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Manipulation Method Using Lentiviral Vectors
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The placenta plays numerous important roles to support fetal development such as gas exchange, nutrient supply,

and hormone production. Placental defects underlie many aspects of pregnancy losses and complications; thus under-
standing and regulating gene function during placentation is of high clinical relevance. However, the lack of a facile and
efficient method for placenta-specific gene manipulation has hampered study of the placenta. We have previously shown
that transduction of fertilized mouse eggs with lentiviral (LV) vectors efficiently generates transgenic animals; however,
transgene expression occurred in both the fetus and the placenta. In the present study, we transduced zona-free
blastocysts with LV vectors expecting placenta-specific gene expression, since most placental cells differentiate from
trophoblast cells that form the outermost layer of the blastocyst. Transgene expression was observed in trophoblast cells
from preimplantation stages and in the placenta throughout gestation. All the analyzed placentas carried the transgene,
while none of the fetuses became transgenic. By applying this method, embryonic lethality caused by placental defects in
several knockout animal models was substantially rescued. This technology provides a powerful system for gene
manipulation exclusively in placental organogenesis with implications for the treatment of placental dysfunction.
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virus G glycoprotein) O TL>NO—7Z i3
ETCRREI &N 5 & & BT TR E 2 A4
U, BEEOMIKDBMLLE LV Y — 23 T%
7RSI L CT& . —EHOMEDOHR T, ik
&4 00— RE T L TEIFZIRE L 722X
132 IR AR (2-cel) 12 LV N ¥ — 2 RGeS & 5
ZET, RIS NI AT 22y IR XNER
TEHILZMWMELTHO [Fig. 1(b)],2 LVARY
=N AN DELRTEAIZENTZNY
HY—THhHBHIEEHLNIL TS, BHFITTA
VA DB 2 MBI ERE LT B 20,
RS ZENHEBERRA N THS.

INHSOHMAZEITAPRTIE, Bzl halRe R
7R BIETFEATEDORFE &l A7z

2. BREBEHBENBREGCTFEANLZORRE

MR A B R T EAEZRAE T 5IT4 0,
2-cell M5 I 5ITFEAEMNE A Z IR ILHIE (IREE)
EH Lz, UMD FEEIC S W TR
T OMIEAENEEZ D, FPERIBIRICHAET LN
ERAlASE  (inner cell mass; ICM) &, MR ZBALS
5 #NIREE (trophectoderm; TE) 234U 5
[Fig. 1(c)]. ZT@®& &, TE I3 ICM % & HA T
EERD 2D, Wiz LV X7 5 —miRHPIiC AN
% EHMIID TE OATERNE Z D, ZORER, Ik
MR B G T RBEICORNZDTIEARNWNEE
A7z [Fig. 1(b)]. FERRIC, BHAWEREL KR
faiz, LiR—% —& LT enhanced green fluorescent
protein (EGFP) Z¥#¥l9 % LV XJ ¥ — (LV-
EGFP) ZEfI8/E 24, ICM iZid«< ﬁfﬁ
MR TN, TE DA T EGFP OFHNER S
7z [Fig. 1(d)]. EHIXREHELT, &L &“Zb‘é‘
6 R T HITEETFIREEL Tz, IR
D, FHEICEKL TRET DD, HIKICEHE
THLRFEBETLNIINTHEFTTESHL WEINTE
LTHH/HETES., 3561, IS OB ZGITE
R ZICBEL, BEOHENIZITTERICTE L
MBHMEE 145 HEHICHEIL2EZA, LT
NTOEKIZB TS OB EGFP 288 L T
W7z [Fig. 1(e)]. ZO&E, BELLEZKRORAR
WBARUEDOEH G ERSETHD, LVART Y — % jit
SETHOUNGEEZZIT S Z &3>k, BRI
BLRTNEAINTWARWIZ &, 7/ AD poly-
merase chain reaction (PCR) f##fric k> THHER
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Fig. 1. LV Vector Transduction of Blastocysts Results in
Placenta-specific Gene Expression

