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Abstract 
 

Elongation of the preimplantation conceptus is 
a prerequisite for maternal recognition of pregnancy and 
implantation in ruminants. Failures in this phase of 
development likely contribute for the subfertility of 
lactating dairy cows. This review will discuss our 
current understanding of the physiological and cellular 
requirements for successful elongation of the 
preimplantation conceptus and their potential deficiency 
in subfertile lactating dairy cows. Major requirements 
include the priming of the endometrium by ovarian 
steroids, reprogramming of trophectoderm cells at the 
onset of elongation, and intensification of the crosstalk 
between elongating conceptus and endometrium. 
Conceptus elongation and survival in dairy cows does 
not seem to be affected by lactation per se but seem to 
be altered in subgroups of cows with endocrine, 
metabolic and nutritional imbalances or deficiencies. 
These subgroups of cows include those suffering 
diseases postpartum, anovular cows enrolled in 
synchronization programs, and cows with low 
concentration of circulating steroids and IGF1. 
Success of conceptus elongation starts long before 
breeding and entails optimization of health and 
nutrition programs, especially during the transition 
period, and might be extended to the supplementation of 
endocrine and nutritional shortages at the time of 
breeding. Genetic selection will eventually become 
more important as researchers unravel the molecular 
control of reproduction and develop new fertility traits 
focused on pregnancy survival. 
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Introduction 

 
Early pregnancy losses are highly prevalent in 

lactating cows and lessen production efficiency in dairy 
herds (Ribeiro et al., 2012). Approximately half of the 
zygotes fail to survive the first 4 weeks of development, 
contributing meaningfully for the low average 
conception risk of lactating cows (Santos et al., 2004; 
Wiltbank et al., 2016; Ribeiro, 2018; Fig. 1). 
Ultimately, these losses are caused by impaired 
developmental competence of the zygote and/or 
inadequate uterine environment, which in turn are 
influenced by the genetics of the cow and embryo, and 
by health, nutritional, endocrine, environmental factors 
affecting ovarian and uterine biology of the cow. 
Although embryonic losses in the first week are 

substantial, failures in the peri-implantation stages of 
conceptus development seem to account for an 
important portion of pregnancy losses (Fig. 1A). It has 
been estimated that 39% of day 6 morulas fail to survive 
by day 28 of development (Ribeiro, 2018). The 
moderate efficiency of embryo transfer (ET) as breeding 
strategy for lactating cows further emphasize the 
significance of the peri-implantation period for 
pregnancy success (Table 1).  

In cattle, the developing morula enters the 
uterus around day 4 but implantation starts only around 
day 20. Therefore, formation of the blastocyst, 
expansion and hatching from the zona pellucida, 
formation of ovoid conceptus, elongation and initial 
differentiation of trophectoderm binucleated cells must 
all be coordinated by uterine histotroph. Over the years, 
substantial research efforts have been placed to 
understand the biology of these events and their 
connection to pregnancy failures in dairy cows. Large 
emphasis has been given to the elongation phase of 
conceptus development because of its complexity and 
necessity for maternal recognition of pregnancy and 
implantation. This review summarizes our current 
understanding of the physiological and cellular 
requirements for successful elongation of the conceptus 
and discusses the potential contribution of impaired 
elongation to subfertility of lactating dairy cows. 

 
Physiological and cellular requirements of 

elongation 
 

Elongation of the preimplantation conceptus 
entails remarkable expansion of extraembryonic tissues 
along the uterine lumen in a short window of 
development (Betteridge, 1980; Wales and Cuneo, 
1989). In cattle, elongation starts around day 14 and, 
within 3 days, the conceptus grows from <5 mm to 
approximately 250 mm in length and occupies almost 
the entire extension of the pregnant uterine horn. The 
exponential increase in tissue mass is explained mainly 
by rapid proliferation of trophectoderm cells (Wang et 
al., 2009). The augmented rate of proliferation is 
induced by driver signals and demands substantial 
supply of nutrients (e.g. lipids, amino acids, sugar, 
nucleotides) for energy expenditures and synthesis of 
biomass. The required signals and nutrients are provided 
by the uterine histotroph, whose composition is 
modulated by the activity of ovarian steroids and 
conceptus-derived molecules (Spencer et al., 2004). 
This section reviews scientific data that provide insights 
on the physiological and cellular events that coordinate 
conceptus elongation.  
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Figure 1. Pregnancy failures and average conception risk in lactating cows in North America. (A) Percentage of 
fertilize and unfertilized oocytes and fate of zygotes. (B) Average conception risk of DHI herds in Ontario and 
Western Canada and average conception risk of US Holstein cows in DHI herds. Data from Ribeiro (2018). 
 
Table 1. Pregnancy per embryo transfer in lactating dairy cows according to the type of embryo1. 
Reference Embryo  Frozen/Fresh Recipient, n Pregnant, n Pregnant, % 
Chebel et al., 2008 IVP Fresh 524 269 51.30% 
Stewart et al., 2011 IVP Fresh 136 62 45.50% 
Mikkola et al., 2015 IVP Fresh 2935 1429 48.70% 
Monteiro et al., 2015 IVP Fresh 360 96 26.60% 
Ferraz et al., 2016 IVP Fresh 2225 723 32.50% 
Pereira et al., 2016 IVP Fresh 2003 837 41.80% 
Pereira at al., 2017 IVP Fresh 323 100 31.00% 
Barbosa et al., 2018 IVP Fresh 1097 396 36.10% 
Reese et al., 2018 IVP Fresh 240 80 33.30% 
Total Fresh IVP     9843 3992 40.60% 

      
Chebel et al., 2008 IVP Frozen 109 48 44.00% 
Block et al., 2010 IVP Frozen 142 47 33.10% 
Stewart et al., 2011 IVP Frozen 178 56 31.60% 
Marinho et al., 2015 IVP Frozen 3392 1241 36.60% 
Ferraz et al., 2016 IVP Frozen 194 56 28.90% 
Total Frozen IVP     4015 1449 36.10% 

      
Pereira et al., 2013 SOV Fresh 487 216 44.40% 
Ferraz et al., 2016 SOV Fresh 651 303 46.50% 
Total Fresh SOV     1138 519 45.60% 

      
Thatcher et al., 2001 SOV Frozen 181 76 42.00% 
Kenyon et al., 2012 SOV Frozen 289 84 29.10% 
Kenyon et al., 2013 SOV Frozen 135 49 36.20% 
Mikkola et al., 2015 SOV Frozen 7762 3283 42.30% 
Ferraz et al., 2016 SOV Frozen 1042 356 34.20% 
Total Frozen SOV     9409 3849 40.90% 

      
Total     24405 9808 40.20% 

¹IVP = in vitro-produced embryo. SOV = in vivo-produced embryo. 
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Priming of the uterus by ovarian steroids  
 

During the course of the estrous cycle, 
endometrium physiology in ruminants is regulated by 
changes in concentrations of ovarian steroids in blood 
circulation and temporal changes in expression of 
steroid receptors in endometrial cells (Spencer and 
Bazer, 1995). Activity of steroid hormones in 
endometrial cells determines the length of the estrous 
cycle and is essential for pregnancy establishment and 
maintenance (Thatcher et al., 1989, Geisert et al., 1992). 
Classic studies that use replacement of ovarian steroids 
in ovariectomized ewes were fundamental to 
demonstrate the importance of these hormones to early 
conceptus development. Ewes ovariectomized 3.5 days 
after breeding (Foote et al., 1957) or at the time of 
embryo transfer 4 days after estrus (Moore and Rowson, 
1959) were able to support pregnancy to term when 
exogenous progesterone was administered from the time 
of the ovariectomy until day 60 of gestation. To be 
successful, daily doses of at least 10 mg of progesterone 
were required (Moore and Rowson, 1959; Bindon, 
1971). It was observed that exogenous progesterone 
increased cell height of glandular and luminal epithelial 
cells of the endometrium (Bindon, 1971) and increased 
their secretory activity into the uterine lumen (Miller 
and Moore, 1976; Garrett et al., 1988).  

