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Abstract

The expression of the tachykinin NK receptor and its regulation by ovarian steroids were analyzed by reverse transcription-poly-3
Ž .merase chain reaction RT-PCR in uteri from ovariectomized rats. A single transcript corresponding to the 325-bp product expected for

Ž .the tachykinin NK receptor was detected in uteri from olive oil-treated control ovariectomized rats. The level of tachykinin NK3 3

receptor mRNA in progesterone-treated animals was similar to that observed in uteri from control ones. Tachykinin NK receptor mRNA3

levels were significantly smaller in uteri from oestrogen-treated ovariectomized rats, with approximately a 32-fold decrease. These
findings suggest that oestrogen, but not progesterone, regulates the expression of tachykinin NK receptors in the rat uterus.3
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1. Introduction

Neurokinin B is a member of a family of neuropeptides
called the tachykinins distinguished by a conserved car-
boxyl-terminal sequence Phe-X-Gly-Leu-Met-NH . In ad-2

dition to neurokinin B, the mammalian tachykinins include
substance P, neurokinin A, neuropeptide K and neuropep-
tide g. Tachykinins interact with three distinct types of
receptors termed NK , NK and NK and neurokinin B is1 2 3

the preferred endogenous agonist of the tachykinin NK 3
Ž .receptor Regoli et al., 1994 . The recent cloning of the

Žtachykinin NK receptor Shigemoto et al., 1990; Buell et3
.al., 1992 offers a new approach to investigating the tissue

localization and the modulation of expression of this recep-
tor molecule. These molecular studies have shown that the
tachykinin NK receptor is expressed predominantly in the3

central nervous system being undetectable or present in
Žsmaller amounts in peripheral tissues Shigemoto et al.,

.1990; Tsuchida et al., 1990; Buell et al., 1992 . In the
oestrogen-treated rat uterus substance P, neurokinin A and
neurokinin B induce contractile responses which seem not
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Žto involve activation of tachykinin NK receptors Penne-3
.father et al., 1993 . However, functional and radioligand

Ž .binding studies by Barr et al. 1991 demonstrated the
presence of this tachykinin receptor type in uteri from rats
in the dioestrous stage of the oestrous cycle. The present
work was undertaken to study the expression of the
tachykinin NK receptor in the rat uterus and whether this3

expression is modulated by ovarian steroids.

2. Materials and methods

2.1. Animals

Ž .Virgin female Wistar rats 200–250 g were purchased
Ž .from Charles River Iffa Credo, Spain . Bilateral ovariec-

tomy was performed 2 weeks before experiments under
Ž .ether anaesthesia. Oestrogen 17b-oestradiol benzoate and

progesterone were dissolved in olive oil and injected intra-
peritoneally. The dose of oestrogen was 50 mgrkg per day
for 2 days. The dose of progesterone was 1 mgrkg per day
for 3 days. Control rats were treated with olive oil. Rats
were killed by decapitation 24 h after the last injection.
The apparent ‘oestrous’ or ‘dioestrous’ stage after oestro-
gen or progesterone treatment, respectively, was deter-
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mined by microscopic examination of a vaginal smear
before killing. Each experimental condition, i.e., olive oil,
progesterone and oestrogen treatment, was assayed on five
different animals.

2.2. RNA isolation

The total RNA of approximately 20 mg of uterine tissue
was isolated according to the method of Chomczynski and

Ž .Sacchi 1987 . The RNA pellet was resuspended in 50 ml
of RNase-free water and quantified by spectrophotometric
measurement at 260 nm. The integrity of the purified RNA
collected by this method was confirmed by visualization of
the 28S and 18S ribosomal RNA bands after the elec-
trophoresis of RNA through a 1% agarose-formaldehyde
gel. To eliminate contaminating genomic DNA, total RNA

Ž .samples were treated with DNase I Pharmacia Biotech .
Ž .RNA samples 10 mg each were resuspended in dieth-

ylpyrocarbonate-treated water and stored at y708C until
use.

(2.3. ReÕerse transcription-polymerase chain reaction RT-
)PCR

Ž .RNA 5 mg was reverse transcribed using random
Žhexamers according to Pharmacia instructions First-strand

.cDNA synthesis kit . The resulting cDNA samples were
Ž .amplified by polymerase chain reaction PCR with the

following specific primer pairs: rat tachykinin NK recep-3

tor, forward 5X-CATTCTCACTGCGATCTACC-3X and re-
verse 5X-CTTCTTGCGGCTGGATTTGG-3X; rat b-actin,
forward 5X-CCTAGCACCATGA-AGATCAA-3X and re-
verse 5X-TTTCTGCGCAAGTTAGGTTTT-3X. The pre-
dicted sizes of the amplified tachykinin NK receptor and3

b-actin PCR products were 325 and 227 bp, respectively.
PCR mixes contained 0.2 mM primers, 1.5 U of Taq

Ž .polymerase Pharmacia , the buffer supplied, 2.5 mM
MgCl , 200 mM dNTPs and cDNA in 25 ml. Each experi-2

Žment also contained two negative controls one with the
RT reaction containing no added RNA and the other one

.containing non-retrotranscribed RNA . Following heating
at 948C for 2 min, the parameters used for PCR amplifica-
tion were as follows: denaturation, 30 s at 948C; annealing,
30 s at 588C; extension, 30 s at 728C. Cycle numbers were
35 for the tachykinin NK receptor and 24 for b-actin.3

PCR products were separated by gel electrophoresis on
1.7% agarose, stained with ethidium bromide and visual-

