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Abstract—The effect of endogenous luteinizing hormone-releasing hormone (LHRH) on the proliferation induced by con-
canavalin A (Con A) in rat fetal thymocytes was studied. A selective antagonist (2 pg per fetus) or antibodies to LHRH (20 ul
per fetus) were injected in utero into 20-day-old rat fetuses, and this resulted in a two- or fivefold decrease in the Con A-
induced proliferation of thymocytes, respectively. In combined culture of the antagonist (107>-10~° M) with fetal thymo-
cytes, the proliferative response was not decreased. The concentration of LHRH was determined by radioimmunoassay in
tissues of immunocompetent organs and in blood serum of 18- and 21-day-old fetuses, and the hormone was found in the
hypothalamus, thymus, and peripheral blood. The initially low level of LHRH in the thymus increased by 65 and 40%,
respectively, on the first day after birth and became similar to the level in the hypothalamus. In the fetal blood serum, the
LHRH Ilevel was significantly higher than in the thymus and hypothalamus of fetuses of the same age. The hormone con-
centration was greatest in the 18-day-old fetuses, and it decreased twofold by the 21st day. The findings indicate that LHRH

is involved in regulation of T-cell immunity even during prenatal ontogenesis.
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Experimental data have recently appeared indicat-
ing that LHRH is involved in the differentiation of lym-
phocytes and regulation of humoral and cellular immu-
nity in man and animals during postnatal ontogenesis
[1-3]. In addition to the hypothalamus—hypophysis sys-
tem, LHRH and its receptors are also synthesized in the
immune system tissues such as thymus, spleen, and
peripheral blood lymphocytes [4-8]. Therefore, LHRH
is suggested to have not only a central effect but to be
also involved in autocrine or paracrine regulation of the
immune response. However, there are virtually no data
on the role of LHRH in the development of immunity
during prenatal ontogenesis. We have shown earlier that
the systemic injection of LHRH into hypothalamec-

Abbreviations: LHRH) luteinizing hormone-releasing hor-
mone; Con A) concanavalin A; anta-LHRH) antagonist [D-
pGlu-D-Phe-D-Trp-Ser-Tyr-D-Trp-Leu-Arg-Pro-Gly-NH,];
PBS) phosphate-buffered saline.

* To whom correspondence should be addressed.

tomized in utero rat fetuses restored the suppressed
mitogen-induced proliferation of the thymocytes [9,
10].

This work was designed to study the effect of an
antagonist of LHRH receptors and of antibodies to
LHRH on thymocyte proliferation induced by con-
canavalin A and also to determine the level of this hor-
mone in the thymus, liver, hypothalamus, and blood
serum of rat fetuses.

MATERIALS AND METHODS

Pregnant Wistar rats were used. The pregnant rats
were maintained under standard conditions with con-
trolled illumination from 5 am to 7 pm. Twenty-day-old
pregnancy fetuses from one uterine horn were injected
intraperitoneally with rabbit antibodies to LHRH
(Sigma, USA, catalog No. L 8391). The lyophilized high-
ly specific rabbit antiserum was diluted with 0.5 ml of
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0.9% NaCl solution and injected in a volume of 20 ul.
Fetuses from the other uterine horn were concurrently
injected with 20 ul of 0.9% NacCl solution or with normal
rabbit serum. Moreover, a highly specific antiserum was
used that was prepared in the Laboratory of Endocrine
System Physiology (Endocrinology Research Center,
Russian Academy of Medical Sciences) by immunization
of rats with a conjugate of LHRH (Sigma) with bovine
serum albumin (BSA, Sigma) [11]. The antiserum at final
dilution 1 : 10,000 provided high-specificity radioim-
munoassay. In some experiments, 20-day-old fetuses
from one uterine horn were injected intraperitoneally
with the selective antagonist [D-pGlu-D-Phe-D-Trp-
Ser-Tyr-D-Trp-Leu-Arg-Pro-Gly-NH,] (anta-LHRH,
Sigma) at the dose 2 or 20 ug per fetus in 20 ul of 0.9%
NaCl solution, and fetuses of the other horn were inject-
ed with 20 ul of the solvent. Every experimental and con-
trol group included 5-8 fetuses from at least two pregnant
rats.

