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Abstract
Background: The purpose of this study was to determine the potential effects of HM71224, a Bruton’s
tyrosine kinase (BTK) inhibitor, as a monotherapy and in combination with methotrexate (MTX) in rats
with collagen-induced arthritis (CIA) and to evaluate the effects of drug-drug interactions in combination
therapy.

Methods: The therapeutic effect of HM71224 and the combination effects with MTX were evaluated in
CIA rats. Arthritis was induced through immunization by type II collagen in Lewis rats. The therapeutic
effects were evaluated by arthritis score, paw volume, body weight changes, and histopathological
examination. The effective dose levels (ED) were determined from arthritis score. Bone erosion, synovial
in�ammation, and cartilage degradation were assessed by staining with hematoxylin and eosin (H&E)
and safranin-O in ankle joints. The drug-drug interaction between HM71224 and MTX was investigated
by the comparison of plasma levels and monitoring of liver enzymes, creatinine and blood cell counts in
CIA rats.

Results: HM71224 dose dependently ameliorated the clinical signs, paw volume and body weight loss on
the development of arthritis in CIA rats, and ED50 and ED90 values were 1.0 and 2.5 mg/kg, respectively.
The combination of HM71224 with MTX decreased the arthritis score, bone erosion, synovitis and
cartilage degradation compared with HM71224 and MTX alone; however, no drug-drug interactions in the
plasma and no abnormalities in the liver enzymes, creatinine or blood cell counts were observed.

Conclusion: BTK inhibition by HM71224 prevented the development of arthritis and the combination
therapy with MTX produced additive therapeutic effects with no drug-drug interactions in CIA rats.
Therefore, we suggest that HM71224 may be useful as a monotherapy and in combination with MTX for
the treatment of patients with rheumatoid arthritis.

Background
Rheumatoid arthritis (RA) is a systemic autoimmune disease manifested by synovitis and damage to
bone and cartilage. Many different cell types participate in the development of RA; especially, B cells have
several critical roles, such as the production of autoantibodies and cytokines, antigen presentation,
immune regulation, and bone homeostasis, in the pathogenic and pathological progress of RA [1]. For
these reasons, rituximab, which depletes B cells with the anti-CD20 antibody, has been used for RA
treatment [2] and other treatments targeted against B cells are under development [1].

Bruton’s tyrosine kinase (BTK) is a non-receptor tyrosine kinase that belongs to the TEC family of kinases.
It is involved in B cell receptor (BCR)- [3], Fc receptor- [4] and Toll-like receptor- [5] mediated signaling
during the activation of B cells, macrophages, and plasmacytoid dendritic cells and is also involved in
monocyte-derived osteoclast formation [6]. Therefore, their cellular expression and function have been
implicated as potential drug targets for the treatment of autoimmune diseases including RA; BTK
inhibitors have been reported to exert therapeutic activity in rodent arthritis models [7–9]. We have also
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previously demonstrated that the irreversible selective inhibition of BTK by HM71224 ameliorated the
clinical signs of arthritis, the production of auto-antibody and cytokines and bone/cartilage damages in
CIA mice [8].

Methotrexate (MTX) is a major disease modi�ed anti-rheumatic drug (DMARD) and multiple mechanisms
of MTX, including the inhibition of T cell activation, the downregulation of B cells [10], and the therapeutic
modulation of the receptor activator of the NFκB ligand (RANKL) system [11], appear to be involved in the
treatment of RA. In adult patients with RA, MTX monotherapy has been recommended as the �rst-line
therapy; moreover, MTX is recommended as a co-therapy when using biologic DMARDs or tofacitinib [12].
Thus, a comparison of the bene�ts and risks of the co-prescription with MTX is essential in the decision
to prescribe treatment for patients with RA, because MTX-based treatments form the core treatment of
RA.

In the present study, to compare the advantages and disadvantages in the combination therapy of
HM71224 and MTX, we determined the effective dose level of HM71224 in CIA rats and then investigated
the anti-arthritic effects and drug-drug interaction of HM71224 and MTX in the combination therapy.

