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Abstract

Fabs fragments (Fabs) maintain binding ability to specific antigens, but lack the binding site for complements and
for receptors on leukocytes that play a crucial role in Rheumatoid Arthritis (RA). In the present study, we investigated
whether type Il Collagen (Cll)-Induced Arthritis (CIA) in mice was suppressed by anti-Cll Fabs prepared by papain
digestion of anti-Cll antibodies. CIA was induced in DBA/1J mice by immunization with chicken CIl and completes
Freund’s adjuvant. To investigate the effect of anti-Cll Fabs on the CIA model, mice were injected intraperitoneally
with anti-Cll Fabs 1 day before the first immunization. As a result, CIA was markedly inhibited by anti-Cll Fabs;
furthermore, the histological features of anti-Cll Fabs-untreated mice included severe hyperplatic synnovium,
cartilage and joint destruction, and leukocytic infiltration, whereas animals given anti-Cll Fabs showed significant
reduction of these histological changes. Additionally, antigen-specific suppression of CIA by anti-Cll Fabs was
related to the reduced levels of complement C3a in serum. Meanwhile, in vitro studies revealed that anti-Cll Fabs
significantly blocked the binding of intact anti-Cll antibodies and also decreased complement activation. Collectively,
the development of CIA was suppressed by anti-Cll Fabs, which prevented the binding of anti-Cll antibodies to
antigen followed by the inhibition of complement activation, suggesting that autoimmune arthritic diseases such as

RA may be specifically treated with pathogenic antibody Fabs.
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Introduction

Autoantibodies against type II collagen (CII) are well documented
in patients with Rheumatoid Arthritis (RA) [1,2]. After multimeric
immune complex (ICs) of CII and anti-CII autoantibodies form on
the articular cartilage surface, both complement components and
FcyR-bearing cells are primarily activated by capturing the Fragment
Crystallizable (Fc) portion of cartilage-bound antibodies [3]. The
provoked levels of complement-activated products, including C3a and
C5a in serum and synovial fluid in RA patient, have been described
previously [4,5]. Therefore, the diapedesis of inflammatory cells was
induced by chemotactic activity of complement-cleavaged proteins in
synovial tissues [6,7]. The infiltrated leukocytes are able to enhance the
articular inflammatory response and cause synovial injury by releasing
pro-inflammatory cytokines [8]. Moreover, the differentiation of
Antigen-Presenting Cells (APC) is promoted by FcR-binding ICs.
The immunological reaction is also amplified by highly self-antigen
presentation of activated APC to adaptive immune cells [9]. Thus, the
Fc portion of autoantibodies is crucial for autoimmune diseases, and
blockade of the immuno-pathological action of autoantibody-mediated
RA may be an alternative attractive remedy [3]. Fab fragments (Fabs)
are prepared by digestion with papain [10]. The structure of the Fab
fragment retains monovalent antigen binding sites of their antibodies
without the Fc portion [11]. Fab fragments not only have high ability
to bind antigenic epitopes but are also lacking the binding site for
complement proteins and inflammatory cells. Therefore, therapies
using Fab fragments are expected for antibody-mediated diseases by
down-regulating the complement pathways and the pro-inflammatory
cytokines released from inflammatory cells such as macrophages. The
suppression of bullous pemphigoid, autoantibody-induced blistering
disease, in mice by recombinant Fabs against the non-collagenous
16™-A domain of type XVII collagen has been recently documented
[12]; additionally, ovalbumin (OVA)-specific Fabs has been readily
available for Anti-OVA Antibody-Mediated Arthritis (AOA-MA) in

mice [13]. However, in murine Collagen-Anduced Arthritis (CIA),
which resembles human RA, the inhibitory effect of Fabs has never
been examined. In the marketplace, many different products for RA
therapies, including steroids, non-steroidal anti-inflammatory drugs,
immunosuppressants, and biological agents, are available; however,
several chemical agents have shown a risk of adverse effects [14-16].
Unfortunately, antigen-specific therapies have not been clinically used
for this disease. In this study, to develop a new therapeutic strategy for
the treatment of RA by antigen-specific suppression, we investigated
whether Fabs prepared by enzymatic papain digestion from polyclonal
antibodies (pAb) against mouse CII inhibits CIA.

