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Abstract

The aim of the study was to produce a single-domain antibody (nanobody) specific for endothelin receptor type B (EDNRB)
which has high expression in melanoma. Cultured human melanoma cells were used as antigens to immunize alpacas. After
antibody generation was verified in alpaca serum, total RNA was extracted from alpaca lymphocytes and the target V,H
fragment was amplified by two-step PCR, cloned in the pPCANTABSE phagemid vector, and used to transform Escherichia
coli TG1 cells to obtain a phage-display nanobody library, which was enriched by panning. The results indicated successful
construction of a phage-display anti-human melanoma A375 nanobodies library with a size of 1.2x 10%/ml and insertion rate
of 80%. After screening, eight positive clones of anti-EDNRB nanobodies were used to infect E. coli HB2151 for production
of soluble nanobodies, which were identified by ELISA. Finally, we obtained a high-affinity anti-EDNRB nanobody, which
consisted of 119 amino acids (molecular weight: 12.97 kDa) with 22 amino acids in CDR3 and had good affinity in vitro.

The results suggest that the nanobody may be potentially used for the treatment of human melanoma.
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Introduction

Genetically engineered antibodies represent a new genera-
tion of biological drugs that have been increasingly used
in clinics. Since the discovery of heavy-chain antibodies in
camelids [1] their clinical application has been extensively
investigated. The variable domain of a heavy-chain (V,H)
antibody has a simple structure with only approximately
400 bp gene fragments. It can be easily obtained in vitro in
both prokaryotic and eukaryotic expression systems, which
is the major technical advantage of nanobodies over con-
ventional genetically engineered antibodies [2, 3]. A single
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antigen-specific camelid VyH fragment obtained by genetic
engineering has the relative molecular mass of 15 kDa (only
1/10 of that of regular antibodies) and size in the nanometer
range; also known as nanobody, it is currently the small-
est antibody fragment retaining full functional activity [4].
Therefore, nanobodies have been extensively studied as
novel molecular tools for molecular imaging of tumors [5]
and immunotherapeutic purposes. Currently, therapeutically
relevant nanobodies have been suggested for use in oncol-
ogy, including in vivo imaging [6], and therapy, and some
of them are in advanced stages of clinical investigation [7].

Malignant melanoma is one of the fastest-growing tumors
among all cancers; it has a high metastasis rate and accounts
for a considerable proportion of deaths due to skin malig-
nancies. Endothelin (EDN), a major paracrine factor in
melanocyte biology, plays a role in proliferation and dif-
ferentiation of melanocytes in response to ultraviolet radia-
tion and is involved in the pathogenesis of melanoma [8].
EDN and its receptor (EDNRB) on the melanocyte surface
form the EDN signaling system [9] implicated in survival,
proliferation, differentiation, and migration of melanocytes
[10]. EDNRB overexpression was detected in most mela-
noma cell lines and in melanoma metastasis sites, where
it was higher than in primary tumors [11]. Furthermore,
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the upregulation of EDNRB was shown to be associated
with melanoma growth and intratumoral angiogenesis [12]
and with increased tumor metastasis and invasiveness [13].
EDNRB is also involved in dedifferentiation of mature mel-
anocytes, causing their malignant transformation. It has been
suggested that EDNRB can play a role in melanoma spread
by influencing the interaction between tumor and normal
cells; thus, it is considered to be a potential driver of mela-
noma development and an important marker of tumor inva-
siveness [14]. Therefore, it is important to develop methods
to detect and block EDNRB expression in melanoma, which
should improve cancer diagnosis and therapeutic outcomes.

In this study, we generated anti-EDNRB nanobodies by
genetic engineering and performed preliminary analysis of
the binding capacity to EDNRB in vitro.

Materials and methods

Human melanoma cell culture and synthesis
of antigen polypeptides

Human melanoma cell line A375 (ZQO0042; Shanghai
Zhonggiaoxinzhou Biotech) was cultured in DMEM (ZQ-
101; Shanghai Zhonggiaoxinzhou Biotech).

