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The mRNA Expression of Insulin Receptor Isoforms
(IR-A and IR-B) and IGFR-2 in the Bovine Corpus Luteum
During the Estrous Cycle, Pregnancy, and Induced Luteolysis

Tanja Pascale Neuvians, Michael Walter Pfaffl, Bajram Berisha, and Dieter Schams*

Institute of Physiology, Technical University Munich, D-85350 Freising-Weihenstephan, Germany

Isoform A of the human insulin receptor and the IGF-
receptor type 2 (IGFR-2) are both receptors for insu-
lin-like growth factor 11 (IGF Il), which plays a major
role in luteal development and function in bovine spe-
cies. The objective of this study was to determine if
both insulin receptor isoforms and IGFR-2 were ex-
pressed in the bovine corpus luteum (CL) and if they
were regulated during the estrous cycle, pregnancy, and
induced luteolysis. CL were collected at the slaughter-
house. For induced luteolysis, CL were obtained by trans-
vaginal ovariectomy at 2, 4, 12, 48, and 64 h after pros-
taglandin (PG) F2a-injection. Real-time RT-PCR was
applied to investigate mRNA expression. Two alterna-
tively spliced transcripts encoding the insulin receptor
were detected in bovine CL. These two isoforms corre-
sponded to the known isoforms A (IR-A) and B (IR-B) in
humans. IR-A mRNA predominated in bovine CL and
was significantly down-regulated on d 5-7. IR-B mRNA
was significantly up-regulated in the late luteal stage
and during early pregnancy. IR-A showed a significant
down-regulation at 48 h after PGF2a.. IGFR-2 mRNA
was significantly up-regulated in mid and late luteal
stages (d 8-18). Itis proposed that the differentialmRNA
expression of IR-A and IGFR-2, both binding IGF II,
may play a role in the development and function of the
bovine corpus luteum.

Key Words: Bovine; corpus luteum; insulin receptor;
IR-A; IGFR-2.

Introduction

Seino and Bell (/) identified two different isoforms of
the insulin receptor in different types of human cells. The
same isoforms have been demonstrated in rats (2), rhesus
monkeys (3), and sheep (4). Alternative splicing leads to the
generation of a shorter and a longer isoform. They differ in
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their sequence at the C-terminal end of the insulin-binding
o-subunit. In the sequence of isoform A (IR-A), exon 11,
consisting of 36 base pairs (bp), is missing, whereas isoform
B (IR-B) is positive for exon 11. The relative expression of
the two isoforms in humans varies markedly in a tissue-spe-
cific manner. Liver expresses almost only IR-B. Muscle,
isolated adipocytes, and cultured fibroblasts express prefer-
entially IR-B, but also IR-A. Placenta expresses both types
equally, and buffy coat leukocytes and Epstein—Barr virus-
transformed lymphocytes express only IR-A (5). Benecke
etal. (6) found a similar distribution of the protein isoforms
in the human: predominance of IR-B in the liver, predomi-
nance of IR-A in leukocytes, and similar amounts of both
variants in placenta, skeletal muscle, and adipose tissue.
Steady-state binding of insulin has a significantly higher
affinity to IR-A than to IR-B (7,8). The ability of insulin-
like growth factor I (IGF-I) to compete for insulin binding
is significantly higher for IR-A than for IR-B (9). IR-A but
not IR-B binds insulin-like growth factor II (IGF-II) with
a similar affinity to insulin. Activation of IR-A by insulin
leads mainly to metabolic effects, whereas activation by IGF
II primarily results in mitogenic effects (7/0). Until now,
there is no information about different isoforms of the insu-
lin receptor in cows.

IGF Il is a potent mitogen, which is involved in growth,
cell proliferation, and differentiation. It plays an important
role in embryonic growth and prenatal development (71).
Mitogenic effects of IGF IT are mediated through IGF-recep-
tor type 1 (IGFR-1) and IR-A. Mice embryos lacking solely
the insulin receptor were only mildly affected, whereas the
lack of IGFR-1 led to severe growth-deficiency (72). Con-
cerning embryonic development, the signaling of IGF II
through IGFR-1 is more important than signaling through
the insulin receptor. There is some evidence that IGF II
signaling through the insulin receptor is involved in tumor
growth (13). In ovarian and breast cancer, especially the
isoform A is mediating this mitogenic effect of IGF II
(10,14,15); because extracellular IGF II is internalized and
degraded by the IGF-receptor type 2 (IGFR-2), this recep-
tor is able to control the level of circulating IGF II (16,17).