Materials and Methods

Animals

Male DBA/1j mice, 8 weeks of age, were kept in a specific
pathogen-free environment of the animal breeding unit. Healthy
mice were maintained in a temperature-controlled cage with free
access to standard rodent chow and water. All animal experiments
were performed in accordance with protocols approved by the Ethics
Committee of Kobe Pharmaceutical University, Kobe, Japan.

Induction of arthritis

DBA/1j mice were subcutaneously immunized with 0.1 ml antigen
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emulsion (50 mg chicken CII (Sigma Aldrich, St Louis, MO, USA)
dissolved in 1 mg of 0.1 N acetic acid and emulsified with an equal
volume of complete Freund’s adjuvant (CFA) (Difco Laboratories,
Detroit, MI, USA)) into the base of the tail on day 0 and 21 [17]. The
non-sensitized group was mice receiving no chicken CII immunization.
In this study, we focused on the prophylactic intervention of anti-
CII Fabs in collagen-induced arthritis; therefore, anti-CII Fabs (1
mg/mouse) was intraperitoneally administered 1 day before the first
immunization. Control mice were given the same amount of normal
IgG Fabs (Rockland Immunochemicals, Gilbertsville, PA, USA).

The mice were observed for clinical arthritis every other day after
the second immunization with chicken CII. Arthritis was evaluated
based on edema lesions in periarticular tissue and erythema of the
four paws according to 0-4 grade of ascending severity as described
elsewhere [18]: O=normal; 1=mild erythema or swelling of a wrist or
ankle or erythema and swelling of any severity for 1 digit; 2=more than
three inflamed digits or moderate erythema and swelling of an ankle or
wrist; 3=severe erythema and swelling inflammation of a wrist or ankle;
4=complete erythema and swelling of a wrist and ankle including all
digits.

Histopathological arthritis assessments

The radiocarpal joints were dissected on day 45, fixed in 10%
neutral-buffered formalin, decalcified in decalcifying solution (Wako
Pure Chemicals, Osaka, Japan), and embedded in paraffin. The
front paws were sectioned at 4 um, deparaffinized with xylene, and
hydrated with a graded alcohol series. The sections were stained with
Hematoxylin and Eosin (H&E).

Preparation of anti-CII Fab fragments

DBA/1j mice were subcutaneously immunized with chicken CII
and CFA into the base of the tail on day 0 and 21 according to the above
described method. Blood samples were withdrawn by orbital sinus
venipuncture on day 30. Serum was separated from clotting blood
by centrifugation at 1500xg at 4°C for 15 minutes. The anti-CII pAbs
were purified by Hitrap IgG protein an affinity chromatography (GE
Healthcare Bio-Science, Sweden) and concentrated by Vivaspin-20
(Sartorius Stedium Biotech Gmbh, Germany) to 10 mg/mlin phosphate-
buffered saline (PBS) based on an OD280. Fab fragments were prepared
using 10 mg purified pAbs in 20 mM phosphate buffer containing 10
mM EDTA and 20 mM cysteine, co-incubated with 250 pg agarose-
linked papain (Sigma Aldrich) at 37°C for 24 hours according to the
methods described previously [13]. The Fab fragments were purified
by Hitrap IgG protein an affinity chromatography. Absorbance at 280
nm was measured using a Gene Quant Pro spectrophotometer (GE
Healthcare, UK) to determine the protein concentrations.

Serum collection and analysis

Blood samples were withdrawn by orbital sinus venipuncture on
day 48. Serum was separated from clotting blood by centrifugation at
1500xg at 4°C for 15 minutes. The anti-CII IgG antibody was evaluated
by direct Enzyme-Linked Immunosorbent Assay (ELISA) using plates
coated with mouse CII. The complement component, including
C3a protein, was measured by sandwich ELISA according to the
manufacturer’s instructions for C3a ELISA kits (BD Biosciences, San
Diego, CA, USA).