The LHRH level was determined in tissues of thy-
mus, liver, and hypothalamus and also in blood serum of
18- and 21-day-old fetuses, 3-day-old rat pups, and of the
pregnant females at the corresponding times. The fetuses
were isolated from the uterus under pentobarbital anes-
thesia. After differentiating by sex, the thymus, liver, and
hypothalamus including the anterior and mediobasal
parts were isolated (for every determination, material
from 4-5 fetuses were combined per sample), homoge-
nized with 10 volumes of 0.2 M CH,COOH, heated for
10 min in a water bath at 100°C, then cooled to 0°C, and
the supernatant was separated by centrifugation for 15 min
at 1000g. Blood was collected from 18- and 21-day-old
fetuses (samples from 6-8 fetuses were combined), from
3-day-old rat pups (samples from 2-3 animals were com-
bined), and from the pregnant females. The serum was
separated by centrifugation (30 min at 400g) after the
clotting of the blood. The resulting supernatant and blood
serum were frozen with liquid nitrogen and stored at
-70°C.

The level of LHRH in the tissues and blood serum
was determined by a slightly modified [11] radioim-
munoassay using double antibodies [12]. Plastic tubes
were supplemented successively with: 200 pl of 0.01 M
phosphate-buffered saline (PBS) containing 1% BSA and
0.1% Triton X-100 (pH 7.4), 100 pl of rabbit antibodies to
LHRH diluted with PBS containing 3% normal rabbit
serum (to assess the nonspecific binding, the antibodies
to LHRH were not introduced), 100 ul of synthetic
LHRH (Sigma) at varied concentrations (from 1.8 to
1000 pg per tube), or the supernatant from the rat tissues
or the rat blood serum. The reagents were mixed, incu-
bated for 16 h at 4°C, then '*’I-labeled LHRH was added
into all tubes and the incubation was continued for 24 h at
4°C. To separate the bound LHRH from the unbound
hormone, 100 ul of sheep antibodies to rabbit y-globulin
(Gamaleya Institute of Experimental Medicine,
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Moscow) pre-diluted tenfold with PBS and 500 ul of 6%
polyethylene glycol 6000 (Ferak, Germany) were added
into all tubes, and the tubes were centrifuged at 1500g for
20 min at 4°C.

LHRH was labeled with Na'?’I using iodogen (Serva,
Germany) [13]. Chloroform (80 pl) with 3 pg iodogen
was added into glass tubes, then evaporated under nitro-
gen until the chloroform was removed completely, and
then the tubes were supplemented with Na'?I (0.5 mCi),
25 ul of 0.05 M PBS (pH 7.4), and 5 ul of LHRH (Sigma)
solution in 0.01 M CH;COOH (1 pg/ul). The mixture was
incubated for 10 min at 0°C, placed onto a column (1 x
12 cm) with Sephadex G-25 fine (Pharmacia, Sweden)
equilibrated with 0.01 M CH,COOH containing 0.1%
BSA, and eluted with the same solution. The specific
radioactivity of the labeled peptide was 160-200 uCi/ug,
consistent with the literature data [14]. The radioactivity
of samples was determined with a y-spectrometer (Searle,
The Netherlands) with a counting efficiency of 90%.
Variation coefficients within and between the experi-
ments were 7 and 15%, respectively.

Functional activity of the T-system of immunity in
21- and 22-day-old rat fetuses was assessed by the thymo-
cyte proliferation induced in vitro by Con A (2.5 pg/ml).
The fetal thymocytes (2:10° cells/well in 200 pl of medi-
um) were incubated in 96-well plastic plates (Costar,
USA) in the RPMI-1640 medium (Serva) with 10%
bovine serum (Gibco, Great Britain), 2 mM L-glutamine
(ICN, Great Britain), 10 mM HEPES (Serva), and gen-
tamicin (50 pg/ml, Gibco) for 72 h in the presence of 5%
CO, at 37°C. For the last 18 h of the incubation,
[*H]thymidine (60 Ci/mmole, Amersham, Great Britain)
was added at 0.5 uCi per well. In some in vifro experi-
ments, the Con A-activated thymocytes were supple-
mented with LHRH at the doses 107 and 107 M at the
start of incubation. Five wells were used for every experi-
mental point. The cell viability tested with Trypan Blue
was higher than 95%.

The data were processed using Student’s 7-test.

RESULTS

Anta-LHRH was injected in utero into 20-day-old
rat fetuses, and its effect on the proliferation of Con A-
activated thymocytes was determined 48 h later. Anta-
LHRH (2 and 20 pg per fetus) caused a 40-50% decrease
in the thymocyte proliferation compared to the control
fetuses injected with 0.9% NaCl solution (Fig. 1). Anta-
LHRH had no effect on proliferation of thymocytes that
were not activated with Con A (Fig. 1).

The Con A-induced proliferative response in the cul-
ture of thymocytes of 22-day-old fetuses did not decrease
in the presence of anta-LHRH (10~ and 107° M) (Fig. 2).

