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This study was conducted to determine if the main components of the somatotropic axis change during the early phase of pregnancy in the 
maternal blood system and whether differences exist on day 18 after pregnancy recognition by the maternal organism. Blood samples of 
pregnant heifers (Holstein Friesian; n = 10 after embryo transfer) were obtained on the day of ovulation (day 0), as well as on days 7, 14, 16 
and 18 and during pregnant, non-pregnant and negative control cycles. The concentrations of progesterone (P4), oestrogen, growth hormone 
(GH), insulin-like growth factor-1 and -2 (IGF1, -2) and IGF-binding protein-2, -3 and -4 (IGFBP2, -3, -4) were measured. The mRNA 
expressions of growth hormone receptor 1A, IGF1, IGF2, IGFBP2, IGFBP3 and IGFBP4 were detected using RT-qPCR in liver biopsy 
specimens (day 18). In all groups, total serum IGF1 decreased from day 0 to 16. Notably, IGFBP4 maternal blood concentrations were lower 
during pregnancy than during non-pregnant cycles and synchronized control cycles. It can be speculated that the lower IGFBP4 in maternal 
blood may result in an increase of free IGF1 for local action. Further studies regarding IGFBP4 concentration and healthy early pregnancy 
are warranted.

Keywords: dairy cattle, insulin-like growth factor-1, insulin-like growth factor-2, insulin-like growth factor-binding protein-2, 
pregnancy

Introduction

Several studies have shown the importance of the local 
endometrial insulin-like growth factor-1 (IGF1) system in the 
process of decidualization and production of local IGFs for 
embryonic and foetal growth [1,5,16,25]. However, less is 
known about endocrine adaption during the early phase of 
pregnancy in dairy heifers as it relates to the somatotropic axis. 
In women, several endocrine adaptations occur during 
pregnancy. For instance, IGF1 decreases during early 
pregnancy and increases toward the third trimester of 
pregnancy [19]. IGF1 is bound to six specific IGF-binding 
proteins (IGFBPs). These binding proteins are not only 
important transport proteins, but also control the passage of 
either IGF1 and/or IGF2 throughout the endothelium towards 

the target cells (e.g., the endometrium) [14,24]. Alterations 
regarding either the IGFBP blood concentration or hepatic 
mRNA expression of different IGFBPs have been reported. For 
example, a recent study revealed increased hepatic IGFBP4 
expression in pregnant sheep [6], while a specific IGFBP4 
protease (PAPP-A) has been identified in women as an 
important factor for human implantation that cleaves IGFBP4 
to release IGF1 [9]. In beef cattle, the IGF1 concentration 
during early pregnancy (day 13 and 15) was higher in 
non-pregnant than in pregnant cattle, and IGFBP2 was lower in 
the serum of pregnant beef cattle than non-pregnant cattle [12]. 
Changes in foetal IGFBP concentrations or within the maternal 
blood circulation can amplify the supply of IGFs to the embryo, 
and thus be crucial for embryonic growth and development 
[7,23]. However, data regarding changes within the maternal 
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Fig. 1. Exemplary illustration of binuclear trophoblast giant cells
detectable in HE-stained histological slides of flushed 
trophoblast tissue from day 18 pregnant heifers. (A) Photo of the
trophectoderm of a day 18 conceptus (1.0 × 10; Leica DFC 290;
Leica, Germany). (B) Microscopic view of trophectoderm tissue
with trophoblast giant cells (arrow) stained with H&E (Olympus 
XC50; 40×/0.50 UPlanFI; Olympus, Germany). 

IGF system in pregnant dairy heifers during early pregnancy are 
rare. Therefore, the present study was conducted to test whether 
endocrine endpoints of the somatotropic axis in maternal 
circulation were influenced by early pregnancy (day 18) in 
dairy heifers.

Material and Methods

Heifers
This study was authorized by the German legislation on 

animal welfare (Lower Saxony Federal State Office for 
Consumer Protection 279 and Food Safety, AZ 
33.9-42502-04-09/1696). Holstein Friesian heifers (n = 30; 
Masterrind, Germany) with a mean age of 14.1 ± 1.6 month and 
a mean body weight of 337.8 ± 23.7 kg at the start of the 
experiment were used. During a two-week adaption period, the 
heifers underwent a standardised clinical examination and 
received a Rumifert bolus (Boehringer Ingelheim Vetmedica, 
Germany) to ensure adequate mineral supply. The heifers were 
kept in tie-stalls on straw throughout the experiment. During the 
experiment, their health status was monitored by daily 
examination of feed-intake, habitus, locomotion, rumen filling 
and a gynaecological examination of the uterus and ovaries. 
Mineral licks (Deutsche Raiffeisen-Warenzentrale, Germany), 
hay and fresh water were provided ad libitum. 

