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Human placental trophoblast differentiation and related diseases
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Abstract: The placenta functions as an autonomous organ that supports the development of the embryo, and also
serves, to a certain extent, as the kidney, liver, intestinal tracts and respiratory, endocrine and immune systems of the
fetus. However, our knowledge on the human placenta is very limited. With the development of modern biology,
researches on placental biology have extended from pure histomorphology to cellular and molecular biology, and
will finally enter into an era of omics and systemic biology. A comprehensive understanding of the human placenta
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will provide a theoretical basis for the clinical diagnosis and treatment of pregnancy-associated diseases and hence

improve pregnancy outcome.

Key words: human placenta; trophoblast; pregnancy-associated diseases

1 AKBRENEENRE

fad2 1R ARSRE, EEERLE
felt | A0 N 28 & 2 78 T (National Institute of Child
Health and Human Development) T4 Alan Guttmacher
WA, ERERANIRZ ZA T R AL,
EIERT S F IR 2, R A AU S g 1 TR] 2 4 R iR )L
PILERRIC N B 2L, T HN 93160 5 BESE AN S AR AR 1)
it -t 5 A B R e PR 2

HEBEAE ARG )L 5 BHA AT & R A S
PR3 T, I FL B IR I s P 43 i 2%y U,
A 1 B 3 EE Dy e 2 SR A IR 4EHR IR R S AR I A K ER
5e, BAARIGWITM . — 2RISR, /)
BHAF 5 5 iR L ML BAE R A 5T 52 # 5 e i 57
TRX NN, BIG) LAE KIS 4R

BHA 5 I ) LA J5a 52 #4001 i J L AN BEAZ I 7 706
WX BR RS — 7T, FaREgkE i A Kk
KHIEI TG )LS BHA R B R AR, B A
KA LI @ I 98B 1) 03 b e 5 BRI g T )
JRAZHe s Gy —J7 T, WEIBA IR - P I 8
PERIA R A2 1N, I B e R 250 57 2 4
P, A0 IR FE IS K I 5 2 S e B 98 6]
Bet b, AN ERUE G 28 95 6 W B KR B 3 5 B if i3k AT
) S

B LA L I 4 RF F E RN RIS 1)
YeRp AIRE - R 52 M 4EFE . WEGRIRS I 4R =
FRFEZATR R 15 A B IRATR 2 PR ZE 47 A0 2 4
SN E R SE L. ARA 1], 2R H 5P 515 1k
KEGHA W EIEHE ALY, SRR
ZJEW B, ZEKEbE 2 R . TEAE IR,
JIG A% 53 WA (1) N 8 JEE /2 12 1 ¥ 3 (human chorionic
gonadotropin, hCG) Hg 1% %k K 35 44 43 WA 42 i 1) &)
W1 B, X R A N hCG J3 W ZA B (1 ML AR 2 B
LERUEURIIEE 5~7 Ji, G MaRARE S AR R 53 Wb
ZAfR TR O BRAEER T 0 hCG FIZAfiZ 4, &
LU 2 Tl S AT iR ST AR RE DL R ) LAE K R B A
KIE, LT MYER G LA KM SRR .

NEBLAEBE - fa S e it 52 1 @ ST A g e vh R 45
BAEH. MEEEM S, MR)LR R R, K,
B B SRR 5 BB G 5 2R Gent IR ia RIS G L -

