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Evaluation of the anti-RANKL monoclonal antibody in
rheumatoid arthritis rats

Dawei Lv(®, Xiaodong Zhao

Department of Emergency, the Fourth Medical Center of PLA General Hospital, Beijing, China

ABSTRACT

Objectives: In this study, we aimed to investigate the therapeutic effect of anti-receptor activator of nuclear factor kappa-kB ligand (RANKL)
monoclonal antibodies R748-1-1-1, R748-1-1-2 and R748-1-1-3 on rheumatoid arthritis (RA) in a rat model.

Materials and methods: Gene cloning, hybridoma technology, affinity purification, enzyme-linked immunosorbent assay, general observation,
hematoxylin-eosin staining, X-ray, and many other experimental techniques were used in this study.

Results: Improved collagen-induced arthritis (CIA) modeling was successfully constructed. The RANKL gene was cloned and the anti-RANKL
monoclonal antibody was prepared. Following treatment with the anti-RANKL monoclonal antibody, the soft tissue swelling of the hind paws,
the joint thickening, the narrowed joint gap, and the blurred edge of the bone joint were improved. The pathological changes such as synovial
hyperplasia of fibrous tissue, cartilage and bone destruction were significantly decreased in the anti-RANKL monoclonal antibody-treated CIA group.
Compared to the normal control group and phosphate buffer saline (PBS)-treated CIA group, the expression of tumor necrosis factor-alpha (TNF-o)
and interleukin-1 (IL-1) in antibody-treated CIA group, positive drug-treated CIA group, and IgG-treated CIA group were decreased (p<0.05).

Conclusion: The anti-RANKL monoclonal antibody can promote the therapeutic effect of RA rats, indicating that the anti-RANKL monoclonal

antibody has a certain potential value and may be beneficial to the further study of the mechanism of RA treatment.
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Rheumatoid arthritis (RA), one of the most
common autoimmune diseases, is a type of
chronic bone inflammation, and its main symptoms
include chronic synovitis of symmetrical joints
and extra-articular changes.'? The synovitis can
induce primary and secondary systemic and/or
local bone loss, such as bone and cartilage erosion
and destruction.>® To explore the pathogenesis
of RA and develop new drugs to treat RA,
researches have done a lot of work until now.
Most importantly, non-steroidal anti-inflammatory
drugs (NSAIDs), tetracycline antibiotics, adrenal
corticosteroids, methotrexate (MTX), and specific
agents come into sight and cover a large part of

investigations.®'® These specific agents include
tumor necrosis factor-alpha (TNF-o) blocking
agents, inflammatory factors specific neutralizing
antibodies interleukin (IL) 6, 17, and other
quite promising therapeutic molecules which
participant in anti-receptor activator of nuclear
factor kappa B (kB) (RANK)-receptor activator
of nuclear factor kB ligand (RANKL) signaling
axis and Wnt signaling pathway.!14

Metabolic balance in bone depends on the
coordinated function of osteoclasts and osteoblasts,
which is the basis of bone reconstruction
process.!>7 If this balance is broken, there
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would be various pathological changes.'®* The
increased proportion of osteoclasts in RA patients
is considered as an important factor for bone and
joint damage. Osteoblasts and osteoclasts are
modulated by an important signal transduction
system named RANKL-RANK-osteoprotegerin
(OPQG ) signaling pathway.1?2 The OPG is regarded
as a soluble RANKL receptor which competitively
inhibits its binding to RANK on the membranes
of osteoclast precursor cells or mature osteoclasts.
The interactions between these molecules
modulate the differentiation and activation of
osteoclast.?> Most researchers believe that the
differentiation and activation of osteoclasts are
regulated by RANKL/OPG ratio, and the increase
of RANKL leads to pathological changes of RA,
such as the form of bone erosion.?* Moreover,
upregulating RANKL expression can carry out
the function of many factors such as IL-1, IL-6,
IL-11, IL-17, TNF-o0 and parathyroid hormone
(PTH).2%