Miller and Moore (1976) established a steroid 
replacement protocol for ovariectomized ewes that 
would resemble endogenous ovarian secretion during 
early pregnancy (referred to as maintenance 
progesterone), around the time of estrus (referred to as 
estrous estradiol) and during the luteal phase immediately 
preceding estrus (referred to as priming progesterone). 
This protocol was successful to support embryo 
development after ET on day 4. Overall, 72% of the 
recipient ewes (73 out of 101) had a conceptus on day 25, 
and 62% of the conceptuses (45 out of 73) were 
considered morphologically normal. The importance of 
each component of the established protocol was also 
investigated (Fig. 2). The complete protocol resulted in 9 
pregnant and 8 normal conceptuses out of 13 ewes. As 
expected, pregnancies were not obtained (0 out of 11) 
when the maintenance progesterone was omitted. 
Omission of the estrous estradiol resulted in smaller 
number of pregnancies (7 out of 11) and increased 
proportion of abnormal conceptuses (6 out of 7). 
Similarly, exclusion of the priming progesterone reduced 
the number of pregnancies (5 out of 11) and increased the 
proportion of abnormal conceptuses (3 out of 5). Finally, 
the omission of both priming progesterone and estrous 
estradiol resulted in no pregnancies (0 out of 11). 
Investigation of endometrium metabolism revealed that 
omission of maintenance progesterone reduced 
synthesis of proteins and RNA to DNA ratio, and 
omission of estrous estradiol and priming progesterone 
had additive effects reducing the RNA to DNA ratio. 
Thus, not only progesterone during the time of 
conceptus development but also estradiol secretion at 
time of estrus and the progesterone secreted before 
estrus have important roles in the establishment of a 
uterine environment suitable for normal development of 

embryos. These results and interpretation were 
reinforced by a second experiment (Miller et al., 1977).  

The development of high-throughput 
technologies for transcriptomics has allowed researchers 
to revisit classic concepts in reproductive biology and 
expand our understanding of the molecular control of 
reproduction. For instance, Shimizu et al. (2010) used 
ovariectomized cows to investigate the independent and 
the interdependent effects of progesterone and estradiol 
in the endometrium transcriptome. Compared to a 
control group (no additional treatment), replacement of 
progesterone alone, estradiol alone, and the combo 
treatment resulted in 289, 721, and 689 differentially 
expressed genes (DEG) in the endometrium, 
respectively. Interestingly, there was little overlap in the 
endometrial response to progesterone alone compared 
with the response observed in groups that received 
estradiol. Contrarily, the response to estradiol alone and 
the response to progesterone and estradiol combined 
had 50% overlap. Functional analyses of DEG revealed 
that the response of the endometrium to combined 
administration of the two hormones did not simply 
reflect the net effect of individual treatments, but rather 
suggested a functional interaction between the two 
hormones. In general, priming of the endometrium with 
progesterone caused the amplification of some estrogen-
specific responses and created novel transcript responses 
to the estradiol treatment. Among the progesterone-
primed estrogen response were genes involved with cell 
differentiation, migration and adhesion. 

Transcriptome studies of the bovine 
endometrium were also fundamental to understand the 
direct regulation of endometrial physiology by 
progesterone during the time of conceptus development. 
The magnitude of progesterone effects on endometrium 
physiology was evidenced by the substantial temporal 
changes in the transcriptome of endometrial cells at 
different stages of the estrous cycle (Bauersachs et al., 
2005; Mitko et al., 2008; Forde et al., 2009, 2011) and 
its modulation by exogenous progesterone 
supplementation (Forde et al., 2009, 2011). These 
studies reported multiple patterns of gene expression 
throughout the estrous cycle, with both up- and down-
regulation of specific transcripts caused by exposure of 
the endometrium to increasing concentration of 
circulating progesterone. These changes are likely 
important for the preparation of an optimal uterine 
environment for the onset of conceptus elongation, and 
were frequently associated with transport of molecules, 
carbohydrate and lipid metabolic processes, 
extracellular matrix remodeling, growth factors and 
cytokine signaling, and immune responses. To some 
extent, these changes observed naturally during the 
estrous cycle are advanced by the supplementation of 
exogenous progesterone between days 3 and 8 of the 
estrous cycle (Forde et al., 2009, 2010, 2011; Okumu et 
al., 2010). It is noteworthy that changes in endometrial 
physiology are generally amplified around day 13 of the 
estrous cycle with the downregulation of progesterone 
receptors in epithelial cells, which has important 
implications for histotroph secretion (Spencer and 
Bazer, 1995; Okumu et al., 2010). 
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Figure 2. Survival and quality of ovine conceptuses transferred to ovariectomized ewes subject to steroid replacement protocols. Forms without color within the protocol represent the 
omission the specific treatment from the protocol. Data from Miller and Moore (1976). 
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The temporal regulation of endometrium 
physiology affects the composition of the uterine 
histotroph which is important to meet the evolving 
cellular requirements of the developing conceptus. 
Embryo transfer studies have clearly demonstrated the 
importance of synchrony between donor and recipient 
for successful establishment of pregnancy (Moore and 
Shelton, 1964), which is intrinsically associated with the 
ability of the uterus to provide an adequate uterine 
environment to a specific stage of development. As the 
estrous cycle progresses, changes in the uterine 
environment support the formation of an ovoid 
conceptus by day 13 and provide signals that augment 
proliferation of trophectoderm cells and the onset of 
elongation. For instance, Mullen et al. (2012a) 
compared the proteomics of uterine flushings collected 
from dairy heifers on days 7 and 13 of the estrous cycle 
and identified 38 proteins with different abundances. 
These proteins were associated with tissue remodeling, 
metabolism, and free radical management, and might be 
relevant for the onset of elongation.  

