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ABSTRACT

[YTIE Programmed cell death protein-1 (PD-1) is a membrane receptor expressed on the surface of T and
B lymphocytes, monocytes, natural killers, and dendritic cells. In cancer, the PD-1/PD-L1 system prevents
the proliferation of T lymphocytes and causes the release of cytokines and cytotoxicity, which leads to
the apoptosis of tumor-specific T cells, thereby preventing the immune response to cancer cells.

In this study, the extracellular part of the humanized PD-1 protein was cloned and
expressed, and the protein was injected as an antigen into a camel (Camelus dromedarius) to obtain a
camel polyclonal antibody against PD-1 protein.

[FTE The obtained results indicate the proper expression of the protein in the prokaryotic system.
Also, using various tests, such as ELISA and western blot, it was confirmed that the polyclonal antibody
obtained from camel can identify PD-1 protein.

[@TEIERT This study showed that because of the advantages, such as the ability to bind multiple

Western blotting, epitopes, camel polyclonal antibodies can be used in antibody-based research for effective and strong
ELISA molecular applications to detect PD-1 receptors.
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Introduction

rogrammed cell death protein 1 (PD-1) is an
inhibitory receptor expressed during activation
by T lymphocytes. This protein regulates the
function of T cells during various physiologi-
cal responses, including acute and chronic in-
fection, cancer and autoimmunity, and immune homeo-
stasis [1, 2]. PD-1 is a monomeric surface glycoprotein
and is encoded by the PDCD] gene which consists of 5
exons. This protein has immunoreceptor tyrosine-based
inhibitory motifs and an immunoreceptor tyrosine switch
motif [3, 4]. PD-1 is inducibly expressed on T lympho-
cytes with surface markers CD4 and CDS, natural killer
(NK) cells, B cells, macrophages, and some subsets of
dendritic cells (DC). Some cytokines, such as interleu-
kin-2 (IL-2), interleukin-7 (IL-7), and interferons (IFNs)
can induce PD-1 expression in T cells [5]. PD-1 has 2 nat-
ural ligands called PD-L1 and PD-L2, which play a role
in PD-1: PD-L1/2 signal transmission. PD-/ is mainly
expressed on activated T cells, while its main ligand, PD-
L1, is expressed on the surface of various cells (including
T and B cells, natural killer cells, antigen-presenting cells,
epithelial cells, and vascular endothelial cells) [6].

One of the immune checkpoints that many tumors use
to escape the immune system is the axis of PD-1 proteins
and its ligand. In cancer cells, the PD-LI gene is overex-
pressed, and the number of PD-L1 proteins on their sur-
face increases. In cancer, the PD-1/PD-L1 system inhibits
T-lymphocyte proliferation, cytokine release, and cyto-
toxicity [7-9], which leads to apoptosis of tumor-specific
T cells and thus cancer cells. Meanwhile, it provides an
opportunity to prevent the immune response to grow and
expand [10]. Cancer immunotherapy has recently been
developed to design effective treatments to improve the
specificity and strength of the immune system against
cancer [11]. Allison and Honjo received the 2018 Nobel
Prize in Physiology or Medicine for the discovery of can-
cer treatment by suppressing negative immunomodula-
tion. Their research on programmed immune checkpoints,
such as PD-1 and cytotoxic lymphocyte-associated pro-
tein 4 (CTLA-4), showed that these proteins have an in-
hibitory role in immune function and suggested that these
immune checkpoints can be inhibited to reactivate T cells
to effectively kill cancer cells [12]. This matter was con-
firmed in numerous subsequent studies and it is currently
a proven theory that by inhibiting the function of these
inhibitory proteins, therapeutic goals can be achieved in
curing cancer.
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A large body of evidence suggests that inhibition of
PD-1 elicits an effective immune response against cancer
cells [13]. Suppression of the PD-1 signaling pathway has
shown that the clinical response of patients with various
solid tumors and hematologic malignancies relies primar-
ily on T cells to infiltrate the tumor [ 14]. Furthermore, tar-
geting PD-L1 has been associated with significant clinical
response in a wide range of cancer patients. Indeed, PD-1
is a significant immunological marker that plays a nega-
tive role in the prognosis of various cancers. Therefore,
molecular detection of PD-1 protein is an important goal
in many pieces of research [15].