Materials And Methods

Animals
Male Lewis rats aged 6 weeks (Charles River Japan) were maintained under temperature- controlled
environment with a 12 hr light/dark cycle and with access to standard pelleted food (Picolab Rodent Diet
5053, St. Louis, Mo, USA) and water ad libitum. All animal experiments were procedures approved by the
Institutional Animal Care and Use Committee of the Hanmi Research Center and performed in accordance
with the approved guideline.

Induction of CIA in rats
Lewis rats were injected with 0.6 ml of an emulsion of bovine type II collagen (Chondrex, Redmond, WA,
USA) and Incomplete Freund’s Adjuvant (Sigma-Aldrich, St Louis, MO, USA) via intradermal injection at
the base of the tail. Seven days later, the 0.3 ml of the same emulsion was immunized in the same
manner.

Treatments
Two independent experiments in CIA rats were performed. In the experiment to determine the therapeutic
effects of the HM71224 monotherapy, the rats (n = 7 per group) were orally administered at 0.3, 1, or
3 mg/kg HM71224 once per day for 9 days; in the experiment to determine the combination effects, the
rats (n = 5 group) were orally administered HM71224 (1 mg/kg, once daily), MTX (1 mg/kg, twice per
week) or HM71224 and MTX for 10 days. In both studies, the treatments were started 6 days after the
booster immunization.

Clinical assessment of arthritis
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The severity of arthritis was assessed by arthritis score, body weight loss, and paw volume. The arthritis
score and body weight were measured three times per week. The arthritis score was determined by the
grading of each paw from 0 to 4 (0, normal; 1, mild, but de�nite redness and swelling of the ankle or
apparent redness and swelling limited to individual digits, regardless of the number of affected digits; 2,
moderate redness and swelling of the ankle; 3, redness and swelling of the entire paw including digits; 4,
maximally in�amed limb involvement of multiple joints) and was expressed as the sum of the scores of
all four paws. The volume of the two hind paws was measured by using a plethysmometer (Ugo Basile,
Italy) 9 days after the �rst administration for the combination effects experiment.

Blood chemistry and hematology
In the experiment to determine the combination effects, ethylenediaminetetraacetic acid (EDTA)-
anticoagulated blood and serum were collected on day 9. The complete blood cell counts (CBCs) were
obtained by using ADVIA120 automatic blood analyzer (SIEMENS, Germany) and the serum levels of
aspartate aminotransferase (AST), alanine aminotransferase (ALT), and creatinine were measured by a
Hitachi 7020 automatic chemical analyzer (Hitachi, Japan).

Histopathological assessment
The hind legs of each rat were �xed with 10% neutral-buffered formalin, decalci�ed with 5% formic acid,
and embedded in para�n. The sections were stained with hematoxylin and eosin (H&E) and safranin-O to
identify bone damage and cartilage damage, respectively. The histopathological score was evaluated
microscopically in a blinded manner, and was expressed as the sum of the scores of two legs. The
arthritis score was evaluated on a scale of 0 to 4: 0, normal; 1, hyperplasia of the synovial membrane and
presence of polymorphonuclear in�ltrates; 2, pannus and �brous tissue formation and focal subchondral
bone erosion; 3, articular cartilage destruction and bone erosion; 4, extensive articular cartilage
destruction and bone erosion. The bone erosion score was graded from 0 to 4 for severity: 0, normal; 1,
focal subchondral erosion; 2, multiple subchondral erosions; 3, multiple subchondral erosions and focal
erosion of talus; 4, multiple erosions of the tarsal and metatarsal bones. Synovitis was scored from 0 to
4: 0, normal; 1, mild synovial hypertrophy (< 5 cell layers) with few in�ammatory cells; 2, moderate
synovial hypertrophy (< 20 cell layers) with the accumulation of in�ammatory cells into intrasynovial
cysts; 3, pannus and �brous tissue formation, abscess and interstitial edema; 4, pannus and �brous
tissue formation, abscess, and interstitial edema on both sides of the ankle joint. The cartilage
degradation was scored semiquantitatively from 0 to 4: 0, intact; 1, minor depletion (< 10%); 2, moderate
depletion (10–50%); 3, high depletion (50–80%); 4, severe depletion (80–100%).

