserved via a
fuorescence microscope. The right image in each Figure represents a merged hmage of

DAPE and OCT-4 g is indicated in purple. In Flgure 24,

under optimal  growth  conditions, normal cmbrye  development is observed  as
demonstrated by the upiform OCT-4 staining. By contrast, in Figure 2B, the embrvos
were incubated under sub-optimal growth conditions. A lack of OUT-4 staining on some
mural trophectoderm cells is observed in the embryus, as noted by the arrows on Figure
2B, Without the use of the presently claimed technology, the sub-optimal culture
conditions would not be evident or identifiable as sub-optimal when using the
conventional MEA standard QU 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

untform  and  less optimal than dn the cmbryonic development and  blastocyst

c. Expression of Sox2 in mouse blastocyst

j089Y] Figures 3A, 3B, and 3C demonsirate the expression pattern of SoxZ in
embryos grown under optimal or sehoptimal conditions. Flgures 3A-3C ave fluorescence

microscopy photographs of control murine embrvos.  Embryos were incubated to the

blastocyst stage in vitro, fixed, stained with DAPT (blue) and anti-Sox? antibady {green),

(i

¥y

and observed microscopically. After 96 hours of culture, the troage on the left of Figure

3A shows DAPIL staiving of the embryo.  The center image in Figure 3A shows the

siaining pattern for the Sox2 viability marker, and the imape on the right is a merged
image. The staining patiern observed in the embryvo is uniform and evidences normal,
healthy blastocyst development under optimal conditions. Notice the uniform staining as

well as the well-defined differentiation of the blastocyst.

{60188] Turning to Pigure 3B, blastocysts incubated in sub-opimal growth

conditions are ohserved.  Afier 96 hours, the embryo was fixed and stained with DAPI

4

{blue} and anti-Sox2 antibody {(green). and observed microscopically 10 assess growtl

1
i

The picture appears to demonsirate normal growth and development despite the sub

optirnal culture conditions.
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[00101] Figure 3C shows two embryos stained with DAPI (blue) and anti-Sox2 antibody

(green) with poor growth in suboptimal culture conditions.
d. Expression of CDX-2 in mouse blastocyst

[00102] A color photograph of control mouse embryos incubated under optimal growth
conditions to the blastocyst stage further demonstrates the superior assessment or quality control
capability features of the technology. Embryos were incubated to the blastocyst stage in vitro, stained
with DAPI (blue) and anti-CDX-2 antibody (green), and observed microscopically. After 96 hours
of culture, the staining pattern observed in an embryo that was fixed and stained with DAPI (blue)
and observed microscopically to assess growth is uniform and evidences normal, healthy blastocyst
development under optimal conditions. Images showing the embryo having the CDX-2 transcription
factor stained with green fluorescence and a merged image of CDX-2 and DAPI staining show

uniform staining of the trophectoderm with CDX-2, but not the inner cell mass.
EXAMPLE 2: MOLECULAR MOUSE EMBRYONIC ASSAY

[00103] Transgenic mice containing a reporter gene linked to pluripotency marker(s) were
used to carry out molecular-based mouse embryo assay (nMEA) under optimal and sub-optimal
conditions. Transgenic male mice (B6;CBA-Tg(PouSf1-EGFP)2Mnn/J; Jackson Laboratory)
expressing enhanced green fluorescent protein (EGFP) under the control of the POU protein domain,

class 5, transcription factor 1 (Pou5f1, ak.a. Oct-4) promoter and distal enhancer were used.

[00104] Transgenic male mice were mated with super-ovulated wild type (B6D2F1)
female mice. One-cell embryos were collected and cultured in groups of 3 to 4 embryos per 20
pL drop of medium, or a single embryo per 10 puL. 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 transgene.

a. Comparison of morphological development and Oct-4 expression during embryo

development

[00105] One-cell embryos were cultured in groups of 3 to 4 embryos per 20 uL drop of

medium under optimal and suboptimal conditions. Embryo development was assessed after 48

