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Lapatinib Ameliorates Experimental Arthritis in Rats

Metin Ozgen,' Suleyman Serdar Koca,”®’” Ahmet Karatas,” Adile Ferda Dagli,” Fazilet Erman,*
Baris Gundogdu,” Kazim Sahin,” and Ahmet Isik*

Abstract—Epidermal growth factor receptor (EGFR) and its ligands are commonly expressed by
synovial cells. The aim of the present study was to detect the potential effect of lapatinib an inhibitor
of EGFR tyrosine kinases on collagen-induced arthritis. Thirty Wistar albino female rats were random-
ized into three groups. Arthritis was induced by intradermal injection of chicken type II collagen with
incomplete Freund’s adjuvant. Serum TNF-«, IL-17, and malondialdehyde (MDA) levels were ana-
lyzed. Tissue superoxide dismutase (SOD), catalase and glutathione peroxidase (GPx) activities, and
nuclear factor erythroid 2-related factor-2 (Nrf2) and heme oxgenase-1 (HO-1) expressions were
determined. TNF-«, IL-17 and MDA levels, and Nrf2 and HO-1 expressions were lower in lapatinib-
treated (30 mg/kg/day) group compared to sham group, while SOD, catalase, and GPx activities were
higher (p<0.05). Moreover, lapatinib ameliorated perisynovial inflammation and cartilage-bone de-
struction (»p<0.001). In conclusion, EGFR may have prominent pathogenic role and lapatinib may be an

effective therapeutic option for arthritis.
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INTRODUCTION

Rheumatoid arthritis (RA) is a disease of uncertain
etiopathogenesis, characterized by chronic synovial in-
flammation and cartilage—bone erosions. Synovial hyper-
plasia and angiogenesis play critical roles on the pathogen-
esis of the deformities in RA [1-5]. Angiogenesis consti-
tutes a very early event of synovial hyperplasia and thus
causes the destruction in the joint cartilage and bone [2—4].
In addition to supplying hyperplastic synovium, the angio-
genesis promotes the persistence of synovial inflammation
through the influx of inflammatory cells to create the
disease-specific microenvironment [2]. It also increases
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synovial inflammation by synthesizing pro-inflammatory
cytokines activating the endothelial cells [2]. Furthermore,
angiogenic factors synthesized in RA exacerbate the joint
destruction through their direct activation of osteoclasts
and osteoclast precursors [2]. The inhibition of angiogen-
esis has been shown to reduce the severity of arthritis and
synovial hyperplasia as well as the destruction of joint
bones and cartilage [3-5].

Histopathological studies revealed that epidermal
growth factor (EGF), ErbB-2, and other tissue growth
factor receptors are elevated in rheumatoid synovium [6,
71 and this elevation is associated with the synovial hyper-
plasia. The potential cause of increased EGF level in RA
may be related to the angiogenesis [8]. The blockage of the
EGF receptor (EGFR) directly produces critical anti-
angiogenic effects [8] and indirectly inhibits the synthesis
of other factors which have strong angiogenic effects [8, 9].
Besides, EGF has been shown to stimulate the synthesis of
matrix metalloproteinase (MMP), which is known to be
critically involved in joint destruction [10]. These data
suggest that the inhibition of EGFR may prevent joint
destruction in RA.

Lapatinib, a 4-anilinoquinoline derivate, inhibits the
tyrosine kinase associated with EGFR [11]. It reversibly
binds to the intracellular tyrosine kinase sites of EGFR-1
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and EGFR-2 and inhibits substrate phosphorylation [12]. It
thus prevents the flow in several important pathways in-
cluding MAPK and P13K. Consequently, it performs anti-
angiogenic and anti-proliferative actions by impacting the
cell cycle progression, apoptosis, angiogenesis, and cell
adhesion [12, 13]. It has been approved to use in the
treatment of breast cancers in oncology due to its action
on angiogenesis and cell proliferation.