Competitive binding assay

The affinity of anti-CII pAbs to mouse CII inhibited by its Fab

fragments was examined using ELISA. A mixture of anti-CII pAbs (50
pg/ml) and various concentrations of anti-CII Fab fragments (0-1,000
pg/ml) was prepared and incubated at 37°C for 1 hour in a 96-well
plate coated with 1 pg/ml mouse CII. Phosphatase-conjugated anti-
mouse IgG (Fc) (Sigma-Aldrich) was added and the color reaction
was examined by p-nitrophenylphosphate substrate. Absorbance was
measured at 405 nm by a microplate reader.

Complement inhibition assay

Fab fragment-inhibited complement activation was examined by
ELISA with a modified procedure as described previously [19]. Briefly,
96-well plates were coated with 1 ug/ml mouse CII and incubated with
the mixture of anti-CII pAbs (50 pg/ml) and various concentrations
of Fab fragments (0-1,000 pg/ml) at 37°C for 1 hour. The mouse
complement (Rockland Immunochemical, Gilbertsville, PA, USA)
diluted in veronal saline buffer containing 1 mM MgCl, and 2 mM
CaCl, was added and incubated at 37°C for 1 hour. The supernatants
were separated to measure the level of C3a, and were measured by
sandwich ELISA according to the manufacturer’s instructions for C3a
ELISA kits (BD Biosciences).

Statistical analyses

The data are given as the means and Standard Error of the Mean
(S.EM.). The level of statistical significance was determined using
the unpaired Student’s t-test for continuous variables and the Mann
Whitney U-test for non-continuous variables. Values of p<0.05 were
considered to indicate significance.

Results
Effect of anti-CII Fabs on CIA in mice

To determine the efficacy of anti-CII Fabs, mice sensitized with
chicken CII emulsified in CFA were given 1 mg anti-CII Fab fragments
24 hours prior to the first immunization of chicken CII. CIA developed
rapidly in mice immunized with chicken CII and clinical signs first
occurred within 3 days after the second chicken CII injection. The
80% and 100% incidence of CIA was observed by day 27 and 36,
respectively. However, the 80% incidence of CIA in the anti-CII
Fab-treated group appeared on day 41 and the 100% incidence was
observed on day 43 (Figure 1A). Furthermore, the mean maximum
arthritis score of the control Fabs-treated group was reached between
day 43 (10.65) and day 48 (10.11), whereas the anti-CII Fabs-treated
group showed the protection of severe joint inflammation throughout
the observation period (mean arthritis score<6) (Figure 1B). On the
other hand, although the weight of control Fabs-treated mice gradually
declined after the occurrence of clinical arthritis, anti-CII Fabs
significantly conserved the loss of body weight from the onset of CIA
until termination (Figure 1C).

Effect of anti-CII Fab on histopathological changes in CIA
mice

The histopathological examination of front paws was performed
on day 48 after the first immunization. Representative H&E staining
of naive control Fabs-treated, and anti-CII Fabs-treated mice are
shown in Figures 2A-2C, respectively. Histological features of the
radiocarpal joints in control Fabs-treated mice revealed the numerous
accumulations of mononuclear cells and polymorphonuclear
leukocytes in the synovial tissues. Cartilage destruction and bone
erosion were slightly evidenced; however, hyperplasia and hypertrophy
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Figure 1: Effects of anti-Cll Fabs on the development of CIA in mice. Mice
were immunized with chicken Cll emulsified in CFA on day 0 and 21. On day-1,
mice were treated intraperitoneally with anti-Cll Fabs (1 mg/mouse). Incidence
(A\), arthritis score (B), and body weight (C) were measured at 2-day intervals.
Data are expressed as the mean + SEM of 4-10 mice. *p<0.05 and **p<0.01
versus control Fabs group.

of synoviocytes, synovitis and pannus formation were quite prominent.
In contrast, the animals given anti-CII Fabs had reduced leukocytic
infiltration with a thin layer of the synovial membrane and no joint
destruction.