Pharmacokinetics to evaluate drug-drug interactions
In experiment for combination effects, blood was collected in tube containing heparin (1000 IU/mL,
Choongwae pharmaceutical, Korea) from the jugular vein at 0, 0.5, 1, 2, 4, 7, and 24 h after the �nal
administration to CIA rats on day 11 and the plasma was obtained by centrifugation at 12,000 rpm for
2 min. Plasma levels of HM71224 and MTX were analyzed by liquid chromatography-tandem mass
spectrometry (LC/MS/MS, Agilent™ 1200series, Santa Clara, CA, USA and API 5000™ LC/MS/MS system,



Page 6/15

Applied Biosystems/MDS SCIEX, Canada). Pharmacokinetic parameters were calculated from the plasma
concentration-time data by a non-compartmental method using Phoenix™ WinNonlin® 6.1 (Pharsight,
Princeton, NJ, USA).

Statistical analysis
Except where indicated otherwise, the data were expressed as the mean ± SEM. Differences between the
mean values of the groups were compared by a parametric one-way ANOVA test or non-parametric
Kruskal-Wallis test using Prism 5.0 software (GraphPad, La Jolla, CA, USA). P values below 0.05 were
considered statistically signi�cant. Effective dose levels were also calculated using Prism 5.0 software.

Results
Effects of HM71224 on the development of arthritis in rats

We examined whether HM71224 could ameliorate the clinical signs and body weight loss in the
development of arthritis. Treatment with HM71224 resulted in dose-dependent inhibition of paw volume
and arthritis signs that was indicated by increased edema and erythema of ankle joints in CIA rats: A near
complete regression (vs CIA control, P < 0.01 at 3 mg/kg and P < 0.001 at 10 mg/kg) of arthritis score
(Fig. 1a) and signi�cant reduction (vs CIA control, P < 0.001 at both 3 and 10 mg/kg) of hind paw edema
(Fig. 1b) were observed. The calculated ED50 and ED90 values in arthritis score were 1.0 and 2.5 mg/kg,
respectively. HM71224 also prevented the body weight loss from disease progression compared with
vehicle treatment group (Fig. 1c).

Effect of combination therapy of HM71224 with MTX on CIA disease course

We assessed the combination effects of HM71224 and MTX in CIA rats. Vehicle treated rats fully
developed arthritis including swollen and red paws, and the treatment with MTX and HM71224 alone
resulted in slight inhibition and partial reduction (vs CIA control, P < 0.05) of the arthritis score,
respectively. However, the combination of HM71224 with MTX markedly decreased severity of arthritis (vs
CIA control, P < 0.01) (Fig. 2a) and suppressed body weight loss (Fig. 2b). As shown in Fig. 3, the
combination of HM71224 with MTX signi�cantly reduced the degree of histological abnormalities in
ankle joints of CIA rats: Similar to clinical signs, combined HM71224 and MTX treatment showed the
synergistic inhibition of bone damages including bone erosion, synovial in�ammation, edema, synovial
hypertrophy, synovial hyperplasia, pannus and �brous tissue formation (Figs. 3a, b) and the synergistic
suppression of cartilage degradation (Figs. 3a, c). 

Drug-drug interactions by co-administration of HM71224 and MTX

To investigate the drug-drug interactions, the plasma levels were examined in a combination study. As
shown in Table 1, no statistically signi�cant differences were observed in the plasma parameters such as
AUClast, Cmax, and half-life between HM71224 or MTX alone and the co-administration of HM71224 and
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MTX (P > 0.05). However, Cmax of MTX in co-administration with MTX and HM71224 showed 1.5 fold
increase compared to MTX alone.

To investigate the hepatic, renal and hematological abnormalities by combination treatment of HM71224
with MTX, serum AST, ALT and creatinine and complete blood cell counts (CBC) were measured. At the
anti-arthritic effective dose levels of combination treatment, no increase of liver enzymes, creatinine, and
hematological abnormalities was observed after the combination treatment (Table 2).