Based on further wunderstanding of
RANKL-RANK-OPG signaling system, the
following methods for RA treatment may be
theoretically advisable. First, OPG overexpression
or exogenous OPG blocks signal transduction.
Second, the silencing of signal transduction
in osteoclasts inhibits osteoclast differentiation.
Third, RANKL level is reduced by inhibiting
other factors such as TNF-o and IL-17. Finally,
anti-RANKL antibody is used to inhibit the
downstream signal of RANK. Currently, AMG162
developed by the Amgen Corporation, which is a
fully human monoclonal antibody in the form of
the immunoglobulin G 2 (IgG2) subtype Ig with
high elective affinity, was approved by the United
States Food and Drug Administration (FDA) in
June 27 2010, and is used to treat osteoporosis.
The relationship between pharmacokinetics and
dose is non-linear, which is similar to the other
fully human monoclonal antibodies. The clinical
trials showed that its effects were rapid and
lasting, while the function in inhibiting osteoclast
and bone reabsorption was reversible.?62% In
the treatment of postmenopausal osteoporosis,
compared to bisphosphonates, bone mineral
density increased significantly and the incidence
of vertebral fracture, non-vertebral fracture
and pelvic fracture decreased. Moreover, no
additional side effects were observed compared
to the placebo group, and some studies showed
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it was more effective than OPG and alendronic
acid.26-28

In this study, based on the background
knowledge, anti-RANKL monoclonal antibody
was prepared, and its effect on RA animal model
(collagen-induced arthritis [CIA] rat model) was
investigated to find a new effective drug for
treating RA.

MATERIALS AND METHODS

Construction of rat CIA model

After taking Ethics Committee approval from
the Fourth Medical Center of PLA General
Hospital, a total of 200 mL cattle type II collagen
(Sigma, St. Louis, MO, USA) was injected into
inbred male Wistar rats weighting 230+10 g
(Haidian, Beijing Xinglong Experimental Animal
Farm, China) to construct CIA rat model. After
dissolved in 0.01 M acetic acid (2 mg/mL)
and emulsified at 1:1 in Freund’s incomplete
adjuvant (FIA) (Chondrex, Redmond, WA, USA)
on ice, cattle Il type collagen was intradermally
injected to rat through tail vein to prepare the
CIA model. This study was carried out in strict
accordance with the recommendations of the
Guidelines on the Care and Use of Laboratory
Animals of the National Laboratory animal
monitoring laboratory of the People’s Republic
of China. In this study, the experimental animal
research was also conducted in accordance
with the Animal Research: Reporting of
In Vivo Experiments (ARRIVE) guidelines. The
experiment was approved by the animal center
without specific pathogen animal protection
plan and approved by Animal Ethics Committee
of our Hospital (License No.: SYXK (Peking)
2008-0008). Wistar male rats were adapted
to local animal facilities (temperature: 24°C
to 28°C, humidity: 60%) without -certain
pathogenic conditions. All rats were free to
drink water and meals.

Synthesis of the anti-RANKL monoclonal
antibody and RANKL gene: The total ribonucleic
acid (RNA) was extracted from lymphoid tissue of
Wistar rats, and the synthesized complementary
deoxyribonucleic acid (cDNA) were used in
reverse transcription-polymerase chain reaction
(RT-PCR). Using the synthesized cDNA as the
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template, the primers had the PCR response
to Urrkl/Drrkl according to the reaction system
and conditions,'®8 for amplifying the RANKL
gene. The TRIZOL was bought from Invitrogen
(Carlsbad, CA, USA). Huada Power-mLV
reverse Transcriptase (RNASE H) and T4 Ligase
(350 U/uL) were purchased from TaKaRa
(Takara Bio USA, Inc. San Jose, CA, USA).
Plasmid extraction kits and gel recycling kits were
bought from Genstar company (USA). Freund's
incomplete adjuvant (FIA) and Freund's complete
adjuvant (FCA) were bought from Chondrex
(Redmond, WA, USA). Bacille Calmette-Guérin
(BCG) was provided by Beijing Biological Product
Quality Inspection, China. Other chemical
reagents were bought from Sigma (St. Louis,
MO, USA). Tag enzyme (5 U/ul) and dNTP
(2.5 mM) were purchased from TRANS company,
USA. The RNA concentration and quality were
measured by ultraviolet (UV) spectrophotometer
(Jasco Inc., Tokyo, Japan) and agarose gel
electrophoresis separately.

TA cloning of the RANKL gene and sequence
analysis: The PCR products were recovered
by gel. Proper TA cloning connection reaction
system was established and, then, transform
Escherichia coli (E.coli) ToplO at 42°C. Finally,
the bacterial colony of resistance transformation
was identified by PCR.