Effect of anti-CII Fabs on production of anti-CII IgG antibody
in serum of CIA mice

To compare the humoral immune response against CII between
control Fabs-treated and anti-CII Fabs-treated groups, the level of
serum anti-CII IgG antibody was measured on day 48 after the first
immunization of chicken CII. The results demonstrated that the anti-
CII IgG of both groups was significantly elevated compared to that of

A Naive

B Control Fabs

C Anti-CII Fabs

Figure 2: Effects of anti-Cll Fabs on histopathological alterations in CIA mice.
Mice were immunized with chicken CIl emulsified in CFA on day 0 and 21. On
day -1, mice were treated intraperitoneally with anti-Cll Fabs (1 mg/mouse). On
day 48, the front paws were amputated for histological examination. Results
shown are representative histological images of five murine radiocarpal joints
in nonsensitized (A), control Fabs (B), and anti-Cll Fabs groups (C).

normal mice; however, formation in the anti-CII Fab-treated group
was not disrupted by the administration of Fab fragments (Figure 3A).

Effect of anti-CII Fabs on concentration of complements in serum
of CIA mice. The serum level of the C3a component was evaluated to
clarify the in vivo effect of anti-CII Fabs on the activity of the classical
complement pathway. The result demonstrated that the serum C3a
level of control Fabs-treated mice was higher than that of normal mice,
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Figure 3: Effects of anti-Cll Fabs on serum levels of anti-Cll antibodies and
complements in CIA mice. Blood samples were collected on day 48 after the
first immunization of chicken CII. The levels of anti-Cll IgG antibody (A) and
C3a (B) in serum were measured by ELISA. Data are expressed as the mean
+ SEM of 4-10 mice. *p<0.05 and **p<0.01 versus control Fabs group.

whereas anti-CII Fabs significantly inhibited its production (Figure
3B).

Effect of anti-CII Fabs on interaction of mouse CII and anti-
CII pAbs

To examine whether the function of anti-CII Fabs has potential for
competitive binding to block the interaction of mouse CII and anti-CII
pAbs, anti-CII pAbs alone or the mixture of anti-CII pAbs and various
concentrations of anti-CII Fabs was incubated in an ELISA plate coated
with mouse CII. The result showed that the affinity of anti-CII pAbs fell
by anti-CII Fabs in a concentration-dependent manner (Figure 4A).
The binding of anti-CII pAbs was significantly suppressed by anti-CII
pFabs at concentrations of 100 and 1000 pg/ml, with reduction rates of
17% and 40%, respectively.

Effect of anti-CII Fabs on complement activation

To investigate the effect of anti-CII Fabs on complement
activation, anti-CII pAbs alone or the mixture of anti-CII pAbs and
various concentrations of anti-CII pFab fragments was incubated in
an ELISA plate coated with mouse CII. Figure 4B showed that the
C3a level in the supernatant was gradually reduced by anti-CII Fabs
in a concentration-dependent manner. The cleavage product C3a was
significantly deceased at the highest concentration of 1000 pg/ml, with
a reduction rate of 24%.

Discussion

Our previous study demonstrated that antibody-mediated
inflammatory disease was able to be specifically regulated by Fabs
of the mediating antibodies, as AOA-MA in mice was markedly
suppressed by anti-OVA Fabs [13]. However, whether CIA in mice,
which resembles human RA, was specifically regulated by anti-CII
Fabs remained unclear. In this study, we extended our previous work
to assess the inhibitory effect of anti-CII Fabs on CIA in mice; as a
result, treatment with anti-CII Fabs suppressed CIA in mice. Current
therapeutic drugs for RA include steroidal and non-steroidal anti-
inflammatory drugs, immunosuppressive agents, disease-modifying
anti-rheumatic drugs such as methotrexate, and biological agents
including infliximab [14-16]. However, no antigen-specific drug
therapy for RA is clinically available currently. Thus, our findings
suggest that RA may be specifically treated with antigen-specific Fabs
of the mediating antibodies.