Experimental setup 
The heifers received 2 mL prostaglandin F2 intramuscularly 

(Estrumate; Intervet, Germany), followed by 2 mL GnRH 
(intramuscular, Receptal; Intervet) 48 h later to induce 
synchronization of ovulation (OvSynch). Transrectal 
ultrasound was conducted twice daily during the OvSynch 
(LOGIQ Book XP and linear transducer probe 10 MHz; General 
Electric Medical Systems, China) to detect the day of ovulation 
(day 0). If ovulation did not occur within 48 h of administration 
of GnRH, the synchronization procedure was repeated. 

At first, a synchronized negative control cycle was performed 
and samples were taken in all 30 heifers. Afterwards, each 
heifer received two consecutive synchronized cycles with 
embryo transfer (ET). Out of the 30 heifers, 10 were selected, in 
which one negative control cycle and two subsequent embryo 
transfer cycles (one pregnant and one non-pregnant or vice 
versa) were achieved. The effects of pregnancy on the maternal 
endocrine endpoints were statistically analysed in three 
consecutive cycles of one heifer: synchronized negative control 
cycle, pregnant and non-pregnant.

Before ET, the ovary of the recipient heifer was checked on 
day 6 by ultrasound for the development of a corpus luteum 
(CL), and the progesterone (P4) blood concentration was 
quickly measured by use of the Immulite System (Siemens 
Healthcare Diagnostics, USA) (data not shown) as previously 
described [17]. If a CL with a diameter of ＞ 1.5 cm was present 

and the P4 serum concentration was ＞ 1.0 ng/mL, the utilized 
male embryos (frozen in glycerol, stored at −196oC; produced 
and sexed by Masterrind) were thawed under sterile conditions 
using the Emcare Embryo Thawing System (ICPbio 
Reproduction, USA) according to the manufacturer’s 
instructions. One embryo was transferred transcervically into 
the uterus of the recipient heifer using an ET instrument 
(Transfer Stylet 19240/1000, Transfit Lateral 19240/1005, 
Sanitary Sheaths 19271/0080; Minitüb, Germany). The ET 
cycles ended on day 18 by flushing the uterus as previously 
described [28]. The regained Euroflush ET medium (IMV 
Technologies, France) was checked for trophoblast tissue, 
which was subsequently dehydrated through a graded series of 
ethanol (Carl Roth, Germany) and embedded in paraffin wax. 
Sections (3 m) were immobilized on glass object slides and 
stained with haematoxylin and eosin (Roth) to detect 
trophoblast giant cells as proof of trophoblast tissue (Fig. 1). 
Heifers were defined as pregnant if the P4 concentration on day 
18 was ＞ 2.0 ng/mL and trophoblast tissue could be verified. 
The heifers were defined as non-pregnant if the P4 
concentration on day 18 was ＜ 1.0 ng/mL, the heifers showed 
oestrus signs and no conceptus was recovered during the 
flushing procedure. 

Blood samples
Blood samples were obtained from the jugular vein in the 

morning on day 0, 7, 14, 16 and 18. The samples were collected 
in 10 mL serum and EDTA tubes (Germany), rested at room 
temperature (RT) for approximately 2 h and centrifuged for 10 
min (1,500 × g, RT). After centrifugation, the serum and plasma 
samples were transferred to 2 mL Eppendorf tubes and stored at 
−20oC until further analysis. 

Liver biopsies
Liver biopsies were obtained on day 18 as previously 

described [17]. Under sterile conditions, two or three liver 
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biopsies, approximately 10 mm long and 3 mm in diameter, 
were collected into sterile Eppendorf cups, which were 
immediately frozen in liquid nitrogen and stored at −80oC until 
mRNA extraction.

Blood analyses
Progesterone and oestrogen: The serum P4 concentration was 

determined using a solid-phase radioimmunoassay (TKPG1, 
Coat-a-count Progesterone; Siemens Diagnostics, USA) 
according to the manufacturer’s instructions. The intra-assay 
coefficient of variation (CV) was 3.1%, and the inter-assay CV 
was 5.6%. The lowest detection limit was 0.03 ng/mL. 

Serum oestrogen concentrations were measured after 2 h of 
incubation at 37oC in sodium acetate buffer (pH 4.8; Sigma 
Aldrich, USA) with 0.2% -glucoronidase/acrylsulfatase 
(Merck, Germany) to release oestrogen from their 
glucoronidated and sulphated forms. An extraction procedure 
with ether and a direct enzyme-immunoassay (EIA) followed. 
The EIA has previously been described [18]. The utilized 
antiserum was raised against 17--estradiol hemisuccinate 
(Technical University Munich, Germany), while 17--estradiol 
hemisuccinate horseradish peroxidase was used as a steroid 
enzyme conjugate (Technical University Munich). The 
recovery was 84.6 to 96.2%, the intra-assay CV was 1.7 to 
13.2%, and the inter-assay CV was 8.2 to 19.7%, whereas the 
minimal detectable concentration was 2.5 pg/mL.

