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ABSTRACT. As gonadotropin-releasing hormone (GnRH) is expressed in the thymus, its direct
action on thymic cells, including thymic involution, has been suggested. Annexin A5 (ANXAS5),

a biomarker of GnRH, was used to determine whether GnRH affects the thymus of male rats.
Immunohistochemistry showed positive reactions for ANXA5 in large medullary epithelial cells
J. Vet. Med. Sci. at 30 days of age, and the expression continued until 180 days of age. Organ culture of thymus
84(5): 638-643, 2022 pieces was performed to examine the direct action of a GnRH agonist (GnRHa) on the expression
of Anxa5 and Gnrh mRNA. Thymus tissues obtained from male rats (40-60 days old) were cut
into small pieces (2-3 mm?3) and incubated for 3 hr with the GnRHa. The expression levels of
Anxa5 and Gnrh mRNA were augmented by the GnRHa. Immunohistochemistry of these tissue
fragments showed that ANXA5 expression was enhanced, especially in medullary epithelial cells.
These results revealed that GnRH synthesis in the thymus could affect thymic epithelial cells after
puberty.
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Gonadotropin-releasing hormone (GnRH) is a decapeptide neurohormone primarily synthesized in GnRH neurons in the
preoptic area and released at the median eminence of the hypothalamus [11, 17]. GnRH is transported to the anterior pituitary
gland by the pituitary portal vessel and affects gonadotropin secretion by gonadotropes. Although accumulating evidence on GnRH
suggests the significance of GnRH in reproduction, the non-reproductive functions of GnRH expressed in various peripheral tissues
are not known [6, 7, 14, 15, 21, 24, 25].

We previously found that the annexin family proteins annexin A5 and A1 (ANXAS and ANXAT1) are expressed in pituitary
gonadotropes, and their expression could be augmented by GnRH in rats [8, 10, 13]. Furthermore, ANXAS5 augments gonadotropin
secretion by enhancing the stimulatory action of GnRH on gonadotropin secretion [10]. These findings suggest that ANXAS
mediates GnRH activity in gonadotropes. In addition, we identified a relationship between GnRH and ANXAS in the corpus
luteum, Leydig cells, and mammary epithelial cells of rats [7, 15, 25]. Locally synthesized GnRH enhances ANXAS expression in
these tissues.

There have been reports of GnRH action on the thymus of mice [22, 23]. Specifically, GnRH modulates cell numbers and
cytokine synthesis in the thymus [22]. Although these reports suggest the physiological role of GnRH in the thymus, it is still
unclear whether thymic GnRH has physiological effects on thymic cells even though it is synthesized in the thymus [2, 6]. The
thymus is the site of T-cell maturation and involution, and tissue remodeling occurs after puberty [4, 16]. In the present study, we
examined the expression of ANXAS in the rat thymus and the effect of GnRH on thymic cells after puberty.

MATERIALS AND METHODS

Experimental animals

Male Wistar-Imamichi rats (0—180 days old) bred in our laboratory were used in this study. The rats were maintained in light- and
dark-controlled rooms (room temperature: 22 + 3°C, 14L:10D, lights on at 5:00 AM). Laboratory chow (CE-2; CLEA Japan, Tokyo,
Japan) and water were provided ad libitum. All animal experiments in this study were conducted in accordance with the Guidelines
for Animal Experiments and the Animal Management Manual of the School of Veterinary Medicine, Kitasato University.
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Histological observation

Five male rats aged 0, 30, 60, 90, and 180 days were euthanized by cervical dislocation under anesthesia. The body and thymus
weights were measured. The thymus was quickly removed and immediately immersed in 4% paraformaldehyde. Thymus samples
were shaken overnight at 4°C and rinsed with phosphate-buffered saline overnight. Fixed tissues were dehydrated by immersion
in a series of ethanol and xylene solutions and embedded in paraffin. Sections of 4 pm thickness were prepared. Anti-annexin A5
(MS-2, x5,000) was used as the primary antibody (PRID: AB_2827744; https://antibodyregistry.org/AB_2827744). We obtained
the antibody from rabbit serum and used it for immunohistochemistry and western blotting [15, 19]. InPRESS REAGENT (anti-
rabbit IgG) (Vector Laboratories, Funakoshi, Tokyo, Japan) was used for signal detection. The diaminobenzidine substrate solution
(Roche, Basel, Switzerland) was added dropwise to the tissue sections. The reaction was carried out at room temperature, and the
degree of coloration was observed under a microscope. The color reaction was stopped with distilled water, followed by immersion
in hematoxylin solution for approximately 1 min and rinsing with tap water. The specimens were dehydrated and mounted with a
sealant (M-X) (Matsunami Glass, Osaka, Japan).

