CHAPTER 1V

THE EFFECT OF ACTIVATION PROTOCOLS ON THE

DEVELOPMENT OF CLONED GOAT EMBRYOS

Introduction

Activation 1S..8 orAnt [stepoan NI procedure and ethanol and
ionomycin have be¢ o -, its in several species, such as
cattle (Presicce and ¥ da, 1994b;\ Lui al., 1998), mice (Hardy and
Handyside, 1996), shee 4 1 998)"and goatsy Baguisi et al., 1999; Chen et al.,
2001; Keefer et al., 2002: o)

reports on the developmd€nt _L'.g.{.-;a. .c

treatment with ionomygifi=-did ~':'_' both  followed by exposure to

esné et al., 2002). There are a few

er parthenogenetic activation by

6-diethylaminopufinE-(6-DMAR) (€ [5:200% Ongeri and Krisher, 2001).

Nevertheless, the c@lparison of 1l Opment o_rs!jl T goat embryos with either

— Oﬁtﬂﬁ?ﬂﬂlﬁ%ﬂﬁbﬁ ?}orted. The ohjective of

this study wagjto compare the developmental competence in vitro and in vivo of NT
o a W
QTR ST TN ot
incuba?ion in 6-DMAP-CB. In a preliminary study, the effect of activation with CHX
or ethanol on the in vitro development of NT goat émbr)"os derived from in vivo and
in vitro matured oocytes was tested (Publication 6 in APPENDIX E) to examine
whether CHX or ethanol could activate goat cytoplasts as was in bovine species
(CHAPTER III). I was found that the NT embryos did develop to the blaétocyst stage

after activation with ethanol whereas they did not do so with CHX (see Publication 6
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in APPENDIX E). Consequently, ethanol was further used as activating agent, in this
study, to determine the development of NT embryos in vitro and in vivo, compared

with ionomyecin.

Materials and methods

Chemicals and media

Unless otherwise ated, al Qd in this study were obtained

from Sigma-Aldrich

Invitrogen Corporatj

Preparation of donor

ar skin' fibroblast cell line taken from a
3-year-old Native female goatH ‘protocol previously described for bovine
(see Materials _,_u ¢ 'in CHAPTE ltyre medium was Dulbecco’s
modified Eagle med fité 10% FCS and 1% penicillin-
streptomycin. anr* cells were trypsimzed with 05% trypsin- EDTA frozen in

10% dlmethﬂ %ﬁ ’a iﬂs&l.%ﬁdw lﬂqrﬂogn For the experimens

the cells were thawed and culturéd for 3-4 d. &Vhen the cells &dd grown to 80-90%
et LN LAY b LA VLEL LAY d

FCS for 4-10 d. Before NT, the cells were harvested by trypsinization, resuspended

ented with 0.5%

in DMEM, supplemented with 10% FCS and immediately transferred into the

recipient oocytes. Cells cultured between passages 3-8 were used for NT.
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Preparation of recipient oocytes

The oocytes were recovered from superovulated goats, which had been raising
at the Embryo Transfer Research Center, Paak Chong, Nakhonratchasima province.
The oocyte donors were of various breeds including Saanen, Thai Native and Mixed

Thai Native breeds, aged 9 months to 5 years, and weighed 20 to 50 kg.

a8 performed with a modified program of
Reggio et al. (2001). mchronized with the insertion of
a controlled internal 7 evice ‘*lr g progesterone, Eazi Breed,
InterAg, New Zeal Vas 1¢ u \ (Day 1 = day of insertion).
Ovarian superstimulati S § s tropm -V, Vetrepharm Canada

\

Inc., Ontario, Canada) (50 50, 30-30 and 20-20 mg

NIH-FSH-P1, i.m.), one jnjs ing on Day 5 of CIDR-G insertion
(total dose equivalent to 200m; g R1):% Oocyte collection was performed
24 h after the final FSH injeefs 001). Ovaries were exteriorized and

the oocytes were \iv --------- TOMm () ' .:’# r > 2 mm, by using a 21-

gauge needle attachB to s1lico ubing that was ¢ ected to an electric vacuum

pump (Cookﬁew ? ‘EJEﬂ. ajwp ﬁnpjha) (Figure 8B). COCs
having at leasj2 layers of cumulus cells (Figure 9C) were selected and matured in
S LA T L L —