IGF1, IGF2 and growth hormone (GH): To determine the 
total serum IGF1 concentration, a commercial 
radioimmunoassay was used according to the manufacturer’s 
instructions (IGF-1 IRMA A15729; Beckman Coulter, USA) 
and as previously reported [22,17]. The intra- and inter-assay 
CV results were 5.1 and 9.3%, respectively, while the lowest 
detection limit was 30 ng/mL. The method was validated for 
potential matrix effects by analysing the linearity of dilution 
that could be confirmed and a recovery rate using bovine serum 
samples with 50 ng/mL IGF-1 as a spike. The recovery rate was 
92.6%. The serum concentration of IGF2 was measured using a 
commercially available IGF2 ELISA (Mediagnost, Germany) 
according to the manufacturer’s instructions. The sandwich 
ELISA was validated for bovine serum; therefore, the serum 
samples were diluted in sample buffer to 1：5. The intra- and 
inter-assay CV were determined by measuring 20 dilutions of 
one bovine sample within or between 10 test runs. The intra- 
and inter-assay CV were 6.6% and 7.2%, respectively. The 
lowest detection limit of the ELISA was 0.45 ng/mL. 

An ELISA that has been previously described and validated 
was used to measure bovine GH concentrations [17,22]. 
Briefly, a rabbit antibody targeted against ovine GH (anti-ovine 
GH-3, 1：20 pre-diluted, AFP-0802210, obtained from the 
National Hormone and Peptide Program [NHPP], National 
Institute of Diabetes and Digestive and Kidney Disseases 
[NIDDK] and Dr. Parlow) was diluted and used at a final 

dilution of 1：200. The standard curve ranged from 0.78 to 100 
ng/mL bovine GH (AFP-9984C, obtained from the NHPP, 
NIDDK and Dr. Parlow). Therefore, bovine GH was dissolved 
in assay buffer and added into the microtiter plate. After a 
washing step the substrate (containing tetramethylbenzidine; 
Sigma Aldrich, USA) was pipetted and the reaction was 
stopped by adding sulfuric acid (2 M; Sigma Aldrich). The 
optical density was obtained at a wavelength of 450 nm, and the 
concentrations were calculated using the Magellan software 
with the cubic spline modus (Magellan 3.11; Tecan, Germany). 
The intra- and inter-assay CV were 9.8 and 12.6%, respectively, 
and the lowest detection limit for GH was 2.0 ng/mL. 

IGFBP2, IGFBP3 and IGFBP4: Quantitative Western ligand 
blotting of serum IGFBP2, IGFBP3 and IGFBP4 were 
performed as previously described [13] on samples obtained on 
day 0, 14 and 18. To perform the Western ligand blot, serum 
samples were diluted with sample buffer (Lämmli 
buffer/bromophenol blue, EDTA) and boiled (5 min). 
Electrophoresis (Twin ExW S Perfect Blue; Peqlab 
Biotechnologie, Germany) was then performed on 11% SDS 
polyacrylamide gel. The separated proteins were transferred to 
a polyvinyl fluoride membrane (Millipore, Germany), and 
these blots (Semi Dry‐Blotter Perfect Blue; Peqlab 
Biotechnologie) were incubated with blocking buffer and 
biotin-labelled IGF2 followed by washing steps and incubation 
with blocking buffer and streptavidin peroxidase-conjugate 
(IBT, Germany). After incubation with a detection reagent 
(Luminata Forte; Millipore), chemiluminescence was detected 
(Kodak Image Station 2000MM; Kodak, USA) and evaluated 
(GelAnalyzer 2010a by Dr. Istvan Lazar; GraphPad 4.0; 
GraphPad Software, USA). The intra- and inter-assay CV was 
9.9 and 15.5% for IGFBP2, 7.8 and 19.4% for IGFBP3 and 7.7 
and 18.1% for IGFBP4, respectively. The lowest detection limit 
was 0.2 ng/L for IGFBP2, 1.1 ng/L for IGFBP3 and 0.3 
ng/L for IGFBP4.

mRNA quantification in the liver biopsies: To quantify the 
relative abundance of mRNA for GHR1A, IGF1, IGF2, 
IGFBP2, IGFBP3 and IGFBP4 total RNA was extracted using 
the RNeasy Mini Kit for animal tissue and cells (Qiagen, 
Netherlands). The assay was performed according to the 
manufacturer’s instructions using an automated system 
(QIAcube; Qiagen). The quality and quantity of the extracted 
RNA was assessed using an Agilent 2100 Bioanalyzer (Agilent 
Technologies, Germany) with the RNA 6000 Nano assay. All 
samples with a relative integrity number ＞ 7.5 were applied to 
cDNA synthesis, which was performed by reverse 
transcription. The relative abundance of mRNA in the liver 
biopsies was measured using the BioRad Real Time System 
CFX96, 1000 Touch (Bio-Rad Laboratories, Germany). The 
PCR reaction mix contained 10 L of MESA GREEN qPCR 
MasterMix Plus for SYBR Assay (Eurogentec, Germany) and 
0.2 M of each primer (Eurofins MWG Operon, Germany; 
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Table 1. Quantitative real-time PCR primers for genes of interest in liver biopsy specimens of pregnant heifers and respective 
non-pregnant cycles on day 18

