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Abstract: Background: Degarelix is a long-acting gonadotropin-releasing hormone (GnRH) antagonist that suppress-
es gonadotropin and sex steroid secretion via competitive blockade of the GnRH receptor (GnRHR). Although its 
systemic endocrine effects have been clearly identified, its direct effects on non-pituitary-derived cells, as well as 
the roles of sex and context-dependent pharmacological properties, remain largely unexplored. Methods: Degarelix 
was profiled in vitro (HEK293T, CHO‑K1 cells) and in vivo (male and female New Zealand rabbits). Cell viability was 
measured using a cell counting kit-8 (CCK-8) assay. Serum follicle-stimulating hormone (FSH), luteinizing hormone 
(LH), estradiol (E2, in females), and testosterone (T, in males) were quantified by enzyme-linked immunosorbent as-
say (ELISA). Transcript levels were assessed by quantitative polymerase chain reaction (qPCR), and GnRHR protein 
abundance and localization were evaluated in hypothalamic-pituitary-gonadal (HPG) tissues using Western blot 
and immunohistochemistry (IHC). Results: In vitro, degarelix exerted direct, time-dependent, and concentration-
dependent effects on the viability of non-pituitary-derived cells (P < 0.05), with differential responses observed 
between HEK293T and CHO-K1 cell lines. In vivo, degarelix induced a biphasic, sex-dependent endocrine response, 
characterized by a transient elevation (days 1-7) followed by sustained suppression (days 10-28) of gonadotropins 
and sex steroids, without affecting body weight (P > 0.05). qPCR revealed tissue- and sex-specific transcriptional 
changes, including upregulation of pituitary follicle-stimulating hormone beta subunit (FSHβ) mRNA in male rabbits 
and downregulation of hypothalamic GnRHR mRNA in female rabbits. Notably, Western blot and IHC analyses indi-
cated that these mRNA alterations were not accompanied by significant changes in GnRHR protein abundance or 
localization. Conclusion: This study systematically demonstrates that degarelix exhibits concentration-dependent, 
sexually dimorphic, and tissue-specific effects in the regulation of reproductive endocrine functions, as well as 
direct actions on non-pituitary cells. Furthermore, its direct regulation of non-pituitary cells does not depend on 
changes in GnRHR protein abundance. These findings provide insight into the mechanisms underlying the antago-
nistic effects of GnRH and lay a theoretical foundation for the personalized application of degarelix in both experi-
mental and clinical settings.

Keywords: GnRH antagonist, degarelix, reproductive endocrinology, cell viability, sex difference

Introduction

The gonadotropin-releasing hormone receptor 
(GnRHR), a class A G protein-coupled receptor 
(GPCR), functions as a core regulatory com- 

ponent of the hypothalamic-pituitary-gonadal 
(HPG) axis due to its specific expression in pitu-
itary gonadotropes [1, 2]. By precisely govern-
ing the secretion of luteinizing hormone (LH) 
and follicle-stimulating hormone (FSH), this 
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receptor plays a pivotal role in maintaining 
reproductive endocrine homeostasis, making it 
a critical therapeutic target for related disor-
ders [3-6]. The long-acting GnRH antagonist 
degarelix competitively blocks pituitary GnRHR 
[7-9]. This action rapidly and potently suppress-
es gonadotropin secretion and subsequent sex 
hormone levels while effectively circumventing 
the “flare phenomenon” associated with GnRH 
agonists. Consequently, degarelix has been 
established as a first-line clinical agent for hor-
mone-dependent diseases such as prostate 
cancer [10, 11].

Although the systemic endocrine suppression 
and clinical safety profile of Degarelix are well 
established [12], several important questions 
remain. First, the direct effects on non-target 
cells and the underlying mechanisms remain 
unclear. Current research predominantly focus-
es on its indirect systemic actions via the HPG 
axis, particularly in specific hormone-related 
cancer models such as prostate LNCaP or 
breast cancer cells [13, 14]. In contrast, the 
functional expression of GnRHR in various 
extrapituitary tissues - including commonly 
used non-cancerous cell models such as 
HEK293T and CHO-K1 - and its potential to 
mediate direct cellular effects have been rela-
tively neglected. Whether such effects are 
GnRHR-dependent also remains ambiguous. 
Second, the sex-dependent dimorphism of its 
efficacy has not yet been defined. Given the 
well-recognized sexual dimorphism of the HPG 
axis, males exhibit relatively stable LH and FSH 
secretion, whereas females display cyclical 
fluctuations due to differential GnRHR feed-
back sensitivity [15]. Notably, the sex-depen-
dent endocrine effects of Degarelix in New 
Zealand rabbits remain insufficiently character-
ized. Third, the feedback regulation of the 
receptor itself is unknown. Although Degarelix 
blocks GnRHR signaling, its influence on GnRHR 
transcription and translation, as well as the tis-
sue- and sex-specific regulation of downstream 
gonadotropin genes (follicle-stimulating hor-
mone beta subunit, FSHβ; luteinizing hormone 
beta subunit, LHβ), has not been comprehen-
sively examined [4, 16, 17].

To address these knowledge gaps, we employed 
an integrated in vitro and in vivo approach to 
test the hypothesis that degarelix modulates 
cell viability and reproductive endocrine func-

tion through GnRHR-mediated mechanisms in 
a concentration-, time-, sex-, and tissue-depen-
dent manner. Using HEK293T and CHO-K1 
cells, we assessed cell viability (CCK-8 assay), 
gene expression (GnRHR, FSHβ, and LHβ by 
qPCR), and protein expression (GnRHR by 
Western blotting) to elucidate its direct cellular 
effects and underlying molecular basis. In male 
and female New Zealand rabbits, we measured 
serum hormone levels (FSH, LH, E2, and T) and 
analyzed gene expression (qPCR for GnRHR, 
FSHβ, ESR1, and AR), as well as protein expres-
sion and localization (Western blotting and 
immunohistochemistry for GnRHR) in hypotha-
lamic-pituitary-gonadal (HPG) axis tissues. This 
approach was designed to delineate the sex- 
and tissue-specificity of its endocrine regulato-
ry effects and to investigate its feedback modu-
latory actions on GnRHR itself.

