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ABSTRACT Chemerin is a hormone produced
mainly by adipose tissue and liver. We have recently
shown that it is locally produced in the reproductive
tract in hens, particularly at the magnum level, lead-
ing to its accumulation in the egg albumen. We have
also determined that chemerin is necessary for egg fer-
tilization, embryo development, and angiogenesis
within the chorio-allantoic membrane in chicken spe-
cies. We, therefore, hypothesize that chemerin, widely
present in various gallinacean species, could be a
marker of egg fertility in this animal order. To demon-
strate this, we used a model close to the hen: the
pheasant. By RT-qPCR, we have shown that chem-
erin and its three receptors CMKLR1, GPR1, and
CCRL2 are expressed in the reproductive tract of
females. In addition, chemerin is also produced pre-
dominantly in the magnum and accumulates in the
egg albumen as determined by immunoblot. We then
compared two lines of pheasants with different
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reproductive characteristics: the F11 and F22 breeds.
F22 lays more eggs than F11, but have significantly
lower fertility and hatchability rates. In addition, F22
exhibit a significantly lower amount of chemerin pro-
tein in their magnum (P < 0.01) and in the egg
albumen (P < 0.0001) compared to F11. Finally, we
observed a positive correlation between the chemerin
amount in the albumen of F11 eggs and the hatching
rate of the eggs (r = 0.5; P = 0.04) as well as a negative
correlation between the chemerin quantity in the
albumen of F22 eggs and the rate of unfertilized
eggs (r = �0.37; P = 0.04). Finally, chemerin system
(ligand and receptors) is also expressed within embryo
annexes (chorioallantoic and amniotic membranes)
during incubation. These data demonstrate an inter-
species conservation of chemerin production in the
magnum, its accumulation in the egg albumen and its
possible use as a marker for determining the quality of
eggs in term of fertility and embryo development.
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INTRODUCTION

Humans have been raising and domesticating animals
for thousands of years and this anthropic intervention
has obvious effects on domestic species evolution com-
pare to their wild ancestors. Domestication and breeding
of wild species have also a huge impact on animals and
notably on their biological traits such as metabolism
and reproduction, compare to their wild counterparts
(P�erez-Enciso et al., 2017; Nynca et al., 2020; van der
Horst and Maree, 2022). The link between these two last
physiological characteristics is very narrow and it is well
known that they can interact bilaterally, like in birds
species (Estienne et al., 2020; Bernardi et al., 2021).
Liver and adipose tissue are endocrine organs able to
produce hormones that influence physiological parame-
ters such as reproduction (Mattern et al., 2014). In
mammals, chemerin is one of these hormones synthe-
tized by these 2 organs and this adipo/hepatokine is also
involved not only in reproduction but also in inflamma-
tion, angiogenesis, homeostasis, immune system
(Sleeman et al., 2000; Bozaoglu et al., 2007;
Mattern et al., 2014). Its synthesis is quite ubiquitous
but local production is variable according to the consid-
ered organ or tissue (Rourke et al., 2013; Kennedy and
Davenport, 2018). In mammals, pre-pro-chemerin is sub-
mitted to an enzymatic truncation of its 20 amino acids
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signal peptide and then is released within the extracellu-
lar compartment as an inactive pro-chemerin consti-
tuted of 143 amino acids (Zabel et al., 2005). This pro-
chemerin is then hydrolyzed by the enzymatic cleavage
of 5 to 7 amino acids from its carboxyl end in the extra-
cellular compartment. Two neutrophil serine proteases,
elastase and cathepsin G, eliminate 6 and 7 amino acids,
respectively, to generate an active form (Mattern et al.,
2014). Plasmin and tryptase are also able to cleave 5
amino acids from the carboxyl end after cleavage of the
carboxy-terminal lysine by carboxypeptidases N and B,
which also lead to active chemerin (Bondue et al., 2011).
In rodent, different tissues, specific isoforms of chemerin
have been identified depending on proteases that make
the cleavage (Helfer and Wu, 2018). Chemerin exerts its
main biological functions through binding to its main G
protein-coupled receptor chemokine-like receptor 1
(CMKLR1)(Gantz et al., 1996). This adipokine is also
able to bind 2 others receptors which are GPR1 (G pro-
tein coupled receptor 1) and CCRL2 (CC motif chemo-
kine receptor like 2)(Marchese et al., 1994;
Shimada et al., 1998).

