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Vaccination is important for reducing disease incidence in the poultry industry. To enhance immunity and vaccine ef-
ficacy, chicken cytokines associated with antibody production must be identified. In this study, we focused on interleukin-5
(IL-5), involved in antibody production in mice, measuring its expression and effects on antibody production. Concanavalin
A-stimulated splenocytes were used for RT-PCR to clone /L5 cDNAs. Recombinant IL-5 was prepared from the clone and
administered to chickens with antigen via the ocular-topical route twice every alternate week. IL-5 enhanced antigen-specific
IgY and inhibited antigen-specific serum IgA production in serum. Our findings suggest that IL-5 plays an important role in

chicken antibody production, with possible unique functions.
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Introduction

Chicken meat and eggs are important protein sources. In-
fectious diseases often cause significant economic losses to the
poultry industry and require control through vaccination. Choos-
ing vaccination routes is important for eliciting effective immune
responses. Mucosal vaccination is a practical method that not
only induces serum and mucosal antibody production[1], but also
reduces the risk of accidents because it does not require injection.
Ocular-topical vaccination using a zymosan A adjuvant enhances
antigen-specific serum IgA antibody production[2]. However,
unlike in mammals, the detailed mechanism underlying antibody
production in chickens is less well-characterized. The identifi-
cation of chicken cytokines that regulate antibody production is
indispensable for enhancing vaccination efficacy.

Received: October 24, 2023, Accepted: December 13, 2023
Available online: January 18, 2024

Correspondence: Hiroyuki Horiuchi, Laboratory of Immunobiology,
Graduate School of Integrated Sciences for Life, Hiroshima Universi-
ty, 1-4-4 Kagamiyama, Higashi-Hiroshima, 739-8528, Japan. (E-mail:
hhoril0@hiroshima-u.ac.jp)

The Journal of Poultry Science is an Open Access journal distributed
under the Creative Commons Attribution-NonCommercial-Share-
Alike 4.0 International License. To view the details of this license,
please visit (https://creativecommons.org/licenses/by-nc-sa/4.0/).

J. Poult. Sci., 61: jpsa.2024002, 2024

In mammals, interleukin-5 (IL-5) is a multifunctional cyto-
kine primarily produced by mast cells and T-cell subsets, particu-
larly activated T2 cells[3-5]. It acts on B cells to induce their
proliferation and differentiation to produce immunoglobulins[6].
Among IL-5-responsive B-cell subsets, B-1 cells are thought to
provide innate immunity by producing natural antibodies. Most
B-1 cells express the IL-5 receptor, which is composed of a spe-
cific a chain specific to IL-5 (IL-5Ra) and a common B chain; it
plays a key role in supplying IgA-producing plasma cells to the
mucosa[6,7]. B-2 cells (conventional B cells) in the peripheral
blood and spleen acquire IL-5-responsiveness when stimulated
by CD38 and subsequently switch from IgM to IgG1 produc-
tion[8,9].

In the 2000s, multiple chicken genes encoding cytokines and
chemokines were identified. Although the chicken genes encod-
ing T2 cytokines, such as IL-3, IL-4, IL-5, and granulocyte
macrophage colony-stimulating factor (GM-CSF), have been
mapped based on synteny[10], the chicken /L5 gene lacks recog-
nizable regulatory regions, such as transcription factor-binding
sites and instability regions, and its cDNA has not been cloned.
In contrast, the gene encoding chicken IL-5Ra possesses highly
conserved motifs[11]. Chicken /L5RA is expressed at high levels
in the lungs, spleen, and bone marrow; it binds specifically to
chicken but not to mouse IL-5, suggesting that it is functional.
However, chicken IL-5 expression and function have not yet
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been elucidated.

In the present study, we investigated the expression of chicken
IL-5 in splenic lymphocytes and cloned them. We also examined
whether co-administration of recombinant chicken IL-5 and the
antigen via the ocular-topical route affected antigen-specific an-
tibody production.