Discussion
We previously reported that the selective and irreversible BTK inhibition by HM71224 suppressed human
B cell activation and cytokine secretion and osteoclast formation in monocytes. Furthermore, we also
demonstrated that HM71224 effectively ameliorated experimental arthritis through suppression of
cytokines and auto-antibodies in CIA mice [8]. In the present study, HM71224 treatment led to a dose-
dependent decrease in arthritis manifestations of CIA rats as shown in CIA mice.

Both MTX and HM71224 modulate B cells, cytokines, and osteoclastogenesis in the pathogenesis of RA;
however the drugs act via different mechanisms [8, 10, 11, 13]. The suppression of B cells by MTX occurs
by the inhibition of cell division through the inhibition of folic acid metabolism [10], whereas HM71224
suppresses B cells by BCR signaling [8]; the inhibitory effect on bone destruction by MTX is based on the
inhibition of the �broblast RANKL production [11], whereas HM71224 suppresses osteoclastogenesis [8].
Moreover, BTK inhibitor reduce the activated CD4 + T cells by an indirect effect of BTK inhibition on other
cell types [15], while MTX directly inhibit the activation of T cells [10]. Together, the different mechanism
of actions of the drugs on B and T cells and osteoclast differentiation may act in a complementary
manner to inhibit B and T cells and osteoclastogenesis in the treatment of RA. We therefore hypothesized
that the combination of HM71224 with MTX could exert additive or synergistic therapeutic effects by the
effective modulation of both B and T cells as well as osteoclasts, and in this study, the combination
treatment with low-dose HM71224 and MTX showed effective suppression in both disease activity
including the erythema and edema of ankle joints and structural damages of bone and cartilage.

The co-administration of some drugs and MTX has resulted in pharmacokinetic variation of MTX: some
nonsteroidal anti-in�ammatory drugs (NSAIDs), including ibuprofen, naproxen, salicylates, and
cyclosporine reduced creatinine and MTX clearance and led to a signi�cant increase in the MTX plasma
level [13, 16]; chloroquine reduced the bioavailability of MTX by approximately 50% [17]. Thus, if the co-
administration led to a variation in the plasma levels, it may have practical implications for both the
safety and e�cacy of drugs in combination therapy with MTX. In the present study, the co-administration
of HM71224 and MTX did not affect the pharmacokinetics of both drugs and serum creatinine levels at
the effective dose level (Tables 1 and 2). This result supported the safety of the combination therapy of
HM71224 and MTX.
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Gastrointestinal, hepatic, and hematological toxicities are most commonly observed with MTX after the
treatment of RA and other autoimmune diseases [18]. Moreover, some drugs have been known to interact
with MTX to produce additive hepatotoxicity and hematotoxicity, which may lead to toxicity from the
hematological effects of MTX [19]. Consequently, prescribing guidelines should recommend the
measurement of liver enzymes and CBCs prior to the initiation of MTX and at regular intervals for the
duration of the therapy [20, 21]. Therefore, if the co-administration with MTX led to the abnormalities of
liver enzymes and hematological parameters, the combination regimen should not be used as a
treatment. However, in this study, the combination therapy of HM71224 and MTX did not affect liver
enzymes and blood cell counts at the effective dose level (Table 2).

Conclusions
This study indicated that both HM71224 alone and the HM71224 combination with MTX showed
effective and safe therapeutic effects in rat CIA model with no drug-drug interactions. Based on these
results, we suggest that HM71224 may be a useful therapeutic agent for the treatment of patients with
RA.
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Table 1. Pharmacokinetic parameters in the monotherapies and combination therapy of HM71224 and
MTX (n=5/group). Data are represented as mean ± SD.
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  HM71224

1 mg/kg

HM71224 1 mg/kg

+ MTX 1 mg/kg

MTX

1 mg/kg

Analyte HM71224 HM71224 MTX MTX

AUClast (ng·h/mL) 12.9 ± 4.0 11.4 ± 4.1 61.9 ± 42.7 69.0 ± 13.6

Cmax (ng/mL) 6.7 ± 2.8 5.6 ± 2.7 43.0 ± 14.0 66.4 ± 15.5

T1/2 (h) 1.7 ± 0.7 1.1 ± 0.8 0.5 ± 0.0 0.5 ± 0.0

AUClast: area under the plasma concentration-time curve from zero time until the last measureable
concentration, Cmax: the maximum plasma concentration, T1/2: the plasma half-life.