In birds, few data are available about chemerin’s role
in metabolism and reproduction. In turkeys, chemerin
mRNA is mainly found in the liver compared to the
heart and muscles, while CMKLR1 and GPR1 mRNAs
are ubiquitous (Diot et al., 2015). The messenger of
CCRL2 is strongly present in the pectoralis muscle com-
pared to the liver, heart, and leg muscle. Chicken chem-
erin, CMKLR1, and GPR1 have an amino acid identity
of 36, 56, and 64% with human chemerin and its recep-
tors, respectively. These results suggest that the chem-
erin system could act on the avian carbohydrate and
lipid metabolism. At the metabolic level, a recent finding
from our laboratory demonstrates that chemerin could
be a peripheral appetite-regulating signal through mod-
ulation of hypothalamic peptides expression in chicken
(Estienne et al., 2021), like leptin in mammals. More-
over, this hormone is also involved in bird reproduction.
In males chicken, our laboratory determined that chem-
erin could negatively influence steroidogenesis and
sperm motility and so impair eggs fertility rate
(Estienne et al. 2020). In female, chemerin concentra-
tions in plasma are negatively correlated with egg hatch-
ability, suggesting a potential role of this adipokine on
egg (Mellouk et al., 2018). In turkey, chemerin is
expressed by granulosa cells and increases in the mature
follicle before ovulation, thus, potentially influencing the
Early Embryonic Development (EED)(Diot et al.,
2015). Finally, our last results in chicken demonstrated
that chemerin is locally secreted by the magnum of the
hen reproductive tract and accumulates in egg albumen
where it could positively influence embryo development
through the promotion of angiogenesis and antibacterial
defenses (Estienne et al., 2022). Chemerin homology
between chicken (Gallus gallus domesticus) and pheas-
ant (Phasianus colchicus), these 2 species belonging to
the gallinacean family, is very high with 98% of identity.
Having developed molecular tools (antibodies and
recombinant proteins) specifically for the study of the
chicken (Mellouk et al., 2018), a species of agronomical
interest, we were able to conduct similar investigations
in different pheasant breeds. Indeed, we took advantages
of that the pheasant is a game species widely bred in the
world and that its fine selection by breeding companies,
depending on its behavior or reproductive abilities, has
led to the appearance of different breeds with specific
characteristics. Actually, even in this wild species,
metabolism and nutrition can have a huge influence on
reproduction in female (Kullu et al., 2017; Guga»a et al.,
2019). We have to our disposal two pheasant breeds
from the same species (Phasianus Colchicus), showing
different phenotypes and reproductive abilities. Our
hypothesis is that domestication and selection, based on
reproductive performances, have an impact on chemerin
expression and that this adipokine could play a role in
fertility and embryo development in pheasants, like in
chicken. So, the aim of this study was to investigate the
effect of domestic selection on reproductive parameters,
linked to chemerin expression within the female repro-
ductive tract, its accumulation in eggs and its potential
link with fertility parameters including on embryo devel-
opment in these two pheasant breeds.
MATERIALS AND METHODS

Ethical Issues

All Experiments have been conducted in accordance
with the principles and specific ARRIVE guidelines.
Plasma and tissues have been collected during meat
processing as abattoir by-products by highly qualified
and experienced laboratory staff. Thus, according to the
ethical issues for the protection of animals, this project
does not require the consent of the competent ethics
committee for animal experiments.
Animals