Date Regue/Date Received 2021-03-01
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hours of culture using both light (stereoscope) and UV (inverted microscope with UV light)
microscopy to check embryo morphology, determine developmental stage and evaluate levels
of Oct-4 expression as a function of the fluorescence intensity of GFP. The same embryos were
assessed by both methods. Embryos expressing enhanced green fluorescent protein (EGFP)
under the control of the Oct-4 promoter demonstrate low (FI 0-1) and high (FI 2-3) levels of
fluorescence intensity. Embryo development of Oct4-GFP transgenic mouse embryos cultured
for 48 hours based on morphological analysis as determined by light microscopy showed both 8-
cell and < 8-cell embryos, and fluorescence intensity was characterized as low (no light to low
light, 0-1) or high (medium to high light, 2-3). 8-cell embryos with normal morphology may have

low expression of Oct-4 as demonstrated by the low intensity of the 8-cell embryo.

b. Correlation of fluorescence pattern/intensity with embryo development —

Analysis of multiple embryos

[00106] One-cell embryos were collected and cultured in groups of 3 to 4 embryos per 20
pL drop of medium under optimal or suboptimal conditions. Blinded assessment of each group
of embryos was performed at 48 hours by two evaluators: one evaluator determined the
morphology of the group of embryos by light microscopy (stereoscope); the second evaluator
determined the fluorescence intensity of the group of embryos. Another assessment of each group

of embryos was done at 96 hours to determine blastocyst development.

[00107] A correlation between early fluorescence and blastocyst development in transgenic
mouse embryos expressing EGFP under the control of the Oct-4 promoter and distal enhancer that
were cultured under optimal or suboptimal conditions was made. Each embryo was examined
under light and fluorescence microscopy after 48 and 96 hours. The percentage of embryos that
had not or had reached the 8-cell stage by 48 hours was determined by light microscopy by
morphology analysis. The percentage of embryos with low or high fluorescence at 48 hours (0 =
No fluorescence; 1 = low intensity; 2 = medium intensity; 3 = high intensity) was determined.
Comparison of the two methods at 48 hours for the suboptimal condition showed that the
morphology-based assay determined that 63.3% of the embryos had progressed to the 8-cell stage
or beyond, in contrast to the fluorescence-based assay which determined that only 33.3% of the

embryos had the desired (medium to hi) fluorescence intensity. The molecular MEA was more

Date Regue/Date Received 2021-03-01
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sensitive than the standard MEA at an earlier stage for determining that the growth conditions were
suboptimal. The percentage of transgenic mouse embryos in each blastocyst stage (degenerated or
early blastocyst; blastocyst; expanded; hatching) based on morphological analysis using light
microscopy and the percentage of embryos in each blastocyst stage based on morphological
analysis under fluorescence microscopy determined at 96 hours was no different. The fluorescence
intensity at 48 hours was correlated with the blastocyst stage of the same embryo at 96 hours, as a
percentage of blastocysts at a given stage that exhibited the indicated fluorescence at 48 hours (no
fluorescence; low intensity fluorescence; medium intensity fluorescence; high intensity
fluorescence). Good correlation was observed between early expression of OCT-4 (fluorescence)
and progression to later stages of embryo development for individual embryos. The distribution of
embryos in optimal and suboptimal culture conditions according to their fluorescence status, was

indicated 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 OIL

[00107A] Transgenic mouse embryos containing CDX2-GFP were used to carry out
molecular-based mouse embryo assay (mMEA) 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. Eighteen
embryos were tested for each of the above-listed oil qualities. The embryos were evaluated using
a stereo microscope to at 48 and 96 hours to assess morphologically blastocyst development, and
also using a fluorescent microscope at 48 and 96 hours to 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 tested 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.
a. Morphological Evaluation of Development and Cdx-2 Expression at 48 Hours

[00108] Transgenic mouse embryos containing CDX2-GFP were used in a molecular-
based mouse embryo assay (nMMEA) 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. The early cleavage

development of embryos for morphology assessment after 48 hours, specifically the percentage
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of embryos with less than 8 cells and those with greater than or equal to 8 cells was determined
by light microscopy evaluation of visual morphology. 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 0 meaning no fluorescence, 1 meaning low
fluorescence, 2 meaning medium fluorescence, and 3 meaning high fluorescence. The percent
of developing embryos rated as 0-1 (no or low fluorescence, blue) 2-3 (medium or high
fluorescence, red) at 48 hours for each of the categories of oil using molecular expression analysis

via low or high fluorescence intensity was graphically illustrated.
b. Morphological Evaluation of Development and Cdx-2 Expression at 96 Hours