This study aims to elucidate the molecular 
mechanisms underlying degarelix action, clarify 
its sex- and cell-specific effects, and provide a 
theoretical basis for optimizing its clinical use 
in hormone-dependent diseases such as pros-
tate and breast cancer.

Materials and methods

Cell culture and treatments

To investigate whether degarelix exerts direct 
cellular effects independent of the classical 
pituitary HPG axis, non-endocrine human em- 
bryonic kidney (HEK293T) cells and Chinese 
hamster ovary (CHO-K1) cells were selected  
as model systems in this study. Furthermore,  
all experiments were conducted under natural 
low receptor conditions, and no genetic inter-
ventions targeting GnRHR were introduced. 
HEK293T and CHO-K1 cells were obtained 
from Ruibite Biotechnology Co., Ltd. (China). 
HEK293T cells were cultured in Dulbecco’s 
Modified Eagle Medium (DMEM), and CHO-K1 
cells were cultured in F-12 medium, each sup-
plemented with 10% fetal bovine serum (FBS) 
and 1% penicillin-streptomycin-amphotericin B 
solution. All cells were maintained at 37°C in a 
humidified incubator containing 5% CO2.

Degarelix (purity 99.25%; HY-100415, Med- 
ChemExpress, Shanghai, China) was dissolv- 
ed in dimethyl sulfoxide (Dimethyl Sulfoxide, 
DMSO; HY-Y0475, MedChemExpress, Shang- 
hai, China) to obtain a 5 mM stock solution. 
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Working concentrations (0-5 µM) were freshly 
prepared by diluting the stock solution with the 
appropriate culture medium, ensuring that the 
final DMSO concentration did not exceed 0.1%, 
which was confirmed to be non-cytotoxic in pre-
liminary experiments. Cells were treated with 
degarelix at various concentrations for 24-96 h.

Animal models

Adult male and female New Zealand White rab-
bits (n = 4 per group; 6 months old; weight 
range, 2.5-3.5 kg) were obtained from the 
Animal Center of Jiangsu University. Notably, 
the estrous cycles of female rabbits were not 
synchronized in this study to avoid confounding 
effects from surgical or hormonal interven-
tions; natural cycle variation was therefore 
acknowledged as an intrinsic variable of the 
experimental model. Animals were housed 
under standardized conditions (22 ± 2°C, 50 ± 
10% relative humidity, 12 h light/dark cycle) 
with free access to food and water. All experi-
mental procedures were conducted in accor-
dance with institutional guidelines for animal 
care and use and were approved by the Animal 
Ethics Committee of Jiangsu University (IACUC 
Protocol No. JSU-GnRH-2025).

Collection of blood and tissue samples

New Zealand White rabbits were randomly 
assigned to either a control group or a degarelix 
treatment group. The treatment group received 
a subcutaneous injection of degarelix (200 μg/
kg, dissolved in 1 ml of phosphate-buffered 
saline [PBS]; BL302A, Biosharp, Anhui, China), 
whereas the control group received an equiva-
lent volume of PBS.

Approximately 2-3 mL of blood was collected 
from the marginal ear vein of rabbits at 1 day 
before and at 1, 3, 5, 7, 10, 14, and 28 days 
after administration. Immediately after collec-
tion, blood samples were centrifuged at 3,000 
rpm for 20 min to separate serum, which was 
then stored at -80°C for subsequent hormone 
analysis. Body weight was measured and 
recorded concurrently at each blood collection 
time point. On day 30 after administration, all 
experimental rabbits were euthanized by ex- 
cessive carbon dioxide asphyxiation according 
to institutional animal ethics guidelines and 
immediately subjected to systematic dissec-

tion to collect tissue samples from the hypo-
thalamus, pituitary gland, ovary, uterus, testis, 
and epididymis. All tissue samples were rinsed 
with normal saline to remove residual blood. 
For immunohistochemical (IHC) analysis, tes-
ticular tissue samples were fixed in Bouin’s 
solution, while pituitary and ovarian tissue sam-
ples were fixed in 4% paraformaldehyde. The 
remaining tissue samples were stored at -80°C 
for subsequent quantitative polymerase chain 
reaction (qPCR) analysis.

Cell viability assay

Cell viability was assessed using the Cell 
Counting Kit-8 (CCK-8; CT0001-B, SparkJade, 
Shandong, China) according to the manufac-
turer’s instructions. Briefly, one day in advance, 
HEK293T and CHO-K1 cells were seeded into 
96-well plates at a density of 5 × 103 cells per 
well. Cells were cultured at 37°C with 5% CO2 
overnight to allow the cells to adhere to the 
plate. The cells were treated with various con-
centrations of degarelix (0-2 µM). At 24, 48, 72, 
or 96 h after treatment, the culture medium 
was replaced with fresh medium containing 
10% (v/v) CCK-8 solution, and cells were incu-
bated for an additional 1 h at 37°C with 5% 
CO2. Absorbance was measured at 450 nm in 
each reaction well using a microplate reader. 
Cell viability was expressed as a percentage of 
the untreated control group and calculated 
using the following formula:

Cell viability (%)
(OD OD )
(OD OD )

100
450,control 450,blank

450,test 450,blank=
-
-

#

Enzyme-linked immunosorbent assay (ELISA)

Serum concentrations of follicle-stimulating 
hormone (FSH), luteinizing hormone (LH), tes-
tosterone (T), and estradiol (E2) were quanti- 
fied using double-antibody, one-step sandwich 
ELISA kits (AiFang Biological, Hunan, China), 
according to the manufacturer’s instructions. 
The following kits were used: FSH (AF04196-A), 
LH (AF04053-A), estradiol (E2, AF04198-A), and 
testosterone (T, AF04190-A).

Upon completion of the assay procedure,  
the optical density (OD) of each well was mea-
sured at 450 nm using a microplate reader. 
Hormone concentrations were calculated from 
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standard curves generated using kit-provided 
calibrators.