The purpose of the present study is to explore the
efficacy of lapatinib treatment in a collagen-induced arthri-
tis (CIA) model.

MATERIALS AND METHODS

The experimental study was conducted on 30 Wistar
albino female rats which were 8 to 10 weeks old and
weighed between 200 and 250 g. The rats were randomized
into three groups (with n=10 in each group): control,
arthritic sham, and lapatinib groups. The study was ap-
proved by the Animal Experiments Ethics Committee of
Firat University.

Experimental procedures. Type 2 collagen (Sigma-Al-
drich, St. Louis, USA) obtained from chicken sternum was
diluted with 0.1 M acetic acid (1 mg/mL). The collagen
solution was emulsified with an equal amount of incom-
plete Freund’s adjuvant (Difco Laboratories, Detroit,
USA). The resulting solution was administered to the rats
of the second and third groups with intradermal injections
into the tail dorsal (100 pg/rat) and back paws (50 pg to
each paw and total 200 g to each rat). Seven days after the
first administration, booster injection (100 pg/rat) was
given through the tail dorsal.

Following the collagen injection, each rat was
assessed on a daily basis for the development of arthritis
and the clinical scoring of arthritis. The clinical scoring of
arthritis was performed on both back paws on a scale
between 0 and 4 points as described previously [14]. One
day after the development of arthritis, the rats of the third
group were given 30 mg/kg/day lapatinib
(GlaxoSmithKline, Istanbul, Turkey) introduced through
an orogastric probe.

All rats were sacrificed by decapitation on day 29 at
the 15th day after the onset of arthritis. Blood samples were
collected and the back paws were amputated from the knee
down for further histopathological analysis. The blood
samples collected were centrifuged at 3000 rpm for
10 min and the sera separated as such were kept at
—20 °C until the day of analysis. Harvested tissue samples
were cut into two parts; one part was fixed with 10 %
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formalin solution and embedded in paraffin for histopath-
ological examination, and the other was stored immediate-
ly at =80 °C for Western blot analysis

Histopathological Evaluations. Tissue samples fixed in
formalin solution were decalcified with 10 % nitric acid
(30 days) to prepare paraffin blocks. Cross-sections taken
from the blocks were stained with Hematoxylin-Eosin
(H&E). Then, they were examined by a specialist pathol-
ogist under x40, x100, X200, and x400 magnifications in a
light microscope to assess inflammatory cell infiltration,
pannus formation, and bone destruction around the joint.
The samples were scored for inflammatory status and the
severity of arthritis on the scales between 0 and 4 points for
histopathological scoring as described previously [15, 16].

Biochemical Analysis. Serum TNF-« (Invitrogen,
Camarillo, CA, USA) and IL-17 (Uscn Life Science Inc.,
China) levels were studied using the relevant commercial
kits according to the enzyme-linked immunosorbent assay
(ELISA) method. Serum superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPx) activi-
ties were analyzed using appropriate commercial kits (Cay-
man Chemical Company, Ann Arbor, MI, USA) in accor-
dance with the ELISA method. Serum malondialdehyde
(MDA) levels were measured with a high-performance
liquid chromatography device (Shimadzu, Japan).