B BE s R i 52 . fERE - fR i, MR AR
JE A0 R S G )L [ 5 —E i b, [FIRT 25 E
AR L TR 2 A ) WP R R 2%, S 5 A
HIP, BHAFEBRE G E R RER R, O
50%~70% 1+ 5 H S8 2 A5 20 B (uNK). 10%~20%
(k% B A (M), 10%~15% (1) T 4 i BA Kz />
A SOIRANA (DC) 5 NKT s, i b i) %
5 A M AN AN LTV B i b 5 AN A IR AN T, SR
RS, FERE - iR et 52 Hh o EZ R R
540 A i NK 41 g (CD3 CD56""CD16") % B A [,
g 5 NK 28 Jiid 32 %24 CD3 CD56™"CD167, JH#£ik
F B BN AR 2R, N RL R 2
1 FR R AR I H S A B 7 (MHC), BEA
KA MpEPLE (HLA), 1 HLA-C. -E Al -G, Xik
JE £ it MHC-T 2593 738 i 1131 uNK 21 Ffd 2 T 417 1
PEZ AR, fEEANHIES, FRA% uNK 20 40 M o
et TR AR o, ) 350 s 20
DL M2 B4R 3, M2 B B A ik %2 Fhopie 28 1 4l
JfL DR - 2 5 B - AT 2. W NK 405 5 640
Ny Z P E SR T2 58K E . A%
BRI T 0B AR 4 BItE T 400 (helper T cell, Th),
B} - i B TH A7 AE Th1/Th2 41 g X -7 18] (£ °F- 47, Thi
Y oy W B R 7, W4 ER -y (IFN-y) =24
SN S NS, T Th2 20 23 WA A 4B i R 7, 4
FIER -4 (IL-4) EZRTERERZENE . —BAR
Th2 2 A PR 7% B Eh S GRS (e i 4 . 10 Thl 48
JL DR U A A T, 3 P P28 o) S i e e 5 %
O, T4 Sk Th1/Th2 ¥ 18 3% ¥ i 4k 4 Th1/Th2/
Th17/Treg (regulatory T cell) ¥, F.rf Thl 5 Th17
A BLEAE R AFEH, T Th2 55 Treg 40 B A Hi &
VERL, WEURIAEE - B 71 Th2 B34S Treg 1411
& SR BE - iR G 52 5 1 ORI 4 4 22 00 B 2
T 5L 22 B RE - 5 53 TR PR P S50 7 It 65 = 50 S 3%
Y1 B IV (1) 22 S ) R R 3R T T A R
PER 7,

2 ANEREESEAMEN DS IEIRE X ER

N R AR MR R R, Bk
THERRAEE — IR R Az g . IRARTE 4 4 3
TFORERSIARME, &N IR BRI A AR 2 BT T



EQE]

FLMg, o NSRRI R ML A 5 MR OB 17

R AN [FRHIE PR i —— B B R P Y
EFRAMIRJZ UL B 0537 A I 2 6 ZE 1 P 4t i 1 s
EIX—F B, WFRANIE 2 A5t O 4 & R AL IR
TEARR K B G HEL. 8/ RCF ARG & & It
FC, CAAEAL LA b B 1 5 i) S IR S 4
LR 7] 73 DX 7 B 20 L PR DR B S PR - Ocetd Al
Sox2 *f Nanog A ) fie #E1F FI A& P 41 i [ 4 45 2
BEME o< B . T % 3R 2 40 I PR AR T Octd A
Nanog ] # ik, #4fij #ik Cdx2 1 Eomes!"'", H
H Cdx2 13K 5 4 Bl 1 () S A & B DB R,
T SACLIVR (1) 5P L8R 530 R 7 1 W 2 o B S e o
% [10,]2-]5]0