RNA isolation and quantitative PCR (qPCR)

Total RNA was extracted from HEK293T cells, 
CHO-K1 cells, and rabbit tissues (hypothala-
mus, pituitary, testis, epididymis, ovary, and 
uterus) using TRIzol reagent (CT0001-B, Spa- 
rkJade, Shandong, China) according to the 
manufacturer’s instructions. RNA concentra-
tion and purity were determined spectrophoto-
metrically, and samples with an OD260/OD280 
ratio between 1.8 and 2.2 were used for subse-
quent analyses.

First-strand complementary DNA (cDNA) was 
synthesized using PrimeScript RT Master Mix 
(Perfect Real Time; CT0001-B, SparkJade, 
Shandong, China). Quantitative PCR was per-
formed using UltraSYBR Mixture (R433-01, 
CWBio, Jiangsu, China) on a Bio-Rad CFX96 
Real-Time PCR Detection System.

Primer sequences for GnRHR, follicle-stimulat-
ing hormone beta subunit (FSHβ), luteinizing 
hormone beta subunit (LHβ), estrogen recep- 
tor 1 (ESR1), androgen receptor (AR), and the 
housekeeping gene glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) were designed 
using Primer-BLAST and validated for amplifica-
tion efficiency. Relative gene expression levels 
were calculated using the 2^-ΔΔCt method. 
Primer sequences used in this study are listed 
in Table 1.

Protein extraction and western blotting

HEK293T cells, CHO-K1 cells, and rabbit tis-
sues were lysed in protein lysis buffer contain-
ing 1 × RIPA buffer and 1 mM phenylmethane-
sulfonyl fluoride (PMSF). After centrifugation  
at 4°C and 13,000 rpm for 15-30 min, the 
supernatant was collected. 5 × sodium dodecyl 
sulfate (SDS) sample loading buffer (Sangon 
Biotech, China) was added at a 4:1 ratio, and 
the mixture was boiled at 100°C for 5 min to 
denature proteins. Denatured proteins were 
separated by 12% sodium dodecyl sulfate - 
polyacrylamide gel electrophoresis (SDS-PAGE) 
(E304-1, Vazyme, Nanjing, China) and trans-
ferred onto a polyvinylidene difluoride (PVDF) 
membrane (IPFL00010, Millipore, Shanghai, 
China). The membrane was blocked with  
5% skim milk at room temperature for 2 h, 
washed with Tris-buffered saline containing 
Tween 20 (TBST), and then incubated with the 
primary antibody against GnRHR (1:2,000 dilu-
tion, 19950-1-AP, Proteintech, Wuhan, China) 
at 4°C overnight. After washing with TBST,  
the membrane was incubated with a hor- 
seradish peroxidase (HRP)-conjugated second-
ary antibody (1:5,000 dilution, SA000001-2, 
Proteintech, Wuhan, China) at room tempe- 
rature for 2 h. Following TBST washes, ultra- 
sensitive enhanced chemiluminescence (ECL) 
reagent (ED0025-B/C, SparkJade, Shandong, 
China) was applied for signal detection.  
Protein bands were visualized by chemilumi-
nescence and quantified using ImageJ soft-
ware, with GAPDH (1:5,000 dilution, 60004-1-

Table 1. Primer sequence for real-time quantitative PCR
Cell/Tissue Genes Forward Primer Sequence (5’→3’) Reverse Primer Sequence (5’→3’)
HEK293T GAPDH GTCAAGGCTGAGAACGGGAA AAATGAGCCCCAGCCTTCT

GnRHR CACCTTCTGCCTCTTCA CTTCAGCCGTGCTCTTGGTA
FSHβ GAGCTGACCAACATCACCATTGC TAGCAGTAGCCAGCACACCAAG
LHβ TCTCCTTCCCTGTGGCTCTCAG CAGGTCAAGGGGTGGTCTTTGG

CHO-K1 GAPDH GGTTGTCTCCTGCGACTTCA CCTCTGTTGCTGTAGCCAAC
GnRHR CTGGGCAAGCGGAAGTTTTC TGAAGAGGCAGCTGAAGGTG
FSHβ ACCAACATCACCATCGCAGT GCAATCCTGCGCACCAAG
LHβ ATCACCTTCACCACCAGCATCTG TGCGAAGTGTAGCTCACGGTATG

New Zealand rabbits GAPDH GCAAAGTGGATGTTGTCGCC TGATGACCAGCTTCCCGTTC
GnRHR CTCAGCCATCAACAACAGCATCC AACGGTCACTCGGATCTTTCCAG
FSHβ GTACGAGACAGTGAGGGTGC GTTGCCGCAGTGACATTCAG
ESR1 GTACGACCCTACCAGACCCT AGGATCTCTAGCCAGGCACA

AR TGGCTCCCTATGGCTACACT AGGGTCCCATCTCGCTTTTG
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; GnRHR, gonadotropin-releasing hormone receptor; FSHβ, follicle-stimu-
lating hormone β-subunit; LHβ, luteinizing hormone β-subunit; ESR1, estrogen receptor 1; AR, androgen receptor.



Sex-dependent effects of degarelix

10097	 Am J Transl Res 2025;17(12):10093-10110

Ig, Proteintech, Wuhan, China) used as the 
internal reference.

Immunohistochemistry (IHC)

Tissue samples from New Zealand rabbits were 
fixed in 4% paraformaldehyde or Bouin’s solu-
tion (for testes), embedded in paraffin, and sec-
tioned at a thickness of 5 µm. Sections were 
deparaffinized, rehydrated through a graded 
ethanol series, and subjected to antigen retriev-
al. Endogenous peroxidase activity was 
quenched, and nonspecific binding was blocked 
using 3% bovine serum albumin (BSA).

Sections were incubated overnight at 4°C with 
an anti-GnRHR primary antibody (1:200 dilu-
tion; 19950-1-AP, Proteintech, Wuhan, China), 
followed by incubation with a biotinylated sec-
ondary antibody and visualization using a 
diaminobenzidine (DAB) substrate. Nuclei were 
counterstained with hematoxylin.

