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ABSTRACT CD127, also named interleukin-7 recep-
tor (IL-7R), is expressed on various cell types includ-
ing naive and memory T cells, and plays a critical role
in the differentiation and activation of T lymphocytes.
The availability of poultry-specific immune reagents
to identify and measure chicken CD127 response will
enhance fundamental and applied research in poultry
immunology. Mouse monoclonal antibodies (MAbs)
against chicken CD127 (chCD127) were developed
and characterized. More specifically, a 678 bp ectodo-
main of chCD127 gene was cloned in the pET28a (+)
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vector and expressed in BL21-AI E. coli competent
cells. The recombinant chCD127 protein with a size of
30 KDa which was also recognized by a mouse anti-
human CD127 MAb (Clone G-11) was used to immu-
nize mice, and 6 new mouse MAbs which specifically
detected chicken CD127 were developed and charac-
terized. Availability of these new sets of chCD127-
specific MAbs will facilitate the immunological studies
on CD127 in poultry, especially in understanding
effector and memory T immune cell responses in nor-
mal and diseased states.
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INTRODUCTION

Interleukin-7 (IL-7), mainly produced by non-
hematopoietic stromal cells in bone marrow, thymus,
and spleen, is a member of the gamma chain cytokine
family (also referred as IL-2 superfamily) which includes
IL-2, IL-4, IL-9, IL-15, and IL-21 (Lin et al., 2017). The
IL-7 receptor (IL-7R) is composed of 2 chains, the IL-7
receptor-a chain (CD127) and a common-g chain recep-
tor (CD132) with the latter being shared as the common
receptor for IL-2, IL-4, IL-9, IL-15, and IL-21 (Ziegler
et al., 1995; Mazzucchelli and Durum, 2007). IL-7, upon
interaction with its heterodimeric receptor, triggers the
downstream signaling transduction of JAK/STAT,
PI3K/KT, and MAPK/Erk pathways via the trans-
phosphorylation and activation of JAK1 and JAK3, and
the phosphorylation of STAT5A and STAT5B (Reth
and Nielsen, 2014; Thiant et al., 2016; Abdelsamed
et al., 2018). Given the critical role of IL-7 in these
signaling pathways, IL-7 can regulate a broad range of
cellular functions including cell survival and develop-
ment, especially for the T cell survival and homeostasis,
as well as B cell proliferation and differentiation (Reth
and Nielsen, 2014; Zaunders et al., 2014; Majumdar and
Nandi, 2018).
CD127, a type I cytokine receptor (McElroy et al.,

2012), is expressed on most leukocytes (Mazzucchelli
and Durum, 2007), and has been widely used in investi-
gation of the IL-7-mediated differentiation, maturation,
and survival of lymphocytes (Hur et al., 2009). Like
other interleukin receptors, mammalian CD127, a glyco-
protein consisting of multiple asparagine molecules, can
self-associate to generate homodimers that are incapable
of signaling (Hamming et al., 2012). Mammalian CD127
is essential for the regulation of naive and memory T-cell
homeostasis (Vranjkovic et al., 2007). In humans, muta-
tions of CD127 are associated with type Ⅰ diabetes, coli-
tis, breast cancer, lymphomas, leukemia, and severe
combined immunodeficiency (Shochat et al., 2011; Zen-
atti et al., 2011; Hamming et al., 2012). Although the
physiological roles of CD127 in B and T cell develop-
ment of humans and mice were studied over 10 years
ago (Mazzucchelli and Durum, 2007), little is known
about the functional activities of CD127 in chickens
(van Haarlem et al., 2009).
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Limited availability of poultry-specific immunore-
agents hinders progress in fundamental and applied
research in poultry species (Ariaans et al., 2008). Most
commercially available immunological reagents for
mammalian species have limited cross-reactivity with
poultry immune molecules due to the evolutionary
divergence. Therefore, there is a significant knowledge
gap in understanding poultry CD molecules. In this
study, we report the cloning and protein expression of
IL-7Ra, mouse MAb development to chCD127, and the
development of various immunoassays for specific detec-
tion of chIL-7Ra in tissues for fundamental and applied
immunological studies.
MATERIALS AND METHODS