Synthesis of the anti-RANKL monoclonal
antibodies: Three female BALB/c healthy rats
aged eight to 12 weeks were chosen to immune
with protein antigen R972-1-2-2 in the rapid
immune way of rats. Spleen cells with the
best immune response were picked and fused
with myeloma cells (SP2/0) of rats. The fusion
cells were diluted properly, and were put
into 96-well plates to cultivate for 10 to 14
days. Then, cultured cells were detected by
enzyme-linked immunosorbent assay (ELISA)
and the cells with high optical density (OD)
value were picked to subclone in 96-well plates.
This step was repeated for several times, until
the positive hole ratio was 100%. At that time,
the cell line was successfully monoclonal.
Then, the selected positive monoclonal cells
were expanded and (1-2)x10° cells in each tube
were frozen for future use. The phosphate
buffer solution (PBS) of tetramethylbenzidine
and hydrogen peroxide with 2 M sulfuric acid
was added as the reaction terminated liquid.
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The absorbance of chromogenic products was
detected at 450 nm wavelength. Meanwhile,
the cells were collected for the preparation of
ascites.

Ascites in the cell line was prepared by the
method of abdominal inoculation in mice, and
the ascites was collected from cells at culture
of 10 to 14 days and detected by ELISA. The
ascites was purified by protein G column and
antigens affinity in protein antigen project and
polypeptide antigen project, separately.

Treatment and division of experimental
groups: The rats were randomly divided into
five groups including the blank control group,
the PBS-treated CIA group (the negative
control), the dexamethasone-treated CIA group
(0.5 mg/kg, the positive control), 1gG-treated
CIA group (2.5 mg/kg, the positive control),
and the anti-RANKL monoclonal antibody-
treated CIA group (2.5 mg/kg),'*!®> with 10 rats
in each group. After the success of modeling,
the groups of the test intervention were diluted
to same volume with PBS as solvent. Drugs
were given through intraperitoneal injection,
the positive drug group (dexamethasone) was
injected every other day and treated for 21 days.
The IgG group and anti-RANKL monoclonal
antibody group were injected every four days
and treat for 24 days. The PBS with the same
volume was given to the control group, and
the dosage was as the same as the antibody
intervention group.

Experimental protocols: Vernier caliper was
used to measure the thickness of the fleshy joints
of the toe joints of rats.’® X-ray radiography was
used to observe the change of foot joint rats
before and after molding, respectively, under
the condition of 60kV, 8mA and 0.05s. After
anesthesia through intraperitoneal injection of
20% chloral hydrate (400 mg/kg), blood was
obtained from aorta abdominal, and the foot
joint tissue was dissected. The proximal toe and
metatarsal joint were fixed in 20% formaldehyde
solution for three days and, then, placed in 5%
ethylenediaminetetraacetic acid (EDTA) liquid
to decalcify for 50 days (liquid was changed
every five days). Furthermore, after paraffin
embedding, slicing and hematoxylin-eosin (HE)
staining, the samples were observed under
microscope (Olympus, Tokyo, Japan).
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Figure 1. (a) RNA gel electrophoresis diagram;
(b) RANKL PCR electrophoresis diagram. 1 with 1 pL
cDNA, 2 with 2 pL ¢cDNA, 3 with 3 pL cDNA, M with
DL2000; (c) PCR electrophoresis diagram of T"TRANKL's
bacterial colony (1-10 is the resistant transformants
respectively, M is with DL2000).

RNA: Ribonucleic acid; RANKL: Receptor activator of nuclear factor
kB ligand; PCR: Polymerase chain reaction; cDNA: Complementary
deoxyribonucleic acid.

(a)
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Statistical analysis

Statistical analysis was performed using
the SPSS version 13.0 software (SPSS Inc.,
Chicago, IL, USA). Descriptive data were
presented in mean * standard deviation (SD).
One-way analysis of variance (ANOVA) was used
to detect the differences in changes between the
groups of different treatments after establishing
whether the data were normally distributed and
equivalency of variances. A p value of <0.05 was
considered statistically significant.

RESULTS

RNA isolation, PCR reaction, and TA cloning
of RANKL gene: The RNA concentration and
quality were measured by UV spectrophotometer
and agarose gel electrophoresis, separately.
As shown in Figure 1la, total RNA was
successfully extracted. The RANKL gene PCR
electrophoresis with 2 pL ¢cDNA (Lane 2) and
3 pL cDNA (Lane 3) were better than the
other one (Figure 1b). The PCR products were
recovered by gel, and the results are shown in
Figure 1c. The number of T-RANKL 102, 104,
109 and 1103 were positive clones, and further
sequence analysis were also carried out.

Figure 2. (a) Enzyme identification after positive cloning of small plasmids (M is with DL2000
marker, 1 and 2 are R748-1-1-1, 3 and 4 are R748-1-1-2); (b) SDS-PAGE identification of
purified protein (M is with protein marker, Lane 1 and 2 are R748-1-1-2, Lane 3 is R748-1-1-1,

and Lane 4 is R748-1-1-3).

