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Leptin and leptin receptor were studied in the mammary gland of non-
pregnant dry and lactating cows. Using RT-PCR it was demonstrated that leptin
and its short (Ob-Ra) and long (Ob-Rb) receptor isoforms are expressed both in
the dry and the lactating mammary gland tissue. Tissue distribution of leptin and
its receptor mRNA transcripts were examined by in situ hybridisation, while the
leptin protein was localised by immunohistochemistry. Although in situ hybridi-
sation is semiquantitative, our morphological data suggest that the epithelial leptin
mRNA expression of the lactating gland is higher than that of the dry gland. To
compare the leptin mRNA levels between dry and lactating udders competitive
PCR was used, which showed no difference in leptin expression for the whole
mammary tissues. The lack of difference in total leptin mRNA levels is explained
by the high adipose tissue content of the dry mammary gland. Leptin and its re-
ceptor transcripts are expressed mainly in the epithelial cells of lactating cows,
while in dry mammary tissue the signal is found in the stromal tissues as well.
The results provide additional evidence that locally produced leptin takes part in
the regulation and maintenance of mammary epithelial cell activity.
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Zhang et al. discovered leptin, a 16 KDa polypeptide hormone in 1994 as
the product of the obese (ob) gene. Leptin has an important role in body weight
homeostasis via its effects on food intake and energy expenditure (Halaas et al.,
1995; Houseknecht et al., 1998; Houseknecht and Portocarrero, 1998; Ahima and
Flier, 2000). Leptin transcripts appear to be expressed fairly specifically in adi-
pose tissue (Zhang et al., 1994). However, recent studies have demonstrated that
leptin mRNA transcripts are also detectable in several peripheral tissues such as
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the mammary gland (Smith-Kirwin et al., 1998; Aoki et al., 1999; Chilliard et al.,
2001; Bonnet et al., 2002; Smith and Sheffield, 2002).

Leptin acts through interaction with the Ob-R receptor (leptin receptor), a
single membrane spanning receptor that has strong sequence homology to the
class I cytokine receptor family (Tartaglia, 1997). Several forms of leptin recep-
tors are produced by the alternative splicing of Ob-R mRNA, which have a
common extracellular domain and either lack the transmembrane domain (Ob-Re
isoform) or have different lengths of cytoplasmic domain (Ob-Ra, b, c, d, f,
Moschos et al., 2002). The so-called long isoform (Ob-Rb) is predominantly ex-
pressed in the hypothalamus and can mediate, via the Janus Kinase (JAK2), the
activation of signal transducer and activator of transcription (STAT) proteins
(Baumann et al., 1996). Ob-Rb is also found in many peripheral tissues at low
levels (Fei et al., 1997; Vernon et al., 2001). The short isoform (Ob-Ra) is ex-
pressed ubiquitously and represents the major isoform in many peripheral tissues
(Mercer et al., 1996; Fei et al., 1997; Laud et al., 1999; Sweeney, 2002). In pre-
pubertal heifers (Silva et al., 2002) it was reported that the long isoform of leptin
receptor mRNA was present in all bovine tissues, while the short isoform (Ob-
Ra) was detected only in bovine liver, pituitary gland, and spleen. Reverse tran-
scription-polymerase chain reaction (RT-PCR) studies indicate the expression of
the short (Ob-Ra) isoform in the bovine adrenal medulla (Yanagihara et al.,
2000). Both long (Ob-Rb) and short (Ob-Ra) isoforms of leptin receptor were
found in ovine mammary tissue during pregnancy and lactation (Laud et al., 1999).