Because it is widely recognized that the antibody-induced arthritis
model skips the phase of B cell contribution [20], this allowed us to
study the effects of anti-CII Fabs on CIA in mice. Furthermore, CIA is
proposed to be T-cell antigen-specific [21], which is based principally on
itsimmunological and pathological similarities to human RA; therefore,
this model has been widely used to evaluate the therapeutic efficacies
of drug candidates for RA [22,23]. In the present study, the incidence
and severity of CIA were markedly suppressed by administration of
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Figure 4: Inhibition of anti-Cll pAb binding and complement activities by
anti-Cll Fabs. The inhibitory effects of anti-Cll Fab fragments against anti-ClI
pAb binding (A) and complement C3a activities (B) were measured by ELISA
assays. *p<0.05 and **p<0.01 versus the original binding and complement
activation of respective anti-Cll pAbs. Data are expressed as the mean + SEM
of three assays.
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anti-CII Fabs. Furthermore, the prevention of autoimmune diseases
has been reported by using antibody fragments, including autoimmune
hemolytic diseases [24] and bullous pemphigoid [12]. These data
confirm that antigen-specific suppression of autoimmunity is simply
achieved by employing Fabs of the mediating antibodies.

The IC formation of arthricular CII and rheumatoid factors
including IgG is presumably triggered in the initial step of the
progressively immunopathological response of RA [25]. In addition,
the potential of anti-CII Fabs against the pathogenesis of RA was
determined by using an in vitro competitive CII binding assay. In
this study, we showed that Fab fragments competitively inhibited
the affinity of anti-CII pAbs to murine CII, because much greater
absorbance of whole anti-CII antibodies was observed when the CII
coating was incubated with anti-CII pAbs alone than with the cocktail
of anti-CII pAbs and anti-CII Fabs. Moreover, the in vivo experiment
demonstrated that both the incidence and severity of CIA mice treated
with the Fabs were markedly decreased, although autoantibodies were
still detectable. Thus, our studies indicated that the specific regulation
of CIA by anti-CII Fabs is not associated with the reduced production
of anti-CII IgG antibody, but CIA mice treated with antigen-specific
Fabs were protected from pathogenic autoantibodies binding to the
corresponding arthricular CII autoantigen.

We also observed that the consumption of serum C3 was
reduced in CIA mice treated with anti-CII Fabs, which lacks the Fc
portion as the binding site of complements; furthermore, the in vitro
complement inhibition assay showed that ICs-mediated activation of
C3 complement was suppressed by anti-CII Fabs. It has been reported
that the provoked level of C3a in the serum of RA patients is correlated
with laboratory and clinical manifestations of RA [4,26], whereas
the reduced levels of C3 are comparable to those of healthy subjects
[27]. The activated protein of C3a is a potent mediator involved in
inflammatory responses, including alteration of vascular permeability,
opsonization for inflammatory leukocytes and activation of release
pro-inflammatory cytokines [28]; moreover, murine CIA suppressed
by the C3 convertase inhibitor has been reported [29]. These previous
findings strongly indicated that the development of antibody-mediated
disease results from IC-activated complement [30,31]. Thus, these data
suggest that the prevention of CII-bound autoantibodies by anti-CII
Fabs appears to be the mechanism by which the pathogenesis of CIA
was suppressed via escape from complement recognition.

It has been reported that no clinical development in FcyR-/- mice
immunized with CII was observed [32]. Furthermore, the Fab fragments
lacked the site for FcyRs that play crucial roles in the development of
arthritis [33]. In this study, we confirmed that the accumulation of
FcyR-bearing leukocytes, including neutrophils and macrophages, in
synovial tissues was markedly suppressed by anti-CII Fab. Moreover, it
has been documented that bone destruction in CIA mice results from
tissue-degrading enzymes released by neutrophils and macrophages
[34], suggesting that the normal articular cartilage and bone in the
anti-CII Fabs-treated group are associated with protection from the
infiltrating inflammatory cells. In conclusion, the use of chemical
agents in symptomatic treatment has shown limited efficacy and the
risk of adverse drug reactions; therefore, antigen-specific therapy is a
promising alternative attractive remedy for routine use in RA patients.
Unfortunately, pathogenic antigen-specific therapy is clinically
unavailable. In the present study, we successfully prepared Fabs from
anti-CII antibodies to inhibit RA development. This inhibitory effect
on the pathogenesis of RA is associated with interference with antigen—