The composition of histotroph is also affected 
by temporal changes in the ability of the endometrium 
to sequestrate and transport metabolites into the uterine 
lumen. For instance, concentrations of amino acids in 
the uterine fluid changes from early to mid-diestrus 
(Hugentobler et al., 2007) and are altered by the profile 
of steroid hormones during the peri-ovulatory period 
(França et al., 2017). Transcript expression of the 
facilitative glucose SLC5A1 in endometrial epithelium 
of heifers was greater on day 13 of the estrous cycle 
compared with samples collected on days 5 and 7 (Forde 
et al., 2010). This transporter could facilitate the influx of 
glucose into the uterine lumen according to the demand 
of the developing conceptus. Similarly, transcript 
expression in the endometrium and protein concentration 
in the histotroph of retinol-binding protein 4 (RBP4) were 
increased on day 13 compared with day 7 of the estrous 
cycle in heifers (Mullen et al., 2012b), which might be 
important to regulate sequestration of circulating retinol 
and its availability in the uterine lumen at the onset of 
elongation. In fact, Costello et al. (2010) reported greater 
concentration of retinol in uterine flushings collected at 
late-diestrus compared with those collected in metaestrus 
and early diestrus. Moreover, transcript expression of 
insulin-like growth factor (IGF) binding protein 1 
(IGFBP1) in the endometrial epithelium of heifers and 
cows was undetectable on days 8-10 but highly expressed 
on days 12-14 of the estrous cycle, which could 
influence sequestration and bioavailability of IGF1 in 
the uterine lumen, in addition to its IGF-independent 
roles in conceptus elongation (Robinson et al., 2000; 
Simmons et al., 2009). 

Steroid hormones also influence lipid 
metabolism in endometrial cells. The amount of lipid 
droplets in the epithelium fluctuates according to the 
phase of estrous cycle in both, cows (Wordinger et al., 
1977) and ewes (Brinsfield and Hawk, 1973), being low 
during metaestrus and increasing during diestrus. 
Brinsfield and Hawk (1973) administered 25 mg of 
exogenous progesterone for 5 days in ovariectomized 
ewes and observed an accumulation of lipids in the 

endometrium that was comparable to the accumulation 
observed in a spontaneous estrous cycle, thus 
concluding that progesterone was the main factor 
inducing the accumulation of lipids during diestrus. The 
mechanism by which progesterone influences the 
formation of lipid droplets is still unknown, but genes 
reported to be modulated by progesterone in the 
endometrium of cattle such diacylglycerol O-
acyltransferase 2 (DGAT2) and lipoprotein lipase (LPL) 
might be important in this process. Transcript 
expressions of DGAT2 and LPL in epithelial cells are 
increased and decreased, respectively, during diestrus 
(Forde et al., 2009, 2010, 2011). Their encoded proteins 
have opposing functions, with the former being 
involved in synthesis of triglycerides and the later in 
hydrolysis of triglycerides. Neutral lipids such as 
triglycerides facilitate the packing of lipids and the 
formation of lipid droplets (Thiam et al., 2013).  

 
Reprogramming of conceptus cells at the onset of 
elongation 
 

The specific components of the histotroph that 
drive conceptus elongation are not completely known. 
The nature of these components could be potentially 
identified by evaluating the biology of conceptus cells at 
the onset of elongation and how they sense and respond 
to the histotroph stimuli. Recently, two independent 
studies evaluated the transcriptome of bovine 
conceptuses at early stages of elongation and revealed 
substantial changes in cell biology with the onset of 
elongation (Barnwell et al., 2016; Ribeiro et al., 2016a). 
Comparison of DEG in the two studies shows ample 
overlap, which increases the confidence on the 
methodology used and in the results obtained. Functional 
analyses of DEG not only revealed important pathways 
that are modulated during the onset of elongation but also 
identified potential upstream regulators of the observed 
changes in the transcriptome, which might represent the 
uterine signals required for elongation. Changes in the 
transcriptome of conceptus cells with the magnitude 
observed at early stages of elongation do not seem to 
occur at later stages of elongation (Valour et al., 2014). 
Thus, the substantial change in transcriptome at the onset 
of elongation is suggested here as a reprogramming event 
of extraembryonic cells required for successful 
elongation. To some extent, the main findings of these 
two recent studies are also supported by previous 
research evaluating the development of bovine 
conceptuses but using distinct experimental designs and 
methodology (Hue et al., 2007, 2012; Clemente et al., 
2011; Mamo et al., 2011). 

A considerable portion of the DEG reported by 
Barnwell et al. (2016) and Ribeiro et al. (2016a) 
referred to cytoskeleton organization and cell adhesion 
molecules, and reinforced the idea that elongation in 
ruminants is not the simple proliferation of cells that are 
molded according to the shape of the uterine lumen but 
an elaborate event that requires cytoskeleton 
reorganization and active interaction between cells and 
the extracellular matrix (Kim et al., 2010). Ribeiro et al. 
(2016a) suggested that with the onset of elongation, the
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upregulation of multiple transmembrane cell-matrix 
adhesion proteins increases the capacity of conceptus 
cells to interact with the extracellular matrix and 
endometrial epithelial cells, receiving mechanical load 
and transmitting it to intracellular actin filaments. 
Enhanced expression of myosins and actin crosslinker 
proteins would aid actin filaments to generate 
intracellular mechanical force that could be used for cell 
motility and force-generated migration. Candidate genes 
to coordinate these events were identified and include 
transmembrane 4 L six family member 1 (TM4SF1), 
transgelin (TAGLN), and ankyrin repeat domain 1 
cardiac muscle (ANKRD1).   

Ribeiro et al. (2016a) also reported IGF1 and 
protein kinase AKT as upstream regulators of 
transcriptome changes in conceptus cells during the 
onset of elongation, both with predicted increased 
activity. Insulin-like growth factor 1 is a mitogen 
molecule whose main downstream effects are 
stimulation of cell proliferation and cell survival. The 
AKT kinase is not only an essential component in the 
downstream signaling of the IGF1 receptor (Le Roith, 
2001) but is also part of the mammalian target of 
rapamycin (mTOR) signaling pathway, which has been 
described to be important for cytoskeletal changes, 
adhesion and migration of ovine trophectoderm cells 
(Kim et al., 2010). Synthesis and secretion of IGF1 is 
stimulated by growth hormone (GH) in multiple tissues, 
although the liver is responsible for production of most 
of the circulating IGF1 (Le Roith, 2001). The bovine 
endometrium expresses GH receptor, IGF1, and IGF1 
receptor (Robinson et al., 2000; Rhoads et al., 2008), 
while the preimplantation bovine conceptus expresses 
both GH and IGF1 receptors (Yaseen et al., 2001; 
Sawai et al., 2007). Therefore, endometrial physiology 
and the developing conceptus can be affected by 
systemic GH and IGF1 as well as by the locally 
produced endometrial IGF1. Of note, the increased 
expression of IGFPB7 in conceptus cells during 
elongation is one of the most consistent outcomes 
reported in multiple studies (Hue et al., 2012; Barnwell 
et al., 2016; Ribeiro et al., 2016a). Moreover, the 
elongating bovine conceptus also seems to express 
IGFBP1 and IGFBP3 (Sawai et al., 2007; Ribeiro et al., 
2016a). 