Antibodies are essential everyday reagents in numerous
immunotherapy and immunoassay tests. Various animals,
such as mice, goats, sheep, horses, rabbits, and camels
are used to produce antibodies. Polyclonal antibodies can
detect several antigenic indicators, while monoclonal an-
tibodies detect only one epitope and are specific. Antibod-
ies used in diagnostic tests can be obtained from different
animal sources, while therapeutic antibodies must be ob-
tained from human sources as they cause immunological
reactions in the body. If the therapeutic antibodies are ob-
tained from animals such as mice, their fixed parts should
be replaced with the fixed parts of human antibodies to ob-
tain chimeric or humanized antibodies. Camel serum con-
tains two types of antibodies, namely normal antibodies
and heavy chain antibodies (HCAB). HCAB is a type of
immunoglobulin G (IgG) whose structure consists of only
2 heavy chains, and no light chain. In addition, they have
two constant CH2 and CH3 domains, which are similar
to the Fc domains of conventional antibodies, but lack the
CHI domain. The antigen binding site in HCAB is unique
and has only a one-second variable called VHH, nanoanti-
body, or nanobody (Nb). The second VHH is small (15-17
kDa) and is known for its high solubility and resistance to
temperature, high pressure, and low pH [16-18].

Considering the advantages of camel heavy chain anti-
bodies and the need to produce antibodies against hPD-1,
in this study, the gene of the extracellular part of the hu-
man PD-1 protein was cloned in bacterial vectors and the
recombinant protein was expressed and purified. A camel
was then immunized with recombinant PD-1 protein. The
efficiency of the obtained polyclonal antibody was evalu-
ated by ELISA and Western blot laboratory methods.
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Materials and Methods

The sequence of the extracellular part of human PD-1
(UniprotKB Q15116) containing His-Tag was synthe-
sized and cloned in pGH plasmid and named PD1-pGH.
Then, the human PD1 gene was subcloned in the pET-
26b vector between Ndel and Xhol sites (Fermentase,
USA). To confirm the cloning process, colony-PCR, and
confirmatory enzyme digestion methods were used. The
final plasmid (PD1-pET26b) was transformed into E. coli
BL21-DES3 bacteria and induced PD-1 protein expression
with a final concentration of 0. 5 mM isopropyl-beta-di-
thiogalactopyranoside (IPTG) for 3 h at 37°C in the in-
cubator. Recombinant protein purification was done us-
ing a Ni-NTA affinity chromatography column. Briefly,
the sediment of bacteria was dissolved with lysing buffer
(100 mM NaH,PO,, 10 mM Tris-HCI, 8M Urea, pH 8.0)
and sonicated. The cell supernatant was filtered by a 0.45
um syringe filter and incubated with Ni-NTA resin for 1
h on ice. Then, the resin was poured on the column and
washed by washing buffer (100 mM NaH,PO,, 10 mM
Tris-HCI, 8 M Urea, pH 6.3), and PD-1 protein was eluted
with elution buffer (100 mM NaH,PO,, 10 mM Tris-HCI,
8 M Urea, pH 4.3) and left the column. Protein purity was
evaluated by vertical gel electrophoresis (SDS-PAGE).
Finally, the protein samples were dialyzed against phos-
phate buffer solution (PBS) and then the samples were
lyophilized.

Western blotting was performed to confirm the identity
of the PD-1 protein. The purified protein was transferred
to the nitrocellulose membrane after electrophoresis on
SDS-PAGE gel. Then, the membrane was incubated with
rabbit antibody against His-Tag with a dilution of 1/2000
for 16 h and secondary antibody (anti-rabbit antibody
conjugated with HRP (Cell Signaling Technology, USA)
for 5 h at 25 degrees. After incubating the membrane with
a secondary antibody, 4-chloronaphthal, and hydrogen
peroxide (H,0,) substrate were used to observe the pro-
tein band. In each step, the nitrocellulose membrane was
washed 3 times with PBS buffer.

A 9-month-old female Camelus dromedarius were used
for immunization. For the first injection, 100 pg of recom-
binant PD-1 protein was mixed with an equal volume of
Freund’s complete adjuvant (Sigma, USA). Then, 6 pro-
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tein injections with Freund’s incomplete adjuvant subcu-
taneously, at weekly intervals, were used to increase the
immune response. Peripheral blood samples were col-
lected before each injection and sera were separated from
whole blood and were used to check the camel immuniza-
tion process using the ELISA method.

