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Introduction 
Although normal calves can result from the transfer of embryos produced in vitro (IVP) or by 
somatic cell nuclear transfer (cloned), these embryo technologies are more often associated 
with increased rates of abortion and abnormal development of the fetus and placenta, 
particularly pregnancies from cloned embryos (1,7,15). Neonatal health problems and calf 
mortality represent further limitations to the wide-spread use of in vitro embryo production and 
cloning in cattle. The purpose of this paper is to address pregnancy loss and development of 
bovine fetuses and placentas derived from IVP and cloned embryos. 
 
Patterns of Pregnancy Loss 
It is well established that the incidence of pregnancy loss in the normal cattle population is 
greater during the embryonic period (conception to the end of organogenesis of the fetus, Day 
1 to Day 42) than during either the fetal period (completion of organ differentiation to 
parturition, Day 42 to Day 280) or the neonatal period (parturition to Day 28 of extra-uterine 
life; for review see 7). Early embryonic death associated with a failure of maternal recognition 
of pregnancy before Day 18 of gestation appears to account for approximately 40% of all 
pregnancy loss in cattle (7). The incidence of abortion decreases to less than 10% after 2 
months of gestation in recipients that received in vivo-produced embryos from superovulated 
cows (14). There is a paucity of data on the mechanisms of pregnancy loss during the fetal 
period in cattle. 
 
A variety of methods have been used to make IVP (2,10,16) and cloned (3,17) embryos in 
cattle. Several laboratories have demonstrated that these embryos have distinct differences in 
morphology, developmental competence and more recently gene expression, compared to 
embryos produced in vivo (7-9,19). Embryos produced in vitro have markedly higher rates of 
early embryonic death and abortions than that seen with either artificial insemination or the 
transfer of in vivo-produced embryos (8,10,15). Pregnancy loss following transfer of IVP 
embryos occurs most frequently prior to Day 21 of gestation (7), or within about 2 weeks of 
embryo transfer. Approximately 19% of conceptuses resulting from the transfer of grade 1 
blastocysts produced in vitro were found to be degenerated by Day 17 of gestation (7). In 
contrast, no degenerated conceptuses were recovered from the in vivo controls. This resulted in 
a greater proportion of pregnant recipients with a viable conceptus after having received in 
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vivo-produced embryos compared to IVP embryos (65% versus 42%). These data are 
consistent with the hypothesis that IVP embryos may be compromised in their ability to 
survive and initiate mechanisms essential for maternal recognition of pregnancy. 
 
Based on large field studies, pregnancy rates following transfer of IVP embryos have ranged 
from about 45% to 65% (2,8,10,15,16). Factors that have been shown to influence the 
maintenance of pregnancy following transfer of IVP embryos include embryo culture system, 
embryo quality, embryo evaluator, number of embryos transferred per recipient, synchrony of 
embryo development with the recipients day of estrous cycle, transfer technician, fresh versus 
frozen embryos and heat stress on the embryo or recipient (2,7-10). Pregnancy failure during 
mid- to late-gestation occurs more frequently in recipient cattle carrying fetuses derived from 
IVP embryos than in vivo-produced embryos (7% to 20% or greater; 7). Fetal loss during this 
period of gestation has been attributed to insufficient placental development and/or function.  
 
Loss of pregnancies resulting from the transfer of cloned embryos was increased compared to 
pregnancies from IVP embryos; resulting in only about 10% of recipients carrying a cloned 
fetus to term (3,11,12,17). Early loss of cloned pregnancies was common during the first two to 
three months of gestation, and again during the late fetal and perinatal periods (11,12). Hill and 
coworkers (12) found that pregnancy rates at Day 30 of gestation were similar for recipient 
cows carrying cloned and control embryos (45% versus 58%). However, from Days 30 to 90 of 
gestation 82% of cloned fetuses died, whereas all of the fetuses in the control group survived. 
These authors attributed poor viability of cloned fetuses during Days 35 to 60 to inadequate 
development of the chorioallantois (12). Loss of pregnancies with cloned embryos has been 
linked to severe decreases in placental vascularization, the occurrence of complete avascular 
chorioallantoic membranes, decreases in placentome number and increases in placentome size 
(3,17). Other factors that may be responsible in part for early pregnancy loss of cloned fetuses 
include modifications of genomic imprinting and immunologic rejection of the conceptus.  For 
example, genomic imprinting was recently shown to be disrupted at the XIST locus in 
placentas of cloned fetuses at Day 40 of gestation (5). In addition, early loss of pregnancies 
containing cloned fetuses were related to expression of major histocompatibility complex class 
I antigens by trophoblast cells (13). Expression of these trophoblast antigens was found in all 
cloned placentas, but not in the placentas of controls. Loss of cloned pregnancies by Day 100 
of gestation was found to be associated with elevated concentrations of pregnancy serum 
protein 60 at Day 50 (11). During late gestation, abnormalities associated with placental 
function including an excessive volume of allantoic fluid (hydrallantois) and prolonged 
gestation account for significant loss in pregnancies with cloned fetuses (3,11,17). 
 