(a) LV-EGFP, a self-inactivating type of LV vector, expressing EGFP
under the CAG promoter was prepared as previously reported.” PPT: a cen-
tral polypurine tract of HIV-I, WPRE: woodchuck hepatitis virus post tran-
scriptional regulatory element, LTR: long terminal repeat, ¥: self-inactivat-
ing mutations in the LTR. (b) A scheme for the transduction of preimplan-
tation embryos. After removal of the zona pellucida, 2-cell stage (top) or
blastocyst stage (bottom) embryos were incubated with LV vectors and then
implanted into pseudopregnant females. (c) Two distinct cell leneages ap-
pear at the blastocyst stage. TE: trophectoderm (future placenta) , ICM: in-
ner cell mass (future fetus). (d) Transgene expression before implantation.
Whereas blastocysts developed after transduction at the 2-cell stage ex-
pressed EGFP in the ICM and TE (middle), transduction of blastocysts
resulted in TE-specific expression (right). Left: untransduced control. (e)
Transgene expression after implantation. Embryos recovered at E14.5 after
transferring untransduced embryos (left), embryos transduced at the 2-cell
stage (middle) and embryos transduced at the blastocyst stage embryos
(right). (f) Simplified figure of placental structure. de: decidua, gc: giant
cell, sp: spongiotrophoblast, la: labyrinth. (g) Merged image of phalloidin
staining (red) and EGFP fluorescence (green) of a placental section at E10.5
after blastocyst transduction. The right panel is a magnified view of the area
boxed in the left panel.
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O A ITRAHEANERZE I N [Fig. 1(d)], Z0f
RERMLUT, BE - BEROWHIGERTNEAS
NTWw/ [Fig. 1(e)].
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WA, /w7 I NITANRL SMEREIN, £
< DEBIET OHEENFEKRL NV THHIN DD H S
Y, EBRITIE, WHEBOE & 725 =0 ERENT 21T
ATRWFINE LS FIET 5. MEBFEDIRK & LTI
BT, =7y bOBERTABREOELFITHET
HBHIENTRINDD, TSNS, ik OREE
Az ERITIECLDBRIBOFHEEZIEFICY
R—hTERVWIREEDEZ SN S, EERIC, ki
BENRR THHBIEERD LD/ v I T TR
T ADRMMN 100 TA L EbHEINTNDS, 6D
INH5DOTZARMTIE, HEOBAEZ EHIZHE
IHDIETEMFNESNDAEEND H720, &
MRIFE L7z HiEE AW TRIBL TWAE R T2 bk
FeRpicaiyy, B OERRRIER N/ v oYY
XA DEHZER AT,

L B[R Ets2 (E26 avian leukemia oncogene 2,3
domain) @/ v 77T ST AL, HBBERICE
42 xEEMBOMEARICLOBEAE8S HEE
TREHLERBRL I ENHEINTNS.Y 2T,
Ets2 7 v 77 b ADREIIC Ets2 2B
% LV X% — (LV-Ets2) 2RI TRITES
TARXBELZEZ A [Fig. 2(a)], KOFANE
AR EFREICETHEL [Fig. 2(b)], HAKH
Xix, 2> bho—)yRXr & —& L TLV-EGFP % &
RIFELGAICEE<GEONRNRERBYY A%
4LHEFERD I EITHKINL = [Fig. 2(c), Table
1]. PCR @M ZITO /R, I AP =230
BOHITHREBIN, EFIEIE<ERTNEAIN
TWwiamo7z [Fig.2(d)]. DLEOEENS, K8
LTW5iEETZ TEDAIIHEIESLIET, K

BOUIFREITBITLREZEETE S I EOURSE
N7z, WAELUZREREY YL, BROZEINE
HCTHRENTT—TTEHENIERBMERTHOD
IEHICHEL [Fig. 2(e)], MM E bR MEEZRL
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IEEBFEDZITRN T RBIBID R v BE & 72 2
=%, ikl X)L T OEETFHREMRITICRE < &l
TEDEEZEZLNS.
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Fig. 2. Restoration of Placental Defects and Embryonic
Lethality in Ets2 —/— Mice by Placenta-specific Gene Ex-
pression

(a) A scheme for the placental gene therapy. To determine whether
lethality in Efs2 —/— mice can be rescued, mutant blastocysts were trans-

duced with a LV-Ets2 and then implanted into pseudopregnant females. (b)

E7.5 embryos after LV-Efs2 treatment. (c) Live Ets2 —/— pups obtained by

LV-Ets2 treatment. (d) Fetal (F) and placental (P) tissue were subjected to

PCR analysis for transgene detection. The LV vector transgene was detected

only in the placenta. tg: transgene. (¢) Rescued Efs2 —/— mice showed

wavy hair.

Table 1. Genotypes of Newborn Pups after LV Vector Trans-
duction

Genotypes of

Deficient 1. - i ment newborn pups Total
gene
i+ - =/

Ets2 (=) 19 37 0 56
LV-EGFP 14 30 0 44
LV-Ets2 45 84 24 154
Mapk14 (=) 16 33 0 49
LV-Mapki4 51 100 29 180
LV-Mapkil 31 59 16 106

Preimplantation embryos collected from heterozygous intercrosses were
transduced with LV vectors at blastocyst stage and implanted into pseu-
dopregnant females.

OE—4%—0OFARENET 5N, KRR
I DT A—INREL, BETHRIORS DR
PN ThnE s ZMERSILEL THo, B
BRTIRMmED WS EMOARIZITE> TR
W, 1419 KRS TIE, 2L D R AT TN

LV-Mapk14  LV-Mapk11

b LV(-) LV-Mapk14 LV-Mapk11

+/+ . -I- -I- ‘

W!.w

c LV- LV-
V() Mapk14 Mapk1-
- -

Mapk14

locus

uapirs+o [N ]

wepirr-o [ |
F P F P F P F P

Fig. 3. Functional Complementation of Mapkl4 with Mapk
11 during Placentation

(a) Embryos collected at E10.5 after LV-Mapk14 or LV-Mapk11 trans-
duction at the blastocyst stage. (top) Placental sections stained with
hematoxylin and eosin observed at 20 X magnification. Vertical bars labeled
la mark the labyrinthine layer. (bottom) Fetuses. (b) Live Mapkl4 —/—
newborn pups obtained by LV-Mapk14 or LV-Mapk11 treatment. (c) Fetal
(F) and placental (P) tissue collected at birth subjected to PCR analysis for
transgene detection. The LV vector transgene was detected only in the
placenta. tg: transgene.
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