Quantitative reverse transcription PCR (qRT-PCR)

Thymus samples were immersed in 0.8 ml of TRIzol (Invitrogen, Carlsbad, CA, USA), homogenized with an Eppendorf plastic
pestle, and stored at —80°C until RNA extraction. Total RNA for qRT-PCR was extracted according to the manufacturer’s protocol.
RNA samples were reverse-transcribed to cDNA using the High-Capacity cDNA Archive Kit (Applied Biosystems, Foster City,
CA, USA).

The expression levels of Anxa5 and Gnrh mRNA were measured by qRT-PCR. rRNA was measured as an internal standard
using TagMan Ribosomal RNA Control Reagents (VICTM Prob, Applied Biosystems). To obtain the RNA calibration curve, Anxa5
and Gnrh cDNA samples were used. Gnrh mRNA was measured with SYBR Green (Applied Biosystems). cDNA samples were
prepared at 10 ng/ul for Anxa5 and Gnrh mRNA quantification and 20 pg/ul for rRNA quantification. All samples were run in
duplicate.

For Anxa5 mRNA quantification, primers specific to the Anxa5 sequence (sense primer 5'-AAGTTCTTCGGAAGGCCATG-3’,
antisense primer 5'-CTCAGCAATCTGCTGGCG-3') and TagMan probe (5'-FAM CGACGAGGACAGCATCCTGAACCTGTT
TAMRA-3") were used. For rRNA quantification, the primers and probes included in TagMan Ribosomal RNA Control Reagents
(Applied Biosystems) were added to TagqMan Universal PCR Master Mix Reagent. Primers specific to the Gnrh sequence (sense
primer 5'-GGCAAGGAGGAGGATCAAA-3'" and antisense primer 5'-CCAGTGCATTCATCTTCTTCTG-3") were added to SYBR
Green Master Mix Reagent.

As an internal standard, the rRNA expression level of each sample was measured and standardized by dividing with the
measured values of Anxa5 and Gnrh mRNA. The experimental results are expressed as mRNA levels relative to the measured
values of the control group.

Organ culture of thymus tissue

Two to three male rats (40—60 days old) were used for tissue collection. The thymus was aseptically removed from decapitated
rats and immediately immersed in Dulbecco’s modified Eagle’s medium (DMEM) (Invitrogen). Then, the thymus was cut into
blocks of approximately 2-3 mm?. A few pieces were randomly selected, transferred to 35 mm dishes with DMEM supplemented
with FCS alone or 10° M GnRHa (Des-Gly10 [Pro9]-GnRH ethylamide; Intervet K.K., Tokyo, Japan), and cultured for 3 hr at
37°C with 5% CO, and 40% O,. The tissue pieces were subjected to RNA extraction and immunohistochemistry.

Statistical analysis

Multiple comparisons of the means were performed using the Bonferroni test, and the statistical significance was set at P<0.05.
Student’s #-test was used for the comparison of two groups, and the significance level was P<0.05.

RESULTS

Immunohistochemistry of ANXAS in rat thymus tissue

The expression of ANXAS in the thymus of rats aged 0-180 days was examined by immunohistochemistry using an anti-
ANXAS antibody (Fig. 1A and 1B). Positive reactions were noted in the cortex on day 0. From 30 days of age, both the medulla
(red arrows) and cortex (black arrows) showed positive reactions. Quantitative analysis was not performed; nevertheless, the
expression seemed to increase with age, especially in the medulla. A high magnification of thymic medullary tissues from 30 to 180
days of age showed positive reactions in large medullary epithelial cells and structures that may be Hassal corpuscles (Fig. 1B, blue
arrowheads). Similarly, the staining of positive cells appeared to increase with age.

Changes in body and thymus weights with age

The body and thymus weights of male rats were measured daily. The body weight increased over time during the observation
period until 180 days of age (Fig. 2A). The thymus weight peaked at 60 days of age and decreased at 90 days of age (Fig. 2B).
Both the body and thymus weights were considerably low on day 0.
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Fig. 1. Immunohistochemistry of annexin AS (ANXA5) in rat thymus tissue. The expression of ANXAS in the thymus of rats aged 0180 days was
examined by immunohistochemistry using an anti-ANXAS antibody. (A) Thymus tissues showing the cortex and medulla. Intense immunoreac-
tions in the cortex and medulla are indicated by the red and black arrows, respectively. (B) Enlarged medulla. Blue arrowheads indicate epithelial
cells stained for ANXAS. Blue arrowheads indicate Hassal corpuscle-like structures.
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Fig. 2. Changes in the thymus weight. The body and thymus
weights of male rats were measured at 0, 30, 60, and 180
days of age. The (A) body weight, and (B) thymus weight.
Different letters indicate a statistical difference at P<0.05.