Western Blot Analysis. Joint tissue samples were ana-
lyzed for the expression of nuclear factor erythroid 2-
related factor-2 (Nrf2) and heme oxgenase-1 (HO-1) using
the Western blot technique. In all groups, the hind paws
were excised rapidly from sacrificed rats and then quickly
frozen at —80 °C. Small pieces of the paw joints in each
group of animals were pooled together for Western blot
analysis. Homogenates were prepared in ice-cold lysis
buffer containing 50 mM Tris—HCI (pH, 8.0), 150 mM
NaCl, 5 mM EDTA, 1 % Triton X-100, 0.26 % sodium
deoxycholate, 50 mM sodium fluoride, 10 mM b-
glycerophosphate, 0.1 mM sodium orthovanadate, 10 pg/
mL leupeptin, and 50 pug/mL phenylmethylsulfonyl fluo-
ride (PMSF), and incubated on ice for 40 min [17]. Eighty
microliters of 10 % Nonidet P—40 (NP—40) solution was
added to the homogenates, and the mixture was then cen-
trifuged for 2 min at 14,000g. at 4 °C for removing the
cellular debris and isolating total protein. Concentration of
the protein was determined according to the procedure
described by Lowry et al. [18] using a protein assay kit
supplied by Sigma (St. Louis, MO, USA). Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis sample buffer
containing 2 % b-mercaptoethanol was added to the super-
natant. Equal amounts of protein (50 pg) were electropho-
resed and subsequently transferred to nitrocellulose
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membranes (Schleicher and Schuell Inc., Keene, NH,
USA). Nitrocellulose blots were washed twice for 5 min
each in phosphate-buffered saline (PBS) and blocked with
1 % bovine serum albumin in PBS for 1 h prior to appli-
cation of the primary antibody. The antibody against Nrf2
and HO-1 was purchased from Abcam Inc. (Abcam, Cam-
bridge, UK). Primary antibody was diluted (1:1000) in the
same buffer containing 0.05 % Tween-20. The nitrocellu-
lose membrane was incubated overnight at 4 °C with
protein antibody. The blots were washed and incubated
with horseradish peroxidase-conjugated goat anti-mouse
IgG (Abcam, Cambridge, UK). Specific binding was de-
tected using diaminobenzidine and H,O, as substrates.
Protein loading was controlled using a monoclonal mouse
antibody against 3-actin antibody (A5316; Sigma). Blots
were performed at least three times to confirm the repro-
ducibility of the results. Bands were analyzed
densitometrically using an image analysis system (Image
J; National Institute of Health, Bethesda, USA).

Statistical Analysis. Data were presented as mean+
standard deviation. Statistical evaluations were performed
using the SPSS package program, version 21. Kruskal—
Wallis one-way analysis of variance was used for compar-
isons among the groups, and the Mann—Whitney U test
was used for dual comparisons. Differences in continuous
values (clinical scoring of arthritis on the 14th and 29th
days) were assessed using the Wilcoxon rank-sum test. A p
value of <0.05 was considered as significant.

RESULTS

Clinical Scoring of Arthritis Arthritis was clinically
developed in all rats of the second and third groups at 13 to
14 days after the injection of collagen. While the arthritis
scores were similar in the sham- and lapatinib-treated
groups on day 14 (»p>0.05), they were lower in the
lapatinib group than in the sham group on day 29
(»<0.001) (Table 1, Fig. 1). The arthritis score on day 29
was lower than the 14th day score in the lapatinib-treated
group (p=0.004) while it was decreased in the sham group
(p=0.008).

Histopathological Evaluations. The histopathological
scoring of joint tissue samples showed a significant de-
crease in inflammation and destruction scores of the rats in
the lapatinib-treated group, in comparison to those of sham
group (p<0.001 for both) (Table 1 and Figs. 2 and 3).

Serum Pro-inflammatory Cytokine Levels Serum
TNF-« and IL-17 levels were higher in the sham group
than in the control group I (p<0.01 for both). However,
serum TNF-o and IL-17 levels were lower in the lapatinib-
treated group than in the sham group (p<0.01 for both).
Serum TNF-« levels were similar in the control and
lapatinib-treated groups, while serum IL-17 level was
higher in the lapatinib group (»<0.01) (Table 1).

Serum Malondialdehyde Levels Serum MDA level
was higher in the sham group than in the control group
(»<0.01). In the lapatinib-treated group, serum MDA level
was higher than those in the control group and lower than
those in the sham group (p<0.01 for both) (Table 1).
SOD, CAT, and GPx activities
were lower in the sham group than in the control group
(p<0.01 for all). However, they were higher in the
lapatinib-treated group than in the control group (p<0.05,
p<0.01, and p<0.01, respectively). The lapatinib-treated
group had lower SOD and CAT activities than the control
group (p<0.01 and p<0.05, respectively). There was no
significant difference between the control and lapatinib-
treated groups in terms of the GPx activities (p>0.05)
(Table 1).