In the ELISA test, 100 uL of a concentration of 1 pg/
well of recombinant PD-1 protein was incubated on a 96-
well flat microplate with sodium bicarbonate buffer (pH
9.1) for 1 h at 25°C. After that, the plate was washed three
times with washing buffer (PBS) and blocked with 4%
skim milk. Serum dilutions from 1.200 to 1.14000 were
added to the microplate wells and then the microplate was
incubated for 1 h at 37 degrees. After washing, rabbit anti-
camel antibody and anti-rabbit antibody conjugated with
HRP were added to the wells at a dilution of 1/2000 and
each was incubated for one hour at room temperature.
After the final washing, 100 microliters of TMB solution
were added to the wells and the reaction was stopped after
5 min with 2N sulfuric acid solution. Then, the OD of the
wells was read at a wavelength of 450 nm.

PD-1 recombinant protein was purified and the quality
of the purification was checked by the SDS-PAGE meth-
od. For this purpose, 15% acrylamide gel was prepared
and the protein samples were boiled with a loading buffer
containing 2 ME for 10 min, and the probe was placed
next to the marker on the gel, and the electrophoresis pro-
cess was performed at 80 volts. Then, the gel was stained
with Coomassie Blue R250.

The purified recombinant PD-1 protein was electro-
phoresed and then transferred to a nitrocellulose mem-
brane by semi-dry method (45 min, 15V). All washing
steps with PBS buffer were performed 3 times in each
step. Camel serum containing camel polyclonal antibody
against PD-1 recombinant protein with a dilution of 1.
200 was incubated on a nitrocellulose membrane for 1 h
at 37 degrees. After washing, anti-camel rabbit antibody
and HRP-conjugated anti-rabbit antibody with a dilution
of 1/2000 were used for 1 h at room temperature, and
4-chloronaphthal and hydrogen peroxidase (H,0,) sub-
strate were used to observe the protein.
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Figure 1. Confirmation of the PD-1 gene cloning process in the expression plasmid Internal Medicine Today

A) Via the colony-polymerase chain reaction method, cloning was confirmed by observing the 500 base pairs band

B) Via enzymatic digestion method, cloning was confirmed by observing the band of about 500 base pairs

Results
Cloning of human PD-1 protein

To express and purify the PD-1 protein, the coding se-
quence of the human PD-1 protein was cloned inside the
expression plasmid pET-26 using Ndel and Xhol cloning
enzyme sites and transformed into E. coli Top10F’ bacte-

A

Figure 2. Confirmation of expression of recombinant PD-1 protein

ria. Plasmid cloning and transformation were confirmed
by polymerase chain reaction (PCR) (Figure 1A) and
plasmid enzymatic digestion (Figure 1B).

Expression and purification of human PD-1 protein

The final recombinant plasmid pET26b-PD1 was trans-
formed into the expression host E. coli BL21-DE3. The

B
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A) SDS-PAGE, B) Western blot of PD1 protein. “Before induction with IPTG, *After induction with IPTG. M: Protein marker.
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4 st Immunization 3 st Immunization

Be for Immunization

1/16000 1/32000 1/64000

Serum dilution

Figure 3. Camel immunization check chart
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Notes: Serum samples were used after each immunization in different dilutions.

gene was induced with 0.5 mM IPTG at 37 degrees for
3 h (volume 100 mL). PD-1 protein expression was con-
firmed by 15% SDS-PAGE (Figure 2A). Protein purifica-
tion was done in a denatured state. The purified protein
was confirmed by SDS-PAGE and Western blot (Figure
2B and Figure 2C) with anti-His HRP antibody. The yield
of protein expression was calculated to be 3.6 mg/L of
culture medium.

Figure 4. Purified human PD-1 orotein by Ni-NTA column chromatography

A) SDS-PAGE, B) Western blot

Recombinant PD-1 protein was used to immunize cam-
els. According to the standard protocol, the injections were
performed once a week and 6 times. The ELISA method
was used to check the humoral immune response in cam-
els. For this purpose, blood was taken from the camel be-
fore each injection. As shown in Figure 3, after the third
injection, the amount of the specific antibody against the
antigen increased. In the third injection, 1/16000 dilution

Internal Medicine Today
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of serum in the ELISA test had OD equal to 1, which in-
dicates a high concentration of the antibody.

The Western blot method was used to confirm the bind-
ing strength of camel serum containing anti-PD-1 poly-
clonal antibodies to the protein. The binding of polyclonal
antibodies to human PD-1 was proved by the Western
blotting method (Figure 4), showing that the prepared
polyclonal antibody can identify the antigen in the West-
ern blot and can be used for this test.