CO.. e maturation medium consisted of M199 supplemented with 10 % FCS, 10
pg/ml FSH, 10 pg/ml pLH, 1 pg/ml 17-B estradiol, 10 mM pB-mercaptoethanol
(Songsasen and Apimeteetumrong, 2002), 0.55 mg/ml pyruvate and 50 IU/ml
penicillin-streptomycin. After maturation, the cumulus cells were removed by
culturing the COCs for 3 min in M199-Hepes containing 0.5 mg/ml hyaluronidase

and pipetting for 1 min. Cumulus cell-free oocytes were then cultured in M199,
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supplemented with 10 % FCS and 0.5 pg/ml Hoechst 33342, for 20-30 min at 38.5°C
in a humidified air atmosphere with 5 % CO, before enucleation. Oocyte enucleation
was performed in M199-Hepes supplemented 10 % FCS, 5 pg/ml CB and 0.5 pg/ml
Hoechst 33342 overlaid with mineral oil on the stage of an inverted microscope

equipped with Narishige micromanipulators and epifluorescent illumination.

The metaphase plate and the ere removed with a glass enucleation

pipette (20 um outside diameter). - of successful enucleation was
_ - - . ﬁ_ .

achieved by visualizing siaphase|plate underuitiaviolet light (Figure 9F).

Insert CH:ﬁ Eif‘jw AL b
RIAN T BRI,

Figure 7. Protocol of gonadotropin treatment for ovarian superstimulation

in donor goat



Prepare the donor cells from ear Prepare the recipient oocytes
skin and stored in liquid
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Figure 8. Nuclear transfer procedure used to produce cloned goat embryos
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Somatic cell nuclear transfer and activation

The enucleated oocytes were fused with donor cells by applying 2 DC pulses
of 2.0 kV/cm for 50 psec (Chesne et al., 2002). Two hours after fusion, the
reconstructed embryos were activated, either by exposure to SuM ionomycin for

5 min at 38.5 °C, in M 199 supplemented with 10% FCS or to 7% ethanol for 5 min

at 38.5 °C in M 199, suppleménte

\."'.

% FCS and followed by culturing in
2 mM 6-DMAP and 5 Pams et al., 1994; Chesne et al.,
2002). Fusion was 7 . and of the ion period. The fused embryos
were then cultured , supplemented with 7% FCS

and Vero cells, for 9 atmosphere with 5% CO,. The

N\

cleavage and develop e Observed on Day 2 and Days 7-9
(Day 0 = day of fusion)#fAut _z' § g A .\ period, the NT embryos were fixed
and stained with Hoech Begin et al. (2003). The numbers
of nuclei were counted The embryo, on Day 9 of culture,
which had -{——#ﬁ—ﬁﬁ was classified as morula

(Koeman et al., 20@. The embryo, on Day 9 of culture, which had greater than 32

nuclei, was Ff‘tj ﬁ%{w etjl,]Zﬁ ‘\j NT procedure used to
0sis s

produce goatgmbry own m F 1gure 8

LAR1ANI AN INYTAY

Parthenogenetic activation of oocytes was served as a control group, for the
development of NT embryos in the same way as was in the NT group. Denuded
matured oocytes were exposed to 0.5 pg/ml Hoechst 33342, for 20-30 min at 38.5°C
in a humidified air atmosphere with 5 % CO, and then observed for signs of MII and

the first polar body, under ultraviolet light. Electric stimulation was done with the
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same technique as described above for NT embryos. Stimulated oocytes were then
cultured for 2 h in M199, supplemented with 10 % FCS. After culture, they were
activated, with either ionomycin or ethanol, followed by culturing in 6-DMAP plus
CB, as described above and then further cultured under the same conditions as the NT

embryos. Activated oocytes were observed for cleavage and development into the

morula and blastocyst stages. A he'endfof the culture period, the numbers of nuclei

N
!

in the parthenogenetlc embiVos.Were co ultraviolet light.

Preparation of recipient asimalsiand emb .\3\m >

sﬁ!\\\\“‘
1 to 3 years, and weighgd 2 \ bee)

1 | & “\
Research Center, Paak @hoge “NakHo

o “Nak province. The recipient goats were
Mr /

synchronized by the samg .r;"ﬂ asu t € oocyte donors, but not given FSH.