Molecular Cloning and Gene Expression of
Chicken CD127

A set of primers (forward primer 5’ − CGGCTAG-
CATGGAAAGTGGTTGCACCTCAGC AGATGG −
3’ and reverse primer 5’ − CCGCTCGAGTCA-
CATGCTGCTATAGCTCTCCATG GA − 3’) con-
taining restriction enzyme (Nhe I and Xho I,
respectively) sites (underlined) were designed to amplify
a flanking 678 bp ectodomain of chicken IL-7R gene
from spelenocytes of 3-wk-old chickens (Genbank Acces-
sion No.: NM_001080106 XM_423732). The amplified
chCD127 was cloned into the pET-28a(+) expression
vector, and the recombinant plasmids were transformed
into E. coli strain BL21-AI cells (Thermo Fisher Scien-
tific, Waltham, MA). Protein expression was induced
using 0.25 mM isopropyl-b-D-thiogalactopyranoside
(IPTG, Sigma-Aldrich, St Louis, MO).
Purification and Characterization of
Recombinant Chicken CD127 Protein

Bacterial Growth and Induction Six flasks of 600 mL
of LB media (Research Products International Inc, Mt
Prospect, IL) with 100 mg/mL of ampicillin (Sigma-
Aldrich) were inoculated with freshly grown E. coli
transformed with chCD127 plasmid and incubated with
shaking for 5 to 6 hours (h) at 225 rpm, 37°C till OD590
reaching 0.6. IPTG was added to each flask for a final
concentration of 0.25 mM and the bacterial culture was
incubated at 37°C with shaking at 225 rpm overnight.
Purification of Chicken CD127 Protein The
expressed chCD127 protein was purified by affinity chro-
matography with the Ni-NTA Agarose column (QIA-
GEN, San Francisco, CA), and its purity was assessed
with a specific mouse anti-chCD127 MAbs by Western
Blot analysis. Briefly, bacteria were harvested by centri-
fugation at 15,000£ g for 10 min at 4°C, and the cell pel-
let was resuspended with 1£ PBS. Samples were
sonicated (Sonication power of 200 W. Pulse duration:
10 s on, 10 s off) for 10 min, centrifugated at 15,000£ g
for 20 min at 4°C, and the pellet was collected and resus-
pended in 8 M Urea at room temperature for over 5 h.
Samples were centrifugated at 15,000£ g for 30 min at
15°C. Ni-NTA resin in PBS buffer was added to the
supernatants, and tubes were incubated on a shaker for
1 h. Samples were then centrifugated at 1,100£ g for
5 min, and resins were collected and washed with 1£
PBS, 15 mL of 0.1 M Tris-HCl pH 7.4 and 15 mL of
0.1 M Tris-HCl pH 8.0, respectively. Recombinant
chCD127 protein was eluted from the column with
0.25 M Imidazole in PBS and protein concentration was
measured using Bradford Reagent after dialysis against
3 changes of distilled water at 4°C (Sigma-Aldrich). The
molecular weight and purity of the purified protein were
determined by SDS-PAGE and Western Blot analysis.
Characterization of Chicken CD127 Protein The
supernatant (SP) and inclusion body (IB) samples of
chCD127 protein were run on SDS-PAGE and transferred
onto PVDF membrane (Trans-Blot Turbo Mini PVDF
Transfer Packs, Bio-Rad, Hercules, CA). Western Blot
analysis was conducted using anti-His Tag MAb (HIS.H8,
MA1-21315, Invitrogen, Waltham, MA) and anti-human
IL-7R MAb (G-11, sc-514445, Santa Cruz Biotechnology
Inc., Dallas, TX), respectively, to determine the specificity
or cross-reactivity of chCD127 protein.
Animals One-day-old Ross 708 broiler chicks (Longe-
necker's Hatchery, Elizabethtown, PA) were housed in
Petersime starter brooder units and the 14-day-old
chickens were then transferred into large hanging cages.
All chicken studies were approved by the Institutional