SDS-PAGE: Sodium dodecyl sulfate polyacrylamide gel electrophoresis.
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Table 1. Results of purification

Antigen number Antigen molecular Antigen concentration Antigen purity Tag appellation Marker
weight (kDa) (mg/mL) (%)

R748-1-1-1 31.73Kd 1.5 68 His Fermentas#SM0671-

R748-1-1-2 28.1Kd 0.8 54 His Fermentas#SM0671-

R748-1-1-3 Defeated Defeated Defeated

Preparation of anti-RANKL monoclonal
antibodies: Figure 2a showed that R748-1-1-1
(Lane 1) and R748-1-1-2 (Lane 2) anti-RANKL
monoclonal antibodies had more colony PCR
products, and after Ni-NTF purification, R748-1-1-3
was defeated (Figure 2b). Table 1 shows that the
R748-1-1-1 antigen molecular weight is 31.73
kDa with 68% purity and R748-1-1-2 antigen
molecular weight is 28.1 kDa with 54% purity.

The base situation changes of rats treated
with anti-RANKL monoclonal antibodies

After six to seven days of CIA modeling, the
hind paws of the rats begun to appear red and
swollen, and the swelling degree and the foot

volume were gradually increased. As the time
was extended to 17 to 20 days, the hind paws
of the rats in the modeling group were usually
swollen with varying degrees. Some of the rats
had swelling in the front paws. Lasting about
30 days, swelling gradually subsided, with the
stiff hind paws joint, the rough local skin and
the increased skin temperature (Figure 3a). The
results of X-ray at 21 days indicated that the
hind paws of rats displayed obvious soft tissue
swelling, and joint gap stenosis (Figure 3b).
However, the soft tissue swelling of the hind
paws, the joint thickening, the narrowed joint
gap, and the blurred edge of the bone joint were
mild, and subsided rapidly in the dexamethasone

Figure 3. (a) Changes in the appearance of mucosa (a) and hind paws (b) after modeling; (b)
Changes of the soft tissue in the hind limbs and bone with X-ray images.
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group and the anti-RANKL monoclonal antibody
group (Figure 3b).

Pathological changes of rats treated with
anti-RANKL monoclonal antibodies: As shown
in Figure 4, joint organizations of different groups
had synovial hyperplasia of fibrous tissue, cartilage
and bone destruction in different degrees. The
structural of synovial joints of rats in normal
control group were complete, and displayed joint
clearance, articular cartilage surface integrity
and regular cell arrangement. Besides, there was
obvious synovial tissue hyperplasia, inflammatory

Dexamethasone group

IgG group

Monoclonal antibody group
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cells infiltration, fibrous tissue hyperplasia and
pannus formation in CIA rats. After treatment
with anti-RANKL monoclonal antibody, the above
pathological changes improved to normal.

TNF-a and IL-1 concentration changes
in serum of rats treated with anti-RANKL
monoclonal antibodies: Compared to the
normal rats (1.73 ng/mlL), the concentration
of TNF-o. in serum of PBS-treated CIA rats
was increased (2.82 ng/mL). Meanwhile, the
level of TNF-a in antibody-treated CIA group,
positive drug-treated CIA group and IgG-treated

Control group

PBS group

e

Figure 4. Changes of the synovial membrane and inflammatory after histological slice H&E

staining (4 um, x40).
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Table 2. Expression of TNF-a. and IL-1 detected by ELISA

TNF-a (ng/mL)  IL-1 (ng/mL)
Groups Mean+SD Mean+SD
Normal control group 1.7+0.1 2.0+0.3
Dexamethasone-treated CIA group 1.7+0.4 1.7+£0.6
IgG-treated CIA group 1.8+0.4 1.5+0.2
PBS-treated CIA group 2.8+0.3 3.5x0.4
Anti-RANKL monoclonal antibody-treated CIA group 1.5+0.6 1.8+0.7
TNF-0: Tumor necrosis factor-alpha; IL: Interleukin; ELISA: Enzyme-linked immunosorbent assay;
CIA: Collagen-induced arthritis; RANKL: Receptor activator of nuclear factor kB ligand.

CIA group were significantly decreased,
compared to the normal control and PBS groups
(p<0.05). The concentration of IL-1 in serum of
normal rats was 1.98 ng/mL and increased to
3.47 ng/mL in PBS-treated CIA rats. Moreover,
the IL-1 expression level was heavily decreased in
antibody-treated CIA group, positive drug-treated
CIA group and IgG-treated CIA group compared
to PBS-treated control, and there were significant
differences between different groups (Table 2).