Leptin has been demonstrated in the milk of rats (Casabiell et al., 1997),
humans (Smith-Kirwin et al., 1998), pigs (Estienne et al., 2000), and cattle
(Smith and Sheffield, 2002). In addition, using RT-PCR technique the presence
of leptin mRNA was indicated in cultured bovine mammary epithelial cells
(Smith and Sheffield, 2002) and in the mammary tissue (Smith-Kirwin et al.,
1998; Aoki et al., 1999; Smith and Sheffield, 2002). The last mentioned study
did not indicate the type of cell in which leptin was present. Immunohistochemi-
cal staining of breast tissue, cultured mammary epithelial cells, and secretory
epithelial cells present in the human milk revealed the production of leptin by
human mammary epithelial cells (Smith-Kirwin et al., 1998). The site of expres-
sion of leptin in the ovine mammary gland varies with the stage of pregnancy as
determined by immunohistochemical analysis. It was first traced in adipose cells
during early stages of pregnancy, then in epithelial cells just before parturition,
and finally in myoepithelial cells after parturition (Bonnet et al., 2002).

Leptin appears to be produced in secretory epithelial cells of the active
human mammary tissue (Smith-Kirwin et al., 1998) and in ovine mammary
epithelial cells just before parturition in addition to myoepithelial cells after par-
turition (Bonnet et al., 2002). So far there is no information about the localisation
of leptin or leptin receptor in cow mammary tissue. Leptin appears to be able to
control the proliferation of both normal and malignant mammary epithelial cells
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(Hu et al., 2002). No information is available about the alteration of leptin level
between quiescent mammary gland and lactating mammary gland in cows. In the
present study dry and lactating non-pregnant cows were selected to examine the
expression of leptin and its receptor in the mammary gland and to study the al-
teration of mammary leptin levels using competitive RT-PCR. Paraffin-
embedded mammary gland sections from dry and lactating cows were subjected
to in situ hybridisation procedure for leptin and leptin receptor mRNA transcripts
and immunohistochemical staining for leptin protein, to specify the type of the
cell in which leptin and its receptor were present.

Materials and methods

Tissue samples

Mammary gland tissues were collected from dry and lactating non-
pregnant cows immediately after slaughtering. Nearly 5-g pieces of the paren-
chymal tissue of each sample were quickly frozen in liquid nitrogen and stored at
–70 °C until RNA extraction. In parallel, about two-gram pieces of each sample
were fixed in 50 ml of diethyl pyrocarbonate (DEPC, Sigma) treated phosphate-
buffered saline (PBS) containing 4% paraformaldehyde for in situ hybridisation
and immunohistochemistry.

RNA isolation

Total RNA was isolated using the TRIzol reagent (Life Technologies) ac-
cording to the manufacturer’s instructions. RNA yields and purity were assessed
by absorbency at 260 and 280 nm. In order to eliminate the residual genomic
DNA from the RNA samples, one unit DNaseI (Roche) was added per each mi-
crogram of RNA and incubated at 37 °C for 30 min followed by heat inactivation
of the enzyme at 75 °C for 5 min.

Partial cloning of leptin and leptin receptors

Oligonucleotide primers for amplification of cow leptin were designed
based on the known sequences of the cow leptin reported in the GenBank. Prim-
ers for amplification of cow short and long isoforms of leptin receptor were se-
lected on the basis of regions of high sequence identity between known se-
quences of water buffalo, sheep, pig, mouse, and the human. The primers were
designed to span the junction of two exons to be RNA specific and were synthe-
sised by Creative Labor Ltd: Ap1 5′- caggatgacaccaaaaccctcatc -3′ and Ap14 5′-
ggagtagagtgaggcttccaggac -3′ for amplification of 342 base pair (bp) fragment of
Ob cDNA, Ap20 5′- ttgagaagtaccagttcagt c-3′ and Ap21 5′- caaagaatgtccgttctctt
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c-3′ for amplification of 280 bp of Ob-Ra and Ap22 5′- agggttctatttgtattagt gacc-
3′ and Ap23 5′- gaaatttccc tcaagtttcaaaag -3′ for amplification of 353 bp of Ob-Rb.