Development of Fetuses and Placentas 
Developmental abnormalities associated with pregnancies derived from either IVP or cloned 
embryos include increased calf birth weight, altered organ development, musculoskeletal 
deformities, altered energy metabolism, increased perinatal mortality, increased placental weight, 
hydrallantois, and alterations in placentome number and placental membrane structure (1,7,15). 
Collectively, these characteristics are described as ‘large offspring syndrome’ and are now 
recognized to occur with high frequency in pregnancies from cloned bovine embryos and with 
lower frequency in pregnancies from IVP embryos.  
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Alterations in the morphology and function of placentas have been reported for pregnancies from 
IVP and cloned embryos. For example, placentas from IVP embryos had decreased surface area 
of placentomes resulting in a reduced area for fetal-maternal contact (18). Fetal villous volume 
density was also reduced in these placentas. In contrast, the placentome blood vessel density-to-
surface area ratio was increased during late gestation compared to controls (18). These 
perturbations in placental development may correspond to a disruption in the normal fetal-
maternal fluid, gas and nutrient exchange mechanisms necessary for survival of the fetus. 
Changes in placental tissue morphology are often accompanied by altered expression of imprinted 
and non-imprinted genes. There is increasing evidence that disruption of components of the 
insulin-like growth factor (IGF) system may be responsible for placental overgrowth and altered 
placental development in IVP and cloned pregnancies (1,6,20). For example, the expression of 
mRNA for insulin–like growth factor type 2 receptor (IGF-2R) was altered in conceptuses from 
IVP embryos at Day 17 of gestation compared to controls (6). In pregnancies from cloned 
embryos, Ravelich et. al. (20) reported that the expression of IGF binding protein (IGFBP)-1 was 
increased in the allantoic fluid of cloned placentas compared to controls. IGFBP-2 and IGFBP-3 
were also altered in the placentomes of these pregnancies. 
 
The bodyweights of bovine fetuses or calves resulting from either IVP or cloned embryos often 
show a rightward shift in their weight distributions (7,15). These observations imply that animals 
within the normal weight range may exhibit deviations in development or physiological 
measurements compared to in vivo controls. For example, Chavatte-Palmer et al. (3) reported that 
a segment of cloned calves demonstrated obvious overgrowth abnormalities associated with large 
offspring syndrome. This is consistent with the hypothesis that altered expression of imprinted 
genes may be driving this syndrome. However, they also observed a number of cloned calves that 
appeared in the normal range for birth weight but still demonstrated physiological perturbations. 
These abnormalities included altered body temperature, increased abdominal fat, elevated leptin 
concentrations, increased plasma IGF-II at birth, lower plasma thyroxine levels, elevated 
erythrocyte cell volume and an increased neutrophil:lymphocyte ratio at birth. It is unclear if these 
physiological changes noted in normal-weight cloned calves are associated with alterations in 
imprinted gene expression. Similarly, changes in myostatin and glyceraldehyde-3-phosphate 
dehydrogenase gene expression associated with an increased ratio of secondary-to-primary muscle 
fiber types in IVP-derived fetuses (4) may not be directly associated with aberrant expression of 
imprinted genes. Therefore, some of the observed abnormalities of fetal and placental 
development seen with large offspring syndrome are not consistent with the hypothesis that this 
problem is solely caused by disturbed genomic imprinting. These changes may be physiological 
consequences that occur secondarily to changes in imprinted gene expression during gestation or 
they may represent physiological mechanisms that are perturbed as a result of in vitro 
manipulations apart from changes in imprinting status.  The subtle alterations in the phenotypes of 
cloned animals that do not fall within the classically defined large offspring syndrome may, 
however, still represent forms of epigenetic disregulation. Studies are needed to partition and 
attribute the variation observed in placentas, fetuses and calves derived from IVP and cloned 
embryos. 
 
Résumé  
Des taux d'avortements et des taux de développement anormaux du placenta, du foetus et des 
veaux seront souvent remarqué suite au transfert d'embryons produits in vitro ou par clonage 
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issu de cellules somatiques.  Ce papier présente une analyse des données récentes sur les pertes 
de gestations et du développement anormal des foetus et placentas bovins issus de transferts 
d'embryons produits in vitro ou par clonage. 
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