Fifteen pheasant hens of F11 breed and 15 pheasant
hens of F22 breed (Phasianus colchicus) from
Gibo’Vend�ee (Chambretaud, France) were studied dur-
ing their first laying period in 2019 and 2020 (total
n = 30, n = 15 F11 and n = 15 F12 each year). Both
breeds originate from the wild pheasant (Phasianus col-
chicus) species; The F11 breed was selected for its ability
to gain weight and obtain heavier animals, while the F22
breed was selected for its ability to lay more eggs per
female compared to its wild counterparts. The two
strains diverged in the early 1980s. For all analyzed
parameters, we did not observe any significant effect
between the 2 yr studied, so we pooled data for 2019 and
2020 for each breed (F11 and F22). The animals were
reared at Gibo’Vend�ee breeding facilities (Chambre-
taud, France) according to the traditional conditions of
breeding: 8 h of light per day on arrival in November, fol-
lowed by a gradual increase until reaching 14 h of light
per day at the time of laying at the end of January and
for 20 wk. All data about reproductive parameters were
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recorded and provided by the breeder (Gibo’Vend�ee,
Chambretaud, France).
Fertility Parameters

As previously described (Mellouk et al., 2018;
Barbe et al., 2020), the different percentages (hatchabil-
ity, hatchability of fertile eggs, and fertility) were calcu-
lated using the following formula:

%of unfertilized eggs ¼
number of unfertilized eggs=number of incubated eggsð Þ � 100%

Hatchability of incubated eggs ¼
number of hatched chicks=number of incubated eggsð Þ � 100%

Hatchability of fertilized eggs ¼
number of hatched chicks=number of fertilized eggsð Þ � 100%:
Biological Samples

During the laying period, eggs were collected daily
and stored in a room at 15 to 16°C and 80 to 85% humid-
ity for one week before sample collection. Around 1 mL
of albumen was collected per egg and stored at �20°C
before use. At the end of the reproduction period, certain
animals intended for sale as meat were selected for the
study and killed by electrical stunning and bled out as
recommended by the ethical committee. Blood samples
were collected after the killing into heparin tubes and
plasma was recovered after centrifugation (5,000 g for
10 min at 4°C) and then stored at �20°C until use.
Blood amounts of chemerin (n = 60) were analyzed by
western blotting. Reproductive tracts samples have
been collected (infundibulum, magnum, isthmus, shell
gland, and vagina) by dissection after animal slaughter.
All the samples have been stored at �80°C before use.
mRNA Expression of Chemerin and Its
Receptors in Oviduct

Total RNA was extracted from the infundibulum, mag-
num, isthmus, shell gland, and vagina (6 animals per
stage) by homogenization of 1mg of tissue in the lysis
buffer reagent of a total RNA extraction kit according to
the manufacturer’s recommendations (NucleoSpin
Table 1. List of primers used for qRT-PCR.

Gene Primer forward

RARRES2 CGCGTGGTGAAGGATGTG
CMKLR1 CGGTCAACGCCATTTGGT
GPR1 ACCTGCCTGAGGAAGAAG
CCRL2 CACGCAGTGTTTGCTTTA
GAPDH TGCTGCCCAGAACATCAT
EEF1a AGCAGACTTTGTGACCTT
B ACTIN ACGGAACCACAGTTTATC
RNAMacherey-Nagel). The cDNA was generated by
reverse transcription (RT) of total RNA (1 mg) in a mix-
ture comprising 0.5 mM of each deoxyribonucleotide tri-
phosphate (dATP, dGTP, dCTP, and DTTP), 2 M of
RT buffer, 15 mg/mL of oligodT, 0.125 U of ribonuclease
inhibitor, and 0.05 U of Moloney murine leukemia virus
reverse transcriptase (MMLV) for 1 h at 37°C. Real-time
PCR was performed using the MyiQ Cycle device (Bio-
Rad, Marnes-la-Coquette, France), in a mixture contain-
ing SYBR Green Supermix 1X reagent (Bio-Rad),
250 nM specific primers (Invitrogen by Life Technologies,
Villebon sur Yvette, France) (Table 1) and 5 mL of cDNA
(diluted 5-fold) for a total volume of 20 mL. The samples
were duplicated on the same plate and the following PCR
procedure used: after an incubation of 2 min at 50°C and
a denaturation step of 10 min at 95°C, samples were sub-
jected to 40 cycles (30 s at 95°C, 30 s at 60°C and 30 s at
72°C). The levels of expression of messenger RNA were
standardized to the geometric mean of three reference
genes (EEF1, GAPDH, and bActin). The use of the geo-
metric mean of several reference genes has already been
validated (Vandesompele et al., 2002). For each gene
(Chemerin, CMKLR1, GPR1, and CCRL2), expression
was calculated according to primer efficiency (E) and
quantification cycle (Cq), where expression = E-Cq.
Then, relative expression of the target gene to the 3 refer-
ence genes was analyzed.
Western Blot