Lipid metabolism was one of the top molecular 
and cellular functions associated with the DEG in the 
two studies described above (Barnwell et al., 2016; 
Ribeiro et al., 2016a). In fact, Ribeiro et al. (2016a) 
identified at least 132 genes with known annotation and 
linkage to this specific function. Among those genes, 
some were involved with lipid uptake, lipid droplet 
formation, biogenesis of peroxisomes, activation, 
oxidation, desaturation and elongation of fatty acids, 
biosynthesis of phospholipids, mobilization of 
membrane phospholipids, biosynthesis of 
prostaglandins, and transport of prostaglandins and 
other lipids metabolites (Fig. 3). In addition, peroxisome 
proliferator activated receptor gamma (PPARG) not 
only had transcript expression markedly increased 
during the onset of elongation but was also listed as an 
important upstream regulator of the transcriptome 

changes observed in trophectoderm cells during 
elongation. In fact, PPARG is a nuclear receptor that 
functions as ligand-dependent transcription factor and 
its transcript expression was highly correlated with the 
expression of other genes known to be involved with 
lipid metabolism and conceptus development in 
ruminants. The increase in expression of PPARG in 
conceptus cells during elongation is likely caused by the 
accumulation of lipids in the uterine lumen during 
diestrus (Ribeiro et al., 2016d), although a direct effect 
of progesterone on conceptus cells cannot be discarded 
(Kim et al., 2008; Yang et al. 2016). 

The PPARG have large binding pockets that 
interact promiscuously with multiple lipid ligands 
including unsaturated fatty acids and prostanoid 
metabolites (Kliewer et al., 1997; Nagy et al., 1998). 
Itoh et al. (2008) examined crystal structures of PPARG 
bound to oxidized unsaturated fatty acids and concluded 
that the large binding pocket of the receptor confers 
remarkable versatility in ligand binding and could 
therefore act a cellular sensor of the varying 
composition of the cellular pool of fatty acid ligands. 
Binding of fatty acids into the ligand pocket of PPARG 
causes conformational changes in the receptor that 
facilitates the formation of heterodimers with retinoid X 
receptor (RXR) and subsequent binding of the dimer to 
PPAR response elements (PPRE) in regulatory regions 
of target genes (Berger and Moller, 2002). Putative 
PPRE were identified in regulatory regions of several 
genes transcriptionally regulated during the onset of 
conceptus elongation, which suggests a direct effect of 
PPARG on the abundance of the respective transcripts 
(Ribeiro et al., 2016a). Among genes with PPRE in 
regulatory regions is PPARG, which suggests that 
activation of PPARG could alter its own expression 
(Ribeiro et al., 2016a, d).  

The activity of the nuclear receptor dimer 
PPARG-RXR as transcription factor depends on the 
presence and binding of their respective ligands. The 
increased expression of RBP4 and accumulation of lipid 
droplets in the bovine endometrium during diestrus 
likely contribute for this requirement (Wordinger et al. 
1977; Mullen et al., 2012b). In fact, retinol and lipids 
are constitutive part of the histotroph of cows on day 15 
of the estrous cycle (Costello et al., 2010; Ribeiro et al., 
2016a). Moreover, transcript expression of RBP4 and 
fatty acids transporters such as SCL27A6 increases in 
conceptus cells during elongation, which might 
facilitate capture of retinol and fatty acids from 
histotroph (Ribeiro et al., 2016a). Research in sheep has 
shown that the elongating conceptus accumulates lipid 
droplets within the cytoplasm of trophectoderm cells 
(Carnegie et al., 1985) and causes a reduction in lipid 
droplet accumulation on endometrial epithelial cells 
(Boshier et al., 1987), suggesting the existence of an 
active transfer of lipids from the endometrium to the 
conceptus. Lipids would be used not only for control of 
gene expression but also for synthesis of biomass, 
energy, and cell signaling (Ribeiro et al., 2016d).  

The idea that PPARG is important for 
elongation of the bovine conceptus is strongly supported 
by an elegant study performed in sheep. Brooks et al.
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(2015) performed a loss-of-function study by infusing 
morpholino antisense oligonucleotides in the uterus of 
pregnant ewes from day 7 to day 14 after breeding using 
an osmotic pump affixed surgically in the mesosalpinx. 
Morpholino antisense oligonucleotides for PPARG 
resulted in the recovery of growth-retarded conceptuses, 
while infusion of the designed control or PPAR-delta 
morpholinos resulted in normally elongated conceptus 

on day 14. Binding sites of PPARG in ovine conceptus 
cells were identified and several of them were in close 
proximity to genes involved in lipid biosynthesis and 
metabolism also reported to be differently regulated 
during onset of elongation of bovine conceptus (Ribeiro 
et al., 2016a). Altogether, these studies highlight the 
importance of lipid metabolism for the onset of 
conceptus elongation.   

 

 
Figure 3. Upstream regulators (orange) and changes in transcriptome (red = upregulated gene; green = 
downregulated gene) associated with lipid metabolism during the onset of elongation of the bovine conceptus. Data 
from Ribeiro et al. (2016a).  
 
Intensification of the crosstalk between conceptus and 
endometrium  
 

Physiology of the bovine endometrium is not 
only influenced by ovarian steroids but also by 
paracrine effects of conceptus-derived bioactive 
products. The communication between developing 
conceptus and endometrium seems to start as early as 
day 7 of development (Sponchiado et al., 2017) and is 
intensified with the elongation of the conceptus and 
consequent accumulation of conceptus-derived products 
in the uterine lumen (Forde et al., 2011; Bauersachs and 

Wolf, 2012). The highly active trophectoderm of the 
elongating conceptus secrete products such as 
interferon-τ (IFNT) and prostaglandins that modulate 
endometrial physiology, establishing a complex 
crosstalk between the two tissues that coordinate the 
continuous growth of the conceptus, maternal 
recognition of pregnancy and maintenance of the corpus 
luteum, increase blood flow to the pregnant uterus, 
establishment of uterine receptivity to implantation, and 
formation of a functional placenta (Spencer et al., 2004, 
2013; Bauersachs et al., 2012; Pinaffi et al., 2017). The 
complete molecular crosstalk between the two tissues is,



 Ribeiro et al. Conceptus elongation in dairy cows. 
 

772  Anim. Reprod., v.15, (Suppl.1), p.765-783. 2018 

however, more complex and not fully understood. 
Mamo et al. (2012) evaluated transcriptome data from 
bovine conceptuses and endometria and identified a 
total of 133 conceptus ligands that could interact with 
corresponding receptors on the endometrium, and 121 
endometrium ligands that could interact with 
corresponding receptors on the conceptus. 

The composition of the histotroph during 
elongation also changes dramatically as a result of 
conceptus secretions and dynamic responses from the 
endometrium, and these changes are essential to meet 
the requirements of the expanding conceptus (Spencer 
et al., 2004). The changes in composition reported in 
cattle include amino acids (Groebner et al., 2011), 
proteins (Forde et al., 2014) and lipids (Ulbrich et al., 
2009; Ribeiro et al., 2016a), and are supported by 
similar reports in sheep (Gao et al., 2009; Romero et al., 
2017). For instance, Groebner et al. (2011) reported a 
pregnancy-dependent increase in the concentration of all 
essential amino acids, except for methionine, during the 
elongation phase. Similar results were observed for the 
concentrations of prostaglandins (Ulbrich et al., 2009). 
Moreover, Ribeiro et al. (2016a) reported reduced 
amounts of arachidonate, but increased amounts of 
arachidonate-derivative molecules in uterine flushing of 
pregnant cows compared with those of nonpregnant 
cows on day 15. The arachidonate-derivative molecules 
have been described as ligands of PPARG and may be 
important for coordination of gene expression in 
conceptus cells during elongation. 