In the bovine corpus luteum (CL), IGF Il mRNA expres-
sion is significantly up-regulated in the period of early angio-
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Fig. 1. 1.8% agarose gel with the representative PCR products of IR, IR-A, IR-B, and IGFR-2 of pooled samples in the bovine corpus
luteum; the 127 bp product of the IR is notedly stronger expressed than the 163 bp product; bp = base pairs; M = 100 bp marker.

genesis (d 1-4), when compared with d 8—12 of the estrous
cycle and pregnancy (718,19). In an in vitro Micro-Dialysis-
System (MDS) Sauerwein et al. (20) showed that IGF II can
stimulate progesterone release in bovine CL, particularly
in the late luteal phase. The specific binding of IGF II to the
insulin receptor is markedly higher (1.9-4.9-fold) than for
IGF I orinsulin, and the receptor specificity does not change
during luteal development (20). As staining for IGF II pep-
tide is restricted to the perivascular fibroblasts and pericytes
of'blood vessels and capillaries, Amselgruber et al. (21) pre-
sumed a role for IGF I in coordinating angiogenic processes
during the development of the corpus Iuteum. IGF I and
IGFR-1 mRNA expression does not change significantly dur-
ing the estrous cycle and pregnancy, except in the early angi-
ogenesis phase, where both are markedly up-regulated (18,
19). The mRNA expression for IGFR-2 has been identified
in bovine tissues, such as liver and ileum (22), but not yet
in the corpora lutea of this species.

Considering that IGF II is more strongly expressed than
IGF I in the bovine CL (79), an important role for IGF II
and its receptors in the estrous cycle and pregnancy can
be assumed. The objective of this study was to determine
whether both IR isoforms (IR-A, IR-B) and IGFR-2 were
expressed in the bovine corpus luteum (CL), and whether
there were regulatory changes during the estrous cycle, preg-
nancy and induced luteolysis.

Results

Identification of the Insulin Receptor
Isoform A (IR-A) in Bovine Corpus Luteum Tissue

Using 1.8% high-resolution agarose gel electrophoresis
(Fig. 1), there are two PCR products amplified by specific
insulin receptor primers (IR). The longer PCR product (IR-
B) corresponds to the known bovine sequence (Acc. No.
AJ320235) consisting of 163 bp. The shorter PCR product
(IR-A) contains 127 bp, which after sequencing was also
shown to be 100% homologous to the known bovine sequence,
but with a gap of exactly 36 bp in the middle of the sequence

(Fig. 2). The LightCycler PCR product of the IR primer
pair showed a specific melting temperature of 85.71°C, which
is 1.29°C lower than the known specific melting tempera-
ture for IR in bovine liver and ileum [22]. As can be seen
on the agarose gel, the smaller isoform (127 bp) is mark-
edly more strongly expressed in the bovine corpus luteum
than the 163 bp isoform. Moreover, the earliest crossing point
(CP) for IR-A is at 22.78 amplification cycles, whereas the
earliest CP for IR-Bisat 25.25 cycles. This means an approx-
imately fourfold higher expression level of IR-A than of
IR-B. The new bovine IR-A sequence has been deposited
in the EMBL database (Acc. No. AJ488553).

Expression Data During Estrous Cycle and Pregnancy

The investigated transcripts showed high real-time PCR
efficiencies between 1.72 (ubiquitin), 1.77 (IR), 1.84 (IGFR-
2), 1.85 (IR-B), and 1.96 (IR-A). The mean coefficients of
variation (CV%) on CP base were very low with values
between 0.67% and 0.88% (ubiquitin: 0.68%, IR: 0.78%,
IR-A: 0.88%, IR-B: 0.68%, IGFR-2: 0.67%). Expression
data during the estrous cycle and pregnancy are shown as
differences of the CP in comparison to expression data on
d 1-2, which is used as a control (Fig. 3).