Western Blot Analysis The Nrf2 and HO-1 expres-
sions were lower in the sham group when compared to the
control group (»p<0.05 for both). Lapatinib-treated group
had the increased Nrf2 and HO-1 expressions compared to
the sham group (p<0.05 for both) (Fig. 4).

Serum Anti-oxidants

DISCUSSION

In the present study, the efficacy of lapatinib treat-
ment, a tyrosine kinase inhibitor, on an experimental model
of arthritis induced by collagen was observed. Administra-
tion of type Il chicken collagen emulsified with incomplete
Freund’s adjuvant to Wistar albino rats on day 1 and day 8
induced the development of arthritis on days 12—13. The
rats in the arthritis group with no additional procedure
developed diffuse inflammation in the perisynovial tissue,
synovial hypertrophy and hyperplasia, pannus formation,
and marked cartilage and bone erosion. Additionally, the
serum levels of TNF-«, IL-17, and MDA increased, while
SOD, CAT, and GPx enzyme activities decreased in the
arthritis group. Lapatinib treatment, however, clinically
reduced the arthritis score, histopathologically decreased
synovial inflammation and cartilage—bone erosion, caused
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Table 1. Clinical and Laboratory Data in the Study Groups

Control (n=10) Arthritis (n=10) Lapatinib (n=10)
14th day arthritis score - 1.4+0.7 1.6+0.5
29th day arthritis score - 2.4+0.5 0.3+0.5°
Inflammation score — 4.0+0.0 2.1+0.7°
Cartilage—bone destruction score - 3.9+0.3 1.2+0.4°
TNF-« (pg/mL) 25.6+5.0 62.7+12.9° 26.4+3.34
IL-17 (pg/mL) 29.5+8.3 65.7+8.9° 47.0+6.5>
MDA (umol/L) 0.58+0.23 1.6+0.2° 0.92+0.13%4
SOD (U/mL) 12.047.3 34+1.6 54+1.1%°
CAT (nmol/min/mL) 0.33+0.07 0.12+0.08° 0.24+0.02*¢
GPx (nmol/min/mL) 335+179 179+45° 307+62¢

Data were presented as mean+standard deviation

TNF tumor necrosis factor, /L interleukin, MDA malondialdehyde, SOD superoxide dismutase, CAT catalase, GPx lutathione peroxidase
“p<0.05, ® p<0.01 (when compared to the control group); ¢ p<0.05, ¢ p<0.01,  p<0.001 (when compared to the arthritis group)

a decline in serum TNF-« and IL-17 levels, and increased
anti-oxidant enzyme activities.

The type I family of tyrosine kinase receptors includes
4 homologous members: ErbB1 also EGFR, ErbB2 also
known as human EGFR2 (HER2), ErbB3, and ErbB4 [11].
Multiple signal transduction pathways lie downstream of
these activated receptors, including the mitogen-activated
protein kinase (MAPK) and phosphatidylinositol 3-kinase
(PI3K) pathways. Phospholipase Cy and signal transduc-
ers and activators of transcription (STAT) also lie down-
stream of the ErbB receptors. The outcome of signaling
regulates cell proliferation, angiogenesis, pro-
inflammatory cytokine production, apoptosis, or cell adhe-
sion [11-13]. Agents that target EGFR exert anti-

~Control +
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Fig. 1. Assessments of daily arthritis score in the all study groups. Mu/-
tiplication sign indicates the mean 14th day clinical arthritis scores were
higher in the sham and lapatinib groups than in the control group (»p<0.001
for both). Plus sign indicates the mean 29th day score of sham group was
higher than in lapatinib groups (p<0.001). Asterisk indicates the mean 2-
9th day scores was decreased in lapatinib group while it was increased in
the sham group compared to the own 14th day score (Wilcoxon Rank test;
»=0.004 and p=0.008, respectively).

proliferative and anti-angiogenic effects and they are used
in cancer therapy.