DISCUSSION
According to the previous research,
successful modeling refers to chronic

progressive symmetry with peripheral arthritis
and systemic symptoms.?°?8 The pathological
manifestations are typical proliferative synovitis,
accompanied by cartilage and bone destruction,
and osteoporosis, multiple articular cartilage
destruction, bone destruction, joint gap
narrowing and joint destruction can be seen
following imaging evaluation. Based on this, in
this study, joint symptoms usually first appeared
in jaws and gradually spread to claws. The peak
of inflammation in hind legs appeared about
20 days after primary immunization, indicating
that the CIA model was successfully constructed.

This study confirmed the effect of anti-RANKL
monoclonal antibody on RA, and clarified its
new intracellular effector molecules, as one of
the effective new drugs for the treatment of
RA. The anti-RANKL monoclonal antibody was
stably prepared by hybridoma technology. The
results showed that the specificity of the prepared
antibody was high. The modeling method of

improved collagen to induce arthritis in rats could
improve the rate of modeling success. In addition,
animal experiments showed that the antibody
had better curative effect on arthritis than other
control groups. The experimental designs of
monoclonal antibody did not solve the existing
outstanding problem from the perspective of
biomedicine. However, as an independently
developed monoclonal antibody, it is effective
in animal experiments. The further purification
of antibody and the necessary modification of
its structure provide a basis for further drug
development. For two different functional domains
of RANKL protein, it is possible to explore the
molecular regulation mechanism of cells.

To the best of our knowledge, TNF-a is a
biologically active cytokine with various effects,
which can lead to apoptosis, cell proliferation
and differentiation, and promote inflammatory
response and immune regulation. It plays a key
role in the pathogenesis of RA. Both TNF-o and
TNF receptor interact and cause inflammation
and bone joint injury through a complex cascade
of signals and network. The drug targeted by
TNF-o. has been developed and applied to the
clinical treatment of RA. It is safe and effective
to reduce inflammatory reaction by blocking
signal transduction induced by TNF-o. In this
study, we found that anti-RANKL monoclonal
antibody could reduce the expression level of
tumor necrosis factor-o. and 1I-6, indicating that
the immune response of RA rats increases.

The discovery and characterization of cytokine
receptor-cytokine-bait receptor triplet formed by
RANK-OPG not only made great progress in
understanding the biology of bone environmental
stability, but also made researchers have a clear
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understanding of the key regulatory relationship
between bone and immunity, leading to the
emergence of a new field of bone immunology.?’
The RANKL-RANK-OPG are members of
TNF and TNF receptor superfamilies, and
share signaling characteristics similar to many
members of each. The developmental regulation
and cell type-specific expression patterns of
these factors reveal the key regulatory functions
of RANKL-RANK-OPG in bone homeostasis,
organogenesis, immune tolerance, and
tumorigenesis. Successful efforts at designing
and developing therapeutic agents targeting
RANKL-RANK-OPG have been undertaken for
osteoporosis, and additional efforts are underway
for other conditions.

However, there are still some shortcomings
in treating RA with monoclonal antibodies,
such as human anti-mouse antibody reaction,
difficulty in reaching target cells, and high cost. To
overcome these shortcomings, the use of genetic
engineering technology and the production
of artificial antibodies have been accepted by
many researchers.303% The application of single-
chain antibody (single chain antibody or single
chain antigen binding protein, SCA) has many
advantages, such as low immunogenicity, difficult
to induce human anti-foreign protein reaction,
easy access to micro-circulation around the
solid tumor, fast blood circulation and systemic
clearance, short half-life, less renal accumulation,
easy process through genetic method and mass
production using gene engineering technology.
In addition, single-chain antibodies also can
combine with toxins, pro-drug converting enzyme,
radioisotope, cytokine and other effecting
molecules to construct a variety of bi-functional
antibody molecules. In addition, single chain
antibody is also an ideal component to construct
bispecific antibody.343¢

The RANKL is an important factor in
regulating osteoclast differentiation.
Monoclonal antibodies could inhibit RANKL
activity, thereby reducing the osteolytic effects
of RA. Therefore, the treatment of RA using
anti-RANKL monoclonal antibodies in this
study has a positive meaning. During this
period, no relevant research results were
published, and this article is novel. The
anti-RANKL monoclonal antibody group has
a good therapeutic effect on RA. However,
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more experiments are still needed to clarify its
mechanism.
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