The reverse transcription reaction was performed using 2 µg of total RNA
with 200 units of MMLV reverse transcriptase (Promega), 1 µg Oligo(dT)15 and
10 mM dNTPs for 60 min at 42 °C in a final volume of 25 µl. Two µl of RT re-
action product was amplified by PCR in final volume of 30 µl with 200 µM
dNTPs, 25 pmol of each primer, 1.5 units Red Taq Polymerase (Sigma) and 10X
Red Taq PCR buffer. PCR thermal cycling parameters were as follows: 1 cycle
94 °C for 3 min, followed by 35 cycles of denaturing at 94 °C for 50 sec, an-
nealing at 55 °C for 40 sec, and extension at 72 °C for 1 min. The program was
terminated with a final extension step at 72 °C for 5 min.

The PCR products were detected by electrophoresis on 1% agarose gel
containing ethidium bromide. The specificity of the amplified products was con-
firmed by Southern blot analysis using water buffalo digoxigenin-11-dUTP (DIG)
labelled cDNA probe for Ob, Ob-Rb, and Ob-Ra (GenBank accession numbers
AY177609, AY177610 and AY177611).

Other PCR products were isolated from the gel using Qiaquick gel extrac-
tion kit (Qiagen), then ligated into PGEM-T vector (Promega) and used to trans-
form Escherichia coli cells. Plasmids from resultant cultures were isolated with
QiAprep Miniprep kit (Qiagen) and used for production of RNA probes and cow
leptin internal competitor.

Competitive PCR

A competitive PCR procedure according to Tu et al. (1997) was used to
compare the abundance of mammary tissue leptin mRNA between lactating and
dry cows. Our clone for cow leptin partial cDNA was used for the construction
of a cow leptin internal competitor that can be primed for PCR amplification us-
ing the same primer site of leptin target amplicon. The plasmid containing cow
leptin cDNA was digested with the restriction enzyme Eco01091 (BioLabs Inc)
which cut a 55-bp fragment from cow leptin cDNA. The plasmid was separated
in agarose gel and isolated from the gel using Qiaquick gel extraction kit
(Qiagen), then finally religated by T4 DNA ligase (Promega). The procedure of
competitive PCR was achieved by co-amplification of our RT reaction derived
from mammary tissue with different dilutions of leptin internal competitor in one
PCR reaction. Firstly, each 20 µl PCR reaction contained 3 µl of RT reaction and
1 µl of 10-fold dilutions of the internal competitor with the leptin specific
primer. The starting concentration of the competitor was 70 pg/µl. PCR thermal
cycling parameters were as described previously but for only 30 cycles to be sure
that we are in the exponential phase of PCR. Secondly and according to the re-
sult obtained with the 10-fold dilution of internal competitor a narrower range
(twofold dilution) of internal competitor concentration was used in new PCR re-
actions. PCR products were detected by electrophoresis on 1% agarose gel con-
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taining ethidium bromide and the location of the predicted products was con-
firmed by using 100-bp molecular ladder (Bio-Rad Laboratories) as a standard
size marker. The comparison between lactating and dry mammary leptin mRNA
was achieved by comparing the intensity of bands obtained with different com-
petitor dilutions.

In situ hybridisation

Paraffin embedded tissue was used to localise the mRNA transcripts for
Ob, Ob-Ra, and Ob-Rb genes within mammary epithelial cells of the dry and
lactating cows by DIG-labelled RNA probes using DIG RNA Labelling Kit
(Roche). The procedures were used according to the current protocols in mo-
lecular biology (Knoll and Lichter, 1995) and the non-radioactive in situ hybridi-
sation application manual (Roche). Deparaffinised and hydrated sections were
treated by 200 µl of 200 mM HCl for 10 min to denature the proteins, then
washed by DEPC water for 10 min. The sections were permeabilised for 30 min
with DEPC-treated PBS containing 10 µg/ml Rnase-free proteinase K (Boeh-
ringer M.), followed by post-fixation for 10 min at 4 °C with DEPC-treated PBS
containing 4% paraformaldehyde. The sections were washed by DEPC water and
overlaid with 30 µl of hybridisation buffer containing 10 ng of DIG-labelled
RNA probe and covered by 18 × 18 coverslip.