TIRIEEROVEHRANTE, MIEH it
K, HAEZENTFEREY. DU T AR
JEAE N BOAFE FUAR & T X 5 Nl G & R AR
TRV A 0 25 ) DAL W AR R 38 2+ B DT B
T2 ARk U N RIS B R AT
KWAEZ K G 6~7 d, TEIRAET B EE LIRS, HEF|
FENRAN - B b B 4 i EAH RO B AN E S
MR B s Tk, XA E RIS ", 3%
JVR B A S R BE 2 O3 A0 TR iR 48, 17T P 440 i 41 00
R L B opis g R e . RinE i 2 G
RAEWMIGRN . 0637240 BT 46 5 ARl 1+ 2 i
R ST R, FR NS — {2 2,
MIERS 2 FiR X —I . 55 A R4 ff 2 e )
TR I A 2= S K ARG RTE — A 2 % 1)
F A K155% 2 (syncytiotrophoblast, STB). H Fi4iim
W EZ RO NSRRGSR, WAk
WFRE R GEAVTIAN SRR RN T 5 W E R
HEEFENRE R EE 51557 P, BREm@
P MBS 24 i [ ) R 422 52 5 ) N T AT R 4B B TRI B, A
iR 2 A BCEA IR R RN 75 PO 2 25,
pE AR N i = U e i e R S S Y o
PLE B NER B ME, N5 MG 5
H B - BRIE 2 AT IR R Y. % & R4
PEARBETR IR R B B AR b I i ST B - JRER R
BIfa L2, AT DA ) 0 A A 57 |2 B ek
JURR 1) T e AT 51k BEAA I S i 52, W& 1k
4 1) S0 B A AT R R BE AR T iR L IR
IR E R EFEIRE T . RS W Rk )57 2
YU A 2= 2 P W) 26 P A R T SR 40 R vk 5% J2 4
Jid (cytotrophoblast cells, CTBs). %2¥% 5 7~8 d [fJF
BB AR N a8 % B AT BRI 3, NG () STB
Wt — M HOES & Mk, WK HILEIHZ

TR I BR A5 R . AE3ZHE 5 55 8 R, ML AL
JEH STB A #BFF 4f th I VAR Z5 4, X 285 fR
PO G R IF BAHBETE e — A e B R, bR s
ek BHEN T ISR Bl fELEUREE 8~13 R, %
WE &AL () CTBs # T UGG 58 I 7] STB G, AL
&, FHB ik R s RN TR . A BRY ) i
FEH, STB I £ Tl N AL £ 8 Fl 1+ 55 P B it
S BRAA WA R A JEBR T, DU S B G BE K & 1
BIRPTCRIR . EERPIE R Mg 2] STB DL IR
BAERIE AR AE, KRBT b NG, 294
R ES 12 R, T HEREEERAER CTBs & %
X LG /NGRS R ) i AR T T g TR R A, A
TEZHG G 58 14 R RE STB, 18 H 5 B4 i il
Z (B JE R — 2 CTBs 14 s Ak 7% 2. AL T
R EE SR IZ Y CTBs & KEME, BE EESE
B[P CTBs B [H —2, XW G KB CEEANSRE
i3

SRR BARR 1T A ) A KNG B g 5 R
I A2 4, IEFEA M STB ZNGE ) i itk H 79 =2
I RE o IXEE 7572 A STB R34 119 CTBs #4 Al
FAEVIRAET, BN G2A B2 MR SENIX
BRETHRE, B MER I e BT L
T L[] i B A G PR SR B A — 1 2 B i 1) 40 L v
Fi [ BHTIT T A 8 Dk, FAR A AR N R Sh
WG ) i BR A T I 2 44 R B V]
RATEHIG 2 d, WA IR 2 RUE 48 M 2 42 A
CTBs HIEMIRHLEE. BEEIZHG 18~20d, %E
A2 I E RO I I B A 1T R B B A
M, XEHIEBPIRAN=RARE .

Y M 77 IR SRR B BRI 2 5, (B F4R
REREMITFE . ) CTBs T & B 44 E
Sk, Pt LLAR 9 986 A0 57 = 40 D (extravillous
trophoblast cells, EVTs), — 54> EVTs 41l o {2 i &
TEAENEZ, BE2TEILEN E=22—, N\
MAEAG L E T BHMET BN, BN TR
JZ4HiE (interstitial EVTs, iEVTSs) ; H4b—#43 EVTs
20 B A 1L N % 37 )2 41 i (endovascular EVTs,
enEVTs). fEfGHKE FIH, enEVTs {23+ BN
JES AT RR e Bl ik, 3R 5 o 0 e 3 Ik F) I T T LA
MR B2 4B, Ay shkia EsEZESIKE, Bi ik
BEAR MG NG BIRIFRE, A 4ERE 8B A Kb 2
MR SRS P72, B BIUEER 12~13 J A4 ST Eh ik
P BRI ET: B SR R BR o, LSCELBE - IaTEER i)
L. enEVTs RN 7 B RIESNIK, RS ME A B