Infundibulum, magnum, isthmus, shell gland, and
vagina tissues from 6 animals from the F11 breed and 12
magnum samples from the F11 and the F22 breeds were
lysed using an Ultraturax (Invitrogen by Life Technolo-
gies, Villebon sur Yvette, France) in lysis buffer. The
lysates were centrifuged for 20 min at 17,000 g at 4°C
and the supernatant containing proteins was collected
and kept on ice. The protein concentration was mea-
sured using the bicinchoninic acid (BCA) protein assay
(Interchim, Montluçon, France). Lysate protein (60 mg)
was mixed with Laemmli buffer 5 X and proteins were
denatured for 5 min by heat shock at 95°C. Proteins
were loaded in an electrophoresis sodium dodecyl sul-
fate-polyacrylamide gel (15% for low protein weight
[<20 kDa]). Then, proteins were transferred to a nitro-
cellulose membrane. Membranes were blocked with
Tris-Buffered Saline Tween buffer containing 0.05% of
Tween 20 and 5% of milk for 30 min at room
Primer reverse Efficiency

CGACTGCTCCCTAAAGAGAACT 1.90
GGGTAGGAAGATGTTGAAGGAA 1.95

AA AAAGGCCAGTGGAAGCCCAT 2.00
AAAGC CAACAGCCCACGTGACAATG 1.92
CC ATCAGCAGCAGCCTTCACTACC 1.98
GCC TGACATGAGACAGACGGTTGC 1.95
ATC GTCCCAGTCTTCAACTATACC 2.02
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temperature. Membranes were incubated overnight at 4°
C with the appropriate primary antibody. Then, mem-
branes were incubated 90 min at room temperature with
a Horse Radish Peroxidase-conjugated anti-rabbit or
anti-mouse IgG. Proteins of interest were detected by
enhanced chemiluminescence (Western Lightning Plus-
ECL, Perkin Elmer, Villebon-sur-Yvette, France) with a
G-box SynGene (Ozyme, St Quentin en Yvelines,
France) and GeneSnap software (Ozyme). Then, pro-
teins were quantified with GeneTools software. The
results were expressed as the intensity signal in arbitrary
units after normalization.
Immunodetection of Chemerin System
Within the Allantoic and Amniotic Cells