Discussion

PD-1 is an inhibitory receptor expressed on adaptive in-
nate and adaptive immune cells that is critical for regu-
lating inflammation and autoreactivity. Currently, it is
known that in different cancers, through the expression
of programmed death ligand-1, the activation of PD-1 on
immune cells is stopped, thereby cancer cells escape from
immune system cells [19]. As a result, inhibitors of these
proteins, such as antibodies developed against PD-1 and
its ligand can be used to reinvigorate antitumor immunity
and improve disease [20]. One of the necessary mea-
sures in the treatment using monoclonal antibodies is to
measure the amount of the target molecule in the patient
being treated. In this context, we can mention 3 diagnos-
tic kits approved by the Food and Drug Administration,
which are necessary for the classification of patients and
the safe and effective use of the relevant drugs [21]. The
Ventana SP142 kit is used to investigate the efficacy of
atezolizumab, a monoclonal antibody against PD-L1,
based on immunohistochemistry, for diagnosis in patients
with bladder carcinoma, triple-negative breast cancer, and
non-small cell lung cancer. Dako 28-8 and Dako Omnis
kits are also used to check PD-L1 levels in some cancer
patients receiving therapeutic antibodies. This shows the
importance of examining the expression level of these
proteins in patients receiving drugs; therefore, examining
PD-1 in laboratory techniques is important.

Despite the diagnostic and therapeutic advantages of
monoclonal antibodies, polyclonal antibodies are still
used in diagnostic and therapeutic work. Reducing the
time and cost of production, having a balanced structure,
bearing environmental stress, and the ability to bind to
multiple epitopes are some of the advantages that facili-
tate the production, storage, and application of polyclonal
antibodies. Since the discovery of heavy chain antibodies
in the serum of camels, this type of antibody has also been
widely used in diagnosis and treatment [22].

Internal Medicine Today

In this study, the extracellular part of the human PD-1
protein was expressed in the prokaryotic host. Then the
human PD-1 protein was purified by Ni-NTA affinity
chromatography under denaturing conditions with urea.
In a similar study conducted by Zhansaya et al. in 2020,
the extracellular part of human PD-1 was cloned in the
pET28 vector. In this study, an attempt was made to
obtain the protein in a soluble form; therefore, different
amounts of IPTG and temperature conditions were evalu-
ated. Finally, the amount of 0.2 mM of IPTG and the tem-
perature of 25 degrees was considered the optimal culture
conditions. The protein size in that study was 21 KDa,
while in our study it was about 17.5 KDa. The reason for
this difference could be related to the place of protein ex-
traction (inside or outside the cell) and the existence of
secondary structures in the protein [23]. In the continu-
ation of the study, the purified protein was injected sub-
cutaneously into a 9-month-old camel with 6 repetitions
every 2 weeks. The process of camel immunization was
investigated by the ELISA method. The data showed that
the camel was immunized against the extracellular part
of the PD-1 protein with a high titer of camel polyclonal
antibody against PD-1. In similar studies conducted by
our team regarding camel polyclonal antibodies against
[24] LIV-1, [25] CTLA-4, [26] PIGF proteins, it was also
shown that recombinant proteins can be used as a suit-
able source of antigens to stimulate the immune system
of camels. Also, in the study of Behdani et al. in 2012,
they used VEGFR2 antigen-expressing cells as a source
of antigen for camel immunization and showed the effec-
tiveness of the cell as an antigen [27].

It can be concluded that different sources of antigen can
be used to immunize camels, similar to other mammals.
In the continuation of the study, the binding of camel
polyclonal antibody to PD-1 protein was evaluated in the
ELISA and Western blot methods, and the results showed
that this antibody is capable of binding and identifying
human PD-1 protein in the mentioned laboratory tests.
This ability has been shown in other subjects as well
[24, 26]. One of the applications that camel polyclonal
antibodies, given their ability to resist harsh conditions,
is to be used as therapeutic antisera for the treatment of
patients bitten by poisonous organisms. In the study of
Meddeb-Mouelhi et al. in 2003, camel antiserum against
scorpion Androctonus australis hector was used and they
showed that this antiserum can neutralize the venom [28].
Also, in Behdani et al. s study, the neutralizing ability of
camel antiserum in neutralizing the scorpion Hemiscor-
pius lepturus was shown [29]. In the continuation of this
study, polyclonal antibodies against PD-1 can be evalu-
ated as a therapeutic polyclonal antiserum to prevent the
growth of cancer cells in vitro and in vivo.

Hosseininejad-Chafi M, et al. Camel Polyclonal Antibody Against Human PD-1. Intern Med Today. 2022; 28(4): 498-513.
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Conclusion

Finally, the resulting polyclonal antibody can be used
as a suitable antibody for diagnostic tests such as ELISA,
western blot, flow cytometry and immunohistochemistry.
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