Gene symbol Primer Primer sequence (5’→’) Accession number Start Product (bp)

GAPDH F caa cat caa gtg ggg tga tg NM_001034034.1 315 202
R ggc att gct gac aat ctt ga 516

RPS9 F gat tac atc ctg ggc ctg aa NM_001101152 340 201
R cag gga gaa gtc gat gtg ct 540

GHR1A F cgt ctc tgc tgg tga aaa ca NM_176608.1 337 203
R gga tgt cgg cat gaa tct ct 539

IGF1 F ttg cac ttc aga agc aat gg NM_001077828.1 184 209
R act gga gag cat cca cca ac 392

IGF2 F gtg gtt cca tct ttc cga ga NM_174087.3 2,011 146
R aac cgt tcc tca tct tgc ac 2,156

IGFBP2 F gac ggg aac gtg aac ttg at NM_174555.1 466 212
R acc tgg tcc aat tcc tgc t 677

IGFBP3 F ctg gca tct ttc cac ttt cc NM_174556.1 1,197 201
R aga cga agc gcg tct aac at 1,397

IGFBP4 F ccc aag tct gtg gga gaa ga NM_174557.3 1,430 198
R aag gac ctg ggg agg agt aa 1,627

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; RPS9, ribosomal protein S9; GHR1A, growth hormone receptor-1-A; IGF1, insulin-like growth 
factor-1; IGF2, insulin-like growth factor-2; IGFBP2, IGFBP3, IGFBP4, insulin-like growth factor binding protein-2, -3 and -4, respectively. F, forward; R, 
reverse.

Table 1) for the genes of interest. The PCR-cycler was 
programmed using the following protocol: RNA denaturation 
at 95oC for 15 min followed by 43 cycles of 95oC for 15 sec, 
60oC for 30 sec and 72oC for 30 sec for amplification. The 
transcriptions were visualized using SYBR Green, and a 
subsequent melting curve, initiated at 55oC and increasing to a 
final temperature of 95oC at intervals of 0.5oC each 10 sec, was 
used to verify the PCR fragments. The relative abundance to 
ribosomal protein S9 (RPS9) and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) was calculated using Microsoft 
Excel 2010 (Microsoft Corporation, USA). If comparing 
pregnant and non-pregnant heifers, the relative abundance of 
these two reference genes did not differ.

Statistical analyses
All results are presented as the mean ± standard error (SE). 

Statistical analyses were performed with SAS ver. 9.3. A p ＜ 
0.05 was considered to indicate significance. At first, the data 
were tested for normality using Shapiro-Wilk’s test (PROC 
Univariate Normal). The P4, oestrogen, IGF1, IGF2, IGFBP2, 
IGFBP3 and IGFBP4 concentrations were distributed 
normally. To achieve normal distribution, the GH values were 
log-transformed to base 10. To determine if the blood hormone 
concentration during early pregnancy (day 0 to 18) differed 
from that of the non-pregnant and control cycles, a linear 
mixed-effect model for repeated measures was performed 
(PROC MIXED and method REML) with the following fixed 

effects: group (pregnant, non-pregnant, and negative control 
cycle), time (day 0, 7, 14, 16, 18) and group × time. Analyses 
were followed by a Tukey-Kramer test (LSMEANS/ADJUST 
= TUKEY) for adjusted multiple comparisons between the 
groups and days, respectively. The F- and p values for the 
effects time, group and group × time are presented in the tables 
below Figs. 1–4. Significant differences between the three 
groups (pregnant, non-pregnant, and negative control cycle) are 
indicated by different letters. Significant differences between 
days are mentioned in the text. Differences in mRNA 
expression on day 18 between pregnant heifers and respective 
non-pregnant cycles were identified using a paired Student’s 
t-test (PROC t-test paired).

Results

Blood parameters
Progesterone and oestrogen: The concentrations and time 

dependent changes of P4 and oestrogen were as expected. The 
P4 concentration was higher and the oestrogen was lower in 
pregnant heifers than non-pregnant heifers and during control 
cycles on day 16 and 18 (p ＜ 0.05; Fig. 2). 