Materials and Methods

Experimental animals and husbandry

Freshly laid and fertilized White Leghorn (WL) eggs and
chickens, respectively, were purchased from Akita Co. (Fuku-
yama, Japan) and maintained in an isolation facility in the Ani-
mal Farm of Hiroshima University. All experimental methods
were approved by the Animal Use and Care Committee of Hiro-
shima University (No. C22-33-2). Spleens were collected from
one- and two-month-old chickens.

Splenocyte collection and culture

Chicken spleens were dissociated, followed by density-gra-
dient centrifugation using Ficoll-paque™ PLUS (GE healthcare,
Chicago, IL, USA) at 400 x g for 15 min. Lymphocytes were
washed with PBS, seeded at a density of 4 x 107 per mL in 24-
well plates, and cultured in Iscove’s Modified Dulbecco’s me-
dium (IMDM) supplemented with 10% heat-inactivated fetal bo-
vine serum (FBS) at 37°C in 5% CO,. Concanavalin A (ConA),
a mitogen of T cells, was added to the cultured lymphocytes at a
final concentration of 2 pg/mL. After stimulation for 24 and 48
h, the cells were collected and used for RT-PCR to detect chicken
IL-5 levels.

RT-PCR

Total RNA was extracted from lymphocytes cultured with or
without ConA using the TRIzol reagent (Thermo Fisher Scien-
tific, Waltham, MA, USA), treated with DNase I (Thermo Fisher
Scientific) and used to synthesize cDNA with oligo(dT),, primer
and SuperScript® III reverse transcriptase (Thermo Fisher Scien-
tific). Primers were designed to amplify the full-length /L5 cod-
ing sequence, as per the NCBI NC_052544.1; Gallus gallus iso-
late bGalGall chromosomel3, bGalGall.mat.broiler. GRCg7b,
whole genome sequence 16509448 to 16513401).

PCR was performed using Ex Taq DNA polymerase (TaKaRa
Bio, Shiga, Japan) and the primers (5'-CTCTGAGCACATCAG-
GACC-3") and (5-GCTTGTTTAAGCTTACGGTG-3"), under
the following conditions: 5 min at 95°C; 40 cycles of 10 s at
98°C, 30 s at 60°C, and 1 min at 72°C; and 10 min at 72°C. PCR
products were subjected to electrophoresis on a 3% agarose gel.
Sequencing

PCR products were assembled into the pCR2.1-TOPO™
TA vector (Thermo Fisher Scientific) using TA cloning, and the
cloned vectors were transformed into DHS5a competent cells
(Toyobo Co., Ltd., Osaka, Japan). Colony PCR was performed
using primers M13-20 (5'-GTAAAACGACGGCCAG-3") and
MI13R (5'-GGAAACAGCTATGACCATG-3"). The amplified in-
sert DNA was sequenced using the Big Dye Terminator Sequenc-
ing Kit (version 3.1; Applied Biosystems, Waltham, MA, USA).
The cDNA sequences were aligned with GenBank AB618613.1.

Production of recombinant IL-5

The IL5 cDNA was subcloned into the pcDNA4/myc-
His B vector (Thermo Fisher Scientific). The coding region
was PCR amplified using KOD Fx Neo DNA polymerase
(Toyobo) and the primers: chlL-5 Kpnl F (5-TAAGGTAC-
CATGAGGACCCATC-3') and chIL-5 Agel R (5'-CATACC-
GGTCACTCTTGCATC-3'). HEK293 cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM; Thermo Fisher
Scientific), supplemented with 10% FBS, at 37°C under 5%
CO,. The expression vector was transfected into them using Li-
pofectamine3000 reagent (Thermo Fisher Scientific) according
to the manufacturer’s protocol, then the culture medium was re-
placed with FreeStyle293 expression medium. After transfection,
recombinant His-tagged IL-5 was detected in the supernatant of
the transfected cells by western blotting using a mouse anti-His
as the primary antibody and HRP-labeled goat anti-mouse 1gG
as the secondary antibody. The molecular weight of the protein
was approximately 13 kDa, consistent with the expected size
(Supplemental Figure S1). Recombinant IL-5 was isolated from
the supernatant by electrophoresis on a 15% sodium dodecyl
sulfate-polyacrylamide gel. The 13-kDa band was excised and
protein was extracted overnight in 1% SDS, 20 mM Tris-HCI.
Thereafter, the polyacrylamide was removed using a spin column
and the protein was concentrated using an ultrafiltration column
(NMWL; 5000 Da; Millipore, Burlington, MA, USA). An SDS-
eliminant (ATTO, Tokyo, Japan) was used to remove SDS from
the protein solution.