Animal Care and Use Committee at the Beltsville Agri-
cultural Research Center.
Immunization of BALB/c Mice With Purified
Chicken CD127 Protein and Development of Anti-
chCD127 Monoclonal Antibodies The development
of monoclonal antibodies was performed by GenScript
Biotech Inc. (Piscataway, NJ). Briefly, 6 BALB/c mice
were immunized 3 times with purified chCD127 protein
to develop hybridomas secreting MAbs against
chCD127. Mouse sera were collected, screened, and char-
acterized by ELISA and Flow Cytometry. Monoclonal
antibodies were developed by fusing the spleen cells
from the selected mice with SP2/0 cells (Segers et al.,
1990). Selected mouse hybridoma cells secreting MAbs
against chCD127 were subcloned by limited dilutions
and their supernatants were used for further screening
and characterization. Twenty-two clones of new anti-
CD127 MAbs binding to recombinant chCD127 in
ELISA were selected for initial characterization. Two
clones (13C9 and 3B8) were used to detect subpopula-
tions of peripheral blood and spleen lymphocytes from 3-
wk-old chickens by flow cytometric analysis, whereas 6
clones (1G5, 2A6, 3B8, 9A8, 13C9, and 14B1) were used
to block IL7-induced thymocyte proliferation.
Screening of Chicken CD127-Specific Monoclonal
Antibodies Mouse sera and hybridoma supernatants
containing chCD127 antibodies were screened by indi-
rect ELISA as follows: CD127 antigen (1 mg/mL in 1£
PBS) was added to 96-well ELISA plates and incubated
at 37°C for 2 h or at 4°C overnight; Plates were washed
once and blocked with 200 mL of Blocking Buffer (Ther-
mofisher, Waltham, MA) and incubated at 37°C for 1 h.
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After plate washing, 100 mL of mouse antisera or hybrid-
oma culture supernatants were added to each well of the
plate for incubation at 37°C for 1 h. Plates were washed
4 times, and 100 mL of diluted HRP-conjugated goat
anti-mouse IgG (whole molecule) antibody (Sigma-
Aldrich) was added to each well, and incubated at 37°C
for 30 min. Plates were washed four times, 100 mL of
TMB Reagent (GenScript Biotech) was added to each
well and incubated at room temperature for 15 to 20
min; Finally, 100 mL of Stop Solution (2N H2SO4) was
added to the wells and OD450 value was read using a
microplate reader (ELx-800, BioteK, Winooski, VT).
Purification and Labeling of Chicken CD127 Mono-
clonal Antibodies Protein G Agarose (Pierce, Thermo
Scientific Inc., Rockford, IL) column containing 1 mL of
beads capable of binding 10 to 20 mg antibody was used
to pass 1 Liter of hybridoma supernatant. Columns were
washed with 100 mM Tris-HCl pH 8.0. The pH of cell cul-
ture supernatant was adjusted by adding 1/10 volume of
1.0M Tris-HCl pH 8.0, and passed through the protein G
column at a speed of 2 mL/min. Columns were washed
with at least 10 column volumes of 100 mM Tris-HCl and
then with 10 mM Tris-HCl. Then columns were eluted
with 50 mM glycine (pH 3.0), and eluted fractions were
collected into 1.5 mL Eppendorf tubes containing 100 mL
of 1 M Tris-HCl for immediate neutralization of antibody
solution. Bradford reagent was used to monitor eluted pro-
tein and SDS-PAGE was used to check the purity of puri-
fied antibody. Six out of 22 clones were selected and
tested further for their binding capabilities with recombi-
nant chCD127 protein in Western Blot analysis, and the
unrelated chicken Granzyme A protein expressed on the
same vector was used as a negative control.