A recent study described a negative association 
between pregnancy success in dairy cows and size of 
the uterus (Baez et al., 2016). Cows with bigger uterus 
had reduced P/AI compared with cows with smaller 
uterus. Although the reasons for such difference in 
fertility are unknown, the large uterine volume and the 
spatial regulation of endometrium physiology 
(Sponchiado et al., 2017) might complicate the crosstalk 
between the developing conceptus and the endometrium 
and be ineffective to block luteolysis. In addition, two 
companion studies (Geary et al., 2016; Moraes et al., 
2018) suggested that impaired crosstalk between the 
elongating conceptus and endometrium contribute to 
subfertility of beef heifers. In their experimental model, 
heifers classified as high-fertile and those classified as 
subfertile presented similar development of ovoid 
conceptuses by day 14, but remarkable differences in 
size and transcriptome of conceptuses and in 
transcriptome of pregnant and nonpregnant endometria 
on day 17. The reported transcriptome differences in 
both tissues did not seem to be related exclusively to the 
observed differences in size of the conceptus but also 
associated with the capacity of the endometrium to 
respond to conceptus-derived factors. 
 

Elongation of conceptus in lactating dairy cows 
 

Years of genetic selection for milk production 
have intensified the homeorhetic control of dairy cow’s 
metabolism to support lactation (Bauman and Currie, 
1980). Similar to high-performance athletes, modern 
high-producing dairy cows have remarkable nutrient 

demands, with total requirements averaging 4 times the 
maintenance requirements (Santos et al., 2010). Around 
parturition, however, feed intake is usually depressed 
and the caloric and nutrient requirements of the cow 
postpartum are only partially met by feed consumption, 
causing extensive mobilization of nutrients from body 
tissues (Drackley, 1999). Adipose tissue is particularly 
affected by reduced concentrations of glucose and 
insulin that up-regulate lipolytic signals for hydrolysis 
of stored triglycerides and increase availability of 
nonesterified fatty acids (NEFA) to be used as an 
energy source. The imbalance in energy is extended to 
nutrients such as amino acids, minerals and vitamins 
(Goff, 2004; LeBlanc et al., 2004). Reduced insulin also 
impacts the expression of GH receptors in the liver and 
consequently the circulating concentrations of IGF1 
(Butler et al., 2003). In addition, the elevated feed intake 
required for high milk yields result in augmented blood 
flow to the liver, increased metabolism and reduced 
concentrations of circulating steroid hormones (Wiltbank 
et al., 2006). All these features have implications for 
reproductive biology and are often associated with the 
subfertility presented by lactating dairy cows (Chagas et 
al., 2007). Studies investigating potential risk factors for 
failures in conceptus development and elongation in 
lactating dairy cows are discussed below.  
 
Lactation  
 

Multiple studies have investigated the potential 
impact of lactation on the development of the 
preimplantation conceptus (Table 2). Their experimental 
designs included the comparison of conceptus 
development and endometrial physiology between cows 
and heifers (Valour et al., 2014; Bauersachs et al., 2017; 
Forde et al., 2017) and between lactating and non-
lactating cows (Cerri et al., 2012; Maillo et al., 2012; 
Thompson et al., 2012; Bauersachs et al., 2017; Forde 
et al., 2017). The latter approach would randomly 
assign cows to be dried-off right after calving or to 
continue to be milked until completion of the 
experiment. The overall hypothesis in these studies was 
that lactation would cause substantial changes in the 
metabolism of cows that would alter the uterine 
environment and impaired conceptus development.  

Studies comparing lactating (L) and nonlactating 
(NL) cows were successful to create differences in 
metabolism, which included lower concentrations of 
glucose, insulin, and IGF1, and higher concentrations 
of NEFA and ketones in serum of L compared with NL 
during the postpartum period (Maillo et al., 2012; 
Thompson et al., 2012). These studies, however, failed 
to show differences in conceptus development (Table 
2). Thompson et al. (2012) examined conceptuses on 
day 17 after timed AI and observed similar length and 
no differences in gene expression of selected genes. 
Maillo et al. (2012) examined conceptuses on day 14 
after transfer of multiple in vitro-produced embryos on 
day 7 and did not observe differences in conceptus 
survival or size. Forde et al. (2017) investigated the 
transcriptome of conceptuses and the amino acid 
composition of uterine fluid in L and NL on day 19 of
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pregnancy but no differences were found. Two studies 
compared the transcriptome of intercaruncular 
endometrial cells of L and NL cows (Cerri et al., 2012; 
Bauersachs et al., 2017). Cerri et al. (2012) used 
endometrium from pregnant and nonpregnant cows on 
day 17. Using a less stringent cutoff (nominal P value ≤ 
0.01), they reported 277 DEG mainly involved with 
immune responses, cell adhesion and tissue remodeling. 
Bauersachs et al. (2017) compared endometrium of L 
and NL cows on day 19 of pregnancy after ET on day 7. 
Using adjusted P value ≤ 0.10 as cutoff, only 28 
transcripts were considered differently expressed, and 
none of them were reported as DEG by Cerri et al. 
(2012). It is important to mention that differences in 
progesterone concentration in serum between L and NL 
cows were observed only in the study by Cerri et al. 
(2012) and not in the study by Bauersachs et al. (2017), 
which might also contribute for the slight different 
outcomes. 

Studies comparing transcriptome of conceptus 
and endometrium between L cows and nulliparous 
heifers (NH) reported considerable differences (Table 
2). The DEG in endometrium reported by Bauersachs et 
al. (2017) were mostly involved with immune responses 
and cell adhesion and migration. Based on gene 
expression, Forde et al. (2017) predicted that conceptus 
from NH were more advanced compared with those 
recovered from L cows. Conversely, Valour et al. 
(2014) found no differences in development based on 
length of the conceptuses and morphological and 
molecular staging of the embryonic discs. Nonetheless, 
483 transcripts were differently expressed in 
trophectoderm cells and revealed important differences 
in lipid and energy metabolism. Although the 
comparison between L and NH has many confounding 
factors, the results of these investigations are important 
to characterize developmental biology in cattle and how 
it might be affected by distinct uterine environments. 

 
Table 2. Impact of lactation and parity on survival, size, and transcriptome of conceptuses and on transcriptome of 
endometria in dairy cattle. 

Item  Lactating 
cow 

Nonlactating 
cow Heifer Reference 

Survival of conceptus on day 14, % (n/n)1 39.8 (67/175) 33.3 (65/175) --- Maillo et al., 2012 
Length of conceptuses on day 14 , mm 1.6 ± 0.5 1.2 ± 0.5 --- Maillo et al., 2012 
Pregnant on day 17 after AI, (n/n) 80 (8/10) 50 (6/12) --- Thompson et al., 2012 
Length of day 17 conceptuses, mm 251 ± 51 200 ± 72 --- Thompson et al., 2012 
DEG in day 17 conceptuses 2 Reference 0 --- Thompson et al., 2012 
DEG in day 19 conceptuses Reference 0 269 Forde et al., 2017 
DEG in day 19 pregnant endometria Reference 28 238 Bauersachs et al., 2017 
DEG in day 17 pregnant endometria Reference 277 --- Cerri et al., 2012 
DEG in day 18 conceptus Reference --- 483 Valour et al., 2014 
Fully elongated conceptus3, % (n/n) 72.7 (8/11) --- 63.6 (7/11) Valour et al., 2014 
Length of day 18 conceptuses (elongated), mm 157 ± 14 --- 151 ± 11 Valour et al., 2014 
Length of day 18 conceptuses (delayed), mm 67 ± 9 --- 58 ± 22 Valour et al., 2014 
1Recipients received multiple in vitro-derived embryos on day 7. 2Analyses of candidate genes performed by PCR 
only. 3Larger than 150 mm in length. 
 