IGF1, IGF2 and GH: The IGF1 concentrations were 
comparable between different non-pregnant (negative control 
cycle and non-pregnant) cycles and the pregnant cycle. 
However, a significant decrease was observed from day 0 to day 
16 (p ＜ 0.0001). This decrease was followed by an increase 
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Fig. 3. (A) Insulin-like Growth Factor (IGF) 1, (B) IGF2 and (C) growth hormone (GH) blood concentrations (mean ± SE) of P and 
respective NP and NC. Results of the SAS mixed model indicating significant (p ＜ 0.05) differences regarding the fixed effects group,
time and group × time are shown in the table. Different letters (a, b) indicate significant differences between P, NP, and NC.

Fig. 2. (a) Progesterone and (b) estrogen blood concentrations (mean ± SE) of pregnant (P) and respective non-pregnant (NP) and 
negative control cycles (NC). Results of the SAS mixed model indicating significant (p ＜ 0.05) differences regarding the fixed effects
group, time and group × time are shown in the table. Different letters (a, b) indicate significant differences between P, NP, and NC.

between day 16 and 18 in the respective negative control cycle 
(0.00119) (panel A in Fig. 3). During pregnancy, no increase in 
IGF1 concentrations between day 16 and 18 (p = 0.7053) was 
observed.

Neither group nor time showed significant differences 

between the IGF2 and concentration during the pregnant cycle 
and the respective non-pregnant periods (negative control cycle 
and non-pregnant) between day 0 and 18 (panel B and C in Fig. 
3).

IGFBP2, IGFBP3 and IGFBP4: Comparing the pregnant 
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Fig. 4. (A) IGFBP2, (B) IGFBP3, and (C) IGFBP4 blood concentrations (mean ± SE) of P and respective NP and NC. Results of the SAS 
mixed model indicating significant (p ＜ 0.05) differences regarding the fixed effects group, time and group × time are shown in the 
table. Different letters (a, b) indicate significant differences between P, NP, and NC.

Table 2. The relative abundance (mean ±SE) of mRNA gene expression measured by qPCR in liver biopsy specimens obtained on day 
18 from pregnant heifers and respective non-pregnant cycles

Group GHR1A IGF1 IGF2 IGFBP2 IGFBP3 IGFBP4

P 61.98 ± 8.2 17.09 ± 3.0 0.92 ± 0.2 142.48 ± 21.6 3.44 ± 0.5 14.56 ± 2.9
NP 44.26 ± 5.5 18.07 ± 5.0 0.78 ± 0.2 89.19 ± 12.5 2.05 ± 0.4 10.43 ± 2.3
p value 0.1995 0.8763 0.6442 0.0665 0.0824 0.3247

cycle with the respective negative control and non-pregnant 
cycles revealed no differences in IGFBP2 concentrations (panel 
A in Fig. 4). The IGFBP3 serum concentrations were 
comparable between all tested cycles of the heifers (negative 
control cycle, pregnant, and non-pregnant). However, IGFBP3 
significantly increased (p = 0.0372) between day 0 and day 18 
(panel B in Fig. 4). Interestingly, the IGFBP4 concentration was 
lower on day 18 compared to the respective non-pregnant and 
negative control cycles (panel C in Fig. 4).

Hepatic gene expression: The hepatic gene expression was 
comparable during the pregnant and non-pregnant cycles of the 
heifers (Table 2). 

Discussion

The somatotropic axis is crucial for embryonic growth and 
development at the local uterine level, and a maternal adaption 
within parameters of the somatotropic axis in the blood 

circulation of the mother may support embryo development and 
healthy pregnancy in dairy cows. In contrast to studies in beef 
cattle [12], no differences in the IGF-1 concentration of 
pregnant heifers compared to their respective non-pregnant 
cycles was observed in the present study. It should be mentioned 
that very early pregnancy was the focus of the present study, and 
changes within the somatotropic axis due to pregnancy may 
occur later during pregnancy, as occurs in women [19]. 
However, a clear effect of the cycle on IGF1 and cycle and 
pregnancy status on GH was detected in the present study. In all 
tested cycles (negative control cycle, pregnant and 
non-pregnant), the IGF1 concentration decreased towards day 
16, and GH increased between day 16 and 18 in the negative 
control cycle and non-pregnant group, but not in pregnant 
heifers, which is in accordance with the results of previous 
studies. In blood, IGF1 is lower during diestrus than oestrus, 
and GH increased during oestrus due to estradiol [11,17]. 
Moreover, endometrial IGF1 gene expression in dairy cattle 
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decreased from day 5 after ovulation to day 13 [4,28]. 
Interestingly, in the present study, IGF1 increased between day 
16 and 18 in the non-pregnant cycle. In contrast, parallel to the 
constant GH level, no increase in IGF1 was measured in 
pregnant heifers. This difference might also have been due to 
the influence of estradiol. As confirmed in the present study, the 
oestrogen concentrations were lower during pregnancy on day 
16 and 18 when compared to non-pregnant cycles, when the 
heifers were already in oestrus. As stated above, IGF1 and GH 
concentrations increase during oestrus in heifers [17], which 
has been experimentally confirmed by estradiol injections in 
ovariectomized cows [4]. This increase in IGF1 might be due to 
elevated GH-concentrations on day 18 [4,17] and can be 
assumed from the numerically higher GH-levels on day 18 in 
non-pregnant cycles in the present study. However, this 
increase in GH between day 16 and 18 was not statistically 
significant due to the high standard deviation, which might 
originate from the pulsatile release of GH from the pituitary. 
The hepatic IGF1 expression was also comparable between the 
tested cycles at day 18. One limitation of the study was that day 
18 hepatic gene expression was not measured in the control 
cycles, and only one liver biopsy was taken on day 18 to prevent 
disturbance of the early pregnancy phase. Therefore, only 
pregnant and respective non-pregnant cycles on day 18 could be 
compared, and no time dependent changes within the mRNA 
expression could be detected. 