Purified chicken CD127 MAbs were labeled with
Fluorescein isothiocyanate (FITC) Protein Labeling
Kit following the manufacturer’s instruction (Invitro-
gen, Eugene, OR). Labeled chicken CD127 MAbs were
purified, and their protein concentrations were measured
using Bradford Reagent (Sigma-Aldrich).
Immunoglobulin Isotyping of Chicken CD127
Monoclonal Antibodies Immunoglobulin isotyping of
chCD127 MAbs was conducted by using a mouse Immu-
noglobulin Isotyping ELISA Kit (Ready-SET-Go! Kit,
Affymetrix eBioscience, Waltham, MA). ELISA plates
were coated with 100 mL/well of capture antibody in
Coating Buffer and incubated at 4°C overnight. Plates
were washed twice and blocked at RT for 2 h. Plates
were washed twice and 50 mL of Assay Buffer A (1X)
added to all wells. Then 50 mL/well of samples, 50 mL/
well of positive control and 50 mL/well of negative con-
trol (cell culture medium) were added for incubation at
room temperature (RT) for 1 h. After plate washing,
100 mL/well of diluted Detection Antibody was added
and incubated at RT for 1 h. A 100 mL of Substrate
Solution was added to each well after washing the plate.
After incubation at room temperature for approximately
15 min, 100 mL of Stop Solution was added to each well.
Plates were read at 450 nm and 570 nm, respectively,
and the values of 570 nm were subtracted from those of
450 nm for final data analysis.
Expression of Chicken CD127 Protein on Different
Tissues To investigate chCD127 expression in chicken
lymphoid and non-lymphoid organs, tissue samples were
collected from 3-wk-old naïve chickens. Tissue samples
(500 mg) were homogenized in 5 mL of cold RIPA buffer
(Thermo Fisher Scientific, Waltham, MA) supplied with
10 mL/mL of Halt Protease Inhibitor Cocktail (Thermo
Fisher Scientific) on the ice. After centrifugation at
10,000£ g for 30 min at 4°C, the extracts of tissues were
collected and then loaded onto protein gels (5 mg/lane)
for further Western blot analysis, as stated above. Pro-
tein samples prepared from different tissues (thymus,
spleen, muscle, cecal tonsil, bone marrow, bursa, heart,
liver, kidney, jejunum, lung, and brain) were run on
SDS-PAGE and transferred onto PVDF membrane
(Trans-Blot Turbo Mini PVDF Transfer Packs, Bio-
Rad). Western Blot analysis were conducted using puri-
fied chCD127 MAbs to detect the expression of
chCD127 protein on chicken tissues.
Expression of Chicken CD127 Protein on Leuko-
cytes From Blood and Spleen CD127 protein expres-
sion was examined on peripheral blood mononuclear
cells (PBMC) and splenocytes from broiler chickens at
3 wk of age. PMBC and splenocytes were isolated from
chicken blood and spleen, respectively, using Ficoll-
Paque Plus (GE Life Sciences Inc., Uppsala, Sweden).
Cells were collected and washed in PBS twice at 1,500£
g for 10 min. About 1 million cells were suspended in 50
mL of PBS buffer, and stained with 1 mL of Fixable Via-
bility Stain 780 to differentiate live cells from dead cells
(BD Biosciences, Franklin Lakes, NJ) for 10 min at 4°C.
The cells were washed once and resuspended in 50 mL
PBS/1% BSA buffer, followed by addition of 50 mL of
1:50 diluted CD panels to stain for 30 to 45 min at room
temperature: Panel 1 for CD4 and CD8a staining: CD3-
PB, CD4-PE, CD8a-AF700, CD127(3B8)-FITC or
mouse IgG2b-FITC; Panel 2 for B cell staining: Bu1-PE,
CD127 (3B8)-FITC or mouse IgG2b-FITC; Panel 3 for
monocyte staining: KUL01-PE, CD127(3B8)-FITC or
mouse IgG2b-FITC. Except for the CD127 antibodies
which were labeled in the lab with FITC conjugation kit
according to manufacturer instruction (Thermo Fisher
Scientific Inc, Frederick, MD), all other CD reagents
specific for chickens were purchased commercially
(Sothern Biotech Inc, Birmingham, AL). After staining,
the cells were washed once, resuspended in 50 mL PBS/
1% BSA buffer, and subjected to analysis in flow cytom-
etry. Cells were acquired on a CytoFlex Flow Cytometer
(Beckman Coulter, Brea, CA) and analyzed. Approxi-
mately 50,000 cells were evaluated on flow cytometry.
IL-7-Induced Proliferation of Chicken Thymic Lym-
phocytes by Chicken CD127 MAbs In order to test
whether chicken IL-7-induced thymocyte proliferation
can be inhibited by chCD127 MAbs, a neutralization
experiment with the chCD127 MAbs was conducted in a
method described elsewhere (Bucy et al., 1990; Shen
et al., 1994). Briefly, chicken thymocytes were prepared
from 3-wk-old chickens and seeded into 96-well plates
with 1 £ 106 cells/well. Increasing amounts (4 ng−1,325
ng/well) of chCD127 MAbs were added to wells, and
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Figure 1. Expression and characterization of recombinant chicken CD127 protein. E. coli carrying chCD127 gene was induced with IPTG. Pro-
tein samples were processed and separated into different portions, such as portions of supernatant (SP) and inclusion body (IB). Expression of
ChCD127 protein was detected and reactivity was confirmed in the portion of inclusion body (IB) but not in the supernatant (SP) by Western Blot
analysis using anti-His Tag MAb (A) and anti-human IL-7R MAb (B).
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cultured at 41°C for at least 2 h. Chicken IL-7 protein
produced in CHO cells (Genscript Biotech) was then
added to each well at a concentration of 5 ng/well. Phy-
tohemagglutinin (PHA, 10 mg/mL) and Bovine serum
albumin (BSA, 10 mg/mL) were included as positive
and negative controls, respectively. Cells were incubated
at 41°C for 72 h and lymphoproliferation was monitored
by using CCK8 reagent (Cell Counting Kit − 8, Sigma-
Aldrich) and OD540 reading was used to determine the
inhibitory activity of anti-chCD127 MAbs.
Statistics The OD540 values in lymphoproliferation
inhibition assay were analyzed using the One-way
ANOVA. MAb treatment-group values were compared
with that in IL-7 positive control (without addition of
any antibodies). Differences were considered statistically
significant at P ≤ 0.05 (*) and P ≤ 0.001 (***). All the
data were expressed as mean § SD for each treatment in
the lymphoproliferation assay.
RESULTS