Table 2. Effects of hepatic, renal, and hematological parameters in combination of HM71224 with MTX.

  Liver Enzymes Kidney Complete Blood Cell Counts

  AST

(IU/L)

ALT

(IU/L)

Creatinine

(mg/dL)

RBC

(x 106/
µL)

Hemoglobin

(g/dL)

WBC

(× 103/
µL)

Platelets

(x 103/
µL)

Naïve 96.4 ±
4.1

41.2 ±
5.1

0.4 ± 0.0 8.48 ±
0.13

14.2 ± 0.1 6.30 ±
1.67

767 ±
37

CIA control 113.3 ±
8.2

36.1 ±
3.2

0.4 ± 0.0 8.71 ±
0.20

13.9 ± 0.3 7.12 ±
0.96

1043 ±
60

HM71224 1
mg/kg

90.5 ±
3.4

39.1 ±
2.0

0.4 ± 0.0 8.59 ±
0.19

13.7 ± 0.4 5.61 ±
2.30

924 ±
70

MTX 1 mg/kg 102.9 ±
3.5

38.4 ±
4.0

0.4 ± 0.0 8.60 ±
0.29

13.9 ± 0.4 6.47 ±
0.66

930 ±
101

HM71224 1
mg/kg

+ MTX 1
mg/kg

86.4 ±
2.7

38.3 ±
1.9

0.4 ± 0.0 8.46 ±
0.39

13.9 ± 0.5 6.05 ±
1.44

916 ±
74

AST: aspartate transaminase, ALT: alanine transaminase, RBC: red blood cell, WBC: white blood cell

Figures
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Figure 1

Effect of HM71224 on the development of arthritis in CIA rats. The treatment of HM71224 was started at
a mean arthritis score of 2.9 (n=7 per group). Arthritis score and body weight were evaluated three times
per week. Treatment with HM71224 led to the amelioration of the clinical signs of arthritis (a), paw
edema (b), and body weight loss (c) during the disease course. The data are represented as mean ± SEM.
* P < 0.05, ** P < 0.01 and *** P < 0.001 vs vehicle-treated CIA rats, Kruskal-Wallis.

Figure 2

The combination effects of co-administration of HM71224 and MTX on disease progression in CIA rats.
HM71224 and MTX were started 6 days after the booster immunization at a mean arthritis score of 2.9
for each group (n=5 per group) and were continued for 10 days. The combination therapy of HM71224
with MTX signi�cantly attenuated the arthritis score (a) and body weight loss (b) compared with
HM71224 and MTX alone. The data are represented as mean ± SEM. * P < 0.05, ** P < 0.01 and **** P <
0.0001 vs vehicle-treated CIA rats, ANOVA.
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Figure 3

Histopathological assessment for ankle joints in HM71224 and/or MTX treated CIA rats. Histopathologic
analysis of both hind legs was conducted 10 days after the �rst administration. Arthritis, bone erosion,
and synovitis index were evaluated by H&E staining and the cartilage degradation index was assessed by
safranin-O staining. The histopathological index was expressed as the sum of the scores of two legs. (a)
Combination treatment with HM71224 plus MTX synergistically suppressed bone destruction,
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in�ammation and cartilage degradation compared with the HM71224 and MTX alone. The representative
H&E (b) and safranin-O (c) stained sections in the ankle joints of CIA rats. The data are represented as
mean ± SEM. * P < 0.05, ** P < 0.01 and *** P < 0.001 vs vehicle-treated CIA rat, ANOVA.