Diseases postpartum 
 

Clinical diseases caused by microbial infection 
and tissue injury are prevalent in postpartum dairy 
cows and have consequences for reproduction (Santos 
et al., 2010; Ribeiro et al., 2013, 2016b). 
Approximately 40% of dairy cows have at least one 
clinical disease between calving and the first breeding 
postpartum, and the odds of pregnancy per AI (P/AI) 
after synchronized ovulation are reduced by 30% in 
cows affected by clinical diseases postpartum 
compared with those with no clinical disease (Ribeiro 
and Carvalho, 2017). Moreover, conception risk is also 
reduced by clinical diseases in cows receiving a viable 
embryo on day 7 of the estrous cycle, which indicates 
that altered uterine environment must account for at 
least part of the subfertility of cows diagnosed with 
clinical diseases postpartum (Table 3; Ribeiro et al., 
2016b). 

To evaluate the impact of diseases on 
conceptus elongation, health information of 148 
lactating cows was collected from parturition until first 

postpartum AI, and uterine flushing for recovery of 
conceptuses was performed 15 or 16 days after AI. 
Cows with disease had shorter conceptuses and 
reduced concentration of IFNT in the uterine flush 
(Ribeiro et al., 2016b). These results were supported 
by a second experiment that evaluated the transcript 
expression of IFN stimulated genes (ISGs) in 
peripheral blood leukocytes (PBL) on day 19 after AI 
(Ribeiro et al., 2016b). As expected, the expression of 
ISGs was about 2-fold greater in cows later diagnosed 
pregnant. However, an interaction between pregnancy 
status and disease category was detected. A significant 
increase in expression of ISGs by pregnancy was only 
observed in cows that did not have disease and not in 
those that had disease before AI. Although expression 
of ISGs does not depend exclusively of stimulation by 
IFNT, it has been used by researchers as an indirect 
method to evaluate conceptus development without the 
need to terminate pregnancy (Ribeiro et al., 2014b, 
2016b). 

Comparison of the transcriptome of 
conceptuses recovered from cows having or not non-
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uterine diseases before AI revealed small but interesting 
differences in transcript expression (Ribeiro et al., 
2016b). Conceptus recovered from cows that had 
disease before AI presented upregulation of genes 
associated with inflammatory response, and 
inflammatory molecules such as lipopolysaccharide, 
tumor necrosis factor ɑ (TNFɑ), and IFN-γ were 
predicted as potential upstream regulators of such 
differences. In addition, the predicted downstream 
effects of the transcriptome changes were activation of 
immune cells and tissue rejection, which in the context 
of the pregnant uterus could be translated to activation 
of the maternal immune system in the endometrium 
and rejection of the allogeneic conceptus. 

Altogether, these findings reinforce that disease 
postpartum is a relevant problem in dairy herds and has 
a substantial impact on reproduction. It also suggest that 
elongation of the preimplantation conceptus is impaired 
in this subgroup of cows and might help explain the 
difference observed in P/AI and the higher incidence of 
late embryonic and fetal losses. It is still not clear how 
diseases occurring early in the postpartum would have a 
long term impact on uterine environment, but it has 
been suggested that clinical diseases would lead to 
exacerbated inflammation and long-lasting effects on 
energy and lipid metabolism that could influence the 
composition of the uterine histotroph and consequently 
conceptus development (Ribeiro, 2018).  

 
Table 3. Reproductive outcomes of first breeding postpartum in dairy cows according to incidence of disease before 
breeding and breeding technique1. 

Item Pregnant day 45 (%) Calving (%) Pregnancy loses (%) 
 -------- Adjusted mean ± SEM2 -------- 
No disease-AI 38.8 ± 1.8 32.9 ± 1.7 12.4 ± 1.5 
Disease-AI 31.0 ± 2.1 22.2 ± 1.9 21.3 ± 3.1 
No disease-ET 40.7 ± 1.7 35.9 ± 1.7 11.1 ± 1.5 
Disease-ET 35.9 ± 2.4 28.2 ± 2.2 22.4 ± 3.4 
 ----------------- P-value ----------------- 
Disease <0.01 <0.01 <0.01 
Breeding technique 0.12 0.03 0.27 
Disease x breeding technique 0.37 0.27 0.59 
 Adjusted odds ratio (confidence interval)3 

Within AI 0.71 (0.58-0.87) 0.58 (0.46-0.73) 1.92 (1.24-2.98) 
Within ET 0.82 (0.65-1.02) 0.70 (0.55-0.90) 2.30 (1.41-3.76) 

1Data from Ribeiro et al. (2016b). 2Adjusted mean and standard error of the mean for cows that had or not disease 
before breeding and were bred by artificial insemination (AI) or embryo transfer (ET). 3Adjusted odds ratio 
(confidence interval) for the effect of disease within cows bred by AI and within cows bred by ET. 
 
Anovulation at the onset of synchronization programs 
 

Anovulation is a normal and temporary 
physiological condition of dairy cows during early 
postpartum. It is characterized by lack of regular estrous 
cycles and ovulation, although follicle growth is still 
present (Wiltbank et al., 2002). Time for resumption of 
estrous cyclicity postpartum varies among cows and is 
directly associated with energy balance in the first 
weeks of lactation (Butler, 2003). As consequence, 18 
to 43% of dairy cows remain anovular at the end of the 
voluntary waiting period, constituting an important 
problem in achieving adequate reproductive 
performance in dairy herds (Rhodes et al., 2003; Santos 
et al., 2009). Adoption of timed AI programs maximizes 
submission to AI and lessens the problem of anovular 
cows reducing reproductive performance. Nevertheless, 
P/AI of anovular cows after synchronized estrus or 
ovulation is reduced compared with that of estrous 
cyclic herdmates independent of the breed of the cow 
(Santos et al., 2009; Ribeiro et al., 2016c).  

Submission of anovular cows to synchronization 
programs creates a novel endocrine scenario where the 
ovulatory follicle develops under low concentration of 
progesterone (Bisinotto et al., 2010). When ovulation is 
successfully induced in anovular dairy cows by 
administration of GnRH, the newly formed corpus 
luteum (CL) secretes progesterone but it takes 
approximately 4 days for circulating concentrations to be 

above 1 mg/ml. As the interval between GnRH and PG 
shots in most synchronization programs is 7 days, 
priming progesterone in these cows would act for only 3 
days. In the ovariectomized sheep model, priming 
progesterone replacement need to last at least 6 days in 
order to be effective (Moore, 1985). Thus, 
synchronization of anovular cows might represent an 
alternative model for insufficient priming progesterone 
with consequences to fertility. In fact, supplementation of 
progesterone in cows without a CL at the onset of 
synchronization program improves P/AI (Bisinotto et al., 
2013). Moreover, priming progesterone is also important 
for estrogen-induced estrous behavior (Schinckel, 1954; 
Allrich, 1994) and, interestingly, anovular cows that 
express estrous behavior on the day of timed AI have 
P/AI comparable to that observed in estrous cyclic 
herdmates (Bisinotto et al., 2013; Ribeiro et al., 2014a). 
Thus, the requirements for priming progesterone may 
vary among individuals and estrous behavior might be 
seen as an indicator of sufficient exposure of the 
hypothalamus and endometrium to priming progesterone. 