After the third generation, cells were collected and sub-
packed, and frozen in liquid nitrogen routinely. The cells
were recovered at 37 °C before being used to immunize ani-
mals [15].

Total RNA was extracted from A375 cells by the TRIzol
method; cDNA was synthesized with the PrimeScript™ II
Ist Strand cDNA Synthesis Kit (Takara Bio, USA) accord-
ing to the manufacturer’s instructions and used as a tem-
plate to amplify the EDNRB coding region by PCR with
primers EDNRB-F and EDNRB-B (Table 1). The region
showing strong immunogenic properties was analyzed by
sequencing. (China Peptides Co., Ltd. Shanghai, China).
The antigenic polypeptide PTedn with the sequence CLL-
HPVQKTAFMQFYK-NH?2 was synthesized by China Pep-
tides Co., Ltd. (Shanghai, China). EDNRB is a sevenfold
transmembrane protein, and PTedn is located in the extra-
cellular domain, between the 255th and 270th amino acids
in EDNRB (Fig. 1).

Immunization of alpacas

Housing and care of alpacas and the study protocol were
approved by the Animal Experimentation Ethics Commit-
tee of Shanxi Agricultural University (2017). The number
of the alpaca is A006.

For the initial and subsequent immunizations, A375 cells
(2.8 10% were mixed with complete or incomplete Fre-
und’s adjuvants (Sigma-Aldrich), respectively, and injected
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in the neck and back skin of alpacas at several sites to ensure
antigen entrance into the reflux pathway of different lymph
nodes. A total of four immunizations were performed at
2-week intervals [16]. Before the first and fourth immuni-
zations, 10 ml blood was drawn from each animal to obtain
serum, which was checked for immune response to the anti-
gen by ELISA plate coated with 3 pg/ml PTedn.

Construction of the anti-human melanoma
nanobodies library

On the 10th day after the fourth immunization, 50 ml of
blood was collected from the jugular vein of alpacas,
treated with anticoagulant, and lymphocytes were isolated
using Lymphocyte Separation Medium (Solarbio Science
& Technology Co. Ltd., Beijing, China). Total lymphocyte
RNA was extracted by TRIzol and cDNA was obtained
using the Takara PrimeScript™ II 1st Strand cDNA Syn-
thesis Kit. Variable domains of conventional antibodies and
the heavy-chain antibody located between the leader zone
and CH2 region (1000 bp and 600 bp, respectively) were
amplified by PCR using primers CALL0O01 and CALLO002
(Table 1) (Els Pardon 2014) and the products were separated
by electrophoresis in 1% agarose gels. The 600-bp fragment
was purified using the Gel Extraction Kit (CWbio, Beijing,
China) according to the manufacturer’s instructions, inserted
into the pMD19-T Simple vector (Takara Bio), and used to
transform Escherichia coli DH5a. Thirty randomly selected
clones were sequenced and primers VyH-F and VyH-R
(Table 1) designed based on the sequence information were
used to re-amplify the nanobody-encoding gene with all the
extracted 600-bp fragments as a template to obtain the V H
fragments of 400 bp. The 400-bp fragments were purified by
electrophoresis in 1% agarose gels using the Gel Extraction
Kit (CWbio).