[00109] The blastocyst development for each of the categories of oil was determined using
a visual morphological evaluation by light microscopy and fluorescent microscopy (rated as a
low fluorescence intensity (FI 0-1, blue) or a high fluorescence intensity (FI 2-3, red) for each of
the categories of oil using molecular expression analysis) at 96 hours (early blastocyst;
blastocyst; expanded blastocyst; hatching blastocyst). The “good oil,” the “5% bad oil,” and the
“7.5% bad oil” all meet the 80% threshold using MEA or morphological analysis for being
deemed acceptable. The 10% and 15% bad oils would have failed the 80% threshold. Evaluation
of blastocysts specifically for fluorescence intensity at 96 hr does not distinguish the development
differences between optimal and suboptimal conditions. The distribution of embryos in the
optimal and suboptimal culture conditions according to their fluorescence status, shown as the
number of embryos exhibiting each fluorescence intensity at 48 hours was indicated. Embryos
were rated on a relative subjective scale of 0-3 for fluorescence with 0 meaning no fluorescence,

1 meaning low fluorescence, 2 meaning medium fluorescence, and 3 meaning high fluorescence.
e. Discussion / Summary of Results

[00110] 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 oil would have scored above the 80% cutoff, while the

developmental expression of Cdx-2 demonstrated that those embryos were adversely affected by
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the 7.5% bad oil. This illustrates the increased sensitivity according to some embodiments provided

by the molecular MEA as described herein as compared to only visual morphological analysis.

TABLE 1

% of early cleavage development at 48 hours

Morphology Fluorescence

>8-cell F12-3
Good oil (control) 100.0 833
5% Bad Oil 100.0 94 .4
7.5% Bad Oil* 100.0 50.0
10% Bad Qil 44 4 5.6
15% Bad oil 5.6 22.2

TABLE 2

% of blastocyst stage development at 96 hours

Morphology / Expected Hatching
Good oil 94 .4
5% Bad Oil 88.9
7.5% Bad Oil 83.3
10% Bad Qil 50.0
15% Bad oil 333

EXAMPLE 4. MOLECULAR MOUSE EMBRYO ASSAY CASE STUDY
a. Determination of Suboptimal Media Components

[00111] Transgenic mouse embryos containing a reporter gene linked to pluripotency
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). Embryos were

evaluated morphologically and for expression of GFP after 48 and 96 hours in culture.

[00112] At 48 h, the embryos were assessed by standard MEA and molecular 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 embryos progressing to the 8-cell stage or beyond in
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each condition. The molecular MEA (lower panel) identified two HSA samples (HSA-A and

HSA-D) that exhibited a greater number of embryos with no to low fluorescence.

TABLE 3
below 4-cell 4 1o 7-cell > 8-cell
HSA-A 0.0 4.5 95.5
HSA-B 0.0 4.7 95.3
HSA-C 0.0 2.3 97.7
HSA-D 0.0 2.3 97.7
HSA-F 0.0 4.7 95.3
No Fluorescence Low Fluorescence Med to Hi Fluorescence
HSA-A 0.0 13.6 86.4
HSA-B 0.0 9.3 90.7
HSA-C 2.3 4.7 93.0
HSA-D 2.3 16.3 81.4
HSA-F 0.0 4.7 95.3
[00113] At 96 h, the embryos were assessed to determine the percentage of embryos in each

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 IVF culture media. HSA-D allowed 83.7% of the embryos to progress to
the expanded blastocyst stage and beyond, which barely passes the requirements for allowable IVF
culture media. HSA-A allowed only 72.7% of the embryos to progress to the expanded blastocyst
stage and beyond, which fails the requirements for allowable IVF culture media. The molecular MEA
identified the suboptimal culture conditions at an earlier stage (48 h) than the standard MEA.

