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The milk of many mammalian species contains hormones and
growth factors in addition to nutrients and immuocompetent
substances. These factors can be absorbed into the circulation of
suckling neonates to exert important effects on metabolism and
promote tissue and organ growth. Frequently, there is uncertainty
as to whether such substances are gene products of the
mammary glands themselves or are produced elsewhere and
concentrated from the systemic circulation. The 6 kD polypeptide,
relaxin, appears in milk of several mammalian species, including
that of the rat, but proof of its source of secretion (corpus luteum
vs. mammary gland) is so far lacking. The specific monoclonal
anti-rat relaxin antibody MCA1 has previously been utilized
successfully to investigate many of relaxin’s actions in the rat,
including those affecting the development of the mammary
apparatus. In this report, MCA1 was utilized to aid in the
identification of the source of relaxin in rat milk. Treatment of
lactating rats with MCA1 completely neutralized the luteal relaxin
circulating in serum but did not decrease the concentration of
immunoactive relaxin secreted in milk. Moreover, the antibody did
not appear to reach the mammary epithelium. The evidence thus
supports the view that in the rat, the relaxin secreted in milk is
primarily a product of the mammary glands and not concentrated
from the systemic circulation. Exp Biol Med 234:562-565, 2009
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Introduction

The milk of several mammalian species contains, in
addition to nutrients and anti-infectious and immunocom-
petent substances, so-called “milk-borne trophic factors,”
including several peptide hormones: growth hormone (GH),
insulin, insulin like—growth factor I (IGF-I), epidermal
growth factor (EGF), prolactin, luteinizing hormone releas-
ing hormone (LHRH), leptin, and relaxin. These substances
can be absorbed into the circulation of neonates to exert
important effects on their metabolism and also promote
growth and differentiation of several organs and target
tissues (1-10).

In many instances it is uncertain whether the milk
hormones are gene products of the mammary glands
themselves or are produced elsewhere and concentrated
from the circulation (11). Relaxin is a case in point, having
been detected in human milk (12) and the milk of lactating
bitches (13), sows (10), and rats (14). In the human, there is
evidence of relaxin gene expression in mammary glands
(15), but proof linking gene expression to secretion of
relaxin in milk is so far lacking. In the dog (13) and pig (10),
there is good evidence that milk-borne relaxin is transmitted
to the neonates via suckling, and there is some evidence that
a relaxin gene is expressed in the canine mammary glands
(13). Although relaxin gene expression has been described
in the rat mammary gland by one group (16), another failed
to detect its expression in rat mammary tissues (11). Thus
the source of milk-borne relaxin in the rat is still uncertain.

The present study enlists the aid of the specific anti-rat
relaxin mouse monoclonal antibody MCAL to identify the
source of relaxin in rat milk. MCA1 has been utilized
successfully to investigate many of relaxin’s actions and
targets in the rat (e.g., 17-20). Of particular note was the
finding that treatment of pregnant rats with MCAI1
prevented lactation in rats and severely restricted nipple
growth (19, 20).
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Table 1. Immunoactive Relaxin Concentration in Milk
of MCA1-Treated and Control Lactating Rats
Relaxin,
Group N Treatment Sample ng/ml = SE
1 5 MCA15mg Breast milk 482 + 2.6
iv. x2d
2 5 mlgG 5 mg Breast milk 53.8 = 8.1
iv. x2d
1 5 MCA15mg Pup stomach 30014
i.v. X2d milk extract
2 5 migG 5 mg Pup stomach 320*+14
i.v. X2d milk extract

Accordingly, the objectives of the present experiment
were to determine: 1) if treatment of lactating rats with
MCAI1 prevented the appearance of immunoactive relaxin
in milk; 2) if MCA1 actually reached any relaxin-producing
cells in the rat mammary glands; and 3) if MCAl
neutralized the relaxin secreted by these cells.