At least 10 ug VyH was digested with FastDigest Sfil
(Thermo Fisher Scientific, Shanghai, China) and purified
with the QIAquick PCR purification kit (QIAGEN, Ger-
many); the phagemid vector pPCANTABSE was also cut with
FastDigest Sfil and purified with the Gel Extraction Kit. To
ensure complete digestion, the purified ViH fragments and
the vector were cut again with FastDigest Sfil, purified, and
1 pg of the vector and 3 ug of the fragment were ligated
using T4 DNA Ligase (Thermo Fisher Scientific) overnight
at 4 “C. The reaction products were purified and used to
transform 1.2 ml of freshly prepared electrocompetent E.
coli TG1 cells (Bio-View Shine Biotechnology, Beijing,
China) at 1.8 kV, 25 pf, 200 o, for 5 ms. The transformed
bacteria were incubated in 20 ml SOC medium for 1 h at
37 °C with shaking at 200 rpm and 100 pl of the cultured
cells were serially diluted (107'-107> cells/ml) in 2X YT
medium. Then, 100 pl of every dilution was spread on a
plate containing 2 X YTAG medium (2X YT supplemented
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Fig. 1 The analysis result for
extracellular region of EDNRB
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with 100 pg/ml ampicillin and 2% glucose) to calculate
the effective library size, and 50 isolated bacterial colo-
nies were randomly selected to perform colony PCR and
sequencing to determine the insertion rate. The remaining
cultures were centrifuged at 5000xg for 5 min, re-suspended
in 8 ml of SOC medium, plated onto 39 2x YTAG plates
(150-mm), and incubated overnight at 30 “C. The bacteria
were scraped from the surface, mixed with 20% glycerol
in culture medium, and stored at— 80 °C as a primary anti-
human melanoma nanobodies library.

Panning for anti-EDNRB positive recombinant
phage-displayed nanobodies

The binding-elution-amplification method was used to per-
form the panning. Three rounds of panning for recombinant
anti-EDNRB phage-displayed nanobodies were performed
according to a published protocol [4] with some modifica-
tions. 100 pl of the primary library cells were serially diluted
(107'-107%) in 2x YT medium. Then, 100 pl of every dilu-
tion was spread on a plate containing 2X YTAG medium to
calculate the amount of primary library.

Rescue of recombinant phages from the primary
anti-human melanoma nanobodies library

Primary library cells (600 pl, about 1.1x 10'%) were incu-
bated in 2X YTAG medium at 37 ‘C with shaking until
ODy, reached 0.4 and infected with 1.5 x 10'? plaque-
forming units (PFU) of M13KO7 helper phage (Bio-View
Shine Biotek) at 37 °C without shaking for 30 min and then
with shaking for 30 min. After centrifugation at 3600xg
for 10 min, the pellet was re-suspended in 100 ml 2x YT
medium supplemented with 100 pg/ml ampicillin and 50 pg/
ml kanamycin, incubated at 30 “C with shaking overnight,
centrifuged at 11,000xg for 10 min at 4 °C and the super-
natant (about 100 ml) containing recombinant phages was
transferred to a new tube.

Re-infection of E. coliTG1 with the recombinant phage

The supernatant was mixed with 20 ml PEG/NaCl solu-
tion (200 g PEG600 and 146.1 g NaCl in 1 L sterile water),
incubated on ice for 70 min, and centrifuged at 11,000xg
for 30 min at 4 °C. The precipitate containing recombi-
nant phages was resuspended in 2 ml PBS, serially diluted
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(1077-107") in 2x YT medium, and 10 pl of each dilution
was incubated with 190 pl log phase E. coli TG1 for 30 min
at 37 C; after that, 100 pl of infected cultures was plated
on 2X YTAG solid medium to calculate the number of the
input recombinant phages. Then, 1.5 ml of the recombinant
phage suspension was mixed with 1 ml blocking buffer (3%
Difco Skim Milk in PBS [MPBS]), incubated at room tem-
perature for 1 h, and added to MaxiSorp immune test tubes
(Nunc, The Kingdom of Denmark), which were pre-coated
with 2 ml of PTedn peptide (20 pg/ml in 0.05 M Na,CO5/
Na,HCO;, pH 9.6) overnight at 4 °C, washed with PBS,
and blocked with 4 ml of MPBS for 2 h to eliminate non-
specific binding sites. After incubation at room temperature
for 2 h, the supernatant was removed and tubes were washed
10 times with PBST and 10 times with PBS, and the recom-
binant phage was eluted by shaking at 300 rpm with 2 ml
TEA solution for 15 min; then, 2 ml of 1 M Tris—HCI (pH
7.4) was added for neutralization. The eluted phage particles
were incubated with 20 ml log-phase E. coli TG1 at 37 °C for
30 min and the infected bacteria were serially diluted (107!
to 107) in 2x YT medium; then, 100 pl of every dilution
was spread on 2 X YTAG plates to calculate the number of
the output recombinant phages. The remaining cultures were
plated on five 2X YTAG plates (150-mm) and incubated at
30 “C overnight; bacterial cells were scraped, mixed with
20% glycerol in culture medium, and stored at — 80 “C as the
first anti-EDNRB nanobodies library.