Preparation of dinitrophenylated keyhole limpet hemocyanin
(DNP-KLH)

Briefly, 200 mg of K,CO5 was dissolved in 6 mL of distilled
water, and 200 mg of KLH was added to the solution. Two hun-
dred milligrams of 2, 4-dinitrobenzene-solfonic acid hydrate
(DNBS) was dissolved in 4 mL of distilled water. The DNBS
solution was then slowly added to the KLH solution. The mixture
was stirred in the dark at room temperature for 24 h.
Immunization and serum collection

DNP-KLH and recombinant IL-5 were co-administered to
chickens via the ocular-topical route once every other week, for
a month. Recombinant IL-5 was mixed with DNP-KLH at three
dilutions (1/1000, 1/500, and 1/100) and administered at 2 mg
DNP-KLH/kg body weight (five or six chickens per goup). Se-
rum was collected one week after administration.
Enzyme-linked immunosorbent assay (ELISA)

Anti-DNP IgM, IgY, and IgA antibodies were measured us-
ing ELISA as described previously[2]. Anti-DNP titers that were
more than a 1.5-fold quartile range from the first or third quartile
were treated as outliers (Supplemental Figure S2) and analyzed
using Dunnett’s test (n = 3—6). Microsoft Excel was used to graph
the data, and R studio (2022.07.0) was used for identification of
outliers and statistical analyses. Statistical significance was de-
fined as *p < 0.05, **p < 0.01.
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Fig. 1.

Expression and sequence of chicken /L5. (A) RT-PCR measurements of

mRNA expression. ConA-stimulated splenocytes were used for preparation of cDNA,

which was used as a template in RT-PCR. (B) Sequence comparison of cloned /L5 with

that deposited in NCBI. Arrows show primers designed to amplify untranslated regions.

Results

Cloning of the chicken IL5 coding sequence

To evaluate chicken /L5 expression, RT-PCR was performed
on splenic lymphocytes cultured with and without ConA. The
expression of /L5 was consistently observed, regardless of ConA
stimulation (Fig. 1A). The PCR amplicons were sequenced using
our designed primer set. The full-length IL-5 coding sequence
was 381 bp in length, consistent with GenBank AB618613.1
(Fig. 1B).
Recombinant IL-5 regulates antigen-specific Ig production

To examine the effects of chicken IL-5 on antibody produc-
tion, chickens were treated with recombinant IL-5 and DNP-
KLH via the ocular-topical route twice every other week. One

week after each immunization, serum was collected and anti-
DNP IgM, IgY, and IgA titers were measured.

Recombinant chicken IL-5 affected antigen-specific antibody
production after co-administration with DNP-KLH. Low IL-5
levels significantly increased anti-DNP IgY titers after the sec-
ond immunization compared with controls (Fig. 2B, p < 0.01).
No significant differences in anti-DNP IgM titers were observed
(Fig. 2A, p = 0.084). All groups that received IL-5 showed a
significant decrease in anti-DNP IgA titers after the second dose
compared to controls (Fig. 2C, p < 0.05).