Molecular Cloning and Gene Expression of
Extracellular Region of Chicken IL-7R

A 678 bp extracellular region of chicken IL-7R gene
was amplified by PCR with a set of primers
containing engineered restriction enzyme (Nhe I and
Xho I) sites. After transformation, four positive
clones (1, 3, 4, and 8) were identified by colony PCR
and by restriction enzyme digestion with Nhe I and
Xho I of mini-prep DNA. E. coli carrying chCD127
gene was induced in a time- and dose-dependent man-
ner with IPTG (data not shown). The recombinant
CD127 protein present in the inclusion body was
detected using Western Blot analysis by anti-His Tag
MAb (Figure 1A), and also by cross-reactive anti-
human CD127 MAb (Figure 1B).
Production and Screening of Monoclonal
Antibodies Against Chicken CD127 Protein

Six BALB/c mice were immunized with purified
chicken CD127 protein. After immunizations, mouse
sera were collected and screened for reactivity with
30 kDa of chCD127 protein expressed in E. coli.
Twenty-two clones of hybridomas secreting chCD127
MAbs were selected and tested in indirect ELISA,
and all were reactive to recombinant chCD127 pro-
tein (Figure 2). Six clones (1G5, 2A6, 3B8, 9A8,
13C9, and 14B1) were further selected based on their
high binding activity in ELISA (Figure 2) and on



Figure 2. Screening of anti-chCD127 antibodies from chCD127 MAb hybridoma supernatants. Supernatants from ChCD127 MAb hybridoma
were collected, and twenty-two clones of hybridomas secreting chCD127 MAbs were tested in indirect ELISA, and all reactive to recombinant
chCD127 protein. Six clones (1G5, 2A6, 3B8, 9A8, 13C9, and 14B1) were selected based on their high binding activity in ELISA. Culture Medium
was used as a control (ctl).
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their binding capability to PBMC and spleen lympho-
cytes by flow cytometric analyses (data not shown),
and for further specificity evaluation in Western Blot
analysis.
Immunoglobulin Isotyping of Anti-chCD127
Monoclonal Antibodies

Immunoglobulin isotyping of antibodies which detect
chCD127 protein showed that 6 anti-chCD127 MAbs
belong to 3 kinds of isotypes, IgG1 (13C9), IgG2a (1G5
and 9A8), and IgG2b (2A6, 3B8, and 14B1) (Table 1).
Table 1. Immunoglobulin isotyping of mouse anti-chicken
CD127 monoclonal antibodies.