18 AR

29%:

ML RRAE,  FERCHCBRAR ML N B 4B, AT
B R TE S Tk U BB, SIEE TR - R
Sk, b E YR 20~22 M T 5 - AT
R EAE EES,  DLERIERG ) LA KRS F2 ) 5
Ko DRI, 6 404 5% 2 40 RG22 I 1)
(R XS B R e 20 Kk (1%) 503 A2 i D Bk R A DA R
() E AT . NG EVTs 40 i 7546 (1 U 45
PLEIAEHE 44, BHEAZ R4, FE A, ik
. FENZ. I8N R4, SR E 5
28 B ) JoT 20 i LA K BE - i 5 T 1) S 240 Y B I
A B Z MR T LN g3 b 55 o whEl A 43 77 XA
PER ™ [z, EVTs 4 i th ] B 42 55 R 2 5 iX
LEAM TGS, HILERE - Je S L T — MR
AR NTINES . AL, A R R TR E A T S
ST AT I — AN OB IR, RE T R B ik e
i 5 kB A DA K R B P I TR R A B 4
EH .

TEBAN YRR T, CTBs $4: 1 STB Rl &,
BATE R — AN 5284 STB 78 % A1 R B2 10,
TR B BHARAG ) LE) B M BE s, [R5
RHAFIRG LI RSB 450 . STB & — A 5e B I 2 1% 45
H, {EAEYR 2 I AR AR AT IA 11~12 m?,
It S8 A A MuRE . STB = T A S I IR AH R I ==
(hCG FZARE4E ) (153, DAKBE - i 6] F-4) 5N
RV 2E e, I BET-B7 1k BTG ) L) 509%
R R EEEEH. —J70, CTBs #7742
STB, 4y STB Djfg 4ERp#fit “Href ™ 5—
J71H, STB ik —Fh& & 4575 (syncytial knot) 4
Faf e — e T 4R BAZ A 2 4R s . M Joi 55
B HE B0 BE - G 18] B A i N BRARTEER, DA R
Ye¥F STB S5t A DI RE BN P, REIEHE R M,
R A AR AL TS — Al G 57 )2 A0 B n) 22 4% 1) & A
BT EAW A R, 2RI SR T GCMI
(glial cells missing homolog 1) PA &2 N5 F syncytinl
syncytin2 J& %4 5% J2 ab & i i R 1 PO Btk At
— LG [] 1% 42 5 F- 40 connexind3. ZO-1 %%, {3
S 7> T MAPK., PKA 2%, DL ET-AH %5
F caspase HH S [ IR Z ARG .

JHEr 388 B0 25 ) 1 Ty i 2 Wil 42 e 0 301 1) 1 4 5,
BAERMARR IR S WINPT, AT, SRR i
TR R AERR R FE b B B B i
Dife I ZELFFERZ G LM RE, SBOR . B,
e JLEK RMERERRE Y BEREREE
SRR )LE RS MBILE RENKE,

T K S 2 S BB LU SR R R A B
TIXLERT T, WEFLESRE T “RA AR AR
KM Sish, BREIIR/NTIR 5 BEAE TR A
FRAR () 75 i B — g IR 2 B R, SRR
X BRAR A FEREAT B — K “ IR I, IR AR Eh
RE B 7T e AR B LA B ) — MR, A
AIRERHER . R T NG R TR R A 2
W R R IR T BLE BRI T 2 W iR
I7 ATV [ B AL bR 7y TS (3 B