Pheasant eggs were conventionally incubated at the
laboratory (INRAe, Centre Val de Loire, Nouzilly,
France) according to the following protocol. Eggs were
stored in a room at 15 to 16°C and 80 to 85% humidity
for 1 wk. Then, all eggs were placed in alternative rows
on each shelf of the incubator. They were maintained at
37.8°C and 56% relative humidity and automatically
turned every hour. At d 7 of incubation, all eggs were
candled, and infertile eggs, along with dead embryo
eggs, were eliminated. Five fertile eggs were retrieved at
11 (ED11) days of incubation. Embryos were taken and
sacrificed by decapitation, and the annexes were imme-
diately sampled (amniotic membrane, chorioallantoic
membrane) by dissection. After collection, tissues were
washed three times in PBS and then digested with colla-
genase A 0.3% (Roche Diagnostic, Mannheim, Ger-
many) for 30 min in a warm bath at 37°C. To remove
most of the red blood cells, the pellet was centrifuged
(400 g, 20 min) on a 2-layer discontinuous Percoll gradi-
ent (40%, 60% in Ham medium, GibcoBRL; Life Tech-
nologies, Cergy Pontoise, France). The 40% fraction was
collected and washed with fresh Dulbecco’s Modified
Eagle Medium (DMEM), cells were counted in a hemo-
cytometer, and cell viability was determined using Try-
pan Blue dye exclusion (Sigma). Cells were cultured in
DMEM medium supplemented with 20 mmol/L Hepes,
penicillin (100 U/mL), streptomycin (100 mg/L), and
L-glutamine (3 mmol/L). The cells were cultured for
24 h under a water-saturated atmosphere of 95% air, 5%
CO2 at 37°C in Lab-Tek chamber slides (ThermoFisher,
Courtaboeuf, France) at 1 £ 105 cells/well in 0.5 mL.
After platting, cells were washed tree times with PBS
and fixed in 10% formalin. Antigen retrieval was per-
formed by steaming the labtecks in a microwave in cit-
rate buffer (0.01 M) with a pH of 6.0 for 5 min, then
cooling for 20 min after two 5-min washes in PBS. Lab-
tecks were incubated at 4°C overnight with the rabbit
anti-chicken chemerin, CMKLR1, GPR1, and CCRL2
antibodies diluted 1:200 in PBS-Bovine Serum Albumin
(BSA). After washes in PBS−0.05% Tween 20 and
PBS, slides were incubated in goat anti-rabbit Alexa
488 (diluted at 1:500 in PBS for 1 h). After 3 to 5-min
washes in PBS, labteks were mounted with Vectashield.
Negative controls were performed by replacing antibody
with rabbit IgG (Sigma-Aldrich, l’Isle d’Abeau Chesnes,
France).
Source of Antibodies

Monoclonal chicken chemerin antibodies and poly-
clonal chicken CMKLR1 and GPR1 were produced by
AgroBio (La Fert�e Saint Aubin, France) and their spe-
cificities were tested as previously described by
(Mellouk et al., 2018) and (Estienne et al., 2022). Mouse
monoclonal antibodies to vinculin (hVIN-1) and poly-
clonal CCRL2 antibodies (Sigma [SAB2100371]) was
obtained from Sigma. All antibodies were used at 1/
1,000 dilution in western blotting.
Statistical Analysis

The GraphPad Prism software (version 8) was used
for all analyses. All data are reported as means § stan-
dard error of mean (SEM). We performed one t test or
one-way analysis of variance (ANOVA) to compare
the different means, when appropriates. When the
ANOVA indicated significant effects, the means were
analyzed by using the Fisher’s test. The relationships
between quantitative parameters (chemerin protein
amounts vs. reproductive parameters) were investigated
by Pearson’s correlation analysis.
RESULTS

Characteristic of Pheasant Hens and
Reproductive Parameters

Morphometric data of F11 (n = 30) and F22 (n = 30)
pheasant hens and measures obtained on their respective
eggs are resumed in Table 2. We did not find any signifi-
cant differences between the two breeds for the body
weight of females, the weight of eggs, albumen and yolk,
and the albumen / yolk ratio. However, we found a sig-
nificantly higher number of eggs per female during the
laying period in breed F22 compared to breed F11
(P = 0.04). Furthermore, focusing on reproductive
parameters, we observed a significantly higher fertility
rate (P = 0.04), hatchability rate (P = 0.04) and
hatched / incubated eggs rate (P = 0.03) in the F11
breed compared to the F22 breed. When we focused on
chemerin concentration within the blood plasma, we
didn’t find any significant difference between the 2
breeds (Table 2).
Chemerin SystemWithin the Reproductive
Tract and Eggs

By qPCR analysis in F11 breed only, we found that
chemerin is expressed by the different parts of the repro-
ductive tract in female pheasants, without significant
variations between the infundibulum, the magnum, the
isthmus, the shell gland, and the vagina (Figure 1A).



Table 2. Phenotypic and reproductive parameters for F11 and F22 female pheasants.