TABLE 4
< Early Blastocyst | Blastocyst | Expand Blast | Hatching/ hatched | Exp + Hatch
HSA-A 114 15.9 25.0 477 727
HSA-B 47 93 209 65.1 86.0
HSA-C 47 23 11.6 814 93.0
HSA-D 0.0 16.3 16.3 67.4 83.7
HSA-F 0.0 47 16.3 79.1 95.3
[00114] 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 illustrative only and are not

intended to limit the scope of the present disclosure.
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WHAT IS CLAIMED IS:

1. A method for assessing a product used for human Assisted Reproductive Technologies
(ART), the method comprising:

culturing one or more transgenic murine embryos in vifro using the product for a
specified duration wherein the product is used in the method in a manner similar to its intended
use in human ART; wherein the embryos comprise at least one reporter gene operably linked to
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 embryonic viability marker, wherein the
viability marker is selected from the group consisting of Oct-4, Cdx2, Sox2, and Nanog;

evaluating a level and/or location of expression of the at least one reporter gene and/or
the transgene during at least one stage of development of the one or more embryos; and

determining the acceptability or failure of said product based upon said evaluation,
wherein the product is deemed acceptable when expression of the reporter gene compared to a
control or a pre-determined standard is sufficient to indicate that growth and/or development of

the one or more embryos is not affected by use of the product.

2. The method of claim 1, further comprising evaluating the morphology of the one or

more embryos during at least one stage of development of said embryos.

3. The method of claim 1, wherein the one or more transgenic embryos are one-cell

embryos or two-cell embryos.

4. The method of claim 1, wherein the at least one reporter gene encodes a fluorescent
protein.
5. The method of claim 4, wherein the fluorescent protein is a green fluorescent protein, a

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

6. The method of claim 4 or 5, wherein the evaluating step comprises determining a level
of fluorescence intensity of the fluorescent protein and/or a location of fluorescence in the one

or more embryos.

7. The method of claim 1, wherein the evaluating step comprises:
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i. capturing at least one image of the one or more embryos; and

il. determining a level of expression of said reporter gene based on the image.
8. The method of claim 7, wherein step (ii) is performed by a computer.
9. The method of claim 7 or 8, further comprising:

iii. comparing the level of expression to a threshold level and/or a control level.
10.  The method of claim 9, wherein step (ii1) is performed by a computer.
11.  The method of claim 1, wherein the evaluating step comprises comparing the level of

expression to a threshold level and/or a control level.

12.  The method of claim 1, wherein the evaluating step comprises a relative comparing of

the level of expression.

13.  The method of claim 1, wherein the evaluating step further comprises comparing the
expression of the at least one reporter gene in a transgenic embryo cultured under control

conditions.

14.  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, morula stage, blastocyst stage and/or gastrulation stage.

15.  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 one or more embryos are not affected by the

use of the product.
16.  The method of claim 1, wherein the viability marker is Oct-4.

17. The method of claim 1, wherein the product is selected from the group consisting of
gamete and embryo culture media, gamete and embryo handling/processing media, transport
media, enzymes for denuding oocytes, gradient for sperm separation, freezing/vitrification
media, thawing/warming media, media supplements, pipette and embryo handling devices, and

lab-ware used in the process of human ART selected from the group consisting of centrifuge
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tubes, cryopreservation devices, needles, catheters, microtools, syringes, tissue culture dishes,

tissue culture plates, pipette tips, water, water purification systems, solutions, and reagents.

18.  The method of claim 4 or 5, wherein an acceptable level of fluorescence intensity
observed in the one or more embryos is 70% or greater than the level of fluorescence intensity

observed in the control condition.

19.  The method of claim 4 or 5, wherein an acceptable level of fluorescence intensity
observed in the location of the one or more embryos is 70% or greater than the level of

fluorescence observed in the control condition.

20.  The method of claim 4 or 5, wherein the standard requires that at least 70% of the

embryos exhibit fluorescence at a specified level.

21.  Use of a quality control assay in assessing a medium used for human Assisted
Reproductive Technologies (ART), said assay comprising:

one or more transgenic murine embryos, wherein said embryos comprise at least one reporter
gene operably linked to the regulatory region of at least one embryonic viability marker, wherein the
viability marker is selected from the group consisting of Oct-4, Cdx2, Sox2, and Nanog;

control media and/or control product, wherein said media and control product allows for
optimal embryo growth; and

instructions for evaluating human ART products and IVF culture conditions.

22.  The use of claim 21, further comprising suboptimal media, wherein said suboptimal

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