In a series of experiments, the effect of anta-LHRH
on the Con A-induced thymocyte proliferation was stud-
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Fig. 1. The in vivo effect of LHRH antagonist on Con A-
induced thymocyte proliferation of rat fetuses. The antagonist
was injected in utero into 20-day-old fetuses in one uterine
horn at the dose 2 pg/fetus (1) or 20 pg/fetus (2) in 20 ul of
0.9% NaCl solution, and fetuses in the other horn were inject-
ed with 20 ul of 0.9% NaCl solution. The proliferative activity
of the thymocytes was assessed on the 22nd day of prenatal
development. The thymocytes were incubated for 72 h; for the
last 18 h they were cultured in the presence of [*H]thymidine
(60 Ci/mmole) added at 0.5 uCi/well. The results are present-
ed as the means * the standard error (n = 5), * p < 0.05
(Student’s r-test).

ied in males and females. The proliferation in males and
females was virtually the same in both the control (19,900 +
2,100 and 20,000 = 2,400 cpm, respectively, » = 15) and
after the injection of fetuses with anta-LHRH (12,100 =
1,500 and 11,800 £ 1,200 cpm).

The in utero injection of antibodies to LHRH (20 pl
per fetus) into the 20-day-old rat fetuses also decreased
the proliferation of thymocytes induced by Con A com-
pared to the control fetuses injected with the solvent or
with normal rabbit serum (Fig. 3). Twenty-four hours
after the injection of the antibodies (on the 21st day of
prenatal development), the proliferative immune
response was suppressed fivefold, whereas on the 22nd
day the suppression was twofold, and this is suggested to
be due to a decrease in the amount of the antibodies by
the later time.

The presence of LHRH was detected by radioim-
munoassay in the thymus of rat fetuses. During the first
days after birth, the hormone content in the thymus was
increased about 65 and about 40% compared to the 18-
and 21-day-old fetuses, respectively (table). The concen-
tration of LHRH in the fetal thymus was 30-35% lower
than in the hypothalamus and reached the same level in
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Fig. 2. The in vitro effect of LHRH antagonist (anta-LHRH)
on the Con A-induced thymocyte proliferation of rat fetuses.
The proliferative activity of the thymocytes was assessed on the
22nd day of prenatal development. LHRH antagonist was
added at the doses 10~ and 10™°M to the Con A-activated thy-
mocytes at the start of incubation. The results are presented as
the means * the standard error (n = 3).
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Fig. 3. Effect of antibodies to LHRH on thymocyte prolifera-
tion induced by Con A in rat fetuses. Rabbit antibodies to
LHRH in 20 pl of 0.9% NacCl solution were injected in utero
into the 20-day-old fetuses in one uterine horn. Concurrently,
the fetuses of the other horn were injected with 20 pl of 0.9%
NacCl solution or with normal rabbit serum. The proliferative
activity of the thymocytes was assessed on the 21st (E 21) and
on the 22nd (E 22) days of prenatal development. The results
are presented as means * standard error (n = 8), * p < 0.01.
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Concentration of LHRH (pg/ug protein) in the thymus, liver, and hypothalamus of rat fetuses and newborn rats

Thymus Liver Hypothalamus
Age
males females males females males females
18-day-old fetuses 0.36 £0.08 0.28 £0.04 0.05 £0.01 0.05 £ 0.009 0.55+£0.08 | 0.48 £0.08
n=>5 n=>5 n=4 n=4 n=>5 n=4
21-day-old fetuses 0.58 £0.05 0.6 £0.05 0.05 £0.02 0.05 £ 0.006 0.81 £0.08 0.96 £0.1
*n=4 *n=14 n=4 n=>3 *n=>5 *n=35
3rd day after birth 0.96 £ 0.1 0.87 £ 0.1 0.06 £0.004 | 0.06 £ 0.003 1.02 £0.12 | 0.99 £0.15
ok = 4 ok = 4 n=4 n=4 *kpy =4 **p=25

Note: Results are presented as means + standard error.
* p <0.05 compared to 18-day-old fetuses.
** p<0.01 compared to 18-day-old fetuses.
*E p < 0.005 compared to 21-day-old fetuses.

the newborn rats. The LHRH contents in the studied tis-
sues were similar in males and females. In the liver of
fetuses and newborn rats, LHRH was virtually not found
(table).

A significant content of LHRH was also found in
blood serum of fetuses compared to its content in the thy-
mus and hypothalamus of the same fetuses and to the
blood serum of their mothers (Fig. 4). The highest con-
centration of LHRH was found in the 18-day-old fetuses;

20 -
[_1fetuses, rat pups
B pregnant females
15
€
E_» 10 T_ «
T
S *k
s sk
o L RX%?