Clone name Isotype

1G5 IgG2a, kappa
2A6 IgG2b, kappa
3B8 IgG2b, kappa
9A8 IgG2a, kappa
13C9 IgG1, kappa
14B1 IgG2b, kappa
Specific Interaction of Anti-CD127
Monoclonal Antibodies With Recombinant
Chicken CD127 Protein

Six clones (1G5, 2A6, 3B8, 9A8, 13C9, and 14B1)
which showed reactivity with chCD127 protein in
ELISA were further evaluated by Western Blot anal-
ysis using chCD127 protein and unrelated chicken
Granzyme A protein expressed in the same vector as
a control. Specificities of these MAbs were validated
with their specific binding capability to chCD127,
but not to an unrelated chicken Granzyme A protein
(Figure 3A).
Expression of Chicken CD127 on Different
Tissues of Naïve Chicken

Crude tissue extracts from different tissues (thymus,
spleen, muscle, cecal tonsil, bone marrow, bursa, heart,
liver, kidney, jejunum, lung, and brain) of naïve chicken
were prepared and incubated with chCD127 Mab 3B8 in
Western blot analysis (Figure 3B). The native chCD127
protein was detected at the high level in tissues like the



Figure 3. Specific interaction of chCD127 MAbs with chCD127 protein. Specificity of generated ChCD127 MAbs was confirmed by Western
Blot analysis using expressed ChCD127 protein and no interaction of these MAbs with unrelated ChGZMA protein was detected (A). Expression of
ChCD127 protein was identified in different tissues of naïve chicken (B). Protein samples from different tissues of naïve chicken were prepared, and
chCD127 protein was detected by Western blot analysis using purified chCD127 Mab 3B8. Natural chCD127 protein was found to be highly
expressed in tissues like thymus, lungs, and spleen, and moderately expressed in heart, brain, bursa, and bone marrow, but no chCD127 protein was
detected in muscle, liver, kidney, cecal tonsil and jejunum (B).
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thymus, lungs, and spleens, but not expressed in muscle,
livers, kidneys, cecal tonsils, and jejunum. Moderate
level of CD127 was detected in the crude tissue extracts
from heart, brain, bursa, and bone marrow.
Expression of Chicken CD127 Protein on
Leukocytes From Blood and Spleen

CD127 protein expression was examined by flow
cytometry on PBMC and splenocytes from broiler
chickens at 3 wk of age. From 6 different hybridoma
clones that we tested, 2 clones (13C9 and 3B8)
reacted positively with the PBMCs as well as in
spleen lymphocytes. In more details, chCD127 Mab
3B8 strongly reacted to protein expressed on T cells
in peripheral blood: 29.15% CD4+CD127+, 6.64%
CD8+CD127+ (Figure 4A) and in spleen: 10.35%
CD4+CD127+, 6.03% CD8+CD127+ (Figure 4B), and
reacted to protein expressed on B cells in peripheral
blood (15.69% Bul+CD127+) (Figure 4C) and spleen
(4.73% Bul+CD127+) (Figure 4D), as well as on
monocytes in peripheral blood (52.97%
KUL01+CD127+) (Figure 4E) and spleen (61.43%
KUL01+CD127+) (Figure 4F), by flow cytometry.
Neutralization of IL-7-Induced Thymocyte
Proliferation by Anti-chCD127 Monoclonal
Antibodies

To test whether chicken thymocyte proliferation
induced by chicken IL-7 can be inhibited by anti-
chCD127 MAbs, different dilutions of 6 anti-chCD127
MAbs were added to thymocyte proliferation culture.
All clones could inhibit lymphocyte proliferation. As
shown in Figures 5A−5D, all clones inhibited lympho-
cyte proliferation, but 4 out of 6 chCD127-specific MAbs
showed neutralization capability in a dose-dependent
manner (Clones 3B8, 2A6, 9A8, and 14B1).
DISCUSSION

IL-7-induced survival and proliferation of T cells
involve Jak/Stat pathways (Swainson et al., 2007),
which are triggered following IL-7 binding with IL-7R
(Suzuki et al., 2000). T cell survival is maintained by IL-
7 which inhibits the mitochondrial apoptotic pathway
and regulates the expression of Bcl-2 family of molecules,
particularly Bcl-2 and Mcl-1 (Opferman et al., 2003;
Dzhagalov et al., 2008).