Žized and photographed under a UV transilluminator Pho-
.todyne . Semiquantitative analysis of tachykinin NK re-3

ceptor PCR products was achieved by comparing the
relative amounts of the target sequence in different sam-
ples of uteri from untreated, oestrogen- or progesterone-
treated ovariectomized rats. NK receptor mRNA expres-3

sion levels were normalized to the b-actin mRNA levels
used to control the efficiency of RT-PCR among the
samples. Equal aliquots of the normalized RT solutions
were serially diluted in a 1:2 ratio and amplified for a
fixed number of cycles, to ensure analysis of products in
the exponential range of amplification. In this portion of
the amplification curve, the amount of PCR product de-
rived from a given amount of total RNA in a sample is
directly proportional to the concentration of target mRNA

Ž .in the sample Cullinan-Bove and Koos, 1993 . Nucleotide
sequences were determined using the fmol sequencing

Ž . Žsystem Promega , as previously described Oterino et al.,
.1996 .

3. Results

PCR amplification of uterine cDNA revealed single
transcripts corresponding to the expected product sizes

Ž .Fig. 1. Agarose gels showing products of reverse transcriptase-polymerase chain reaction RT-PCR assay for rat uterine cDNA from progesterone-treated
Ž . Ž . Ž .P, lanes 1–6 , oestrogen-treated E, lanes 7–12 and olive oil-treated control, C, lanes 13–18 ovariectomized animals. After normalization to b-actin

Ž . Ž .mRNA levels, equal aliquots of the RT solution were serially diluted in a 1:2 ratio and amplified for 24 b-actin or 35 NK receptor cycles with b-actin-3

and NK receptor-specific primers. Lanes 1, 7 and 13 represent the more diluted samples in each series. The observation of a steadily declining yield of3

product at each dilution step confirmed that the comparison of the two samples was made in the exponential portion of the amplification curve. The amount
of NK receptor mRNA was assessed in comparison with the amount of the coamplified b-actin fragment. RT-PCR revealed the presence of single3

Ž . Ž .transcripts corresponding to the size predicted for the NK receptor 325 bp and for b-actin 227 bp . A very low abundance transcript for the NK3 3
Ž . Ž . Ž .receptor was detected in oestrogen treatment lanes 7–12 , compared with the olive oil controls lanes 13–18 or the progesterone treatment lanes 1–6 .

Lanes m, molecular size standards. Data are representative of typical results in 15 different animals.
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Ž .encoding cDNA for the tachykinin NK receptor 325 bp3
Ž .and b-actin 227 bp . The identity of PCR products was

confirmed by nucleotide sequence analysis. The sequence
of the amplified fragment for the tachykinin NK receptor3

was identical to that previously published for the rat brain
Žtachykinin NK receptor nucleotide positions 918–1242,3

.Shigemoto et al., 1990 . In all experiments, the two nega-
tive controls yielded no detectable products, indicating that
Ž .i all reagents were free of target sequence contamination;

Ž .and ii the RT-PCR products do not come from contami-
nating genomic DNA. Fig. 1 illustrates a typical example

Ž .of RT-PCR products from control olive-oil-treated , oe-
strogen- or progesterone-treated uteri from ovariectomized
rats. As can be observed, the tachykinin NK receptor3

signal was very faint in the oestrogen-treated rat uterus.
The tachykinin NK receptor mRNA level in uteri from3

untreated animals was at least 32-fold that of uteri from
oestrogen-treated rats. Fig. 1 also shows that the level of
tachykinin NK receptor mRNA in progesterone-treated3

ovariectomized animals was similar to that observed in
uteri from untreated ones.

4. Discussion

Tachykinin NK receptor mRNA levels were signifi-3

cantly higher in uteri from untreated or progesterone-treated
ovariectomized rats than in uteri from oestrogen-treated
animals. This suggests that oestrogens inhibit the expres-
sion of the tachykinin NK receptor in the rat uterus. The3

observation that the mRNA levels for this tachykinin
receptor type were similar in untreated and progesterone-
treated rats suggests that progesterone does not participate
in the regulation of the expression of the tachykinin NK 3

receptor.
Substance P and neurokinin A are located in nerves,

mostly of sensory origin, that innervate the female repro-
ductive tract in virtually all mammalian species examined
Ž .Papka and Shew, 1994 . However, little is known about
the neurokinin receptor subtypes expressed in the uterus,
their regulation and their role in uterine function. Reports
in the literature suggest that the effects of tachykinins in
peripheral tissues are preferentially mediated by activation

Žof the tachykinin NK andror NK receptor types Regoli1 2
.et al., 1994; Pennefather et al., 1993 . Tachykinin NK 3

receptors are widely distributed in the central nervous
Ž .system Tsuchida et al., 1990, Buell et al., 1992 . How-

ever, they are present in smaller amounts or absent in
Žperipheral tissues Tsuchida et al., 1990; Shigemoto et al.,

.1990; Buell et al., 1992 , and their contribution to the
peripheral effect of tachykinins is less clear. In addition,
little information is available on the mechanisms responsi-
ble for regulating tachykinin NK receptor gene expres-3

Ž .sion Krause et al., 1994 . To our knowledge, only studies

Ž .by Krause et al. 1994 have demonstrated that NK 3

receptor gene expression is upregulated following nocicep-
tive activation. The present study shows that the tachykinin
NK receptor is expressed in uteri from either untreated or3

progesterone-treated ovariectomized rats. Our data also
show that tachykinin NK receptor mRNA almost com-3

pletely disappeared in ovariectomized rat uteri under oe-
strogen dominance. This suggests that tachykinin NK 3

receptors could be involved in regulating myometrial activ-
ity as well as reproductive functions in females. Further
studies are needed to clarify their physiological signifi-
cance.
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