3 NEfERIBA—IRERE

IARAED 2 MR 2 2 B LI e i En e $2b, B
TRX - EEREREEAN R A, R
HhAZ PR T 5 S A AN TF- B RN R ARG RR S
FEPT TN G MG AE IR 2. B AT
AT TR A R R R Z AR & AR
F) 28 B AME AR 15 37 BUGR B - WL R 85 9% DL R JEAR 4
EEHA. FHHEE H ) CTBs Al EVTs 1S 77 S54%
A, R BH LT CTBs 48] DL E & & T ik
A JEIEFLE T STB 7E 41 WAL R 8 2 J5 /] LA
Eid CTBs WA AT B AR, DR H SR A 78 CTBs
RilA T B STB 170 (it 72 5 JRAR M 28 B 4 1k i
VR 9 R S W I A 2R I 1 SRR T DL 3 CTBs
I3k AR A R A A, ORI B R T
9t CTBs 5& [l 53 469 EVTs Fd f2 . i) F 3 e fs 4y
75 1 5 38 i 4 i R FUAS 1 — R 0K B AR B
SR 45 R EARAN AT EE, 2 T BARAEG
B E i 5. HEHRE, HAanxX —iz5t
R AT E B, B2 NIRRT S E IS AN R R
MIARAE o1 RN A AL SRR RN R R BRI BRALE o

210 24k, FEFEFR /N RSB K
UEFR 2T 40 B AR A o A A B R B B0k 5% 2 41 B 1
IS P8 FHE B o0 A PO R AL T B B S I e
5, AR NI/ BRATR B SE 30 1 i 3 05 77 = 21
MR T — AR AT IR . SR10 B T4 %
ZESt, FET/NRET TR R el AR AN K a A
REWEO, NRIGEKRE ke S 20 1E e 3
TAE N7 240 B Dh e 1R 1 w2 T A7 ZE AR BUE
WAEFRART LA T . H AT AR 37 2 T4 ML R
BRI R R, R 7R B T A i arig ik R 1 58
AT N 2% R G LL UG TR AT A MR A A T G A
KBTI ENHA o bakh. RA TS
Hbu o) B8 R 2B — R B WY B UG 2 40 B
B, MRS TR T XA Ay, AN S



EQE]

T2, 55 NRIREELTRE AR A 5 M RAR S 19

AT 18 SO R TR AS R T RE - A BEX 1 H AR
BURZS A BR B ASH DX 23, RIS o 0 A I LR A
T BEAT IR FORUAIWT, 28 Rl PR R RAH S 1
FIRZ W AE e T PR 55, DAUK SR 2 i+ 2%
GEUR RS PI 3 RS P 4 7 B A I H )

AR AR Jee 75 10 552 5 = R U ) 22 L H A
FEA BT IEMBOR IR AR A8, BIE T
A, HURZRIG R KB D SEn A2 4L .
B AP R P BTE 57E o JFEARH A 0 FY i 7 A IR 15 15
A X A R IR AR A AR P AT SRR ) M
2T R I RE A B R AT A v A 10 A B G 25 AT
BRI, FR A BRSO EFR AR, A
M SLAN 22 2 W fa bR . Bedh, DAL A A% 8
e AR IVE L T BB W] ME MR A, A
ZA YA R AR AR AR R S X AR AR LI A KR B
DUBEAT M4, JFEX A IR BEAT 04, AR AR
TR ST T hn S B R 70, XA AN
SE il 2T T Bt e AR R = 22 A R K 7 1) - 2014 4R 471,
FEREIE VR TT A 2 Sk A1 IO AR ML N B AR W B
PR BV TT SR AL T TR o R B IX S /NI R K AL
AN, AMERT DAL K 25 W B BUR AL, SR T L
HFReNaT, SRR TEAE, B0 TR
SRS R AL R B AL AT R R AN, TR
FEASHOFAT 93 22 S8 T 7T UM 9 9 7D 6 488 B 42
H A= I R IR AR DS P A DA K RE RBO A 15 DL A5 7 T
IIMTRG LS A RE AR S, T Dyt — 25 T
GEYRIRIA B AL, JF TR AR ST R 4R
EENRCAE -SSR Bk L SN QN NN 2
S ) SRAG AN B AT R T T B, W 250 R AT
MBI RIS