The hybridisation buffer consists of 50% formamide, 0.3 M NaCl, 10 mM
Tris/HCl (pH 8), 1 mM EDTA, 5 × Denhardt, 500 µl/ml yeast tRNA (Invitrogen
Life Technologies), 10% PEG (MW 6000, Fluka), 10 mM Vanadyl-
Ribonucleoside complex (BioLabs Inc.) and 100 µg/ml salmon testis DNA
(Sigma) which was denatured at 99 °C for 10 min before being added to the hy-
bridisation buffer. The slides were placed on hot plate at 94 °C for 4 min, then in-
cubated at 45 °C for 20 h.

Post-hybridisation slide processing included 2 × 10-min wash with
2 × saline sodium citrate (SSC) at room temperature, followed by 30-min incu-
bation with 20 µg/ml RNase A in 2 × SSC at 37 °C. The slides were then sub-
jected to 1 × SSC for 20 min at 37 °C and 2 × 15-min washes with 0.1 × SSC at
46 °C. Detection of hybridisation was achieved using DIG Nucleic Acid Detec-
tion Kit (Roche) according to the manufacturer’s instructions. Finally the sec-
tions were air-dried, mounted by Entellan (Merck) and photographed by light
microscopy.

Immunohistochemistry

Sections from dry and lactating mammary gland were used for immuno-
histochemistry using polyclonal rabbit anti-bovine leptin. After inactivation of
endogenous peroxidases the sections were placed in 0.01 mol/L citrate buffer
(pH 6) and heated in microwave (700 watt) for 10 min. The sections were
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blocked by TBS containing 5% bovine serum albumin for 1 h, then incubated
with rabbit anti-bovine leptin (1000× dilution in 1% bovine serum albumin,
BSA) at 4 °C overnight and for 1 h at room temperature. The sections were
washed with Tris-buffered saline (TBS) for 5 min and incubated with bi-
otinylated goat anti-rabbit IgG for 30 min at room temperature. The secondary
antibody was detected with Vectastain ABC kit (Vector Laboratories Inc.) and
the colour was developed using 3,3´-diaminobenzidine (DAB, Sigma).

Results

Partial cloning of Ob, Ob-Ra and Ob-Rb cDNA

RT-PCR analysis of total RNA from dry quiescent and lactating mammary
gland tissue of the non-pregnant cows revealed the presence of leptin mRNA in
these tissues. In addition, both the Ob-Ra and Ob-Rb mRNA were expressed in
the mammary gland (Fig. 1A). Southern blot hybridisation of RT-PCR products
revealed the specificity of the amplified products, which hybridised with specific
water buffalo DIG-labelled cDNA probes for Ob, Ob-Ra, and Ob-Rb (Fig. 1B).

Fig. 1. RT-PCR of leptin and leptin receptors. Panel A. Lanes 1 and 2: RT-PCR detection of Ob
mRNA; lanes 3 and 4: detection of Ob-Ra mRNA; lanes 5 and 6: detection of Ob-Rb mRNA in the

dry and lactating mammary gland tissue of non-pregnant cows. M is a 100-bp molecular ladder.
Panel B. Southern blot analysis of RT-PCR products using specific DIG-labelled cDNA probes in-
dicating the specificity of amplified fragments of leptin (Ob) and both short (Ob-Ra) and long (Ob-
Rb) isoforms of leptin receptor in the dry and lactating mammary gland tissue. Panel C. RT-PCR de-

tection of both short (1) and long (2) isoforms of leptin receptor in the adipose tissue of cow

A M 1 2 3 4 5 6 C M 1 2

B

Ob Ob-Ra Ob-Rb
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Competitive PCR

The comparison between lactating and dry mammary gland leptin mRNA
of non-pregnant cows did not show difference in the leptin mRNA level. Ten-
fold dilution of the internal competitor starting with 70 pg/µl concentration in the
first PCR tube was used to find the optimal dilution (Fig. 2A). Using a narrower
range of competitor concentration (2×  dilution) beginning from the second tube
in the first PCR which contained 7 pg/µl of the internal competitor revealed the
absence of clear difference. The band intensities of our target were similar to the
internal competitor intensity at the third tube which contained 1.75 pg/µl of the
internal competitor in both dry and lactating cows (Fig. 2B).