Microscopic examination and image acquisi-
tion were performed under a light microscope. 
Hematoxylin stained the cell nuclei blue, where-
as DAB-positive immunoreactivity appeared 
brown to yellow-brown. Staining intensity was 
semi-quantitatively evaluated using the H-score 
method:

H-score = ∑(Intensity score × Percentage of 
positive cells)

Where the intensity score was defined as 0 = 
negative, 1 = weak, 2 = moderate, and 3 = 
strong. 

Statistical analysis

All statistical analyses were performed us- 
ing GraphPad Prism version 8.0 (GraphPad 
Software, La Jolla, CA, USA). Data are expressed 
as the mean ± standard error of the mean 
(SEM). Comparisons between two groups were 
performed using the Student’s t-test, whereas 
comparisons among multiple groups were ana-
lyzed using one-way or two-way analysis of vari-
ance (ANOVA), followed by Tukey’s post hoc test 
where appropriate. A P value < 0.05 was con-
sidered statistically significant.

Results

Differences in viability responses of HEK293T 
and CHO-K1 cells to degarelix

To evaluate the dose- and time-dependent 
effects of degarelix on mammalian cell viability, 

HEK293T and CHO-K1 cells were treated with 
various concentrations of degarelix (0-2 μM) for 
24-96 h, and cell viability was assessed using 
the CCK-8 assay.

In HEK293T cells, compared with the 0 μM con-
trol group, significant reductions in cell viability 
were observed at 0.2 μM and 2.0 μM after 24 h 
of treatment (P < 0.01 and P < 0.001, respec-
tively; Figure 1A). No significant changes in cell 
viability were detected at 48 h or 72 h of treat-
ment (all P > 0.05; Figure 1B, 1C). However, 
treatment with 2.0 μM degarelix resulted in a 
significant increase in cell viability after 96 h (P 
< 0.0001; Figure 1D), suggesting a potential 
stimulatory effect following prolonged exposure 
to a high concentration. In CHO-K1 cells, com-
pared with the 0 μM control group, significant 
reductions in cell viability were observed at 0.5-
2.0 μM degarelix after 24 h of treatment (P < 
0.01 to P < 0.0001; Figure 1E). At 48 h, treat-
ment with 0.05 μM degarelix resulted in a sig-
nificant decrease in cell viability (P < 0.001), 
whereas treatment with 1.0 μM and 2.0 μM 
degarelix led to significant increases (P < 0.05 
to P < 0.001; Figure 1F). At 72 h, a significant 
reduction in cell viability was observed at 1.0 
μM degarelix (P < 0.05; Figure 1G). At 96 h, cell 
viability was significantly decreased at 0.2 μM 
and 0.5 μM degarelix (P < 0.05 to P < 0.001; 
Figure 1H).

Collectively, these findings indicate that de- 
garelix exerts cell line-specific, time-depen-
dent, and dose-dependent effects on cell via-
bility, with significant modulation observed only 
under specific concentration-exposure time 
combinations.

Regulatory effects of degarelix on the repro-
ductive endocrine system and body weight in 
New Zealand rabbits

To evaluate the effects of degarelix on the 
reproductive endocrine axis, serum concentra-
tions of FSH, LH, estradiol (E2; females), and 
testosterone (T; males) were dynamically moni-
tored, and body weight was recorded to assess 
potential effects on growth and metabolism.

In female rabbits, no significant differences in 
serum FSH, LH, or E2 levels were observed 
between the degarelix and control groups one 
day before administration (-1 d; P > 0.05; Figure 
2A-C). During days 1-7 post-administration, lev-
els of all three hormones in the degarelix group 
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were approximately 1.5-2.0-fold higher than 
those in the control group (P < 0.01 to P < 
0.0001; Figure 2A-C). From days 10-28, hor-
mone levels in the degarelix group decreased 
to approximately 0.5-0.7-fold of control levels 
(P < 0.01 to P < 0.0001; Figure 2A-C). These 
results indicate that degarelix exerts a bipha-
sic, time-dependent regulatory effect on FSH, 
LH, and E2 secretion in female rabbits, charac-
terized by an initial stimulatory phase followed 
by a sustained suppressive phase.

In male rabbits, on the day before dosing (day 
-1), there was no significant difference in serum 
testosterone levels between the degarelix and 
control groups (P > 0.05; Figure 2D-F), whereas 
serum FSH and LH levels were significantly 
higher in the degarelix group (P < 0.01 to P < 
0.0001; Figure 2D-F), suggesting potential pre-
administration sensitivity. At days 1-7 after 
administration, FSH, LH, and testosterone lev-
els were significantly higher in the degarelix 
group than in the control group (P < 0.01 to P < 
0.0001; Figure 2D-F). From days 10-28, levels 
of FSH, LH, and testosterone in the degarelix 
group were significantly lower than those in the 
control group (P < 0.01 to P < 0.0001; Figure 
2D-F), consistent with a biphasic regulatory 
pattern similar to that observed in female 
rabbits.

It is worth noting that no artificial synchroniza-
tion of estrous cycles was performed in female 
rabbits in this study, indicating that degarelix 
may act across different physiological stages of 
the reproductive cycle. Regarding body weight, 
both control and degarelix-treated rabbits 
exhibited a gradual increase over the 28-day 
observation period, with no significant differ-
ences detected at any time point (P > 0.05; 
Figure 2G, 2H). These findings indicate that 
degarelix does not significantly affect body 
weight or growth-related metabolic processes 
in New Zealand rabbits.

Concentration- and time-dependent regulation 
of gonadotropin and GnRH receptor mRNA ex-
pression by degarelix in HEK293T and CHO-K1 
cells

To examine the direct regulatory effects of de- 
garelix on gonadotropin-related gene expres-
sion, the relative mRNA levels of GnRHR, FSHβ, 
and LHβ were quantified in HEK293T and CHO-
K1 cells after exposure to degarelix (0-5 μM) for 
24-96 h.