Ribeiro et al. (2016c) compared conceptus 
elongation of anovular (HA) and estrous cyclic (HC) 
Holstein cows subjected to timed AI program. 
Considering the difference in P/AI between the two 
groups, it was initially predicted that HA cows would 
have poorly developed conceptuses. Surprisingly, 
conceptuses from HA cows were longer and secreted 
greater amounts of IFNT than conceptuses from HC
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cows. The difference in size of the conceptus was likely 
caused by the distinct progesterone profiles before and 
after AI. Reduced concentration of progesterone during 
the synchronization program allowed accelerated 
development of the dominant follicle, ovulation of a 
larger follicle and formation a larger CL after AI. The 
larger CL resulted in greater concentrations of 
progesterone in the postovulatory period, which is 
known to advance conceptus elongation (Lonergan and 
Forde, 2014). Nonetheless, HA cows had reduced 
concentrations of IGF1 in plasma, and their conceptuses 
presented remarkable differences in transcriptome. 
Although the difference in size of the conceptuses 
influenced the results (Ribeiro et al., 2016a), some of 
the altered transcripts seemed to be unrelated to 
elongation and suggest that conceptus cells from HA 
might be under greater cellular stress, which could be 
associated with greater pregnancy mortality after day 15 
of development. 

These findings taught important aspects of 
reproductive biology of anovular cows subjected to 
synchronization programs but are not conclusive 
regarding the causes of their subfertility. One could 
hypothesize that developmental problems in anovular 
cows occur before day 15 and the conceptuses that 
survived by day 15 would continue to develop 
comparably to conceptuses in estrous cyclic cows. In 
favor of this hypothesis are the phenotype of the 
conceptus and increased secretion of IFNT, and the 
potential effects of insufficient priming progesterone on 
oocyte quality (Santos et al., 2016) and early embryo 
development (Miller et al., 1977; Rivera et al., 2011). 
On the contrary, one could suggest that although 
conceptuses from anovular cows were longer and 
secreted more IFNT, they might not necessarily be 
better, and perhaps the difference in transcriptome could 
indicate imbalances in cell biology that could result in 
greater incidence of pregnancy loss after day 15. In 
support of the latter, research has demonstrated 
increased pregnancy loss in anovular cows (Santos et 
al., 2004) and in those that develop the ovulatory 
follicle under low concentrations of progesterone 
(Bisinotto et al., 2010). Unfortunately, we are unaware 
of data of anovular cows subjected to an ET program, 
which would isolate the potential effects on oocyte 
quality and early embryo development and inform 
whether the uterus contributes to the subfertility 
observed in this subgroup of cows. 
 
Concentrations of circulating ovarian steroids 
 

The reduced concentration of circulating 
steroids in high-producing dairy cows caused by 
augmented metabolism and clearance of these hormones 
(Wiltbank et al., 2006) could compromise endometrium 
physiology and consequently conceptus development. In 
fact, there are extensive evidences in the literature that 
progesterone before estrus, estradiol during estrus and 
progesterone after estrus are associated with fertility in 
cattle and likely involve effects on endometrial 
physiology (Wiltbank et al., 2014; Madsen et al., 2015). 
For instance, recipient lactating cows that express estrus 
at the end of synchronization program have increased 

pregnancy per ET compared with those that did not 
present estrous behavior (32.7 vs. 46.2%; Pereira et al., 
2016). As discussed above, estrous behavior is a result 
of adequate exposure of the hypothalamus to priming 
progesterone during the diestrus preceding estrus and 
adequate exposure to estrous estradiol. Thus, the 
reported differences in pregnancy success after ET 
demonstrate the importance of steroid hormones 
exposure prior breeding to endometrium physiology in 
the subsequent estrous cycle and conceptus 
development in lactating dairy cows. Moreover, faster 
rise in concentration of progesterone from day 0 to day 
7 was also associated positively with pregnancy 
establishment following ET (Kenyon et al., 2013). 

If concentration of steroid hormones is a 
critical factor for endometrial physiology and fertility of 
dairy cows, then supplementation of these hormones 
would be a reasonable strategy to overcome this 
problem. However, fertility responses of lactating cows 
to steroid supplementation are variable. Bisinotto et al. 
(2015) performed a meta-analysis to evaluate the impact 
of progesterone supplementation during timed AI 
programs, and reported an overall 8% increase in risk of 
pregnancy on day 32 and a tendency to reduce 
pregnancy losses after day 32. Conversely, 
supplementation of progesterone during metaestrus and 
early diestrus, although is the most effective and 
consistent method to promote conceptus elongation 
(Lonergan and Forde, 2014), has not proven to be 
consistent in increasing P/AI or P/ET in lactating dairy 
cows. In fact, recent large studies show limited success 
(Monteiro Jr et al., 2014) or even negative results (Parr 
et al., 2014; Monteiro Jr et al., 2015). In addition, 
supplementation of estradiol around estrus is generally 
successful to enhance estrous behavior but not P/AI in 
dairy cows (Sellars et al., 2006; Souza et al., 2007; 
Hillegass et al., 2008).  

 
Concentrations of circulating IGF1 
 

Ribeiro et al. (2014b) supplemented low doses 
of GH to lactating dairy cows during pre and peri-
implantation periods, between days 0 and 28 relative to 
AI, with the objectives to increase circulating 
concentrations of IGF1 and improve conceptus 
development and survival. Supplementation of low 
doses of GH during the preimplantation period resulted 
in increased concentrations of IGF1 in plasma, 
improved P/AI, and reduced pregnancy losses, resulting 
in a 28% increase in calving per AI (Fig. 4). Conceptus 
development was evaluated by expression of ISG in 
PBL, concentration of pregnancy specific protein B 
(PSPB) in plasma, and ultrasonographic morphometry 
of conceptuses. Corroborating with the fertility results, 
supplementation of GH from days 0 to 28 after AI 
increased expression of ISGs in PBL, and resulted in 
earlier rise of PSPB in plasma of pregnant cows and 
larger conceptuses than untreated controls (Fig. 4). 
Altogether, these evidences support the role of IGF1 as 
an important mediator of preimplantation development 
and the potential use of pharmacological interventions 
to improve conceptus elongation and survival in 
lactating dairy cows. 
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Figure 4. Impact of growth hormone (GH) supplementation on concentration of IGF1 in plasma (A), relative expression of ISG15 in leukocytes (B), and pregnancy and calving per AI 
(C) in lactating dairy cows. Data from Ribeiro et al. (2014b). 
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Genetics 
 
A conceivably small but important portion of 

the variation in pregnancy success among dairy cows 
within and across herds is explained by the genetics of 
the cow, the genetics of the breeding sire, and the 
resulting genetics of the embryo (Santos et al., 2010; 
Butler, 2014; Cole et al., 2016; Han and Peñagaricano, 
2016; Ortega et al., 2016). In general, the genetic 
heritability of reproductive traits is relatively low, 
generally less than 10%, and suggests that reproductive 
success is affect mainly by non-genetic factors. 
Nonetheless, the growing understanding of molecular 
regulation of reproduction will likely result in the 
development of new fertility traits and more efficient 
ways to selected high fertility cows. As depicted in Fig. 
1B, conception risk in dairy cows has been low and 
stagnant for many years and therefore novel traits 
should target conceptus survival for consistent genetic 
improvements in conception risk. The contribution of 
genetics to the success of conceptus elongation, 
however, is still unknown. Some of the few studies 
exploring potential effect of genetics on elongation are 
discuss below.   