Fig. 2. Competitive PCR of mammary leptin for lactating and dry non-pregnant cows. Panel A re-
vealed the difficulty to compare between lactating and dry mammary gland leptin using 10-fold

dilution of cow leptin internal competitor starting with 70 pg/µl of the competitor in the first tube.
Panel B revealed the competitive PCR using 2-fold dilution of the internal competitor starting from
the second tube of panel A which contained 7 pg/µl of the internal competitor. The band intensities

of leptin target are similar to the competitor band intensities in the third tube in the lactating and
dry cows where the competitor concentration is 1.75 pg/µl

A Competitor concentration pg/µl Competitor concentration pg/µl

M 7 × 10
7 7 × 10

–1

7 × 10
–2

7 × 10
–3

7 × 10
–4

7 × 10
–5

7 × 10
–6

7 × 10
–7

7 × 10
–8

M 7 × 10
7 7 × 10

–1

7 × 10
–2

7 × 10
–3

7 × 10
–4

7 × 10
–5

7 × 10
–6

7 × 10
–7

7 × 10
–8

Lactating Dry

B Competitor concentration pg/µl

M 7 3.
5

1.
75

0.
87

0.
43 M 7 3.
5

1.
75

0.
87

0.
43

Lactating Dry
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Cellular localisation of leptin, and its receptors in mammary tissues

In situ hybridisation signals localising the mRNA transcripts of leptin and
its receptor isoforms were observed within the secretory alveolar epithelial cells
of the acini (pictures A, B and C in Figs 3 and 4). We could not demonstrate any
clear signals in cells surrounding the secretory acini; in other words we could not
localise mRNA transcripts of leptin and its receptors within the myoepithelial
cells. Due to the completely regressed mammary adipose tissue during lactation,
we could not observe clear signals for leptin or its receptor mRNA transcripts
within the stromal tissue between acini in the mammary gland of the lactating
cows (pictures A, B and C in Fig. 3). In the dry quiescent mammary gland the
stromal connective tissue which contained many fat cells, we could see in situ
hybridisation signals for leptin and it receptor between acini beside the signals
localised in the epithelial cells (pictures A, B and C in Fig. 4). The specificity of
Ob-Ra and Ob-Rb signals localised between acini of dry mammary gland was
confirmed by RT-PCR analysis for both short and long isoforms of leptin recep-
tor in the adipose tissue of the dry cow. The result showed the expression of both
isoforms in the adipose tissue (Fig. 1C). The specificity of in situ hybridisation
was demonstrated by using the sense riboprobes for each gene as negative con-
trols (picture D in Figs 3 and 4).

Although the detection of mRNA by in situ hybridisation is only
semiquantitative, a difference existing in the intensity of signals for Ob, Ob-Ra,
and Ob-Rb within the epithelial cell could be demonstrated between lactating
and dry cows. The expression of leptin and its receptor in the lactating mammary
gland epithelial cell seems to be higher than that of the dry quiescent mammary
gland epithelial cell.

Immunohistochemistry staining for leptin protein confirmed the result of
in situ hybridisation. The immunostaining was mainly localised in the epithelial
cells of the acini in the lactating tissue and mainly in epithelial cells in addition
to few signals in the stromal tissue of the dry mammary gland (Fig. 5A and B)