Materials and Methods

Antirelaxin Antibody. Mouse monoclonal anti-rat
relaxin antibody MCA1, an antibody proven to neutralize
the actions of endogenous relaxin on the mammary glands
and other tissues in pregnant rats, was prepared in phosphate
buffered saline (PBS). Purified mouse IgG (Sigma Chemical
Co, St. Louis, MO) in PBS was used as a non-immune
control for MCAL1. The dose of MCALI injected was that
reported to markedly affect the mammary glands of rats (19,
20).

Experimental Procedure. The protocol was ap-
proved by the NYU Institutional Animal Care and Use
Committee (IACUC). Ten timed pregnant (mated when 50—
55 days old) Sprague-Dawley rats were purchased from
Charles River Breeding Laboratories and shipped to our
laboratory on the 17th day of gestation. The rats were
housed individually in plastic cages, fed Purina Lab Chow
and water ad Ilibitum in temperature- and humidity-
controlled quarters with a 12/12 hr light/dark cycle. On
days 1 and 2 after littering, the rats were injected i.v. (tail
vein) with either: 1) MCAI1, 5 mg in 0.5 ml phosphate
buffered saline (5 rats); or 2) purified mouse IgG, 5 mg in
0.5 ml of the same PBS vehicle (5 rats). On day 2 each litter
was reduced to an N of 5. Twenty-four hr later, under
restraint a blood sample (about 1 ml from the tail vein) and a
milk sample (from the nipple by syringe) were taken from
each of the lactating rats. The mothers and pups were then
euthanized by CO, inhalation, and one axillary and one
thoracic mammary gland was extirpated and fixed in 10%
neutral buffered formalin for determination of the presence
of antirelaxin antibody by immunohistochemistry. The
stomach contents of one pup from each litter were also
removed and assayed for relaxin in the RIA after
precipitating the milk proteins by acid extraction (0.IN

HCI) and neutralizing the extract with 0.1N NaOH (21).
Relaxin concentration in serum and milk was determined by
radioimmunoassay.

Analytical Methods. The rat relaxin RIA was
conducted exactly as described by Sherwood et al (22).
Samples of milk and serum were run in triplicate in 100 pl
volumes against a synthetic rat relaxin standard. Possible
binding of MCA1 to mammary gland cells was evaluated by
the Kaplan Comprehensive Cancer Center Experimental
Animal and Histopathology Shared Resource using an
avidin-biotin complex immunoperoxidase reaction after
exposing the tissue sections to biotin-labeled rabbit anti-
mouse IgG. Mammary gland tissue sections of rats treated
with non-immune mouse IgG served as controls.

In order to estimate the success of the neutralization of
circulating (ovarian source) relaxin, the following was
considered: the primary antiserum used in the rat relaxin
RIA (22) is a rabbit anti-rat polyclonal antiserum. After
addition of the '*’I-labeled rat relaxin tracer to the rat serum
samples, the rabbit anti-rat relaxin antiserum is added to
bind specifically all relaxin (endogenous plus trace) present
in the assay tube. This antigen-antibody complex is then
precipitated using a goat-anti-rabbit IgG second antibody.
The radioactivity in the precipitate is then determined, and
the amount of relaxin originally present in the sample is
calculated by the displacement of the '*I-labeled relaxin
(tracer = 100% bound in the absence of non-radioactive
relaxin). However, the serum of the MCAIl-treated rats
contained sufficient MCA1 mouse anti-rat antibody to bind
about 68% of the '*’I-labeled rat relaxin trace prior to
addition of the second antibody. As the second antibody
was specific for rabbit IgG, it did not precipitate the mouse
(MCA1)-bound radioactivity.

Results are presented as mean values * SEM.
Significance of differences was calculated by Student’s ¢
test with significance of differences set at P = 0.05.

Results and Discussion

Relaxin immunoactivity was detected in the milk of
lactating rats and in the stomachs of suckling pups. The
relaxin concentration in the breast milk and ingested milk
was similar in the rats treated with MCAl and in the
controls treated with the non-immune mIgG (Table 1).