E 21 3 days

Fig. 4. Concentration of LHRH (pg/ml) in blood serum of
fetuses and of newborn rats. The concentration of LHRH was
determined on the 18th (E 18, n = 15) and on the 21st (E 21,
n = 7) prenatal day, on the 3rd day after birth (n = 5), and in
females on the 18th and on the 21th days of pregnancy (n = 15
and n = 7, respectively). The results are presented as means *
standard error; * p < 0.05 compared to 18-day-old fetuses.

then it decreased about twofold in the 21-day-old fetuses
and after birth.

DISCUSSION

The in utero injection of anta-LHRH and of anti-
bodies to LHRH into 20-day-old rat fetuses suppressed
the Con A-activated proliferation of thymocytes (Figs. 1
and 3). These data are consistent with our earlier findings
that encephaloectomy of fetuses in utero also suppressed
by 30-40% the proliferative immune response of thymo-
cytes, whereas the injection of LHRH both in vivo and in
vitro restored it completely [10].

LHRH seems to be involved in the formation of the
immune system during early stages of its development.
Thus, the injection of anta-LHRH into monkeys within
the first days after birth decreased the numbers of mature
T- and B-lymphocytes in the thymus and spleen [15] and
also the number of circulating lymphocytes that were
observed up to 5 years of age [16].

High doses of LHRH suppressed the differentiation
of precursors of T- and B-lymphocytes in the primary
lymphoid tissues, and this resulted in their decreased
numbers in the secondary lymphoid tissues [2].

Some direct and indirect mechanisms of the effect of
LHRH on the immune system are suggested. The hor-
mone is suggested to interact with specific receptors on
the thymus epithelial cells that should induce them to
produce thymic peptides involved in the maturation of T-
lymphocytes [3]. LHRH can also interact immediately
with receptors located on lymphocytes [1, 4, 17, 18] and
regulate their level [7]. Moreover, LHRH seems to be
involved in lymphocyte activation and induce the expres-
sion of receptors to interleukin-2 (IL-2) [19]. LHRH and
its agonists were recently shown to stimulate a dose-
dependent synthesis of mRNA of IL-2 y-chain [8] and
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also the synthesis of y-interferon, which is responsible for
induction of IL-2 production in human peripheral blood
lymphocytes [20].

It is known that LHRH is synthesized in the hypothal-
amus of rat fetuses even during early stages of development.
Its level is increased by birth but remains relatively low [21].
According to our findings, a small amount of LHRH is also
synthesized in the fetal thymus (table). LHRH synthesis in
human and animal lymphocytes suggests the involvement
of this hormone in the autocrine or paracrine regulation of
the immune response. The leukemic cell line Jurkat similar
in phenotype to human T-lymphocytes was shown to
express mMRNA of LHRH and to secrete LHRH and its pre-
cursor into the culture medium [5]. The proliferative activ-
ity of this cell line was increased by both endogenous and
exogenous hormone, while the addition of anta-LHRH
suppressed the cell proliferation.

It seems that LHRH from the fetal peripheral blood
(its source is now under study) is also involved in the reg-
ulation of the proliferative immune response. We have
shown that the content of LHRH in the blood of fetuses
was significantly higher than in the thymus, hypothala-
mus, and blood serum of their mothers (table, Fig. 4).
The highest blood level of LHRH in the 18-day-old fetus-
es is concurrent with the period of lymphocyte matura-
tion in the immunocompetent organs [22]. However, the
immunomodulating effect of LHRH within prenatal
development is suggested to occur via the interaction
between the immune and the hypothalamus—hypophysis
systems. Marchetti suggested [23] that LHRH is a pri-
mary signal molecule in neuroendocrine-immune inter-
action. We have shown that, unlike the injection of anta-
LHRH into fetuses, its presence in a culture of thymo-
cytes for 3 days had no effect on the Con A-induced pro-
liferation (Fig. 2). Moreover, in the case of simultaneous
extirpation of the hypothalamus and hypophysis, the
injection of exogenous LHRH partially restored the sup-
pressed mitogen-dependent proliferation of thymocytes
[10]. It is also likely that sex hormones, especially estro-
gens, after interaction with specific receptors, concur-
rently modulate the synthesis of thymulin and LHRH in
the thymus and hypothalamus of rat fetuses [6, 24].

Thus, various mechanisms are suggested to be involved
in the effect of LHRH on the immune system, and we are
continuing our studies in this area. In summary, our find-
ings suggest that LHRH is involved into the development of
T-cell immunity during prenatal ontogenesis.
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