The second panning was performed with recombinant
phages from the first library as described above with the
following modifications: PTedn peptide concentration was
reduced to 14 pg/ml and washing with PBST and PBS was
increased to 20 times, respectively. In the third panning per-
formed with the second library, PTedn concentration was
7 pg/ml and the number of washings with PBST and PBS
was also 20. The input/output (I/O) ratio, which should have
a downward trend, was calculated to evaluate each panning
result using the following equations:

I=The number of single colony in the input plate 1073
+(5x107%)x 10°x 1.5, O = The number of single colony in
the output plate 107! x 10?x 24.

Screening of antigen-positive recombinant phages
in enriched clones

The method of the fourth scouring screen was the same as
that of the third. The difference was that the phage-infected
bacteria were serially diluted and each gradient was coated
with three 150 mm plates. This process (the fourth screen)
was carried out twice and 192 randomly selected colonies
from the 150 mm plates were inoculated into two 96-tube
clusters containing 200 pl 2X YTAG medium per tube and
incubated at 30 °C for 8 h with shaking at 200 rpm. Then,
20 pl of each cell suspension was transferred to new 96-tube
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clusters with 180 pl 2X YTAG medium per tube, incubated
at 30 °C for 1 h at 200 rpm, and infected with M13KO7
helper phage for 30 min. Plates were then incubated at
37 °C with shaking at 200 rpm for 40 min, centrifuged at
1800 xg for 10 min, and pellets were resuspended in 400 pl
2Xx YT medium containing 100 pg/ml ampicillin and 50 pg/
ml kanamycin. Plates were incubated at 30 ‘C with shaking
overnight and centrifuged at 2200 xg for 10 min; 250 pl of
phage supernatant from each tube was transferred to two
new 96-tube clusters and blocked with 250 pl of PBS with
3% BSA at room temperature for 1 h.

ELISA to detect antigen-positive recombinant phages

Blocked recombinant phage supernatants (100 pl) were
added to 96-well clear flat-bottom polystyrene High Bind
microplates (Corning, USA) coated with 3 pg/ml Ptedn (to
screen nanobody clones) or with 3 pg/ml BSA (negative
control) for 1 h at 37 °C. Microplates were rinsed 10 times
with PBS/0.1% Tween 20 (PBST), incubated with 100 pl/
well of horseradish peroxidase (HRP)-conjugated anti-M13
antibody (1:5000; GE Healthcare, USA) for 1 h at 37 C,
rinsed 10 times with PBST, and 100 pl/well of TMB single-
component substrate solution (Solarbio Science & Technol-
ogy) was added in the dark for 10 min at room temperature.
After the reaction was terminated with equal volume of 1 M
H,SO,, optical density (OD) was measured at 450 nm and
the positive clones with the highest OD values were selected
for sequencing.