Parameter F11 breed F22 breed

Female body weight (g) (n = 30) 1467 § 36.93 1422 § 37.41
Egg weight (g) (n = 60) 30.50 § 0.44 29.87 § 0.33
Albumen weight (g) (n = 60) 15.00 § 0.33 14.84 § 0.24
Yolk weight (g) (n = 60) 10.83 § 0.18 10.63 § 0.14
Ratio albumen/yolk (n = 60) 1.39 § 0.03 1.41 § 0.03
Egg number per female 84.79 § 2.45 90.92 § 1.44* (P= 0.04)
Fertility rate (%) 88.35 § 0.77 85.47 § 1.13* (P= 0.04)
Hatchability rate (%) 82.30 § 1.77 77.60 § 1.33* (P= 0.04)
Hatched/incubated eggs rate (%) 72.66 § 1.31 65.58 § 1.25* (P= 0.03)
Plasma chemerin (n = 30) 0.009 § 0.0008 0.010 § 0.0008

The body weight of female pheasants, their total eggs, the yolk, and the albumen were weighted. The ratio between albumen and yolk weight was
calculated.

The total number of eggs laid by female for the studied reproductive season was determined. The percentage of fertilized eggs, the hatchability of total
eggs and the ratio between hatched and incubated eggs were calculated.

Plasma chemerin amounts were determined by western blotting.
Results are presented as means § S.E.M.
P-values of the effect of the breed (F11 or F22) were considered as significant if P < 0.05 (t test) and asterisks * indicate significant differences.
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Similar results were obtained for CMKLR1 (Figure 1B)
and CCRL2 (Figure 1D). However, results showed a sig-
nificant increase of GPR1 expression within the shell
gland compare to the other parts of the reproductive
tract (Figure 1C). Then, we compared the expression of
the very same genes between the magnums of the F11
and the F22 breeds. Here again, we didn’t find any dif-
ference of expression between the F11 and the F22 mag-
nums for chemerin, CMKLR1, GPR1, and CCRL2
(Figures 1E−1H). However, when focusing on chemerin
protein expression, western blotting analysis highlighted
Figure 1. The chemerin system is expressed within the female pheasan
during the laying period and euthanized to collect samples of their oviduc
expression in the different parts of the oviduct of hens (infundibulum, magn
(E) Chemerin, (F) CMKLR1, (G) GPR1, and (H) CCRL2 relative expressio
fied by RT-qPCR (n = 6). Values are expressed as mean § standard errors
and * indicates significant differences between the F11 and F22 breeds at P <
a significant increase of the protein amount in the mag-
num compared to the other parts of the reproductive
tract (Figure 2A). We decided to go further by compar-
ing the protein amount of chemerin within the magnum
of the breeds and found that F22 pheasant hens exhibit
significantly less chemerin within their magnum com-
pared to the F11 hens (Figure 2B). We also obtained a
similar result for the amount of chemerin in the albumen
of the eggs from the 2 breeds with a reduced chemerin
amount in the albumen of eggs from F22 hens compared
to the F11 hens (Figure 2C).
t reproductive tract. A total of 6 pheasant hens were randomly selected
ts. (A) Chemerin, (B) CMKLR1, (C) GPR1, and (D) CCRL2 relative
um, isthmus, shell gland, and vagina) quantified by RT-qPCR (n = 6).
n in the magnum of F11 (n = 6) and F22 (n = 6) pheasant hens quanti-
of means. Different letters indicate significant differences at P < 0.05,
0.05.



Figure 2. Chemerin is mostly secreted by the magnum of female pheasants, and differentially expressed by the F11 and the F22 breeds mag-
nums leading to different amounts of the protein within the albumen of eggs. A total of 6 pheasant F11 and F22 hens were randomly selected during
the laying period and euthanized to collect samples of their oviducts. (A) Protein abundance of chemerin detected by western blotting within the
infundibulum, magnum, isthmus, uterus, and vagina of F11 hens (n = 6). (B) Protein abundance of chemerin detected by western blotting within
the magnum of F11 and F22 hens (n = 6 for each breeds). (C) Protein abundance of chemerin detected by western blotting within the albumen of
eggs from F11 and F22 hens (n = 30 for each breeds). Values are expressed as mean § standard errors of means. Different asterisks * indicate signifi-
cant differences between the F11 and F22 breeds at P < 0.05.
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Correlations Between Chemerin and
Reproductive Parameters

