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Problem: infertility
Solution: in-vitro fertilization (IVF)
IVF promise, hope, and challenges

Strategies for screening of pre-implantation
embryos
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Infertility problem W
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 Worldwide, ~ 15% of couples fail to conceive

within the course of a year of unprotected sex
(WHO)

* In the United States, 6% of women ages 15-44
are infertile (Chandra et al., 2013; CDC)

 12% of men (ages 25-44) have some form of
infertility (Chandra et al., 2013; CDC)




Significant increase in milk production
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Increasing genetic merit for milk yield reduces w
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fertility and survival (Pryce and Veerkamp, 2001) WISCONSIN
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In Vitro Fertilization (IVF): solution and hope  {J
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* In humans, > 5 million IVF babies born since Louise Brown'’s
birth in 1978

 Annual IVF birth rate of more than 17,000 babies in the UK

* Next-generation sequencing will allow for selection of
embryos without genetic defects

* |VF allows for evaluation of embryos before transfer

* IVF allows for manipulation of embryo genomes (e.g.,
genome editing)

i Evening News (55

Meet Louise, the world’s

first test-tu be arrival 1




IVF challenges W
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* Subjective assessment of embryo quality: o5
largely based on morphol

Don’t Judge A Book

That Matters.

08
AvS By It’s Cover,
‘\ It's What'’s Inside

oD

 Low success rate of pregnancy: approximately 8 out of
10 transferred embryos fail to implant.

* Preimplantation genetic profiling (PGP): tests single cell
which may not be representative of the whole embryo

AND it is INVASIVE!




Screening methods for pre-implantation @
embryo quallty WISCONSIN

 Genomic profiling of embryos: microarrays, RNA-
seq, real time quantitative PCR

e Non-invasive methods



Genomic profiling: In vitro production of bovine embryos
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Genomic screening of pre-implantation embryos @
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Differentially expressed genes and pathways W
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Correlation between gene
expression of blastocysts and
degenerate embryos = 0.98

Expression of 67 transcripts
significantly differed
between blastocysts and
degenerates

Log2 (Deg/Blas)

2 4 6 8 10 12 14 16

Log2 (Blas + Deg)/2

33 transcripts showed at
least a two-fold difference



gRT-PCR validation of single genes
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RNAI in bovine embryos

——

Injection of siRNA

specific to PHLDA2 into
one-cell zygotes

Embryo
development




Development rates for PHILDA2 siRNA-injected embryos @

Treatment Total Blastocysts  Blastocyst
embryos Rate

Control 208 54 26%

Sham 191 49 26%

100 uMsiRNA 89 33 37%

RNAI silencing of PHLDA2 improved embryonic development

Driver et al. 2013. PLOS ONE



PHLDAZ2 CRISPR design 0
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AC_000186.1: 49M..49M (1.4Kbp)~ | | D> | - + AT A Tools+ T | £FConfigure 22 7+
49,329,400 |49,329,608 49,329 860 49,338 K 49,330,200 49,330 460 |45,330 600
EEEEE NCBI Bos taurus Annotation Release 104, 2014-12-31
FHLDRZ
HH_Bala7e521.2 > > > > > »> HP_B81869%89.1

— —
Deletion of exons 1 & 2 using CRISPR

Injection of CRISPR system into one-cell zygotes :
312 injected embryos; 261 controls; 209 sham

Monitor embryonic development



Embryo development following CRISPR injection
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Treatment Injected UFOs Dblastocysts Development

zygotes rate
Control 379 95 105 38.3%
Sham 209 55 59 39.3%
CRISPR 312 111 100 49.75%
Injected

Both siRNA and CRISPR methods can be used to increase
development rate of embryos



Non-invasive screening using microRNAs @
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Class of hon-coding RNAs that act post-transcriptlonally
to regulate target mMRNAs

18-22 nucleotides in length

Function by repression of translation or degradation of
target mRNAs

MiRNASs can increase expression of some genes
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MIRNA important discoveries

THE UNIVERSITY

(4
WISCONSIN
Cell Research (2008) 18:997-1006. MADISON
© 2008 IBCB, SIBS, CAS  All nghts reserved 1001-0602/08 $ 30.00
ORIGINAL ARTICLE www.nature_.com/cr

Characterization of microRNAs in serum: a novel class of
biomarkers for diagnosis of cancer and other diseases

Xi Chen" ', Yi Ba™ Lijia Ma™* " Xing Cai', Yuan Yin', Kehui Wang', Jigang Guo', Yujing Zhang', Jiangning
Chen', Xing Guo', Qibin Li** Xiaoying Li’, Wenjing Wang®, Yan Zhang', Jin Wang', Xueyuan Jiang', Yang
Xiangl, Chen Xu', Pingping Zhe11g3, Juanbin Zhang3, Ruiqiang Li, Hongjie Zhangl, Xiaobin Shangz. Ting
Gong’, Guang Ning’, Jun Wang™*, Ke Zen', Junfeng Zhang', Chen-Yu Zhang'