Figure 4. Reaction of chCD127 protein expressed on chicken peripheral mononuclear cells (PBMC) and splenocytes of naïve chicken with
chCD127 Mab 3B8. PMBC and single splenocyte were isolated from chicken blood and spleen of broiler chickens at 3 weeks of age and analyzed by
flow cytometry using ChCD127 MAbs. ChCD127 protein was found to be expressed on T cells in peripheral blood (CD4+CD127 +, CD8 + CD127 +)
(A) and spleen (CD4 + CD127 +, CD8+ CD127+) (B); it was also identified on B cells in peripheral blood (Bul + CD127 +) (C); B cells in the spleen
(Bul + CD127 +) (D). In addition, ChCD127 protein was detected on monocytes in peripheral blood (KUL01+ CD127+) (E) as well as in spleen
(KUL01 + CD127 +) (F).]
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CD127 is involved in a signaling pathway to maintain
T cell metabolism by regulating glycolysis (Jacobs et al.,
2010). However, a better understanding of interaction
among IL-7 and the contribution of the Y449 residue of
CD127 on GLUT1 expression and glucose uptake is
needed (Carrette and Surh, 2012). T cell sensitivity to
IL-7 is dictated by the expression level of CD127. Due to
the limiting amount of IL-7 availability in vivo, the con-
sumption of IL-7 is tightly controlled through IL-7-
induced downregulation of CD127 (Park et al., 2004).
Upon IL-7 stimulation, CD127 expression on cell surface
is downregulated. CD127 regulation occurs at both the
transcriptional level as well as the post-translational
level (Henriques et al., 2010; Carrette and Surh, 2012).
IL-7 signaling can tune the T cells receptor (TCR)
sensitivity of CD8+ T cells through the transcriptional
regulation of coreceptor CD8 (Park et al., 2007). IL-7
treatment in vivo increases CD8 expression on T cells,
whereas CD8 expression is decreased in IL-7 deficient
mice. Because the expression of CD4 coreceptor is not
under IL-7 stimulation, these mechanisms may apply
only to CD8, but not CD4 T cells (Park et al., 2007).
IL-7 is an anti-apoptotic cytokine and a crucial survival

factor for T cells which is necessary for T cell proliferation,
development and homeostasis (Jameson, 2002; Khaled and
Durum, 2002), although it is also involved in B cell devel-
opment. IL-7-mediated homeostasis and antigen-induced
selection are the two major processes that govern T cell
proliferation and survival (Koenen et al. 2013). The size of
the peripheral pool is maintained by homeostasis



Figure 5. Neutralization of IL-7 induced thymocyte proliferation by anti-chCD127 monoclonal antibodies. In order to test whether chicken IL-
7-induced thymocyte proliferation can be inhibited by chCD127 MAbs, chicken thymic lymphocytes were prepared from 3-wk-old chickens, and a
neutralization experiment with the chCD127 MAbs was conducted. The data indicated that IL-7-driven chicken thymocyte proliferation was signifi-
cantly inhibited at a dose-dependent manner by each of anti-chCD127 MAbs added, and proteins expressed on chicken thymic lymphocytes could
be neutralized by each of the chicken CD127 MAbs generated (A−D). MAb treatment-group values were compared with that in IL-7 positive control
(without addition of any antibodies). Differences were considered statistically significant at P ≤ 0.05 (*) and P ≤ 0.001 (***). All the data were
expressed as mean § SD for each treatment in the lymphoproliferation assay.
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(Stockinger et al., 2004; Almeida et al., 2005), whereas sev-
eral rounds of T cell proliferation, differentiation, and cell
death are influenced by antigen-receptor activation in
response to pathogens (Koenen et al., 2013).