Meier et al. (2009) compared the conceptus 
development and fatty acid composition of the 
endometrium in two strains of Holstein-Friesian cows, 
New Zealand (NZ) and North American (NA), managed 
in a pasture-based system. In general, NA cows have 
reduced P/AI compared with NZ cows and conceptus 
development could contribute for this difference in 
fertility. Reproductive tissues were obtained on day 17 
of the estrous cycle or pregnancy. The average length of 
the conceptuses was similar between groups, but the 
variation in size was a 3.6-fold greater in those 
recovered from NA recipients (NZ: 20.8 ± 2.84 cm; 
NA: 27.9 ± 10.23 cm). Concentrations of C17:0 and 
C20:3n-3 were higher in the endometrial tissues from 
NZ cows, and there was a tendency for higher total 
concentrations of polyunsaturated fatty acids. 
Concentrations of C18:1, C20:2, and total 
monounsaturated fatty acids tended to be less in NZ 
cows. If the reported differences in lipid composition of 
the endometrium are reflected in the histotroph, activity 
of PPARG in conceptus of NZ cows could be enhanced 
by the greater amount of polyunsaturated fatty acids and 
reduced amounts of monounsaturated fatty acids as 
hypothesized by Ribeiro (2018) and potentially 
contribute for the greater success in pregnancy 
establishment in NZ cows compared with NA cows in 
pasture-based systems. 

One strategy widely used in commercial herds 
is crossbreeding of complementary pure breeds not only 
to obtain a desired phenotype, but also to reduce 
inbreeding and maximize heterosis. The crossbreeding 
between Holstein and Jersey cattle, for instance, is 
common and aims to combine the high milk volume 
yield of Holsteins with the high solids content in milk of 
Jerseys. In addition, improvements in reproduction have 
been reported with this crossbreeding strategy (Ribeiro 
et al., 2011; 2016c). Ribeiro et al. (2016c) compared 
conceptus elongation of Holstein (HC) and Holstein-

Jersey crossbred cows (CC) randomly selected in a 
grazing herd and subjected to the Ovsynch protocol. 
Compared to HC, CC cows presented advanced 
conceptus development on day 15 and tended to have 
greater concentration of IFNT in the uterine flushings. 
Contrary to HC cows that had some ovoid conceptuses, 
CC had only elongated conceptuses. Moreover, CC 
pregnant cows had greater concentration of anandamide 
in the uterine flush and increased transcript expression 
of PPARG in the conceptus. Crossbred cows also had 
greater concentrations of circulating ovarian steroids 
before, around and after AI.  

It is interesting to note that both studies 
investigating conceptus elongation in groups of cows 
with distinct genetics and fertility reported differences 
in lipid metabolism of the pregnant uterus, which 
reinforces the importance of lipid metabolism in 
conceptus development of dairy cows and supports the 
overall positive effects of dietary supplementation of fat 
in reproduction of dairy cows (Santos et al., 2008; 
Rodney et al., 2015). In addition, both studies reported 
differences in concentration of circulating steroids, in 
which the genetic group of higher fertility (New 
Zealand Holstein or North American Holstein-Jersey 
crossbred) had greater concentrations of circulating 
steroids compared with the genetic group of lower 
fertility (purebred North American Holsteins). 
Moreover, a study that compared Holstein cows with 
high and low estimated breeding values (EBV) for 
calving interval and similar EBVs for production traits 
found important differences in concentrations of 
circulating progesterone and IGF1, estrous behavior, 
energy metabolism and incidence of uterine diseases 
postpartum (Butler, 2014), suggesting that genetics 
could influence multiple physiological and cellular 
requirements for successful elongation of the 
preimplantation conceptus in lactating dairy cows.  
 

Conclusions 
 

Successful elongation of the preimplantation 
conceptus depends on the modulation of endometrium 
physiology by steroid hormones, which include not only 
the effects of progesterone after ovulation but also the 
effects of estradiol during estrus and progesterone 
during the diestrus preceding estrus. The combined 
activity of priming hormones eventually leads to an 
environment that promotes the onset of conceptus 
elongation. Elongation requires reprogramming of cells 
in the extraembryonic tissues and involves changes in 
the cytoskeleton and adhesion molecules, increased in 
proliferation and migration of cells, and altered 
metabolism. Histotroph lipids are heavily utilized for 
synthesis of biomass, energy, production of 
prostaglandins, cell signaling, and regulation of gene 
expression though activity of the PPARG-RXR dimer 
of nuclear receptors. Abundance of PPARG-RXR 
ligands in the uterine histotroph is likely facilitated by 
the accumulation of lipid droplets and greater 
expression of RBP4 in the endometrium during 
diestrus. The highly active conceptus cells secrete 
bioactive factors that alter endometrium physiology
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and induce further changes in composition of the 
histotroph that are critical to attend the evolving 
demands of the expanding conceptus. Impairment of 
these physiological and cellular requirements could 
lead to failures in elongation and pregnancy losses 
(Fig. 5). 

In lactating dairy cows, pregnancy losses are 
substantial and failures in the elongation process likely 
account for some of these losses. Lactation per se does 
not seem to impair elongation. However, elongation 
and survival of conceptuses seem to be affected in 
subgroups of lactating cows that present endocrine, 
metabolic and nutritional imbalances or deficiencies. 
These subgroups of cows include those that had health 
problems postpartum, anovular cows subjected to 
synchronization programs without supplementation of 
progesterone, cows with low concentrations of 
circulating IGF1, cows with reduced estrous behavior, 
and cows with reduced concentrations of progesterone 

after ovulation. In addition, elongation might be 
affected by genetics of cow and embryo, and by 
nutritional imbalances of protein, amino acids, 
minerals, vitamins, and fatty acids. Improving 
conceptus elongation and survival in lactating cows 
starts with optimization of health and nutrition 
programs during the transition period, includes the 
promotion of cow comfort and intake of complete and 
balanced diet, and can be extended to supplementation 
of specific deficiencies or stimulators such as essential 
fatty acids and somatotropin. Supplementation of 
steroids are mostly ineffective to promote survival of 
the conceptus except for progesterone supplementation 
during synchronization programs. Finally, the growing 
understanding of molecular regulation of reproduction 
is expected to result in the development of new 
fertility traits for genetic selection, which should 
emphasize pregnancy survival in order to consistently 
improve conception risk of dairy herds. 
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Figure 5. Summary of physiological and cellular requirements for elongation of the preimplantation bovine 
conceptus (represented in blue) and major factors affecting the success of elongation in lactating dairy cows 
(represented in red). 
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