The recipient g@@ 1xed Thai Native breeds, aged

raising at the Embryo Transfer

An injection of 175 pg. of'l PGES, * ®, Schering-Plough Animal Health,

NSW, Australia) :‘,— I\".'gj Estrous was detected by

using vasectomizedyale goats 24-48 i after ( IDR-aremoval. On Day 2 (Day 0 =

day of fusmwl\ioJeEF ﬂ ﬂvl’ w ﬁctwatlon treatment were
transferred intp) 10 recipients ( ryos rec1p1e:l on Day 2 of their cycle (Day 0

R AR TEAITIHRIN B 0rs

and 60 of gestation for pregnancy examination and fetal development. The genomic
DNA was compared between cultured skin fibroblasts, blood samples collected from
the donor cells and recipient animal and fetus tissue (taken out at the end of the
gestation period) using DNA microsatl}lite analysis (DNA Technology Laboratory,

BIOTEC).
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Figure 9. Representations of the -u--- ._,_— scedure with ear skin fibroblasts in goats

A. Fibroblast :y;f— -culture | 3 h for 4 d (X100).

s

B. Oocyte collemon by direct aspiration from stlm.\lated ovary

Fﬁrﬁrﬁwfﬂ‘%’ e o e

(X80

AR ATIYG F 8t

cells Arrows indicate the location of metaphase plate (X150).
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J ALl . :
Figure 9. Representations 0f :'-2';'5;5&'. pcedute with ear skin fibroblasts in goats
737, 7
E. Position of-@ecyte during enucleation. N 4matured oocyte is being held
Y )
with a holdimgipip Ocated near an enucleation pipette

L ¥

(Continued)

(X200).

F mﬁmmm NI ARG ion e 1 v
exhlbltln blue fluorescenée of Hoechst83342 is visu under ultraviolet
LR T

G. Suspension of donor cells after trypsinization (X200)

H. A donor cell is being inserted into perivitelline space of an enucleated oocyte

(X200).
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Statistical analysis

Fusion, cleavage rates and development into morula and blastocyst stages in
both groups of NT embryos, as well as the parthenogenetic embryos were compared
by means of Fisher’s exact test and SAS software. Pregnancy rates were also

compared with Fisher’s exact test and SAS software. Differences were considered

significant at P < 0.05.

Results

The effect of activatigas® 1l potential of NT embryos and

parthenogenetic embVo

The rate of fuiog € ‘ ‘ aotsignificantly different (Table 6) in

the ionomycin and ef anb! £ catmitnt gto \ and 82.9%, respectively). The

\

rate of development to"the 2 nd] st stages of NT embryos (Figure 10B)
showed no significant diffe rer ctweell the ionomycin and ethanol treatment

groups (9.5% and. __- : _ | pd significant differences in the
S -

Y )
f;_ embryos derived from both

cleavage rates o ,-E-I’ﬂ
activation treatments but the development rate to the morula or blastocyst stages of

- embryo%uﬂ,ﬁ, PINSNIARS, over ¢ <001

that of the parthenogenetic embryos (Table=6, Figure 10B)# Cell numbers in
blas&yﬂpr ﬁeﬁ ﬁnimmn;;l!g ng]a/f.tlﬁlﬂr activation were

lower than 100 (Table 7).

The effect of activation protocols on developmental potential of NT embryos in vivo

A total of 46 NT embryos at the 2-4 cell stage derived from the ionomycin

treatment group (Figure 10A) were transferred into five recipients (Table 8) with each
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recipient receiving, on average, 9.0 = 1.0 (mean + SEM) embryos. A total of 37 NT
embryos at the 2-4 cell stage, derived from the ethanol group, were transferred into
five recipients (Table 8), with each recipient receiving, on average, 7.4 + 0.4 (mean +
SEM) embryos. Because of the small number of recipients receiving NT embryos
derived from the ionomycin and ethanol treatment groups, there were no significant
a1/

Pregnancy status was QbSEr n all ipients from the ionomycin group

differences in the rates of pre (60%, 3/5 and 20%, 1/5, respectively).

through to Day 60 (Fig ed after Day 45 in the recipiént
from the ethanol groupsOné : L ‘\‘ e 11C; Crown-Rump Length,
CRL = 5 inches) conpéCte hcotyledc ' \ of cotyledons = 54) was taken
| #5 of gestation. Analysis of DNA

out of a recipient in

of this fetus showed it 6 i the cultured skin fibroblasts and

AULINENINYINS
RN TAUNININGIAE
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Table 7. Cell numbers of morulae/blastocysts at Day 9 after nuclear transfer or

parthenogenetic activation

Activation Groups No. of embryos Cell number *

protocols : Morula Blastocyst

Tonomycin __ NT 232,30, 16 89, 61
64, 66, 52, 74, 10,
56, 121, 69, 90
Ethanol 40, 35
70, 50

* Due to a limited numbergfof iS5 med, statistical analysis could not be

performed.