Infection of E. coli HB2151 and production of soluble
antibodies

Phage supernatants (2 pl) of each selected clone were incu-
bated with 400 pl of log-phase E. coli HB2151 (Bio-View
Shine Biotechnology) for 40 min at 30 ‘C, and 30 pl of each
mixture was plated on solid SOBAG-N medium (SOB with
100 pg/ml ampicillin, 2% glucose, and 100 pg/ml nalidixic
acid) overnight at 30 °C. A single colony from each plate
was transferred to 5 ml of freshly prepared 2x YT medium
containing 100 pg/ml ampicillin, 2% glucose, and 100 pg/ml
nalidixic acid and incubated overnight at 30 “C with shaking
at 200 rpm. Then, 5 ml of culture was added to 50 ml fresh
2X YTAG medium, incubated for 1 h at 30 °C with shaking,
centrifuged at 1500xg for 20 min at room temperature, and
cells were resuspended in 50 ml of fresh 2xX YT medium
containing 100 pg/ml ampicillin and 1 mM IPTG and incu-
bated at 30 C with shaking overnight. Every culture was
divided into two tubes, centrifuged at 1500 Xg for 20 min at
room temperature, and supernatants containing extracellu-
lar soluble antibodies (designated L.1) were filtered through
0.45-pm filters and stored at — 80 C.
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The remaining pellets were washed twice with PBS and
one of the two was resuspended first in 0.5 ml of ice-cold
1 X TES and then in 0.75 ml of ice-cold 0.2 X TES, vortexed,
incubated on ice for 30 min, and centrifuged at 12,000xg for
15 min at 4 “C. The supernatant containing soluble antibod-
ies from the periplasm (L2) was transferred to a clean tube
and stored at—80 C.

The second pellet was resuspended in 0.5 ml PBS,
boiled for 5 min, incubated on ice for 30 min, centrifuged
at 12,000xg for 15 min at 4 “C, and supernatant containing
intracellular soluble nanobodies (LL3) was transferred to a
clean tube and stored at—80 C.

Testing of soluble antibodies

Immunoreactivity of supernatants L1, L2, and L3 was tested
by ELISA. ELISA was performed as described in chap-
ter 2.4.2 (Re-infection of E.coli TG1 with the recombinant
phages) except that the number of washes time was six. L1,
L2, and L3 were used as primary antibodies and HRP-E-
tag antibody (1:5000; Abcam, UK) as a secondary antibody
because the V,;H gene was followed with the E-tag peptide-
encoding sequence containing the amber termination codon
in the expression vector.

Production and purifying of nanobody

The VyH fragments with the highest OD,5, was amplified
and inserted into the pColdI vector [17], and used to trans-
form Escherichia coli BL21. The 5 ml of Escherichia coli
BL21 were incubated at 37 “C with shaking overnight and
added in 500 ml of fresh LB medium containing 100 pg/
ml ampicillin and incubated at 37 °C with shaking until the
ODg, reached 0.4. Then added IPTG (0.2 mM), and incu-
bated at 16 ‘C with shaking overnight and centrifuged at
5000x g for 10 min at 4 °C. The precipitates were washed
twice with PBS and resuspended with 50 ml ddH,O0.
After ultrasonication (100 W, 30 min) and centrifugation
(12,000 xg for 15 min at 4 °C), the purified nanobody
was obtained by HisTrap™ HP (GE, US) and verified by
SDS-PAGE.

Testing of nanobody

Immunoreactivity of the purified nanobody was tested by
ELISA and western blotting. ELISA was performed as
described in chapter 2.4.4 (ELISA to detect antigen-positive
recombinant phages). The purified nanobody and the serial
dilution were used as primary antibodies and HRP-His-tag
antibody (1:10,000; CWbio, China) as a secondary antibody
because the V,H gene was followed with the His-tag pep-
tide-encoding sequence in the expression vector.

The testing of KD value [18]: the PTedn peptides were
serially diluted (1.57'-1.57'8) with the initial concentration:
40 nM. 50 pl of each dilution and 50 pl of Nb4 (0.01 mg/ml)
were mixed and incubated at 37 “C for 30 min. ELISA was
performed as described in chapter 2.4.4 (ELISA to detect
antigen-positive reconbinant phages). 90 pl of the mixture
were used as primary antibodies and incubated at room tem-
perature for 10 min. PBS was used as a negative control for
the primary antibody and a blank control coated with PBS.
The obtained OD,5, value is imported into analysis software
prism 6 for analysis and calculation of KD value.