Several studies [6, 7] have demonstrated that EGFR is
expressed in synovial fibroblasts, in patients with RA. In
addition, the increased concentrations of serum and joint
EGF and EGFR have been demonstrated in RA patients [6,
7]. In addition, Yamane et al. [19] demonstrated that re-
combinant human amphiregulin which is a ligand for
EGFR stimulated the proliferation of synovial fibroblast.
These data suggest that EGF and EGFR have important
roles in RA pathogenesis.

Synovial hyperplasia and angiogenesis are the hall-
marks of RA pathogenesis. Owing to the synovial hyper-
plasia and the infiltration of inflammatory cells, the syno-
vial lining increases greatly in mass. This hyperplastic
synovial lining necessitates an increase in the vascular
supply to the synovia, to cope with the increased require-
ment for oxygen and nutrients. When angiogenesis consti-
tutes synovial hyperplasia, it transforms into a pannus
tissue, ultimately leading to cartilage and bone destruction.
Due to an ability to promote angiogenesis and cell prolif-
eration, EGFR may contribute to cartilage and bone de-
struction in RA. EGFR tyrosine kinase inhibitors are used
in oncology for their anti-angiogenic and anti-proliferative
action. Swanson et al. [20] have showed in an experimental
arthritis model that EGFR blockage with erlotinib reduces
the severity of arthritis. In the present study, lapatinib an
EGFR tyrosine kinase inhibitor leads to a decrease in
synovial hyperplasia and pannus formation and prevents
the development of cartilage and bone destruction.

The inhibition of EGFR may reduce production of
pro-inflammatory cytokines. Yamane et al. [19] have dem-
onstrated that EGFR ligand amphiregulin stimulates syn-
thesis of the mRNA expression levels of VEGF, IL-8, GM-
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Fig. 2. Histopathological sections of joints in study groups (H&E x40).
Normal perisynovial tissue and cartilage-bone appearance in the control
group (a). Obvious perisynovial inflammation and destruction of carti-
lage—bone in the sham group (b). Minimal perisynovial inflammation and
synovial hyperplasia in the lapatinib-treated group (c).
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CSF, and IL-6 by cultured synovial fibroblast. Swanson
et al. [20] have revealed that EGF induces RA synovial
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Fig. 3. Inflammation (a) and cartilage-bone destruction (b) scorings of the
study groups. Histopathological scorings of inflammation and cartilage—bone
destruction were increased in the Sham group compared to the control group
(*p<0<001 for both). On the other hand, they were decreased in the lapatinib
group compared to the sham group (**p<0.05 for both).

fibroblasts to produce VEGF, IL-8, MCP-1, and MMP-3
and concurrent EGFR tyrosine kinase inhibitor erlotinib
treatment reduced the production of these cytokines. Cur-
rently, TNF-oc is known to play a critical role in the path-
ogenesis of inflammatory joint disease, and the therapeutic
efficacy of TNF-« inhibitors is recognized. Successful
results obtained from inflammatory joint diseases with
anti-TNF-« drugs demonstrate the significance of TNF-oc
in inflammation. In our study, the TNF-« level was elevat-
ed in the mice with CIA, while it was reduced in the
lapatinib-treated mice. The decrease in TNF-o level may
be one cause of the anti-arthritic action of lapatinib
treatment.