In HEK293T cells, after 24 h of treatment, 
FSHβ mRNA expression was significantly upreg-
ulated at 0.05 μM, 2 μM, and 5 μM (P < 0.001 
to P < 0.0001; Figure 3A), while LHβ mRNA was 
upregulated at 0.005 μM, 0.02 μM, 0.2 μM, 

Figure 1. Effects of degarelix on cell viability in HEK293T and CHO-K1 cells. Cell viability was assessed using the 
CCK-8 assay following treatment with degarelix (0-2 μM) for 24, 48, 72, and 96 h. A-D. Viability of HEK293T cells 
treated for 24, 48, 72, and 96 h, respectively. E-H. Viability of CHO-K1 cells treated for 24, 48, 72, and 96 h, re-
spectively. Results are presented as a percentage of the control group (mean ± SEM, n = 3). All experiments were 
independently performed three times. Statistical significance is indicated as P < 0.05, P < 0.01, P < 0.001, and P 
< 0.0001.
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and 5 μM (P < 0.001 to P < 0.0001; Figure 3E). 
After 48 h, FSHβ mRNA levels were significantly 
decreased at 0.005-2 μM (P < 0.05 to P < 
0.001), except for an increase observed at 0.01 
μM (P < 0.0001; Figure 3B). At this time point, 
LHβ expression was significantly elevated only 
at 5 μM (P < 0.0001; Figure 3F). Following 72 h 
and 96 h of exposure, treatment with 5 μM 
degarelix consistently upregulated both FSHβ 
and LHβ expression (P < 0.01 to P < 0.0001; 

Figure 3C, 3D and 3G, 3H). These findings indi-
cate that prolonged exposure to higher con- 
centrations of degarelix exerts a sustained 
stimulatory effect on gonadotropin subunit 
gene expression in HEK293T cells.

In CHO-K1 cells, after 24 h of treatment, FSHβ 
expression was significantly upregulated at 
0.005 μM, 0.02 μM, 0.05 μM, 1 μM, and 2 μM 
(P < 0.01 to P < 0.0001; Figure 3I), and LHβ 

Figure 2. Temporal changes in serum FSH, LH, E2, and T levels in New Zealand rabbits following degarelix admin-
istration. Serum concentrations of FSH, LH, estradiol (E2), and testosterone (T) were measured by ELISA in male 
and female rabbits at days -1, 1, 3, 5, 7, 10, 14, and 28 following degarelix treatment. A-C. Time-course changes in 
serum FSH, LH, and E2 levels in female rabbits. D-F. Time-course changes in FSH, LH, and T levels in male rabbits. 
G. Body weight changes of female rabbits. H. Body weight changes of male rabbits. Data are presented as mean ± 
SEM. All experiments were independently repeated three times. Statistical significance is indicated as P < 0.05, P 
< 0.01, P < 0.001, and P < 0.0001.
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expression was elevated at 0.005 μM, 0.02 
μM, 0.2 μM, and 5 μM (P < 0.05 to P < 0.0001; 
Figure 3M). After 48 h, FSHβ mRNA remained 
significantly upregulated at 0.02 μM, 0.5 μM, 1 
μM, and 2 μM (P < 0.001 to P < 0.0001; Figure 
3J), whereas LHβ was upregulated at 0.02 μM 
and 5 μM (P < 0.0001; Figure 3N). After 72 h, 
all concentrations except 0.01 μM significantly 

increased FSHβ expression (P < 0.05 to P < 
0.0001; Figure 3K), and LHβ expression was 
upregulated at 0.02 μM, 2 μM, and 5 μM (P < 
0.0001; Figure 3O). At 96 h, FSHβ expression 
remained elevated at 5 μM (P < 0.0001; Figure 
3L), and LHβ was significantly increased at 0.2 
μM and 5 μM (P < 0.01 to P < 0.0001; Figure 
3P).

Figure 3. Effects of degarelix on target gene mRNA expression in HEK293T and CHO-K1 cells. Relative mRNA ex-
pression levels of GnRHR, FSHβ, and LHβ were quantified by RT-qPCR in HEK293T and CHO-K1 cells treated with 
varying concentrations of degarelix for 24, 48, 72, and 96 h. GAPDH was used as the internal control. A-D. Relative 
expression of FSHβ mRNA in HEK293T cells. E-H. Relative expression of LHβ mRNA in HEK293T cells. I-L. Relative 
expression of GnRHR mRNA in CHO-K1 cells. M-P. Relative expression of FSHβ mRNA in CHO-K1 cells. Q-T. Relative 
expression of LHβ mRNA in CHO-K1 cells. Data are presented as mean ± SEM. All experiments were independently 
performed three times. Statistical significance is indicated as P < 0.05, P < 0.01, P < 0.001, and P < 0.0001.
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Due to the low basal expression of GnRHR in 
HEK293T cells (Ct ≥ 35), subsequent analysis 
focused on CHO-K1 cells (Figure 3Q-T). After 
24 h of treatment, GnRHR mRNA expression 
was significantly upregulated at 0.005 μM, 
0.02 μM, 1 μM, and 2 μM (P < 0.05 to P < 
0.0001; Figure 3Q). After 48 h, upregulation 
was observed at 0.05 μM, 1 μM, and 2 μM (P < 
0.01 to P < 0.0001; Figure 3R). After 72 h, 
GnRHR expression increased at 0.005 μM, 
0.02 μM, 0.2 μM, 0.5 μM, 2 μM, and 5 μM (P < 
0.001 to P < 0.0001; Figure 3S). At 96 h, sig-
nificant upregulation persisted at 0.02 μM and 
5 μM (P < 0.01 to P < 0.0001; Figure 3T).

Collectively, these findings demonstrate that 
degarelix regulates FSHβ, LHβ, and GnRHR 
mRNA expression in a concentration- and time-
dependent manner, with CHO-K1 cells exhibit-
ing greater responsiveness and sensitivity than 
HEK293T cells. 

Effects of degarelix on mRNA expression of 
GnRHR and gonadotropin-related genes in 
rabbit reproductive tissues 

To evaluate tissue- and sex-specific regulatory 
effects of degarelix, the relative mRNA expres-
sion of GnRHR, FSHβ, estrogen receptor 1 
(ESR1, in females), and androgen receptor (AR, 
in males) was quantified in key reproductive tis-
sues of New Zealand rabbits.