Discussion

IL5 has been annotated in the chicken genome; however, no
recognizable regulatory regions were identified[10]. IL-5Ra, a
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Fig. 2. Titers of anti-DNP IgM, IgY, and IgA in the sera of
immunized chickens. Control chickens were immunized with
2 mg/kg DNP-KLH. Other groups were immunized with DNP-
KLH (2 mg/kg body weight) with diluted recombinant IL-5
(low, 1/1000; medium, 1/500; and high, 1/100). Immunizations
were performed once every other week, for a month. After each
immunization, sera were collected for quantification of anti-
DNP IgM, IgY, and IgA titers using ELISA.

receptor for IL-5, was identified and showed specific affinity for
chicken IL-5[11], suggesting its potential for chicken IL-5 signal
transduction. However, little progress has been made in under-
standing chicken IL-5 function. In this study, we showed that /L5
is expressed in splenic lymphocytes and cloned its cDNA. When
recombinant chicken IL-5 was administered via the ocular-topi-
cal route with the antigen, antigen-specific antibody production
was affected, suggesting that IL-5 plays a role in chickens anti-

body production.

Chicken /L5 mRNA expression in splenic lymphocytes was
assessed by RT-PCR, and its expression was increased by ConA
stimulation. This result is similar to the expression pattern of IL-5
in mammals[3,12], suggesting that IL-5 in chickens is a cytokine
produced by T-cell subsets, similar to that in mammals. Chicken
IL-5 may mediate lymphocyte interactions. To our knowledge
the chicken /L5 coding sequence had not yet been cloned; there-
fore, we confirmed the sequence in this study.

To evaluate the effects of chicken IL-5 on antigen-specific an-
tibody production, recombinant IL-5 was co-administered with
DNP-KLH via the ocular-topical route. After co-administration,
DNP-specific antibodies were detected in the serum, suggesting
that IL-5 affects antigen-specific antibody production.

Low-concentration IL-5 significantly enhanced anti-DNP
IgY titers after the second immunization (p < 0.01). Mouse
IL-5 participates in the regulation of B-cell differentiation into
antibody-producing cells, such as the differentiation of anti-DNP
IgG-producing and surface IgA* B-2 cells into IgA-producing
cells[13—15]. IL-5 signaling plays a critical role in antibody pro-
duction, as IL-5Ra-deficient mice show decreased serum IgM,
IgG subclass, and IgA levels[7,16]. Therefore, our results suggest
that chicken IL-5 regulates antibody-producing cells. The fact
that the anti-DNP IgM titer tended to increase also supports this
hypothesis. However, at medium and high concentrations, IL-5
reduced the titers of anti-DNP IgM and IgY. This suggests that
it is important not to exceed an optimal IL-5 concentration for
effective Ig production. Mammalian IL-5 acts on other immune
cells including eosinophils and regulatory T cells, in addition to
B cells[17-19]. The addition of exogenous IL-5 may cause an
excessive immune response and disrupt the balance of antibody
production.

Unlike the situation in mammals, IL-5 did not enhance anti-
DNP IgA production. This suggests that IL-5 is involved in the
class switch to IgY production but not in the switch to IgA pro-
duction. Activated B cells are induced to switch or differentiate
into antibody-producing cells. In the mouse, splenic B cells ac-
quire responsiveness to IL-5 by CD38 stimulation; this response
upregulates the expression of genes such as Blimpl, which
promotes differentiation into antibody-producing cells, and Aid
(also known as Adicda), which encodes an enzyme involved in
class switching[15]. In chickens, IL-5 likely is involved in the
differentiation and maturation of activated B cells. Our results
suggest that IL-5 preferentially promotes class switching to IgY
and differentiation into IgM- or IgY-producing cells, decreasing
IgA production. Thus, chicken IL-5 may have two functions:
the induction of a class switch to IgY and the regulation of an-
tibody-producing cells. To more critically evaluate the function
of chicken IL-5, we need to prepare highly purified recombinant
IL-5. In addition, because IL-5 and IL-6 enhance rat tear IgA as
adjuvants[20], we should focus on IgA-producing cells in tears
and mucosal tissues. To understand the regulation of IgA produc-
tion, it is essential to identify chicken IL-5Ra-expressing cells
and determine the contribution of IL-5 to antibody production.
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