Geisert et al. [8] also demonstrated higher gene expression of 
IGF2 mRNA in the endometrium obtained from pregnant cows 
when compared to endometrium taken during an oestrus cycle 
on day 15 and 18. However, these changes were not reflected in 
the maternal blood in the present study during the early phase of 
pregnancy. The IGF2 concentrations were comparable between 
all tested cycles (negative control cycle, pregnant and 
non-pregnant cycles). 

On one hand, IGFBPs are important as transport proteins for 
IGF1 and IGF2, as well as for extension of the half-life, while 
on the other hand, the binding of IGFs to their respective 
IGFBPs can modulate transport throughout the endothelium 
[10,24]. The underlying biomechanism for the release of IGFs 
at the target cells is an enhanced protease activity of enzymes 
that degrade IGFBPs. During pregnancy, those specific 
proteases were described in humans. For example, the IGFBP3 
concentration decreases during late pregnancy because of 
proteolytic degradation in humans [20,26]. A decrease in 
IGFBP3 during late pregnancy has been described in cows as 
well [21]. Nevertheless, in the present study, maternal serum 
IGFBP3 concentration was not affected by pregnancy status. 
However, IGFBP3 increased throughout the cycle from day 0 to 
18 in all tested groups. This increase is in contrast to the 
significant decrease of total IGF1 that occurred from the day of 
ovulation to day 16, which could be a counter regulatory 
mechanism to increase the total IGF1 concentrations to day 18. 

IGFBP3, which is the most abundant binding protein, extends 
the half-life of IGF1 [20]. Therefore, it was hypothesized that 
IGF1 might have an effect on the hepatic IGFBP3 expression. 
However, in human pregnancy, IGFBP3 decreases instead of 
increases throughout pregnancy [9]. Nevertheless, it was 
unclear if IGF1 and IGFBP3 have a biological link based on the 
results of the present study, because two important parameters 
were not addressed; namely, free IGF1 and the acid labile 
subunit, forming a tertiary complex with IGFBP3 and IGF1. In 
general, changes within the maternal IGF1 and IGFBP 
concentrations during the cycle could play a role in preparing 
the maternal metabolism for a potential pregnancy. 

Notably, IGFBP4 concentrations were lower in pregnant 
heifers on day 18 relative to non-pregnant cycles as well as to 
the respective control cycle. These findings were surprising, 
and the most distinct difference between the pregnant and 
non-pregnant cycles (non-pregnant and negative control cycle). 
The hepatic mRNA expression of IGFBP4 did not differ 
between pregnant and non-pregnant cycles on day 18, which 
might suggest that a decrease in hepatic gene expression is not 
responsible for the lower serum IGFBP4 concentration. A 
comparable decrease in IGFBP4 during progressed pregnancy 
has been observed in women; however, during early pregnancy, 
IGFBP4 concentrations are higher in pregnant than in 
non-pregnant women [15]. The decrease in IGFBP4 during late 
pregnancy is believed to be due to a specific protease, the 
zinc-dependent metalloproteinase PAPP-A, which is known to 
specifically cleave IGFBP4 in the serum of pregnant women. 

In the present context, it can be speculated that the IGFBP4 
serum concentration decreased via elevated protease activity to 
release IGF molecules for local action, e.g., at the endometrial 
level. Moreover, it is known that the proteolytic fragments of 
IGFBP4 cleavage have further specific biological functions 
[3,15]. For example, these fragments play a role in the 
maturation and luteinisation of human ovarian cells, which in 
turn might be important to support maintenance of the corpus 
luteum [2,3,27]. Currently, it is not clear which signal 
stimulates the induction of specific proteolytic enzymes, which 
mechanisms are responsible for decreasing IGFBP4 and 
whether bovine PAPP-A is involved in these processes in 
bovine species. Because PAPP-A has previously been 
described in bovine granulosa cells and in the context of follicle 
growth [27], a pivotal role for PAPP-A during bovine 
placentation is not unlikely; therefore, future studies should 
address this topic. 