In female rabbits, hypothalamic GnRHR mRNA 
expression was significantly decreased in the 
degarelix-treated group (0.6-fold of control, P < 
0.05; Figure 4A). No significant changes were 
observed in GnRHR, FSHβ, or ESR1 mRNA 
expression in the pituitary, ovary, or uterus (P > 
0.05; Figure 4B-J). In male rabbits, pituitary 
FSHβ mRNA levels were significantly elevated 
following degarelix treatment (1.4-fold of con-
trol, P < 0.05; Figure 4N). However, no signifi-
cant alterations were detected in GnRHR, 
FSHβ, or AR mRNA expression in the hypothala-
mus, testis, or epididymis (P > 0.05; Figure 
4K-M, 4O-T).

Collectively, these results indicate that degare-
lix modulates gene expression within the repro-
ductive endocrine system in a tissue-specific 
and sex-dependent manner, primarily affecting 
hypothalamic GnRHR expression in females 
and pituitary FSHβ expression in males.

Regulation of GnRHR protein expression by 
degarelix in HEK293T and CHO-K1 cells: con-
centration- and time-dependent analysis

To examine whether degarelix influences 
GnRHR protein expression, Western blotting 
was performed on HEK293T and CHO-K1 cells 
treated with degarelix (0-5 μM) for 24-96 h, 
with GAPDH used as the internal loading con-
trol. In both cell lines, the intensity of GnRHR 
protein bands did not exhibit a clear concentra-
tion-dependent pattern at any of the examined 
time points (Figure 5A, 5F). Quantitative densi-
tometric analysis further confirmed that rela-
tive GnRHR protein expression levels did not 
differ significantly between any degarelix-treat-
ed group and the corresponding control (P > 
0.05 for all comparisons; Figure 5B-E, 5G-J). 
These findings indicate that within the tested 
concentration range (0.005-5 μM) and expo-
sure duration (24-96 h), degarelix does not sig-
nificantly alter GnRHR protein expression in 
either HEK293T or CHO-K1 cells.

No significant effects of degarelix on GnRHR 
protein expression or distribution in rabbit re-
productive tissues 

Western blotting and immunohistochemistry 
(IHC) were employed to evaluate GnRHR protein 
expression and localization in reproductive tis-
sues of male and female rabbits following 
degarelix treatment.

Western blot analysis revealed no significant 
differences in relative GnRHR protein expres-
sion between degarelix-treated and control 
groups in the hypothalamus, testis, or epididy-
mis of male rabbits (P > 0.05 for all compari-
sons; Figure 6A-D), or in the hypothalamus, 
ovary, and uterus of female rabbits (P > 0.05 
for all comparisons; Figure 6E-H). Similarly, IHC 
analysis showed no significant changes in 
GnRHR immunoreactivity, as reflected by com-
parable H-scores in the pituitary and ovary of 
female rabbits (P > 0.05; Figure 6I-K) and in 
the pituitary and testis of male rabbits (P > 
0.05; Figure 6L-N). Hematoxylin counterstain-
ing confirmed consistent nuclear morphology 
across groups, and DAB-positive staining 
(brown to yellow-brown) revealed no evident 
alterations in GnRHR localization or staining 
intensity. Collectively, these findings indicate 
that degarelix does not significantly influence 
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Figure 4. Effects of degarelix on mRNA expression of target genes in reproductive tissues of New Zealand rabbits. 
Relative mRNA expression levels of GnRHR, FSHβ, ESR1, and AR were determined by RT-qPCR in rabbit repro-
ductive tissues (hypothalamus, pituitary, testis, epididymis, ovary, and uterus) following degarelix treatment, with 
GAPDH used as the internal control. A, B. Relative expression of GnRHR and FSHβ mRNA in the hypothalamus of 
female rabbits. C, D. Relative expression of GnRHR and FSHβ mRNA in the pituitary of female rabbits. E-G. Relative 
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expression of GnRHR, FSHβ, and ESR1 mRNA in the ovary of female rabbits. H-J. Relative expression of GnRHR, 
FSHβ, and ESR1 mRNA in the uterus of female rabbits. K, L. Relative expression of GnRHR and FSHβ mRNA in the 
hypothalamus of male rabbits. M, N. Relative expression of GnRHR and FSHβ mRNA in the pituitary of male rabbits. 
O-Q. Relative expression of GnRHR, FSHβ, and AR mRNA in the testis of male rabbits. R-T. Relative expression of 
GnRHR, FSHβ, and AR mRNA in the epididymis of male rabbits. Data are presented as mean ± SEM. All experiments 
were independently performed three times. Statistical significance is indicated as P < 0.05, P < 0.01, P < 0.001, 
and P < 0.0001.
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Figure 5. Effects of degarelix on GnRHR protein expression in HEK293T and CHO-K1 cells. GnRHR protein levels 
were analyzed by Western blotting in HEK293T and CHO-K1 cells treated with varying concentrations of degarelix 
for 24, 48, 72, and 96 h. GAPDH was used as the internal loading control. A. Representative Western blot show-
ing GnRHR protein expression in CHO-K1 cells treated with different concentrations of degarelix. B-E. Quantitative 
analysis of GnRHR protein expression in CHO-K1 cells at 24, 48, 72, and 96 h, respectively. F. Representative West-
ern blot showing GnRHR protein expression in HEK293T cells treated with different concentrations of degarelix. G-J. 
Quantitative analysis of GnRHR protein expression in HEK293T cells at 24, 48, 72, and 96 h, respectively. Data are 
presented as mean ± SEM. All experiments were independently performed three times. Statistical significance is 
indicated as P < 0.05, P < 0.01, P < 0.001, and P < 0.0001.

GnRHR protein expression or spatial distribu-
tion in rabbit reproductive tissues.

Discussion

Degarelix, as a mature GnRHR antagonist, has 
been widely used in the treatment of endocrine 
diseases. This study systematically analyzed 
the complex effects of the GnRH antagonist 
degarelix on non-pituitary-derived cells and  
in whole-animal models using an integrative 
approach. The observed effects exhibited sig-
nificant concentration-, time-, sex-, and tissue-
dependent characteristics and some of the cel-
lular effects are independent of the abundance 
of GnRH receptors, suggesting that there may 
be non-classical signaling pathways. 