antibody interactions; therefore, the activities of the complement
pathway and inflammatory cells are down-regulated. These findings
identified antigen-specific Fabs of the mediating antibodies as a new
therapeutic strategy for the treatment of RA.

References

1. Andriopoulos NA, Mestecky J, Miller EJ, Bradley EL (1976) Antibodies to native
and denatured collagens in sera of patients with rheumatoid arthritis. Arthritis
Rheum 19: 613-617.

2. Fujii K, Tsuji M, Kitamura A, Murota K (1992) The diagnostic significance of anti-
type Il collagen antibody assay in rheumatoid arthritis. Int Orthop 16: 272-276.

3. Hogarth PM (2002) Fc receptors are major mediators of antibody based
inflammation in autoimmunity. Curr Opin Immunol 14: 798-802.

4. SwaakAJ, Van Rooyen A, Planten O, Han H, Hattink O, et al. (1987) An analysis
of the levels of complement components in the synovial fluid in rheumatic
diseases. Clin Rheumatol 6: 350-357.

5. Hietala MA, Nandakumar KS, Persson L, Fahlén S, Holmdahl R, et al. (2004)
Complement activation by both classical and alternative pathways is critical for
the effector phase of arthritis. Eur J Immunol 34: 1208-1216.

6. el-Lati SG, Dahinden CA, Church MK (1994) Complement peptides C3a- and
Cba-induced mediator release from dissociated human skin mast cells. J Invest
Dermatol 102: 803-806.

7. Gutzmer R, Kéther B, Zwirner J, Dijkstra D, Purwar R, et al. (2006) Human
plasmacytoid dendritic cells express receptors for anaphylatoxins C3a and C5a
and are chemoattracted to C3a and C5a. J Invest Dermatol 126: 2422-2429.

8. Mullazehi M, Mathsson L, Lampa J, Ronnelid J (2006) Surface-bound anti-type
II collagen-containing immune complexes induce production of tumor necrosis
factor a, interleukin-b, and interleukin-8 from peripheral blood monocytes via
Fcg-receptor lla. Arthritis Rheum 54: 1759-1771.

9. Guermonprez P, Valladeau J, Zitvogel L, Théry C, Amigorena S (2002) Antigen
presentation and T cell stimulation by dendritic cells. Annu Rev Immunol 20:
621-667.

10. Coulter A, Harris R (1983) Simplified preparation of rabbit Fab fragments. J
Immunol Methods 59: 199-203.

11. Poljak RJ, Amzel LM, Avey HP, Chen BL, Phizackerley RP, et al. (1973) Three-
dimensional structure of the Fab’ fragment of a human immunoglobulin at 2,8-A
resolution. Proc Natl Acad Sci U S A70: 3305-3310.

12. Wang G, Ujiie H, Shibaki A, Nishie W, Tateishi Y, et al. (2010) Blockade of
autoantibody-initiated tissue damage by using recombinant fab antibody
fragments against pathogenic autoantigen. Am J Pathol 176: 914-925.

13. Yoshino S, Sasahara M, Hutamekalin P, Yamaki K, Mizutani N, et al. (2010)
Suppression of antibody-mediated arthritis in mice by Fab fragments of the
mediating antibodies. Br J Pharmacol 161: 1351-1360.

14. Lipsky PE, van der Heijde DM, St Clair EW, Furst DE, Breedveld FC, et al.
(2000) Infliximab and methotrexate in the treatment of rheumatoid arthritis.
Anti-Tumor Necrosis Factor Trial in Rheumatoid Arthritis with Concomitant
Therapy Study Group. N Engl J Med 343: 1594-1602.