Interleukin-17 is a cytokine synthesized primarily by
CD+4 T (Th17) cells. However, it is also known to be
synthesized by other immune cells. It exhibits a synergistic
effect with TNF-« and stimulates the synthesis of other
pro-inflammatory cytokines [21, 22]. In RA, IL-17 initiates
the release of destructive enzymes from the synovial fibro-
blasts [21]. Besides, it activates chondrocytes and macro-
phages which synthesize these destructive enzymes act to
promote joint erosion [23]. It is known that MMPs are the
enzymes playing the major part in cartilage—bone destruc-
tion. IL-17 has been shown to increase the synthesis of
MMP from the synovial cells, fibroblasts, and macro-
phages [23]. Furthermore, it has been demonstrated that
IL-17 activates osteoclasts which are known to have a
critical function in bone resorption and stimulates the syn-
thesis of prostaglandin E2 and nitric acid, which is thought
to be involved in cartilage destruction [24, 25]. Chabaud
et al. [26] have reported that recombinant mouse IL-17
injected into the normal rat joint causes joint destruction
and showed the role of IL-17 in joint destruction in RA. On
the other hand, Lubberts and colleagues [27] have proved
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Fig. 4. Western blot analysis and densitometric quantifications of Nrf2 (a) and HO-1 (b). The expressions of Nrf2 and HO-1 were lower in the sham group
compared to the sham group (p<0.05 for both). On the other hand, they were higher in the lapatinib-treated group compared to the sham group (p<0.05 for
both). Representative blots, repeated at least three times (n=4), are shown. Actin was included to ensure equal protein loading. The densitometric
quantifications were normalized to actin densities for each sample and expressed as mean+SD. Different superscripts (a, b) indicate group mean differences
(p<0.05). Nrf2, nuclear factor erythroid 2-related factor-2, HO-1 heme oxgenase-1.

in the CIA model that anti-IL-17 antibody treatment
prevented cartilage and bone erosion. Similarly, it was
established in our study that lapatinib treatment reduced
IL-17 levels and impeded cartilage and bone destruction.

Reactive oxygen radicals increase dramatically in
inflammatory conditions, particularly in inflammatory
joint diseases. Of these radicals, superoxide anion (O,-)
plays a critical role in inflammation. SOD enzyme and
other anti-oxidant enzymes neutralize oxygen radicals
and offset the damage inflicted by these highly aggressive
products [28]. Reactive oxygen radicals are produced
abundantly from the inflammatory foci together with cyto-
kines and prostaglandins, and this production is associated
with reduced anti-oxidant enzyme levels [28]. Reactive
oxygen products are significantly involved in the develop-
ment of cartilage damage [28-30]. Intra-articular SOD
administration was shown to be related to clinical recovery
and a decline in the level of inflammation [31, 32]. In our
study, the serum levels of MDA increased, while SOD,
CAT, and GPx enzyme activities decreased in the arthritis
group. On the other hand, lapatinib treatment restored anti-
oxidants and oxidant.

Nrf2, a redox-sensitive transcription factor, binds to
anti-oxidant response elements (ARE) encoding many
anti-oxidant enzymes and related stress-responsive pro-
teins including glutathione S-transferase, GPx, and HO-1.
Thus, Nrf2 regulates redox status and plays key roles in
cellular defense by enhancing the removal of reactive
oxygen species [33]. It has been documented that Nrf2-
knockout mice have more severe cartilage injuries and
more oxidative damage during experimentally induced
arthritis [34, 35]. These results [34, 35] support a protective
role of Nrf2 against arthritis. In the present study, Nrf2 and

HO-1 expressions were decreased in the arthritis group,
while lapatinib treatment increased their expressions. It
may be concluded that anti-inflammatory effects of
lapatinib lead to the restoration of oxidative stress. How-
ever, at the end of the treatment, anti-oxidant potentials of
lapatinib may contribute its anti-arthritic effects.

The present study has several limitations. Firstly, our
study did not examine angiogenesis. Lapatinib may have
actions on angiogenesis. Secondly, intracellular signaling
pathways may be potential targets of lapatinib and they
could be studied in our study.

In conclusion, lapatinib, an EGFR tyrosine kinase
inhibitor, decreases the levels of TNF-« and IL-17, in-
creases anti-oxidant activity, and prevents cartilage—bone
destruction in the CIA model. Therefore, these results
suggest that EGFR may play a pathogenic role in RA and
it may be concluded that lapatinib appears to be a promis-
ing agent in the treatment of RA.
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