Avidin-biotin immuno-peroxidase staining did not
reveal mouse IgG in any of the cells of the mammary
glands of the MCAI-treated or mIgG-treated lactating rats
(data not shown). Light immunostaining was occasionally
observed in blood vessels within and adjacent to the
mammary glands of MCA1-treated rats, consistent with the
presence of the antibody in the circulation. Therefore, it
appears that the MCA1 antibody does not reach the
mammary epithelium, in harmony with the previous report
that circulating MCA1 does not prevent relaxin from
binding to sites in the mammary epithelium (23). The
cellular location of specific LGR7 relaxin receptors in rat
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Table 2. Antirelaxin Activity in Serum of MCA1-Treated Lactating Rats*

Specific ?°-Relaxin binding

N Treatment Sample Observed in RIA % Bound by serum %
5 MCA1 5 mg i.v. X2da Serum (100 pl) 322 + 2.1 67.8%
5 mlgG 5 mg i.v. X2da Serum (100 pl) 947 £ 5.9 5.3°

2 125|_Relaxin bound by rat serum before precipitation with second antibody (P < 0.001).

b125|_Relaxin bound by rat serum before precipitation with second antibody (N.S.).

* A rabbit anti-rat relaxin polyclonal antiserum is the primary antibody used in the RIA. This is then precipitated using a goat-antirabbit IgG
second antibody. The serum of the MCA1-treated rats contained sufficient mouse anti-rat relaxin antibody to bind about 68% of the '2°|-labeled
rat relaxin trace prior to addition of the second antibody. However, as the second antibody was specific for rabbit IgG, it did not precipitate mouse

IgG (MCA1)-bound radioactivity.

mammary glands has not yet been described, but in LGR7
knockout mice, only the nipples appear to be affected; the
nipples fail to develop, but glandular development and milk
production are not markedly affected (24). Similarly, relaxin
deficient (KO) mice produce milk, but their nipples fail to
develop (25). Thus nipple maturation but not mammary
gland development and milk production appear to depend
upon relaxin and its receptors. A similar situation may exist
in the rat, as MCAI1 treatment resulted in failure of the
nipples to mature, but mammary glands were much less
affected by neutralization of relaxin (20).

In view of the foregoing, further studies are planned to
determine the site(s) of relaxin gene expression in the rat
mammary gland, incorporating both immuno-cytochemical
and real-time polymerase chain reaction technologies.

As noted above under “Materials and Methods,”
MCAI1 was detected in a serum concentration sufficient to
bind 68% of the iodine labeled relaxin in the RIA, indicating
antibody excess and therefore suggesting that all circulating
ovarian relaxin had been successfully neutralized (Table 2).
As MCAI1 treatment did not affect the concentration of
relaxin in the milk, the latter could not have been derived
from the circulation.

The foregoing evidence thus suggests that treatment of
rats with MCA1 may prevent ovarian relaxin from reaching
the mammary glands via the circulation but does not
interfere with relaxin secretion by the mammary glands. We
therefore conclude that the relaxin immuoactivity detected
in rat milk is primarily a product of the mammary glands
and not derived from circulating ovarian relaxin.

While it may be argued that Chen et al (11) did not find
evidence of relaxin gene expression in mammary glands of
rats on the tenth or twenty-first day of lactation, our study
was carried out on the first three days of lactation, when
relaxin concentrations were highest in milk. Also, Gunner-
sen et al (16) did find expression of the relaxin gene in rat
mammary glands in their studies.

Finally, the effects of milk-borne relaxin on develop-
ment of the suckling rat pups have not yet been investigated.
However, relaxin as a milk constituent has been reported to
play an important role in uterine and cervical development

in suckling piglets (26) and serves as the exemplary
hormone for the lactocrine hypothesis (27). Indeed, when
the distribution of relaxin receptors is considered, one may
further speculate that, in addition to effects on the
reproductive system, milk-borne relaxin conceivably could
play a significant role in early development of the
cardiovascular, genitourinary, and nervous systems (28).

The MCA1 monoclonal anti-rat relaxin antibody was kindly provided
by Dr. O.D. Sherwood of the University of Illinois, Urbana-Champaign.
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