The CP for IR-A range from 22.78 to 24.90. IR-A mRNA
expression is significantly down-regulated by a factor of
1.5 atd 5-7. During the late stage of the estrous cycle (d 13—
18 and >18), there is a tendency for mRNA up-regulation.
The same can be found during pregnancy with a tendency
for up-regulation, reaching a maximum in late pregnancy
by a factor of 1.4. The CP for IR-B ranges from 25.44 to
27.52. IR-B mRNA expression shows similar characteris-
tics to IR-A mRNA. Significant up-regulation occurs in
the late luteal phase (d 13—18) and is maximally 1.6-fold in
early pregnancy. The CP for IGFR-2 ranges from 33.03 to
36.19. IGFR-2 mRNA expression is significantly and max-
imally (factor 2.1) up-regulated on d 812 in the mature
CL. This up-regulation decreases on d 13—18, but is still
significant. During pregnancy there is a clear tendency for
IGFR-2 mRNA down-regulation by a factor of 1.3—1.4.
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IR-A 1 tcctcaaggagctggaggagtcectcecgttcaggaaaacgtttgaagattac 50

CEEErerrr e e re et r et bbbt v e e e
IR-B 1 tcctcaaggagctggaggagtcctecgttcaggaaaacgtttgaagattac 50

IR-A 51 ctgcacaacgtggttttcatccec. .t ittt ittt it e e e i 74

PEETEEELEE e ettt
IR-B 51 ctgcacaacgtggttttcatccecccagaaaatcatcttcaggecctgttge 100

IR-A 75 ..., aggccttcgaggaaacgcagagceccttggtgacgtgggga 114

PEErrrreey e rrer ettt b et e
IR-B 101 cgaggacgctaggccttcgaggaaacgcagagcccttggtgacgtgggga 150

IR-A 115 atgtgacagcagc 127

FEETRTTErrLT
IR-B 151 atgtgacagcagc 163

(Acc.No. AJ488553)

(Acc.No. AJ320235)

Fig. 2. Sequence comparison from the newly sequenced isoform A (IR-A) of the bovine insulin receptor (127 bp) and the known bovine
sequence (163 bp), isoform B (IR-B); the visible gap consists of exactly 36 bp, the rest of the sequence shows a 100% homology. The

sequences can be found in the EMBL under the indicated accession numbers (Acc.No.).

Expression Data During Luteolysis

The mean coefficients of variation (CV%) were very low,
with values between 0.30% and 1.57% (ubiquitin: 1.57%,
IR: 0.56%, IR-A: 0.59%, IR-B: 0.51%, IGFR-2: 0.30%).
Expression data during induced luteolysis are shown in com-
parison to expression data of the control group before PGF2o.-
administration (Fig. 4).

The CP for IR-A ranges from 23.47 t0 25.99. IR-A mRNA
expression decreases during luteolysis with a maximal and
significant 2.1-fold down-regulation 48 h after PGF2a-
induced luteolysis. At 64 h after PGF2a, there is still a ten-
dency for down-regulation. The CP for IR-B, ranges from
25.25t027.75. IR-B mRNA expression shows more or less
the same course with a maximal down-regulation by a fac-
tor of 1.6 at 48 h, which is not significant. The CP for IGFR-
2 ranges from 31.79 to 34.40. For IGFR-2 mRNA expres-
sion, there is a clear tendency (p < 0.1) for down-regulation,
maximal at 12 h, by a factor of 1.8. From 12 h to 64 h, there
is a slight increase in the mRNA expression of IGFR-2, but
it does not reach the level of the control group.

Discussion

The mRNA expression of the insulin receptors and IGFR-
2 was investigated in the bovine CL during the estrous cycle,
pregnancy and PGF2a-induced luteolysis. With a multiple
species primer pair for the insulin receptor, annealing in
exon 10 and 12 of the human sequence, two discrete PCR

products were detected, differing by exactly 36 bp. Alter-
native splicing of the human insulin receptor results in the
occurrence of an exon 11 “negative” and an exon 11 “posi-
tive” isoform varying in 36 bp (/). The same was shown for
the sheep (4). The new sequence for IR-A shows a 99.2%
homology to the ovine IR-A sequence (Acc. No. Y16093).
We conclude, that alternative splicing of exon 11 is also the
reason for the two different isoforms of the insulin receptor
in the cow, and that the smaller and the longer isoform
correspond to isoform A and B, respectively, in the human
or sheep.