In conclusion, the results of the present study show that 
systemic blood concentrations of the components of the 
maternal GH/IGF system reflect involvement of the 
somatotropic axis in the complex processes of metabolic 
adaption during early pregnancy. Whether IGFBP4 could serve 
as a potential biomarker for pregnancy on day 18 and of 
embryonic survival should also be elucidated.



420    Marie M Meyerholz et al.

Journal of Veterinary Science

Acknowledgments

We thank Martin Beyerbach from the Department of 
Biometry, Epidemiology and Information Processing, 
University of Veterinary Medicine Hannover, Germany for 
advices. We also thank the animal keepers of the Clinic for 
Cattle for taking care of the heifers and assisting with the 
project, and Martina Baumgarten, Angela Jordan, Jana 
Krickhahn and Franziska Suerborg for technical help. 
Furthermore, we thank Carsten Kuhnt and Dr. Knut Roschlau, 
Masterrind Nückel and Christoph Richard, INRA, France for 
theoretical and practical support concerning ET and uterine 
flushing. We acknowledge the financial support of Zoetis and 
the iPUD project under an EMIDA ERA-Net award to 
Professor Martin Sheldon, Swansea University, UK.

Conflict of Interest

There is no conflict of interest.

References

1. Ashworth MD, Ross JW, Stein DR, Allen DT, Spicer LJ, 
Geisert RD. Endocrine disruption of uterine insulin-like 
growth factor expression in the pregnant gilt. Reproduction 
2005, 130, 545-551. 

2. Chegini N, Lei ZM, Rao V, Bischof P. The presence of 
pregnancy-associated plasma and protein-A in human 
corpora lutea: cellular and subcellular distribution and 
dependence on reproductive state. Biol Reprod 1991, 44, 
201-206.

3. Claussen M, Kübler B, Wendland M, Neifer K, Schmidt B, 
Zapf J, Braulke T. Proteolysis of insulin-like growth factors 
(IGF) and IGF binding proteins by cathepsin D. 
Endocrinology 1997, 138, 3797-3803. 

4. Colak M, Shimizu T, Matsunaga N, Murayama C, 
Nagashima S, Kataoka M, Kawashima C, Matsui M, van 
Dorland HA, Bruckmaier RM, Miyamoto A. Oestradiol 
enhances plasma growth hormone and insulin-like growth 
factor-I concentrations and increased the expression of their 
receptors mRNAs in the liver of ovariectomized cows. 
Reprod Domest Anim 2011, 46, 854-861. 

5. Correia-da-Silva G, Bell SC, Pringle JH, Teixeira N. 
Expression of mRNA encoding insulin-like growth factors I 
and II by uterine tissues and placenta during pregnancy in 
the rat. Mol Reprod Dev 1999, 53, 294-305.

6. de Brun V, Meikle A, Casal A, Sequeira M, Contreras-Solís 
I, Carriquiry M, Forcada F, Sosa C, Abecia JA. 
Periconceptional undernutrition modifies endocrine profiles 
and hepatic gene expression in sheep. J Anim Physiol Anim 
Nutr (Berl) 2015, 99, 710-718.

7. Elhddad ASA, Lashen H. Fetal growth in relation to 
maternal and fetal IGF-axes: a systematic review and 
meta-analysis. Acta Obstet Gynecol Scand 2013, 92, 
997-1006.

8. Geisert RD, Lee CY, Simmen FA, Zavy MT, Fliss AE, Bazer 

FW, Simmen RC. Expression of messenger RNAs encoding 
insulin-like growth factor-I, -II, and insulin-like growth 
factor binding protein-2 in bovine endometrium during the 
estrous cycle and early pregnancy. Biol Reprod 1991, 45, 
975-983.

9. Giudice LC, Farrell EM, Pham H, Lamson G, Rosenfeld GR. 
Insulin-like growth factor binding proteins in maternal 
serum throughout gestation and in the puerperium: effects of 
a pregnancy-associated serum protease activity. J Clin 
Endocrinol Metab 1990, 71, 806-816.

10. Guler HP, Zapf J, Schmid C, Froesch ER. Insulin-like 
growth factors I and II in healthy man. Estimations of 
half-lives and production rates. Acta Endocrinol (Copenh) 
1989, 121, 753-758.

11. Kawashima C, Kida K, Hayashi KG, Amaya Montoya C, 
Kaneko E, Matsunaga N, Shimizu T, Matsui M, Miyake Y, 
Schams D, Miyamoto A. Changes in plasma metabolic 
hormone concentrations during the ovarian cycles of 
Japanese black and holstein cattle. J Reprod Dev 2007, 53, 
247-254.

12. Keller ML, Roberts AJ, Seidel GE Jr. Characterization of 
insulin-like growth factor-binding proteins in the uterus and 
conceptus during early conceptus elongation in cattle. Biol 
Reprod 1998, 59, 632-642.