Western blotting: PTedns were separated by SDS-PAGE
on a 12% polyacrylamide gel, transferred to nitrocellulose
membrane (BOSTER, USA), and the strip was cut and
incubated with blocking buffer (5% Difco Skim Milk in
Tris-buffered saline/0.1%Tween-20 [TBST]) at room tem-
perature for 2 h and incubated with the threefold dilution of
the purified nanobody and then with HRP-His-tag antibody
(1:10,000; CWbio, China). After washing six times with
TBST, signals were developed using an enhanced chemilu-
minescence kit and their intensity was analyzed. (Positive
control: the primary antibody: rabbit anti-EDNRB antibody
[1:1000 Bioss, China]; secondary antibody: HRP-Goat anti-
rabbit IgG antibody [1:30,000; CWbio, China]).

The nanobody was further examined for binding to mel-
anoma cells by immunohistochemistry. Paraffinized mela-
noma sections (obtained from Doctor Hao Huang) were
subjected to dewaxing, antigen repair, depigmentation in
15% hydrogen peroxide (three times for 10 min), and then
incubated in 3% hydrogen peroxide at room temperature for
30 min. After washing with PBS, the sections were blocked
with 5% BSA at 37 °C for 30 min and incubated with the
purified nanobody or the non-induced supernatant of ultra-
sonic wave disruption (negative control) or PBS (blank con-
trol) and then with HRP-His-tag antibody (1:100; CWhbio,
China). DAB was used as an HRP chromogenic substrate.

Results

Validation of immunoreactivity in immune serum
of alpacas

To produce single-domain antibodies (nanobodies) spe-
cific for EDNRB, alpacas were immunized with cultured
human melanoma cells used as antigens. Analysis by ELISA
revealed strong reactivity of immune sera as evidenced by
OD,;5, values at 1:1000, 1:5000, 1:10,000 and 1:50,000
dilutions, which were significantly higher than those of pre-
immune sera (Fig. 2), indicating successful immunization.
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Fig.2 The ELISA result of
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Second PCR with primers VHH-F and VHH-R

Construction of the anti-human melanoma
nanobodies library

The VyH fragment was generated by two-step PCR
(Fig. 3). Using the serial dilution method, we estimated
the size of the anti-human melanoma nanobodies library
as 1.2 x 10%/ml. PCR analysis of 50 isolated bacterial
colonies indicated that the insertion rate of the nano-
body library was 80% (Fig. 4). The final volume of the
primary library was 40 ml. There were 736 colonies on
the plate with dilution of 107% to calculate the amount
of primary library as follows: 736+ (40x 107%) x 103/
ml=1.84x10"*/ml.

Screening of antigen-binding recombinant phages
from enriched clones

The result of four screening were listed in Table 2. After the
fourth screening, the I/O ratio was at the same exponential
level (Table 2). The eight positive recombinant phage clones,
with an OD,s, higher than 0.5 (Fig. 5), were selected for
BLAST sequencing, which revealed that eight clones had the
VyH sequence. Sequence analysis showed that three clones
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The first column was Marker, the last one was the
negative control. Others were 50 isolated bacterial colonies.

Fig.4 Colony PCR of anti-Melanoma nanobodies immunolibrary

had high sequence similarity and one clone was shorter than
others. In comparison with the V,H sequence published
by David R Maass et al. [19], five different sequences had
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Table 1 The primers

EDNRB-F TAATGACTTCGGTCCAATA

EDNRB-R CTTCTGGAGCAGGTAGCA

CALLO01  GTCCTGGCTGCTCTTCTACAAGG

CALL002 GGTACGTGCTGTTGAACTGTTCC

VHH-F TTTCTATTACTAGGCCCAGCCGGCCGAGWCTGG
GGGAGGMTTGGTDCA

VHH-R AAACCGTTGGCCATAATGGCCTGAYNAGACGGT

correct CDR sequences (Fig. 6). The short sequence that
only had part of framework 3 and CDR3 was abandoned.
The remaining five different antibody-positive recombinant
phage clones were used to infect E. coli HB2151 for anti-
body expression.