IR-A is mainly expressed in fetal tissue and several can-
cers (e.g., ovarian and breast cancer), and activation by IGF
II primarily leads to mitogenic effects (70). There is grow-
ing evidence that IGF II is an important regulator in folli-
cular growth (23) and luteal development (24). It is strongly
expressed in the bovine corpus luteum (79,24) (IGF II tran-
scripts are expressed at 44-fold higher concentrations com-
pared to IGF I mRNA [T.P. Neuvians et al., manuscript
accepted]). The rapid growth and angiogenesis in the devel-
oping CL is comparable to processes during intensive tumor
growth. The mRNA expression of IR-A is about fourfold
greater than IR-B mRNA in the bovine CL. Although many
publications mention an augmented IR-A expression only
in the context of malignant tumor growth (10,14,15), we
can presume a physiological role for this receptor in normal
luteal growth and function also. Signaling of IGF II through
IR-A in the bovine CL may partly account for its enormous
tumor-like growth.



96 IR-A, IR-B and IGFR-2 in Bovine Corpus Luteum / Neuvians et al. Endocrine
A IRA A RA
27 2
11 14
3 §/§ 3
€ =
8 o P 8 & l I -
S S
o o
(8] [&]
< . <
-1 A A 1
*h
-2 T T T T T T ‘{ } T T 2 T T T T T T
B IRB
B IRB
2-
2-
1 i *k
- %\} 17
e * =
b= (<]
: A E
g o1 - I S S G .
= ‘\// 2] I 1 )
(&) o
< Q
A4 <
A1
2 r T — v r — }— r
~2 T T T T T T
C IGFR-2
2 C IGFR-2
*k 2 -
14 *
£ 1]
8 B
o I/i\ =]
o 0 b T c
L] I [e] 1
o H (4] 0 T
o 2
< o
-1 [&]
<
1
-2 . T : T r — = T
1-2 34 57 812 1318 >18 EP LP 2

stage of estrous cycle and pregnancy

Fig. 3. Expression data (mRNA) for (A) IR-A , (B) IR-B, and (C)
IGFR-2 during estrous cycle and pregnancy (EP = early preg-
nancy, <4 mo; LP = late pregnancy, >4 mo) in bovine corpus
luteum; data are shown as mean of crossing point difference (ACP)
+ SEM between the control group (Co =d 1-2) and the following
stages of estrous cycle (n = 4/stage). The CP indicates the PCR-
cycle number of maximal acceleration of fluorescence increase;
a positive ACP means an earlier fluorescence increase and there-
fore a higher mRNA concentration. Significances are indicated in
relation to the control group; * = p < 0.05, ** = p < 0.01.