Expression of chIL-7Ra protein was previously
reported to be on PBMCs and splenocytes using a mono-
clonal antibody, 8F10E11, which was mostly expressed
on CD8aint cells in peripheral blood lymphocytes (van
Haarlem et al., 2009) Interestingly, these cells rarely co-
expressed CD8b, indicating that the protein may not be
expressed on the surface of these cells, although IL-7Ra
mRNA was expressed on CD8b+ cells. Furthermore,
splenic CD8b+ cells did not express chIL-7Ra following
stimulation (van Haarlem et al., 2009). In our study,
native IL-7Ra protein expression was also - highly
detected in the thymus, lung, and spleen, moderately in
the brain, heart, bone marrow, and bursa. The high
expression levels of IL-7R2 in the lung tissue may be pos-
sibly related to the presence of enriched alveolar macro-
phages in the lungs.
The lack of specific immune reagents available for
avian immunology research hinders applied research on
host-pathogen immunobiology and vaccine development
in poultry (Kaiser et al., 2005). The availability of new
CD127-specific MAbs that we described in this paper
will help fill the knowledge gap between mammalian and
chicken immunology. Like chicken IL-6 and TNF-a
(Staeheli et al., 2001; Giansanti et al., 2006), the mouse
anti-human CD127 antibody (G-11, sc-514445, Santa
Cruz Biotechnology Inc) was found to cross-react with a
chicken CD127-like molecule in this study. However, the
cross-reactivity between human CD127 and chicken
CD127 may be limited. The human CD127 immunogen
of the first 215 amino acid deduced protein sequences
shared less than 35% homology with the chicken coun-
terpart. Therefore, such cross-reactive antibodies have a
limited application for poultry immunology research.
Besides, it needs a further test on its specificity to deter-
mine if such an anti-human antibody may be expanded
to other avian species. We developed mouse anti-avian
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CD127 for the characterization of chicken CD127 to bet-
ter study the interaction between CD127 and IL-7. Fur-
thermore, anti-chicken CD127 mAb could be used for
other avian species.

Interestingly, the anti-chCD127 antibodies that
showed a strong signal in indirect ELISA did not bind
chicken leukocyte antigen well in the Flow Cytometry
assay. That may result from the differences in spatial
conformation between the prokaryotic recombinant pro-
tein used for immunization and the eukaryotic form
expressed on chicken leukocytes. Two other clones of
MAbs specific for chCD127 (Clones 13C9 and 3B8) were
reactive to chicken leukocytes in the Flow Cytometry
assay. With the availability of these new MAbs, detailed
analysis of the function and relationship of naïve, effec-
tor T cells, effector memory, and central memory T cells
will be possible

In this study, the results of IL-7-induced lymphocyte
proliferation assay demonstrated the functionalities of
our MAbs specific for chCD127. Four MAbs (2A6, 3B6,
9A8, 14B1) were able to neutralize CD127 on the thymo-
cytes, and blocked the interaction of IL-7 with CD127,
therefore, inhibiting the lymphocyte proliferation.
CONCLUSIONS

In this study, we described the cloning and expression
of the chicken CD127 protein, development and charac-
terization of anti-chCD127 monoclonal antibodies.
Chicken CD127 protein was expressed in E. coli and
used to immunize mice to develop mouse hybridomas
which secret MAbs specifically binding to chCD127. Six
hybridoma cell lines were selected based on their high
binding characteristic in ELISA. Anti-chCD127 Mabs
were further characterized according to their isotypes,
tissue specificity and their abilities to neutralize IL-7-
induced thymic lymphocyte proliferation. The IL-7R
expression patterns in immune tissues were confirmed
by FACS analyses. Together, these results demonstrate
that new sets of mouse Mabs detecting chCD127 protein
have been produced. They will be critical immune tools
for fundamental and applied studies in poultry immunol-
ogy, especially for studies in effector and memory T cell
typing and vaccine development for infectious diseases
of poultry. The availability of new monoclonal antibod-
ies specific for molecules of Clusters of Differentiation in
poultry may benefit avian immunological research to
promote animal health and food animal production.
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