Affinity evaluation of recombinant antibodies
Soluble recombinant antibodies from the extracellular

(L1), periplasmic (L2), and intracellular fractions (L3)
were analyzed for immune reactivity by ELISA. The

Table 2 The result of screening

results revealed significantly higher OD,s, values for the
recombinant antibody Nb4 compared to the other nano-
bodies (Fig. 7). Therefore, Nb4 was selected for further
production and purification (Fig. 8). 1.1 mg Nb4 were
obtained from the 500 ml after purification. The purified
nanobodies (0.1 mg/ml) were verified by ELISA, western
blotting, and immunohistochemistry. The ELISA results
(Fig. 9) showed significantly higher OD,5, values for the
purified nanobody and for the tenfold dilution compared
to the positive control, negative control, and blank groups.
The 100-fold dilution (1 pg/ml) had a significantly high
binding activity. In the testing of KD value, it was found
that the curve was generated, each point was basically
located on both sides of the curve, R? was 0.9972, indi-
cated that the curve fitting was correct. The Kd value was
0.9723. (Fig. 10). In western blotting, the nanobody dem-
onstrated the same signal as the positive group (Fig. 11).
The immunohistotochemistry showed positive reaction
(brown staining) with the surface of human melanoma
cells, whereas no staining was observed for negative and
blank controls (Fig. 12).
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Fig.6 The sequence analysis of five correct nanobodies

Fig.7 ELISA for E.coli ELISA for E.coli HB2151 products
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Discussion Melanoma is a highly malignant tumor originating from
melanin-producing cells, and its morbidity has been ris-

In this study, we constructed a phage display library of a  ing over the past decade. Although melanoma diagnosis
nanobodies against human melanoma generated in alpaca. ~ and treatment have improved in recent years, metastatic

As a result, we obtained a high-affinity nanobody  melanoma still has poor prognosis [20]. In addition to tra-
against EDNRB, Nb4. It consisted of 119 amino acids  ditional treatment, including surgery, radiotherapy, and

(molecular weight: 12.97 kDa) with 22 amino acids in ~ chemotherapy, new methods such as gene therapy and
CDR3 and showed good affinity in vitro. tumor vaccines demonstrate high specificity, effectiveness,
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Fig.8 SDS-PAGE of purification

and safety, have fewer side effects and are well tolerated
by patients. Targeted therapy is considered a new treat-
ment for melanoma. Different monoclonal antibodies and

Fig.9 ELISA result of the puri-

inhibitors of melanin formation have been studied for the
treatment of metastatic and unresected melanoma [20, 21].
EDNRB, a surface receptor on melanocytes known to par-
ticipate in melanin production and transport, demonstrates
synergistic/enhancing effects when used with many factors
playing a key role in the melanin pathway [22], and it was
shown that EDNRB antagonists can slow the growth of
melanoma cells and increase their apoptosis [23]. Previous
studies indicate that EDNRB antagonists can prevent the
progression of EDN-induced melanoma [24], inhibit tumor
growth [25], and stabilize metastatic disease [26], indicat-
ing that the blockade of EDNRB signaling is a clinically
effective approach to treat melanoma [27].

Therefore, the nanobody anti-EDNRB with affinity
activity is a potential new antagonist with utility in mela-
noma therapy. On the other hand, it can be used for related
research as a imaging agent.

ELISA result of the purified nanobody
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Fig. 11 The result of Western
bollting

Positive control

Fig. 12 The result of immuno-
histochemical
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