Co 2h 4lh 12h 48 h 64 h
time in h after PGF2o

Fig. 4. Expression data (mRNA) for (A) IR-A , (B) IR-B, and (C)
IGFR-2 in bovine corpus luteum before (control group, Co) and
after PGF2a-induced luteolysis on d 8-12; data are shown as
mean of crossing point difference (ACP) + SEM between the
control group and the following times in hours after PGF2a-
administration (n = 4-5/stage). The CP indicates the PCR-cycle
number of maximal acceleration of fluorescence increase; a posi-
tive ACP means an earlier fluorescence increase and therefore a
higher mRNA concentration. Significances are indicated in rela-
tion to the control group; ** = p <0.01.
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IR-A mRNA expression is significantly down-regulated
at the end of angiogenesis (d 5-7). This decrease of IR-A
transcripts might be important for preventing overstimula-
tion of luteal growth. Whereas IGFR-1 mRNA expression
is still up-regulated on d 3—4 (79), IR-A mRNA already
decreases at this time of the estrous cycle. During pregnancy,
IGFR-1 mRNA is significantly down-regulated, when com-
pared tod 1-4 (19), but IR-A mRNA is rather up-regulated.
This suggests a supporting task for the IR-A ligands (IGF
II and insulin) not only for luteal growth, but also for luteal
maintenance and pregnancy. The tendency for IR-A up-reg-
ulation during the late luteal phase could be a reason for the
particular ability of IGF II to stimulate luteal progesterone
secretion in this cycle stage, as observed by Sauerwein et
al. (20). The mRNA expression of IR-B during the estrous
cycle and pregnancy shows a similar course as that for IR-
A, but the down-regulation at the end of angiogenesis (d 5—
7) is not significant. IR-B mRNA is significantly up-reg-
ulated in the mature CL (d 13—18) and in early pregnancy.
The anabolic support of insulin for growth and progester-
one production of the CL seems to be most important dur-
ing these cycle stages. The differential expression of the two
receptor isoforms IR-A and IR-B during different stages of
the estrous cycle and pregnancy may be responsible for the
fine-tuning of metabolic and mitogenic effects of their ligands
IGF II and insulin on the CL.

During luteolysis IR-A and IR-B mRNA expression data
show more or less the same tendency. Both are down-regu-
lated, maximally at 48 h after induced luteolysis by a factor
of 2.1 (IR-A) and 1.6 (IR-B), respectively. Insulin and IGF
I1, the ligands of IR-A and IR-B, support the growth and
function of the CL. With the onset of luteolysis, this sup-
port is no longer required. Their receptors IR-A and IR-B
may be down-regulated not to interfere with the process of
regression and degradation of the CL. On the other hand,
the mRNA expression of IR-A and IR-B is slightly up-regu-
lated at 64 h after PGF2a, when compared to the preceding
stages. As the tissue composition of the CL is changing very
rapidly during luteolysis, IR-A and IR-B may be involved
in the remodeling of the tissue. It is also possible that the
receptor mRNA is produced by different cells during dif-
ferent stages of luteolysis. The localization of the receptors
and their mRNA production is thus an interesting aspect
for further research.

IGF 1I binds to IGFR-1, competing with IGF I, and to
IR-A, competing with insulin. Differential expression of the
receptor mRNAs may facilitate a fine regulation of the sim-
ilar acting ligands IGF I, IGF II, and insulin, and their effects
on the CL.

IGF II mRNA is strongly expressed in the bovine CL
during early angiogenesis (d 1-4) and decreases in the fol-
lowing stages and pregnancy (79). In contrast Woad et al.
(24), beginning sampling on d 5, found no significant changes
in IGF Il mRNA expression during the bovine estrous cycle.
In the mature CL (d 8-12) and during the late luteal phase

(d 13—18), IGFR-2 mRNA is significantly up-regulated. At
d 8-12 of the estrous cycle, IGF Il mRNA is down-reg-
ulated when compared with d 1-4 (79). During luteolysis
IGFR-2 mRNA decreases, but slightly increases during
structural luteolysis (48 h and 64 h after PGF2a) without
reaching the level of the control group. IGF Il mRNA ex-
pression continuously decreases during luteolysis, which
becomes significant at structural luteolysis [T.P. Neuvians
et al., manuscript accepted]. In contrast to IGFR-1, IGFR-
2 binds only IGF II, not IGF 1. IGFR-2 mRNA expression
mostly follows the expression of IGF II and seems to keep
IGF IT on a more or less constant level without a regulative
purpose. To be able to clarify the role of IGFR-2 at different
luteal stages and its involvement in the control of protein
concentrations of IGF II by internalization and degrada-
tion, further investigations would be of particular interest.
During all stages of the estrous cycle, there is only a very
low expression of IGFR-2 mRNA (earliest CP = 31.79),
cautioning against over interpretation of such results. In con-
trast, IR-A and IR-B show high expression levels (earliest
CP=22.78 and 25.25, respectively) compared with IGFR-
2. This means approximately a 2° to 2°-fold expression dif-
ference. The biological relevance of the regulation of such
low and high expression transcripts may be different.