Finally, we determined correlations between the
chemerin amount in the blood plasma and in the
albumen and the reproductive parameters obtained
from the 2 breeds. Indeed, we found a negative corre-
lation between blood plasma chemerin in F11 breed
and the egg hatchability (r = �0.48; P < 0.05). We
also found a positive correlation between the albumen
chemerin in F11 breed and the rate of hatched eggs
(r = 0.5; P < 0.05). In addition, we observed negative
correlations between the albumen chemerin in F22
breed and the rate of infertile eggs (r = �0.37; P <
0.05; Table 3).
Chemerin SystemWithin the Allantoic and
Amniotic Cells

Immunocytofluorescence experiments made it possible
to qualitatively assess the presence of proteins of the
chemerin system in the allantoic and amniotic cells.
Indeed, samples of allantoic and amniotic membranes
taken from ED11 incubated eggs were digested enzymat-
ically and put in short culture for 24 h on labteck slides
to allow the detection of target proteins. Chemerin was
detected in allantoic and amniotic cells with weak stain-
ing. For CMKLR1, staining was stronger in both cell
types. GPR1 and CCRL2 were also detected in both cell
types with less staining than CMKLR1. Finally, the neg-
ative control with anti-rabbit IgG showed no staining.
This result demonstrates that chemerin and its 3 recep-
tors are present in the allantoic and amniotic membrane,
at least at ED11 in the pheasant (Figure 3).
DISCUSSION

In the present study, we showed for the first time that
chemerin and its 3 receptors CMKLR1, GPR1, and
CCRL2 are expressed in the pheasant oviduct and chem-
erin is highly present in magnum and consequently accu-
mulates in egg albumen as previously shown in chicken.
In addition, we analyzed 2 lines of pheasants (F11 and
F22) with different fertility parameters, and we demon-
strated that F22 animals that laid more eggs but had
low fertility exhibited a lower amount of chemerin pro-
tein in their magnum and in the albumen of their eggs.
We also showed that chemerin amount in the albumen
was positively and negatively correlated with the hatch-
ing rate and the rate of unfertilized eggs, respectively,
suggesting that it could be a physiological parameter
associated to avian female fertility.
The involvement of chemerin in reproductive func-

tion, both in male and in female, is well-known in mam-
mals (Estienne et al., 2020). But until now, there are few
data about its implication within bird’s reproduction.
Our laboratory has already obtained interesting results
in bird species of agronomical interests. Indeed, we



Table 3. Phenotypic and reproductive parameters for F11 and F22 female pheasants.

Unfertile egg rate
(F11)

Unfertile egg rate
(F22)

Hatching rate
(F11)

Hatching rate
(F22)

Chemerin plasma
(F11, n = 30)