FAE NSRRI A I SRR 10~20 SE N =
ORI FE TR T, X SR T A AATTRS A
i B AR AT B B

(Z £ X #l

[1]  Aplin JD. The cell biological basis of human implantation.
Baillieres Best Pract Res Clin Obstet Gynaecol, 2000, 14:
757-64

[2] Huppertz B. The anatomy of the normal placenta. J Clin
Pathol, 2008, 61: 1296-302

[3] Huppertz B, Burton G, Cross JC, et al. Placental
morphology: from molecule to mother -- a dedication to
Peter Kaufmann -- a review. Placenta, 2006, 27: S3-S8

[4] Angiolini E, Fowden A, Coan P, et al. Regulation of
placental efficiency for nutrient transport by imprinted
genes. Placenta, 2006, 27: S98-S102

(3]

(6]

[7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

Spencer TE, Johnson GA, Burghardt RC, et al.
Progesterone and placental hormone actions on the uterus:
insights from domestic animals. Biol Reprod, 2004, 71:
2-10

Srisuparp S, Strakova Z, Fazleabas AT. The role of
chorionic gonadotropin (CG) in blastocyst implantation.
Arch Med Res, 2001, 32: 627-34

Arck PC, Hecher K. Fetomaternal immune cross-talk and
its consequences for maternal and offspring's health. Nat
Med, 2013, 19: 548-56

Goolam M, Scialdone A, Graham SJ, et al. Heterogeneity
in Oct4 and Sox2 targets biases cell fate in 4-cell mouse
embryos. Cell, 2016, 165: 61-74

Strumpf D, Mao CA, Yamanaka Y, et al. Cdx2 is required
for correct cell fate specification and differentiation of
trophectoderm in the mouse blastocyst. Development,
2005, 132: 2093-102

Zernicka-Goetz M, Morris SA, Bruce AW. Making a firm
decision: multifaceted regulation of cell fate in the early
mouse embryo. Nat Rev Genet, 2009, 10: 467-77

Ralston A, Rossant J. Cdx2 acts downstream of cell
polarization to cell-autonomously promote trophectoderm
fate in the early mouse embryo. Dev Biol, 2008, 313: 614-
29

Jedrusik A, Bruce AW, Tan MH, et al. Maternally and
zygotically provided Cdx2 have novel and critical roles
for early development of the mouse embryo. Dev Biol,
2010, 344: 66-78

Jedrusik A, Cox A, Wicher KB, et al. Maternal-zygotic
knockout reveals a critical role of Cdx2 in the morula to
blastocyst transition. Dev Biol, 2015, 398: 147-52
Jedrusik A, Parfitt DE, Guo G, et al. Role of Cdx2 and cell
polarity in cell allocation and specification of
trophectoderm and inner cell mass in the mouse embryo.
Genes Dev, 2008, 22: 2692-706

Skamagki M, Wicher KB, Jedrusik A, et al. Asymmetric
localization of Cdx2 mRNA during the first cell-fate
decision in early mouse development. Cell Rep, 2013, 3:
442-57

Achache H, Revel A. Endometrial receptivity markers, the
journey to successful embryo implantation. Hum Reprod
Update, 2006, 12: 731-46

Enders AC. Implantation in the macaque: expansion of the
implantation site during the first week of implantation.
Placenta, 2007, 28: 794-802