15. Khanna D, McMahon M, Furst DE (2004) Safety of tumour necrosis factor-
alpha antagonists. Drug Saf 27: 307-324.

16. Layton D, Souverein PC, Heerdink ER, Shakir SA, Egberts AC (2008)
Evaluation of risk profiles for gastrointestinal and cardiovascular adverse
effects in nonselective NSAID and COX-2 inhibitor users: a cohort study using
pharmacy dispensing data in The Netherlands. Drug Saf 31: 143-158.

17. Terato K, Hasty KA, Reife RA, Cremer MA, Kang AH, et al. (1992) Induction of
arthritis with monoclonal antibodies to collagen. J Immunol 148: 2103-2108.

18. Yoshino S, Yoshino J (1998) Effect of a monoclonal antibody against interleukin-4
on suppression of antigen-induced arthritis in mice by oral administration of the
inducing antigen. Cell Immunol 187: 139-144.

19. Banda NK, Takahashi K, Wood AK, Holers VM, Arend WP (2007) Pathogenic
complement activation in collagen antibody-induced arthritis in mice requires
amplification by the alternative pathway. J Immunol 179: 4101-4109.

20. Kagari T, Doi H, Shimozato T (2002) The importance of IL-1 beta and TNF-
alpha, and the noninvolvement of IL-6, in the development of monoclonal
antibody-induced arthritis. J Immunol 169: 1459-1466.

J Arthritis
ISSN: 2167-7921 JAHS, an open access journal

Volume 3 ¢ Issue 2 + 1000124


http://www.ncbi.nlm.nih.gov/pubmed/59602
http://www.ncbi.nlm.nih.gov/pubmed/59602
http://www.ncbi.nlm.nih.gov/pubmed/59602
http://www.ncbi.nlm.nih.gov/pubmed/1428342
http://www.ncbi.nlm.nih.gov/pubmed/1428342
http://www.ncbi.nlm.nih.gov/pubmed/12413532
http://www.ncbi.nlm.nih.gov/pubmed/12413532
http://www.ncbi.nlm.nih.gov/pubmed/3442962
http://www.ncbi.nlm.nih.gov/pubmed/3442962
http://www.ncbi.nlm.nih.gov/pubmed/3442962
http://www.ncbi.nlm.nih.gov/pubmed/15048732
http://www.ncbi.nlm.nih.gov/pubmed/15048732
http://www.ncbi.nlm.nih.gov/pubmed/15048732
http://www.ncbi.nlm.nih.gov/pubmed/7513741
http://www.ncbi.nlm.nih.gov/pubmed/7513741
http://www.ncbi.nlm.nih.gov/pubmed/7513741
http://www.ncbi.nlm.nih.gov/pubmed/16778800
http://www.ncbi.nlm.nih.gov/pubmed/16778800
http://www.ncbi.nlm.nih.gov/pubmed/16778800
http://www.ncbi.nlm.nih.gov/pubmed/11861614
http://www.ncbi.nlm.nih.gov/pubmed/11861614
http://www.ncbi.nlm.nih.gov/pubmed/11861614
http://www.ncbi.nlm.nih.gov/pubmed/6341469
http://www.ncbi.nlm.nih.gov/pubmed/6341469
http://www.ncbi.nlm.nih.gov/pubmed/4519624
http://www.ncbi.nlm.nih.gov/pubmed/4519624
http://www.ncbi.nlm.nih.gov/pubmed/4519624
http://www.ncbi.nlm.nih.gov/pubmed/20042683
http://www.ncbi.nlm.nih.gov/pubmed/20042683
http://www.ncbi.nlm.nih.gov/pubmed/20042683
http://www.ncbi.nlm.nih.gov/pubmed/20946119
http://www.ncbi.nlm.nih.gov/pubmed/20946119
http://www.ncbi.nlm.nih.gov/pubmed/20946119
http://www.ncbi.nlm.nih.gov/pubmed/11096166
http://www.ncbi.nlm.nih.gov/pubmed/11096166
http://www.ncbi.nlm.nih.gov/pubmed/11096166
http://www.ncbi.nlm.nih.gov/pubmed/11096166
http://www.ncbi.nlm.nih.gov/pubmed/15061685
http://www.ncbi.nlm.nih.gov/pubmed/15061685
http://www.ncbi.nlm.nih.gov/pubmed/18217790
http://www.ncbi.nlm.nih.gov/pubmed/18217790
http://www.ncbi.nlm.nih.gov/pubmed/18217790
http://www.ncbi.nlm.nih.gov/pubmed/18217790
http://www.ncbi.nlm.nih.gov/pubmed/1545120
http://www.ncbi.nlm.nih.gov/pubmed/1545120
http://www.ncbi.nlm.nih.gov/pubmed/9732702
http://www.ncbi.nlm.nih.gov/pubmed/9732702
http://www.ncbi.nlm.nih.gov/pubmed/9732702
http://www.ncbi.nlm.nih.gov/pubmed/17785849
http://www.ncbi.nlm.nih.gov/pubmed/17785849
http://www.ncbi.nlm.nih.gov/pubmed/17785849
http://www.ncbi.nlm.nih.gov/pubmed/12133972
http://www.ncbi.nlm.nih.gov/pubmed/12133972
http://www.ncbi.nlm.nih.gov/pubmed/12133972