Experimental model rationale

Our research established a complementary in 
vitro model employing two internationally rec-
ognized standard cell lines, HEK293T and  
CHO-K1. Both cell lines have characteristic 
genetic background, high transfection efficien-
cy and good experimental repeatability, and are 
widely regarded as ideal systems for studying 
GPCR-mediated signal transduction and drug 
action mechanisms [18-20]. Specifically, CHO-
K1 cells, as a classic model for GPCR research 
with a complete intracellular signaling network, 
provide a reliable platform for verifying the 
pharmacological effects of degarelix via the 
GnRHR-dependent pathway [21]. In contrast, 
the endogenous GnRHR expression in HEK293T 
cells is extremely low, which provides a suitable 
system for exploring potential non-receptor-
dependent mechanisms [22]. Therefore, this 
dichotomous model enables the distinction 
between classical receptor-mediated effects 
and non-classical direct cellular effects of 
degarelix.

Mechanistic insights into degarelix action

Degarelix is a well-characterized competitive 
GnRHR antagonist. Its core mechanism in- 

volves inhibition of FSH, LH, and downstream 
sex hormones secretion by blocking GnRHR in 
the pituitary gland, thereby effectively avoiding 
the “hormone flare” associated with GnRH ago-
nists [10]. The present study demonstrates 
that, in addition to its central endocrine actions, 
degarelix may also directly regulate non-pitu-
itary-derived cells in a cell type-specific, con-
centration-dependent, and time-dependent 
manner.

In HEK293T cells, long-term exposure to high 
concentrations of degarelix unexpectedly en- 
hanced cell viability, suggesting that it may 
mediate this effect by activating adaptive 
response mechanisms such as epigenetic reg-
ulation [23, 24], although the specific molecu-
lar mechanism remains to be further elucidat-
ed. In contrast, CHO-K1 cells exhibited a more 
complex and dynamic response pattern, char-
acterized by fluctuating effects across different 
concentrations and exposure times, indicating 
that the action of degarelix was significantly 
selective and environment-dependent. This 
result is consistent with the report of Kuchiara 
V et al. [25], which pointed out that degarelix 
inhibited proliferation in most prostate-derived 
cell lines (e.g., WPE1-NA22, WPMY-1, BPH-1, 
VCaP, LNCaP, C4-2BMDVR, and CWR22Rv1), 
but showed no effect in PC-3 cells. These dif-
ferential effects further highlight the critical 
role of cellular heterogeneity in determining 
drug responsiveness, including multiple factors 
such as receptor expression levels, configura-
tion of intracellular signaling networks, and 
metabolic characteristics [26-29].

Endocrine regulation and sexual dimorphism

Our in vivo results demonstrated a time-depen-
dent, bidirectional effect of degarelix on repro-
ductive hormone regulation in rabbits. During 
the early stage after administration (days 1-7), 
serum levels of FSH, LH, E2, and T were signifi-
cantly increased, whereas during long-term 
treatment (days 10-28), these levels shifted to 
sustained inhibition. This “brief early increase” 
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Figure 6. Effects of degarelix on GnRHR protein expression and localization in reproductive tissues of New Zealand 
rabbits. GnRHR protein expression was analyzed by Western blotting, and GnRHR localization was assessed by 
immunohistochemistry (IHC) using DAB staining with hematoxylin nuclear counterstaining in rabbit reproductive 
tissues. (A) Representative Western blots showing GnRHR protein expression in male rabbit tissues (pituitary, testis, 
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kinetic characteristic is somewhat reminiscent 
of the transient stimulatory phase triggered by 
GnRH agonists [7]. However, previous clinical 
studies have not reported similar hormone 
“surges” or “micro-surges” in patients receiving 
degarelix [10, 30-33]. This discrepancy may be 
related to species-specific differences in recep-
tor-ligand affinity or pharmacokinetics [34]. 
Furthermore, New Zealand rabbits are induced 
ovulators and lack a regular estrous cycle. In 
this study, estrous cycles were not synchro-
nized, implying that female rabbits may have 
been at different physiological stages with 
spontaneous time-dependent fluctuations in 
gonadotropin and sex steroid levels. This physi-
ological characteristic may partly explain the 
gradual increase in hormone levels observed in 
the control group [35, 36].

Moreover, the observed sexual dimorphism in 
endocrine responses is consistent with findings 
reported by Chang et al. [15]. This sex differ-
ence may be attributed to the inherent dimor-
phism of HPG axis function [37]. In males, tes-
tosterone secretion is relatively stable and pri-
marily regulated by negative feedback, whereas 
in females it is influenced by cyclical estrogen 
fluctuations and both negative and positive 
feedback mechanisms. This fundamental dif-
ference may render males more sensitive to 
changes in receptor occupancy, resulting in a 
more rapid endocrine response. Although previ-
ous studies have suggested that weight gain 
may be a potential side effect of degarelix [30], 
no significant trend of weight increase was 
observed in the present study, indicating that 
metabolic effects may exhibit species- or dose-
dependent differences.

Transcriptomic regulation and noncanonical 
mechanisms

Degarelix markedly influenced FSHβ, LHβ, and 
GnRHR mRNA expression in CHO-K1 cells in a 
distinct concentration- and time-dependent 

manner, revealing complex temporal patterns 
of gene regulation [38]. As a reversible GnRHR 
antagonist, degarelix is conventionally under-
stood to suppress downstream signaling th- 
rough competitive receptor blockade [10, 30, 
31]. However, the observed upregulation of 
gonadotropin subunit genes expands the cur-
rent understanding of antagonist pharmacody-
namics. Beyond simple receptor blockade, 
degarelix may induce biased signaling, feed-
back activation, or metabolic reprogramming 
that leads to secondary transcriptional modula-
tion [39-42]. The divergent transcriptional 
responses of FSHβ and LHβ suggest differ- 
ences in promoter sensitivity, transcription fac-
tor recruitment, or regulatory architecture [27, 
43]. Furthermore, the non-monotonic dose-
response patterns observed for FSHβ and LHβ 
transcription are consistent with threshold- and 
feedback-dependent GnRH/GnRHR signaling. 
In this context, intermediate antagonist con-
centrations may be insufficient to elicit sus-
tained transcriptional activation, whereas low 
or high concentrations may engage distinct sig-
naling pathways or adaptive regulatory mecha-
nisms [27]. Notably, the expression level of 
GnRHR in HEK293T cells was extremely low, 
suggesting that part of the effect of degarelix 
on the viability of these cells may be indepen-
dent of classical receptor-mediated signaling, 
further illustrating the critical role of the cellular 
microenvironment in explaining its pharmaco-
dynamic response [44, 45]. 