Discussion

In this article we report the first information about leptin localisation in the
mammary tissue of the dry and lactating non-pregnant cow. Using in situ hy-
bridisation and immunohistochemistry techniques we could demonstrate leptin
mRNA and protein in the alveolar epithelial cells in the dry and lactating mam-
mary gland in addition to stromal adipose cells in the dry mammary gland. This
observation about alveolar epithelial cell as a source of mammary leptin is in
agreement with the result reported in human breast tissue (Smith-Kirwin et al.,
1998), and with that in cultured bovine mammary epithelial cells using RT-PCR
(Smith and Sheffield, 2002).
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In this article we also report the expression and localisation of the long
and short isoforms of leptin receptor in the mammary gland in both dry and lac-
tating cows. This result is consistent with the result reported in sheep (Laud et
al., 1999) and in human breast cancer cells (Laud et al., 2002). We have also
demonstrated the expression of both Ob-Ra and Ob-Rb of leptin receptor in the
mammary gland tissue of Egyptian water buffalo and one-humped camel (un-
published data). Using RT-PCR, Silva et al. (2002) have reported in prepubertal
heifers that only Ob-Rb is expressed in the mammary gland tissue.

RT-PCR analysis for both isoforms of leptin receptor using total RNA of
adipose tissue indicates the expression of these isoforms of leptin receptor in the
adipose cell. This result coincides with previous reports in sheep adipose tissue
(Dyer et al., 1997), human white adipose tissue (Bornstein et al., 2000), and rat
fat (Machinal-Quelin et al., 2002).

During pregnancy the metabolism in the female changes and larger
amount of energy is required to sustain pregnancy and fetal growth and devel-
opment. To avoid the effect of pregnancy we selected the non-pregnant cow to
study the alteration of mammary leptin between dry and lactating animals. In the
current study competitive PCR could not show a clear difference in leptin mRNA
levels between dry and lactating mammary glands of non-pregnant cows. This
finding is in contrast with the observation reported in mice by Aoki et al. (1999)
who mentioned that throughout lactation the leptin expression in the mammary
gland was significantly lower than that of non-pregnant mice. Ovine mammary
leptin is high at the beginning and at the end of pregnancy and is low at mid-
pregnancy and throughout lactation (Bonnet et al., 2002).

Although in situ hybridisation is semiquantitative, in the current study the
signal intensity within the alveolar epithelial cell of lactating mammary gland
appeared to be higher than that of the dry one. Leptin expression and secretion
reflect the body fat mass (Maffei et al., 1995; Considine and Caro, 1997) and are
highly correlated with adipocyte size (Houseknecht et al., 1998). During lacta-
tion the mammary adipose tissue is completely regressed. Thus our study sug-
gests that the similarity of total leptin mRNA level between dry and lactating
mammary gland tissues of non-pregnant cows may be related mainly to the high
amount of adipose cells and large fat cell size in the dry mammary gland.

We demonstrated that the leptin is produced locally in the mammary
epithelial cells. This observation well coincides with previous data which show a
higher hormone concentration in the udder than in the circulation. Leptin con-
centration in the serum of cattle is normally between 5 to 10 ng/ml and increases
with body fatness (Ehrhardt et al., 2000), while the aqueous extract prepared
from mammary parenchymal tissue of prepubertal heifers contains about 10.4 to
12.1 ng of leptin in one gram of tissue (Silva et al., 2002). Leptin has a stimula-
tory effect on mammary epithelial cells as demonstrated in mouse cell lines
(Hovey et al., 1998), which emphasises the importance of local effects of leptin
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hormone. Leptin-deficient mice (ob/ob genotype) can be induced to become
pregnant after exogenous leptin treatment. These mice deliver normal litter but
stop lactating upon withdrawal of the exogenous leptin (Mounzih et al., 1998).
According to this, local leptin production might also be important in maintaining
lactation. Data of the literature and our present results demonstrate the possible
physiological importance of the locally produced leptin in the regulation and
maintenance of mammary epithelial cell activity.

In summary, we report here the expression and localisation of Ob, Ob-Ra,
and Ob-Rb in the mammary gland of the dry and lactating cow, as well as the
expression of Ob-Ra and Ob-Rb in cow adipose tissue. The competitive PCR re-
vealed similar leptin mRNA levels in the dry and lactating mammary gland of
non-pregnant cows.
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