¥

AULINENINYINS
AR TN TN
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Figure 10. Goat emk enogenetic activation

0 c_.vnn'-_l

|'I
' J
A. Two-cell lﬂ embryos 2 d post fusion pro uced by NT, using in vitro

ma o o f ifinionomycin (X300)
B. Blijjﬂ :;:tﬂﬁmd ;ﬂmst[z vitro matured oocytes
~ as recipients, activated with ionomyci 0) _ W
QRN A B e e

oocytes activated with ethanol (X300)

D. Blastocysts 8 d post fusion produced by parthenogenetic activation of

in vitro matured oocytes activated with ionomycin (X80)

Vero cells used for co-culture are seen at the bottom of the photographs.
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recipient No. 63

blood 131
Fetus 131

o
—
=

7]
@)

Primer : CSSM 66

Figure 11. Developﬁent of cloned Uansfer into the recipient

A, B. Pregnancy wahs detected by ultra&lund scanning at Days 27 (A) and 60 (B)

of ﬂt%rﬂkﬁa t?'q %ﬂﬁ%&] a,t]zﬂ 4§e11 stage derived from

1onomycm treatment wer€ transferred ifito a recipient. &/
% ﬁl@qﬂi ;u Mu’]. gmm Ejl@ﬂoty]edons was

surgically recovered at Day 145 of gestation. DNA analysis confirms that

the fetus is cloned.
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Discussion

In this study, the NT embryos derived from the two different activation
protocols appear to have a similar developmental competence in vitro. Fusion rates
achieved from both activation protocols (86.3% and 82.9% in the ionomycin and

ethanol groups, respectively) werg, gimilar to that previously reported in sheep

(Wilmut et al., 1997) but_higl o ed by Reggio et al. (2001) in goats

(85% versus 63%, resp Y on@e activating agent. There were
no significant differencg S4Usion ‘and cleavage rates between the two different
' \

protocols in our stug , ogasts t} \ protocols had no effect on the

The morula/bi?  rate in\both treatment groups (in 9.5%
ouriconditions, and the rate was much
lower than that (34.4%) pre' : epored by Zou et al. (2001), when used in
in-vivo matured ¢ylop o 20 rocipicadil y0s jcultured in vivo for 6 d. In

29

the case of the vjii-lk' e lower than that previously

U

reported by Chesné e&. al. (2002), who used in vivo matured oocytes as recipient

N ﬂ,u,&nmo@ YN GBI ARG o b eniconmens

than the in vztro In our study, thére was no significant differenee in the development
ELAE
rate a mnaﬁbﬂ ﬂjm;}mlgm e=tm r@s rived from both

activation treatments, which corresponds to a recent report (Ongeri et al., 2001). Our

TU

results were different from that reported by Loi et al. (1998) for parthenogenetic sheep
embryos. Those authors showed a highly significant difference in the development of
the blastocysts derived from ionomycin treatment, after culturing in uteri for 7 d,

when compared with ethanol treatment (58.4% versus 19.1%, respectively).
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Higher development rates were achieved in parthenogenetic embryos when compared
to NT embryos in the present study. This may be due to matured oocytes being
treated by combined activation, electric stimuli and ionomycin or ethanol as was done
in these experiments. It has been demonstrated that the 'combined treatment with
electric and chemical stimulation yields the highest rate of blastocyst formation (Hyun

/ that mean cell numbers per blastocyst

r than 100 (Table 7), which may

et al., 2003). In our results, i

in both NT and parthe
indicate delayed an pient (Booth.ct al., 2003).