13. Laeger T, Wirthgen E, Piechotta M, Metzger F, Metges CC, 
Kuhla B, Hoeflich A. Effects of parturition and feed 
restriction on concentrations and distribution of the 
insulin-like growth factor-binding proteins in plasma and 
cerebrospinal fluid of dairy cows. J Dairy Sci 2014, 97, 
2876-2885. 

14. Lelbach A, Muzes G, Feher J. The insulin-like growth factor 
system: IGFs, IGF-binding proteins and IGFBP-proteases. 
Acta Physiol Hung 2005, 92, 97-107.

15. Mazerbourg S, Callebaut I, Zapf J, Mohan S, Overgaard M, 
Monget P. Up date on IGFBP-4: regulation of IGFBP-4 
levels and functions, in vitro and in vivo. Growth Horm IGF 
Res 2004, 14, 71-84.

16. McCarthy SD, Roche JF, Forde N. Temporal changes in 
endometrial gene expression and protein localization of 
members of the IGF family in cattle: effects of progesterone 
and pregnancy. Physiol Genomics 2012, 44, 130-140. 

17. Mense K, Meyerholz M, Araujo MG, Lietzau M, Knaack H, 
Wrenzycki C, Hoedemaker M, Piechotta M. The 
somatotropic axis during the physiological estrus cycle in 
dairy heifers—Effect on hepatic expression of GHR and 
SOCS2. J Dairy Sci 2015, 98, 2409-2418.

18. Meyer HHD, Sauerwein H, Mutayoba BM. Immunoaffinity 
chromatography and a biotin-streptavidin amplified 
enzymeimmunoassay for sensitive and specific estimation 
of estradiol-17. J Steroid Biochem 1990, 35, 263-269.

19. Møller UK, Streym S, Mosekilde L, Heickendorff L, 
Flyvbjerg A, Frystyk J, Jensen LT, Rejnmark L. Changes in 
calcitropic hormones, bone markers and insulin-like growth 
factor I (IGF-I) during pregnancy and postpartum: a 
controlled cohort study. Osteoporos Int 2013, 24, 
1307-1320. 

20. Phillips LS, Pao CI, Villafuerte BC. Molecular regulation of 
insulin-like growth factor-I and its principal binding protein, 
IGFBP-3. Prog Nucleic Acid Res Mol Biol 1998, 60, 



IGFBP4 decreased towards day 18 of pregnancy in heifers    421

www.vetsci.org

195-265. 
21. Piechotta M, Kedves K, Araujo MG, Hoeflich A, Metzger F, 

Heppelmann M, Muscher-Banse A, Wrenzycki C, Pfarrer C, 
Schuberth HJ, Hoedemaker M, Bollwein H, Kaske M. 
Hepatic mRNA expression of acid labile subunit and 
deiodinase 1 differs between cows selected for high versus 
low concentrations of insulin-like growth factor 1 in late 
pregnancy. J Dairy Sci 2013, 96, 3737-3749.

22. Piechotta M, Holzhausen L, Araujo MG, Heppelmann M, 
Sipka A, Pfarrer C, Schuberth HJ, Bollwein H. Antepartal 
insulin-like growth factor concentrations indicating 
differences in the metabolic adaptive capacity of dairy cows. 
J Vet Sci 2014, 15, 343-352.

23. Qiu Q, Bell M, Lu X, Yan X, Rodger M, Walker M, Wen SW, 
Bainbridge S, Wang H, Gruslin A. Significance of IGFBP-4 
in the development of fetal growth restriction. J Clin 
Endocrinol Metab 2012, 97, 1429-1439. 

24. Renaville R, Hammadi M, Portetelle D. Role of the 
somatotropic axis in the mammalian metabolism. Domest 
Anim Endocrinol 2002, 23, 351-360.

25. Robinson RS, Mann GE, Gadd TS, Lamming GE, Wathes 
DC. The expression of the IGF system in the bovine uterus 
throughout the oestrous cycle and early pregnancy. J 
Endocrinol 2000, 165, 231-243.

26. Sakai K, Iwashita M, Takeda Y. Profiles of insulin-like 
growth factor binding proteins and the protease activity in 
the maternal circulation and its local regulation between 
placenta and decidua. Endocr J 1997, 44, 409-417.

27. Santiago CA, Voge JL, Aad PY, Allen DT, Stein DR, 
Malayer JR, Spicer LJ. Pregnancy-associated plasma 
protein-A and insulin-like growth factor binding protein 
mRNAs in granulosa cells of dominant and subordinate 
follicles of preovulatory cattle. Domest Anim Endocrinol 
2005, 28, 46-63. 

28. Valour D, Degrelle SA, Ponter AA, Giraud-Delville C, 
Campion E, Guyader-Joly C, Richard C, Constant F, 
Humblot P, Ponsart C, Hue I, Grimard B. Energy and lipid 
metabolism gene expression of D18 embryos in dairy cows 
is related to dam physiological status. Physiol Genomics 
2014, 46, 39-56.