Changes in thymic Anxa5 and Gnrh mRNA in the organ culture of
thymus tissue

To investigate the direct action of a GnRHa on the thymus, organ
culture of thymus tissue pieces was performed. In addition to Anxa5
mRNA, we measured Gnrh mRNA considering that GnRH could
stimulate its own expression [15]. The expression levels of thymic
Anxa5 and Gnrh mRNA were measured by qRT-PCR, and both Anxa5
and Gnrh mRNA levels were significantly increased with GnRHa
treatment (P<0.05, Fig. 3A, 3B).

The expression of ANXAS in the thymus was examined by
immunohistochemistry after GnRHa treatment. ANXAS expression
in the medulla of the thymus was enhanced after incubation with the
GnRHa (Fig. 4). Representative positive reactions are indicated by the
arrowheads.

DISCUSSION

The expression and distribution of ANXAS in the thymus changed
with age, and both the cortex and medulla of the thymus showed
positive reactions after 30 days of age. The intensity of the staining in
the medulla was particularly pronounced after 60 days of age. Positive
reactions for ANXAS were observed in large epithelial-like cells.

ANXAS is a member of the annexin family of proteins, which
is characterized by calcium-dependent phospholipid biding [12].
Annexins consist of four repeats of approximately 60 amino acids
(eight repeats for ANXAG6) [5]. Twelve annexins have been identified
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Fig. 3. Changes in thymic Anxa5 and Gnrh mRNA after gonadotropin releasing hormone agonist (GnRHa)
treatment in the organ culture of thymus tissue. Thymus tissues from male rats (40—60 days old) were cut
into 2-3 mm? blocks and incubated with 10 M GnRHa for 3 hr at 37°C with 5% CO, and 40% O,. The
expression levels of thymic (A) Anxa5 and (B) Gnrh mRNA were measured by qRT-PCR. Asterisks indicate
a significant difference (P<0.05).
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Fig. 4. Immunohistochemistry of annexin A5 (ANXAS) in cultured thymus tissue. (A and C) Control. (B and D)
gonadotropin releasing hormone agonist (GnRHa)-treated tissues. Black arrowheads indicate intense staining.

in mammals. ANXAS is a relatively well-studied annexin and is characterized by a high affinity for phosphatidylserine [18, 20].
We previously found that ANXAS is expressed in pituitary gonadotropes, and GnRH stimulates ANXAS expression [9, 10].
Furthermore, previous studies revealed that GnRH could augment ANXAS expression in luteal cells, Leydig cells, and mammary
epithelial cells in rats [7, 15, 25]. The studies demonstrated that locally expressed GnRH could affect these cells.

The thymus weight peaked at 60 days of age, after which it rapidly decreased, which is consistent with previous findings [3].
The ratio of thymus weight to body weight reached a maximum at 30 days of age and decreased rapidly thereafter. These results
indicated that the increase in ANXAS staining in the medulla occurred in parallel with the involution of the thymus. The reduction
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in the thymus weight appeared to be related to the presence of ANXAS. As the expression of ANXAS could be affected by locally
expressed GnRH, GnRH may have specific functions in the tissue, and the action of GnRH may increase with age. Therefore,
GnRH may be involved in thymic involution after puberty. We previously reported that GnRH could stimulate the expression

of ANXAS and apoptosis in regressing luteal cells and involuting mammary epithelial cells [7, 15]. Augmentation of ANXAS
expression in the thymus is hypothesized to be involved in thymic involution.

The thymic function of GnRH in vivo has been demonstrated in previous studies, in which a GnRHa was administered
systemically (intraperitoneally or subcutaneously) [22, 23]. In the present study, we used organ culture to show that a GnRHa
could act directly on the thymus, as demonstrated by the increased level of 4nxa5 mRNA following GnRHa administration.
Immunohistochemical analysis of the thymus after culture showed that ANXAS expression was increased in the medulla of the
GnRHa-treated thymus, indicating the existence of an auto-amplification mechanism by which GnRH induces GnRH, thereby
increasing ANXAS in the thymus. However, the functions of the thymus regulated by autocrine or paracrine mechanisms remain to
be elucidated.

GnRH is expressed in the hypothalamus and various other tissues [6, 7, 14, 15, 21, 24, 25]. Although the function of GnRH in
these tissues is of interest, it is not well understood. Considering that GnRH has been reported to affect cell proliferation in some
studies [1, 14], GnRH and ANXAS may be involved in lymphocyte proliferation and differentiation in the thymus. Elucidation of
the physiological functions of GnRH receptors in the thymus would be useful for analyzing their functions in other tissues.

In conclusion, the present study demonstrated that ANXAS expression was enhanced in the thymus after puberty, especially in
medullary epithelial cells, and that the thymus weight decreased rapidly at this time. As the expression of GnRH was found to be
stimulated by GnRH itself in the thymus, GnRH is proposed as a novel local regulator of the thymus.
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