Ethanol has in dattle to..efi vely induce oocyte activation

(Presicce and Yang, 1 al., 1999) as well as in rabbits

(Liu et al., 2002). P trated that a combined ethanol

< s i e | < Jd : S
and cycloheximide (a pgdtein synthe 515 inhibitor) tre tment would induce activation of

both young (20 h) and a@Bing<#0 h) T pvine oocytes at very high frequencies

(90-100%). In addition, ethasiot €an fid gle Ca®" rise, which results both from
extracellular ent ’, d-from Mmoot A :‘;_l r stores (Loi et al., 1998).
On the other hand, Exomycm cXCI y mobilizes @racellular calcium stores when

used as an ﬁﬂﬁﬁtﬂo tﬁ%ﬁw g]mi ﬁﬁn study, we exposed the

reconstructedgembryos from each group to each activating agent for the same period,
; e NP .
QTR TR AT e wsiows
both a%tivation treatments. Therefore, from our results, either ionomycin or ethanol
can activate goat oocytes.
The culture system may also contribute to the low development of embryos.
The efficiency of the culture system may be expressed in terms of the percentage of

embryos that cleaved and reached more than the 8-cell stage (Yadav et al.., 1998).
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In addition, the culture of preimplantation mouse embryos in the presence of serum,
influences the regulation of growth-related imprinted genes, leading to aberrant
growth and behavior (Fernandez-Gonzalez et al., 2003). It has been demonstrated

that in vitro development to the morula-blastocyst stage was higher when NT goat

ith a defined medium (36.3%), than
in co-culture with Ver . t al., 2002). The optimal culture
system for developingsgoat i eds o DE*further investigated. In the present
study, NT embryos wg Ank £ 2\ \ avage stages to avoid long-term
culture in vitro. The au®1d / - sng-term ct may have alleviated some of the
detrimental effects of i#'vigfo eutture (K€ eriet al. 001). In sheep and cattle, it was
observed that there wa [large offspring, after the transfer of
embryos cultured in the § ndi€ating the possibility of detrimental
effects of in vitro cult oung et al., 1998).
A 60% ;5_ ) ‘( ed after embryo transfer of
catment. 'ms pregnancy rate, based on the

number of pﬁﬂ EI lﬂlEJyT was slightly higher than
others (Keefer et al 200 i

that previously reported by egglo et al.,, 2001). Similar

G L G L (1o R

ultrascimd scan was not observed in the ionomycin treatment group in the present

NT embryos derivemrom the 1010

study. A 20% (1/5) pregnancy rate at Day 30 was achieved after embryo transfer of
NT embryos, derived from the ethanol treatment, which was lower than that reported
(55.5%) by Baguisi et al. (1999) but those authors lost all thereafter. This is similar to
the results of our study, in which recipient received embryos derived from the ethanol

group exhibited vesicle formation and were resorbed after Day 45 of gestation.
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As for the ionomycin group, three of them were found pregnant at term. From the
final diagnosis, it was found that two recipients showed signs of pseudopregnancy,
with multiple vesicles in their uteri, while the other one carried a mummified fetus
with a crown rump length of 5 inches and 54 cotyledons (Figure 11C). The cause of

these abnormalities may be due to incomplete reprogrammation of the donor nuclei

as resulted in a low number of nuclei,
ested that early fetal losses or
abnormalities might & T embryos to the ICM and TE

cells during early develg r as well as the number of TE

/{? e tta \\\
IVF embryos in cattle fh ﬁ- e NT embryos having a reduced
i
'

cells, of NT embryos. #Vas \ at of either in vivo-derived or

@ M

number of TE cells at : v':?, age, ofincomplete blastocyst formation,

,:’L'.

might form an abnormalfplagenta; lead evelopmental failures and later fetal

5T ET . i s
loss. In the present study; we transfel embryos into recipients as early as

possible to avoid :g,.!_""' d factors a Opihental potential from in vitro

culture. The pregmxcy could not B¢ alntainedm term when transferring NT

embryos derﬁqgﬁew tﬁm“w gy&l ﬁnﬂy confirms the report of

Baguisi et al. {19

QIW(}laoe ﬂr‘jem WSG}(}% ﬁﬁ.t] a Eil obtained from
locally bred goats, could be activated by ionomycin or ethanol treatment in
combination with 6-DMAP plus CB treatment. Although no live offspring could be
produced, embryonic implantation occurred in the recipients in our study. More
experiments need to be performed to confirm the results. Further studies need to

investigate the relative contributions of the type of somatic nuclei and the
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remodeling/reprogramming capabilities of recipient oocytes, as well as appropriate

culture systems for the development of NT goat embryos.

AULINENINYINS
ARIANTAUNNIINGIAY
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