r = �0.093
P = 0.742

- r = �0.48
P= 0.033*

-

Chemerin plasma
(F22, n = 30) -

r = �0.375
P = 0.927

- r = 0.113
P = 0.218

Chemerin albumen (F11, n = 30) r = 0.375
P = 0.569

- r = 0.50
P= 0.04*

-

Chemerin albumen (F22, n = 30) - r = �0.37
P= 0.04*

- r = 0.123
P = 0.407

Correlations between chemerin amounts in blood plasma or in albumen and fertility parameters.
Pearson’s correlation analysis is presented below.
Asterisks (*) and red text identify correlations that are statistically significant.
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demonstrated that in turkey, chemerin is expressed by
granulosa cells and increases in the mature follicle before
ovulation, thus, potentially influencing the EED
(Diot et al., 2015). In male chicken, this hormone has a
negative impact on steroidogenesis and sperm function
in rooster, leading to a decreased fertility
(Estienne et al., 2020). We also demonstrated that
plasma chemerin concentrations are negatively corre-
lated with egg hatchability, suggesting a potential role
of this adipokine on EED here again (Mellouk et al.,
2018). We found the same result in the present study
with a negative correlation between blood plasma chem-
erin in F11 breed and the egg hatchability (r = �0.48; P
< 0.05). More recently, our laboratory showed that in
Figure 3. Chemerin system is expressed by the chorioallantoic and the a
nofluorescence was in vitro performed for chemerin, CMKLR1, GPR1, and
pheasant eggs at ED11 (scale 100 mm). In each culture, chorioallantoic and
resentative of 5 cultures.
hens, chemerin is expressed locally within the reproduc-
tive tract, more particularly within the magnum
(Estienne et al., 2022). The magnum is the region of the
avian oviduct where the synthesis and secretion of the
egg white albumen occurs (Wyburn et al., 1970). The
secretion normally takes place around 0.6 to 4 h after
the previous laying, when the yolk passes along the mag-
num. We found a similar result in pheasants with a more
important amount of chemerin protein in the magnum
compare to the other oviduct parts. In chicken, chemerin
is expressed by the magnum during albumen secretion,
accumulates within the egg albumen and plays an
important role during embryo development
(Estienne et al., 2022). Our investigations on pheasant
mniotic membranes of pheasant eggs at ED11 during incubation. Immu-
CCRL2 qualitative detection in chorioallantoic and amniotic cells of

amniotic cells were obtained from 5 fertilized eggs. The pictures are rep-
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eggs revealed a similar observation with important
amount of chemerin in the albumen of eggs. We also
found a difference between the 2 studied breeds with
higher amount of chemerin in magnums and egg albu-
mens of F11 hens compare to the F22 hens exhibiting
lower fertility and hatchability rates. The differential
selection between the 2 breeds, based on a metabolic
trait for the F11 breed, and on a reproductive trait for
the F22 breed, could explain this difference. The F22
breed lays more eggs but these are less fertile. This last
result suggests, as in the chicken hen, that this adipokine
could play an important role in embryonic development
during incubation. Indeed, in (Estienne et al., 2022), we
demonstrated that chemerin present an antibacterial
activity that could protect the egg from bacterial devel-
opment. As chemerin is well conserved between the spe-
cies (Bernardi et al., 2021), we hypothesize that this
hormone, due to its huge accumulation within the egg,
could play a similar role in pheasant species. Moreover,
we found that the chemerin system, ligand plus recep-
tors, is expressed within the embryo annexes in pheasant
during egg incubation. This result is similar to the obser-
vation we’ve made in chicken (Estienne et al., 2022). In
this last study, we showed that chemerin and its 3 recep-
tors are expressed in chicken allantoic and amniotic
membranes and that chicken recombinant chemerin has
proliferative effect on these cells cultured in vitro. Thus,
we hypothesize that chemerin system in allantoic and
amniotic membranes in pheasant is necessary for
annexes function and so, embryo development, like in
chicken. Finally, when focusing on correlations between
chemerin and reproductive parameters, we found that
chemerin amount in the albumen is positively correlated
with the rate of hatched eggs in pheasant F11 breed and
it is negatively correlated with the rate of infertile eggs
in pheasant F22 breed. All these results were obtained
with biological samples collected at the end of the first
period of reproduction of the pheasant hens, the conclu-
sions of this study can, therefore, only be representative
of the 1-yr-old pheasant at this precise period. But in
view of our previous study in chicken hens, we can
hypothesize that these interesting results could also indi-
cate that, in general, chemerin is beneficial for fertility
and egg hatch in all gallinaceans, throughout the breed-
ing season.
CONCLUSIONS

Taken together, we demonstrated that in pheasant
oviduct, chemerin is predominantly present in magnum
and accumulates in egg albumen. Moreover, in fertilized
eggs, chemerin and its three receptor, CMKLR1, GPR1,
and CCRL2 are found in allantoic and amniotic cells. In
addition, by using two pheasant lines we showed that
chemerin protein amount in egg albumen was signifi-
cantly positively and negatively correlated with the rate
of hatched eggs and the rate of infertile eggs, respec-
tively. Thus, chemerin in egg albumen could play a role
in embryo annexes and development and it could be
used as a marker for selection in avian species in terms of
fertility and hatchability. More investigations are
needed to validate these hypotheses.
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