Lahav-Baratz S, Shiloh H, Koifman M, et al. Early
embryo-endometrial signaling modulates the regulation of
matrix metalloproteinase-3. Fertil Steril, 2004, 82: 1029-
35

Selwood L, Johnson MH. Trophoblast and hypoblast in
the monotreme, marsupial and eutherian mammal:
evolution and origins. Bioessays, 2006, 28: 128-45
Bentin-Ley U, Horn T, Sjogren A, et al. Ultrastructure of
human blastocyst-endometrial interactions in vitro. J
Reprod Fertil, 2000, 120: 337-50

Zhang S, Lin H, Kong S, et al. Physiological and
molecular determinants of embryo implantation. Mol



20

G gEEd

29%:

[24]

[27]

(28]

[29]

Aspects Med, 2013, 34: 939-80

Enders AC, Meyers S, Vandevoort CA, et al. Interactions
of macaque blastocysts with epithelial cells in vitro. Hum
Reprod, 2005, 20: 3026-32

Gellersen B, Reimann K, Samalecos A, et al. Invasiveness
of human endometrial stromal cells is promoted by
decidualization and by trophoblast-derived signals. Hum
Reprod, 2010, 25: 862-73

Hempstock J, Cindrova-Davies T, Jauniaux E, et al.
Endometrial glands as a source of nutrients, growth factors
and cytokines during the first trimester of human
pregnancy: a morphological and immunohistochemical
study. Reprod Biol Endocrinol, 2004, 2: 58

Hertig AT, Rock J, Adams EC. A description of 34 human
ova within the first 17 days of development. Am J Anat,
1956, 98: 435-93

Robin C, Bollerot K, Mendes S, et al. Human placenta is a
potent hematopoietic niche containing hematopoietic stem
and progenitor cells throughout development. Cell Stem
Cell, 2009, 5: 385-95

Pijnenborg R, Vercruysse L, Hanssens M. The uterine
spiral arteries in human pregnancy: facts and controversies.
Placenta, 2006, 27: 939-58

Rodesch F, Simon P, Donner C, et al. Oxygen measurements
in endometrial and trophoblastic tissues during early
pregnancy. Obstet Gynecol, 1992, 80: 283-5

Gellersen B, Brosens IA, Brosens JJ. Decidualization of
the human endometrium: mechanisms, functions, and
clinical perspectives. Semin Reprod Med, 2007, 25: 445-

[32]

[33]

[37]

[38]

53

Mi S, Lee X, Li X, et al. Syncytin is a captive retroviral
envelope protein involved in human placental morpho-
genesis. Nature, 2000, 403: 785-9

Lacroix M, Kina E, Hivert MF. Maternal/fetal
determinants of insulin resistance in women during
pregnancy and in offspring over life. Curr Diab Rep, 2013,
13:238-44

Mcmaster MT, Zhou Y, Fisher SJ. Abnormal placentation
and the syndrome of preeclampsia. Semin Nephrol, 2004,
24: 540-7

Fisher SJ. The placental problem: linking abnormal
cytotrophoblast differentiation to the maternal symptoms
of preeclampsia. Reprod Biol Endocrinol, 2004, 2: 53
Norwitz ER. Defective implantation and placentation:
laying the blueprint for pregnancy complications. Reprod
Biomed Online, 2006, 13: 591-9

Barker DJ, Larsen G, Osmond C, et al. The placental
origins of sudden cardiac death. Int J Epidemiol, 2012, 41:
1394-9

Barker DJ, Thornburg KL. Placental programming of
chronic diseases, cancer and lifespan: a review. Placenta,
2013, 34: 841-5

Barker DJ, Osmond C, Thornburg KL, et al. The lifespan
of men and the shape of their placental surface at birth.
Placenta, 2011, 32: 783-7

Winder NR, Krishnaveni GV, Veena SR, et al. Mother’s
lifetime nutrition and the size, shape and efficiency of the
placenta. Placenta, 2011, 32: 806-10