In conclusion, the isoform A of the insulin receptor was
newly identified for the bovine. The predominant expres-
sion of IR-A in the bovine CL proposes a physiological role
in mediating mitogenic effects of IGF II on luteal growth.
The differential expression of IR-A and IR-B may regulate
the effects of insulin and IGF II on development, mainte-
nance, and function of the CL. Furthermore, it was shown
that the bovine CL expresses IGFR-2 mRNA with signifi-
cant changes during the estrous cycle.

Materials and Methods

Collection of Bovine Corpora Lutea (CL)
During Estrous Cycle and Pregnancy

The CL of the cows (mainly German Fleckvieh) were
collected at the local slaughterhouse within 10-20 min of
slaughter. The stage of the estrous cycle was identified by
judging macroscopically ovaries and uterus in considera-
tion of size, color, consistency, connective tissue, and mucus,
as previously described (25). The CL were assigned to the
following stages: d 1-2,d 3—4,d 5-7,d 8-12,d 13-18, and
>18 d, when regression occurs (n = 4/group). Pregnancy
was divided into early (<4 months) and late pregnancy (>4
mo) according to the measured crown-rump length of the
fetus (n =4/group). Luteal tissue was frozen in liquid nitro-
gen immediately after collection and stored at —80°C until
RNA extraction.

Collection of Bovine Corpora
Lutea (CL) During Luteolysis

Cows (Holstein Fresians) at the mid-luteal phase (d 8—12)
were injected intramuscularly with 500 pg of the PGF2a.-
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analog cloprostenol (Estrumate®, Intervet, Germany). The
CL were collected by transvaginal ovariectomy before (con-
trol, d 8—12) and 2, 4, 12, 48, and 64 h (n =4-5/group) after
PGF2a injection. All CL were sectioned, immediately frozen
in liquid nitrogen, and stored at —80°C until RNA extraction.
All animal experiments were approved by the local ethical
review committee.

Total RNA Extraction and Reverse Transcription

Small slices of deep frozen CL were cut and weighed.
Total RNA from CL was extracted with peqGOLD TriFast
(PeqLab, Erlangen, Germany) according to the manufac-
turer’s instructions. RNA was dissolved in water and spec-
troscopically quantified at 260 nm. The integrity of RNA was
verified by optical density (OD) absorption ratio ODgg i/
OD»g0 nm between 1.8 and 2.0, and by electrophoresis with
ethidium bromide staining on a 1% denaturating agarose gel.
Constant amounts of 1000 ng of total RNA were reverse-
transcribed to cDNA with 200 units of M-MLV Reverse
Transcriptase (Promega Corp., Madison, WI, USA) accord-
ing to the manufacturer’s instructions.

Real-Time PCR Quantification

Primers were designed using the EMBL database (ubig-
uitin: Acc. No. 218245, IR-A: Acc. No. AJ488553, IR-B:
Acc. No. AJ320235) or used according to literature (22):
ubiquitin forward 5'-AGATCCAGGATAAGGAAGGC
AT-3'; reverse 5'- GCTCCACCTCCAGGGTGAT-3' (198
bp); insulin receptor (IR) forward 5'- TCCTCAAGGAGCT
GGAGGAGT-3'", reverse 5'-GCTGCTGTCACATTCCC
CA-3' (163 bp); IR-A forward 5'-TCCTCAAGGAGCTG
GAGGAGT-3', reverse 5'-TTTCCTCGAAGGCCTGGG
GAT-3' (89 bp); IR-B forward 5'-TCCTCAAGGAGCTG
GAGGAGT-3', reverse 5'-TAGCGTCCTCGGCAACA
GG-3' (111 bp); IGFR-2 forward 5-TACAACTTCCGGT
GGTACACCA-3', reverse 5'-CATGGCATACCAGTTTC
CTCCA-3' (144 bp). The primer pair for the insulin recep-
tor (IR), amplifying both isoform A and isoform B, is a
multiple species primer that spans exon 10 to exon 12 of the
human sequence (22). A master-mix of the following reac-
tion components was prepared as follows: 6.4 uL water, 1.2
pL MgCl, (25 mM), 0.2 pL forward primer (20 pM), 0.2 uL
reverse primer (20 uM), and 1.0 pL. LightCycler Fast Start
DNA Master SYBR Green I (Roche Diagnostics, Mannheim,
Germany). Nine microliters of master-mix were filled in
glass capillaries and 1 uL PCR template containing 25 ng
reverse-transcribed total RNA was added. To ensure an
accurate quantification of the desired product, a high-tem-
perature fluorescence measurement in a fourth segment of
the PCR run was performed (26). The elevated temperature
for fluorescence acquisition results in melting of unspeci-
fic products, e.g., primer dimers, and eliminating nonspe-
cific fluorescence signals. The following general real-time
PCR protocol was employed: denaturation for 10 min at
95°C, 35 (IR and IR-A), 40 (ubiquitin and IR-B), or 50