Circulating microRNAs as stable blood-based
markers for cancer detection

Patrick S. Mitchell™, Rachael K. Parkin'*, Evan M. Kroh™, Brian R. Fritz'$, Stacia K. Wymant,

Era L. Pogosova-Agadjanyan”, Amelia Peterson®, Jennifer Notebooml, Kathy C. O’Briant*t, April Allent,
Daniel W. Lin/"**#, Nicole Urbantf, Charles W. Drescher', Beatrice S. Knudsen'f, Derek L. StirewaltT,
Robert Gentlemantt, Robert L. Vessellal**, Peter S. Nelson'?, Daniel B. Martin's5, and Muneesh Tewarit7.11

e microRNA

Messenger
RNA strands
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Research questions

|. Are miRNAs present in the culture
media of IVF embryos?

ll. Do extracellular miRNAs play a
role in embryonic development?

lll. Do miRNAs play a role in fetal-
mother communication?
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Question I: Are miRNAs present in the culture media w

of IVF embryos?
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Day O: Fertilization

Day 5: Morula grading
(16-32 cells)

Day 8: Blastocyst
grading, embryos &
media collection
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Expression of microRNAs in bovine and human
pre-implantation embryo culture media

Jonna Kropp ™2, Sana M. Salih? and Hasan Khatib™*

P Daparteant of Animal Sofancas, Unfvarsity of Masconsin-fdadison, Adadison, MO LSS
# Danartmant of Shatatrics and Gynacodogy Unfsarsity of Médsconsin-fdadisan, Madisan, 1Y LS4

Proof-of-concept study (5 miRNAs):

1. miRNAs are present in the culture media of bovine and human
IVF embryos

2. MiRNA expression in the embryo is associated with embryonic
developmental competence



Question II: Do extracellular miRNAs play a role in embryo 0

development?

Three biological replicates of embryos
(blastocysts & degenerates) and
corresponding culture media samples

MiRNA extraction from culture media

Small RNA library construction and deep
sequencing using the lllumina TruSeq™
Small-RNA preparation kit

Sequencing data was analyzed using the
LC Sciences (Houston, Texas) pipeline
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Differential expression of miRNAs in culture media

Degenerate (D) vs blastocyst Higher expression (p-value)
(B)

bta-mir-2887 D (p<0.001)
bta-miR-24-3p D (p<0.01)
ssc-miR-22 D (p<0.02)
PC-3p-21760 D (p<0.02)
ssc-miR-423-5p D (p<0.02)
bta-miR146a D (p<0.02)
bta-miR-191 D (p<0.03)
bta-mir-2904 D (p<0.03)
bta-miR-186 D (p<0.04)
bta-miR-148a D (p<0.05)
bta-miR-192 D (p<0.05)




Association vs. causation: analysis of miR-24 _...;-.-

* Highly expressed in
degenerate media
compared to blastocyst Mﬁ\\f
media

* miR-24 is highly -
conserved across
mammalian species

 Targets mRNAs
involved in cell

] _ — s—
proliferation and Do you think al
apoptosis brought on global warming or did

global warming bring on all these film
cCrews?2o



Overexpression of miR-24 in culture media @
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On day 5, mimic miR-24 was
supplemented to morula culture
i~ media

_ o On day 8, culture media and
{ @& - embryos were collected from
mimic and control groups

Treatment Total blastocysts degenerates % embryos
morula developed to
blastocyst
Control 156 118 38 75.6%°
mimic miR-24 (1 149 72 77 48.3%"

LM )




I Expression of miR-24 was 44-fold higher in embryos cultured with a
MiR-24 mimic compared to control embryos

- Control
g [ ] Mimic

* P<0.004
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Expression of a target mRNA of miR-24, CDKN1b, a cell cycle
regulator, was significantly reduced in mimic blastocysts by 33%




Question 3: Are miRNAs involved in
fetal/mother communication?
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How to test fetal/mother sighaling w
* Supplement miRNAs secreted by the embryo to
maternal cells in culture

* Test whether or not maternal cells uptake embryonic
MiRNAs

* How do endometrial maternal genes respond to
embryonic miRNAs?




Do maternal cells uptake embryonic miRNAs? W
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MiRNA Uptake into Bovine Endometrial Epithelial Cells
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How do maternal genes respond to embryonic miRNAs? w
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MiRNA Treatment Effect on Gene Expression
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Fold change in expression

MiR-22-3P miR-122-5P miR-320a
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Summary @
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* RNA interference and genome editing
technologies can be used to embryo
development

* MiRNAs are promising non-invasive biomarkers
of embryo quality and fertility
— Stable, reproducible, conserved
— Can be used to regulate specific genes important in
embryo development and pregnancy
* miRNAs play a role in fetal/mother
communication at early stages of pregnancy
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Thank you!