Protein-level regulation and post-translational 
modifications

Although changes in GnRHR mRNA expression 
were observed, degarelix did not significantly 
alter the abundance or localization of GnRHR 
protein, suggesting that it has limited effects 
on the direct biosynthesis or degradation pro-
cesses of the receptor [1, 46]. As a GPCR, 
GnRHR function is primarily regulated by con-
formational dynamics, coupling efficiency with 

and epididymis). (B-D) Quantitative analysis of GnRHR protein expression corresponding to (A). (E) Representative 
Western blots showing GnRHR protein expression in female rabbit tissues (pituitary, ovary, and uterus). (F-H) Quan-
titative analysis of GnRHR protein expression corresponding to (E). (I) Representative IHC staining of GnRHR in the 
pituitary and ovary of female rabbits (control and degarelix-treated groups). (J, K) Quantitative analysis (H-score) of 
GnRHR IHC staining in female rabbit tissues. (L) Representative IHC staining of GnRHR in the pituitary and testis of 
male rabbits (control and degarelix-treated groups). (M, N) Quantitative analysis (H-score) of GnRHR IHC staining 
in male rabbit tissues. Scale bar = 100 μm. Data are presented as mean ± SEM (n = 3-4). All experiments were 
independently repeated three times. Statistical significance is indicated as P < 0.05, P < 0.01, P < 0.001, and P < 
0.0001.
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G proteins, and rapid membrane trafficking pro-
cesses, including receptor phosphorylation, 
internalization, and recycling [3, 6, 41, 47-50]. 
The discrepancy between mRNA and protein 
levels observed in this study is consistent  
with the fact that the regulation of GPCR  
function is more dependent on post-transcrip-
tional mechanisms and membrane dynamics 
than on protein content alone. In contrast to 
GnRH agonists (such as triptorelin), which typi-
cally upregulate receptor expression, the antag-
onist degarelix likely operates through dis- 
tinct molecular mechanisms [51]. Furthermore, 
Western blot analysis revealed that the appar-
ent molecular weight of the GnRHR band was 
higher than predicted, suggesting the presence 
of post-translational modifications, such as gly-
cosylation [52, 53]. These modifications could 
impede antibody recognition, thereby reducing 
detection sensitivity and complicating accurate 
protein quantification.

Tissue-specific and sex-dependent gene regu-
lation

Degarelix exerted tissue-specific and sex-
dependent effects on gene expression within 
the rabbit reproductive axis. Specifically, it 
downregulated hypothalamic GnRHR mRNA in 
females while upregulating pituitary FSHβ 
expression in males. Suppression of hypotha-
lamic GnRHR, a key regulator of the HPG axis, 
may reflect a negative feedback regulatory 
mechanism triggered by the blockade of endog-
enous GnRH signaling [16, 35]. Sex-specific 
responses may result from heterogeneity of 
pituitary GnRHR isoforms, differences in down-
stream signaling cascades, or differences in 
hormonal microenvironments [27, 35]. In addi-
tion, the unique reproductive physiological 
characteristics of rabbits as ovulatory animals 
may further exacerbate the complexity of these 
effects [36]. Collectively, these findings empha-
size that GnRH antagonist activity is shaped by 
a sexually dimorphic neuroendocrine environ-
ment. This context-dependent regulation car-
ries important implications for expanding the 
therapeutic use of degarelix beyond prostate 
cancer to female reproductive disorders, such 
as breast cancer, ovarian cancer, polycystic 
ovary syndrome, and assisted reproductive 
technologies (ART) [13, 54, 55].

Limitations and future directions

This study has several limitations, including a 
limited sample size, unsynchronized estrous 

cycles in female rabbits, a lack of early (0.5-24 
h) endocrine monitoring, and insufficient analy-
sis of apoptosis, cell-cycle progression, and 
gene-editing effects. The direct anti-tumor 
activity of degarelix was also not assessed in 
standard tumor cell lines, restricting the evalu-
ation of its clinical potential. These factors may 
affect the generalizability and mechanistic 
depth of the findings. Future work should es- 
tablish GnRHR-overexpression models to con-
firm receptor-dependent mechanisms, integra- 
te Pharmacokinetics-Pharmacodynamics (PK-
PD) modeling to link drug exposure with endo-
crine responses, and further clarify the roles of 
MAPK/PKC signaling and the basis of sex-spe-
cific differences in degarelix effects.

Conclusion

In conclusion, this study demonstrates that 
degarelix exerts sex-specific regulatory effects 
on the reproductive endocrine axis in rabbits 
and induces context-dependent alterations in 
cellular viability in vitro, without significantly 
affecting GnRHR protein expression. These 
findings indicate that the direct actions of 
degarelix can occur independently of receptor 
abundance. Collectively, these findings high-
light the mechanistic complexity of GnRH 
antagonist activity, expanding current under-
standing of their multimodal pharmacological 
effects. This improved mechanistic insight pro-
vides a theoretical basis for dose optimization 
and individualized monitoring in the clinical 
management of hormone-dependent diseases, 
such as prostate cancer and breast cancer. 
Future studies integrating tumor cell models 
with gene-editing technologies may further elu-
cidate degarelix’s mechanisms of action under 
conditions of low GnRHR expression or recep-
tor mutation, thereby generating critical data to 
support the development of precision thera-
peutic strategies.
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