(IGF-R2) cycles of a four-segment amplification and quan-
tification program, a melting step by slow heating from 60
to 99°C with a rate of 0.1°C/s and continuous fluorescence
measurement, and a final cooling down to 40°C. The four-
segment amplification and quantification program was car-
ried outas follows: 15 s denaturation at 95°C, 10 s annealing
at 60°C (ubiquitin and IR-B), 62°C (IR-A), 64°C (IGFR-2),
and 66°C (IR), respectively, 20 s elongation at 72°C, and
5 s fluorescence acquisition at 80°C (IR-A), 81°C (IR-B),
83°C (IR), 86°C (ubiquitin), and 87°C (IGFR-2), respec-
tively. Crossing point (CP) values were acquired by using
the second derivative maximum method of the LightCycler
Software 3.3 (Roche Diagnostics). The CP is the number of
PCR cycles when maximal acceleration of the fluorescence
increase is reached. The earlier the fluorescence increases,
the higher is the concentration of the measured mRNA (27).
All CP of the 32 samples (n = 4-5/group) per investigated
factor were detected in one run to eliminate interassay var-
iance. Real-time PCR efficiencies were acquired by ampli-
fication of a standardized dilution series and the given
slopes in the LightCycler Software 3.3 (Roche Diagnos-
tics). The corresponding efficiencies (E) were then calcu-
lated according to the equation: E = 10[-V/slorel (27) The
specificity of the desired products in bovine CL was docu-
mented with a high-resolution gel electrophoresis (Fig. 1)
and analysis of the melting temperature, which is product-
specific (22). Specific melting temperatures are as follows:
88.48°C (ubiquitin), 85.71°C (IR), 83.26°C (IR-A), 84.23°C
(IR-B), and 89.45°C (IGFR-2). PCR products of the primer
pairs IR, IR-A, and IR-B were purified with the Nucleo Spin
Extraction Kit (Macherey-Nagel, Diiren, Germany) and sent
for commercial sequencing (Medigenomix GmbH, Munich,
Germany). The results were compared to the known sequences
in the EMBL database.

Statistical Analysis

The statistical significance of differences in mRNA ex-
pression of the examined factors was analyzed by the Rela-
tive Expression Software Tool (REST) for group-wise com-
parison and statistical analysis of relative expression results
in real-time PCR (28). This software calculates an expres-
sion ratio in regard to the control group (here: d 1-2 of
estrous cycle for the cycle stage, and d 8-12 of estrous
cycle, before PGF2a injection, for luteolysis) and is nor-
malized by a reference gene (ubiquitin). The mRNA expres-
sion data for ubiquitin showed no significant changes to the
control group during any of the investigated stages of the
estrous cycle or time points of induced luteolysis. Thus, it
was determined to be suitable as a reference gene. REST
also indicates coefficients of variation (CV) in % (men-
tioned under Results) and standard deviations based on the
CPs of the target gene. The data are shown as the mean
difference (A) £ SEM of CPs between the control group
and the following stages of the estrous cycle, and the fol-
lowing times after PGF2a-induced luteolysis, respectively.
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A positive ACP means an earlier increase of fluorescence
and therefore a higher concentration of the target gene. As
the PCR amplification is a process with exponential char-
acter, a difference of two CPs signifies approximately a
regulation by factor EACP (with E = efficiency) and is indi-
cated in the text according to the expression ratio calcu-
lated by REST.
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