Citation: Yoshino S, Maktrirat R, Mizutani N (2014) Suppression of Collagen-Induced Arthritis in Mice by Anti-Collagen Antibody Fab Fragments. J

Arthritis 3: 124. doi:10.4172/2167-7921.1000124

Page 6 of 6

21. Myers LK, Rosloniec EF, Cremer MA, Kang AH (1997) Collagen-induced 29.Banda NK, Kraus D, Vondracek A, Huynh LH, Bendele A, et al. (2002)
arthritis, an animal model of autoimmunity. Life Sci 61: 1861-1878. Mechanisms of effects of complement inhibition in murine collagen-induced

" A arthritis. Arthritis Rheum 46: 3065-3075.

22. Trentham DE (1982) Collagen arthritis as a relevant model for rheumatoid

arthritis. Arthritis Rheum 25: 911-916. 30. Makinde VA, Senaldi G, Jawad AS, Berry H, Vergani D (1989) Reflection of
. o disease activity in rheumatoid arthritis by indices of activation of the classical

23. Stgart JM, Townes AS, Kang AH (1982) The role of collagen autoimmunity in complement pathway. Ann Rheum Dis 48: 302-306.
animal models and human diseases. J Invest Dermatol 79 Suppl 1: 121s-127s.

. . 31. Wouters D, Voskuyl AE, Molenaar ET, Dijkmans BA, Hack CE (2006)
24.Mgadmi A, Abramowitz S, Zheng X, Yazdanbakhsh K (2006) Reguced red Evaluation of classical complement pathway activation in rheumatoid arthritis:
blood cell destruction by antibody fragments. Immunohematology 22: 11-14. measurement of C1q-C4 complexes as novel activation products. Arthritis

25. Zvaifler NJ (1970) Further speculation on the pathogenesis of joint inflammation Rheum 54: 1143-1150.
in rheumatoid arthritis. Arthritis Rheum 13: 895-901. 32.Kleinau S, Martinsson P, Heyman B (2000) Induction and suppression of

26. Olsen NJ, Ho E, Barats L (1991) Clinical correlations with serum C1q levels in collagen-induced arthritis is dependent on distinct fegamma receptors. J Exp
patients with rheumatoid arthritis. Arthritis Rheum 34: 187-191. Med 191: 1611-1616.

27.Neumann E, Barnum SR, Tarner IH, Echols J, Fleck M, et al. (2002) Local 33.van Lent PL, Nabbe K, Blom AB, Holthuysen AE, Sloetjes A, et al. (2001) Role
production of complement proteins in rheumatoid arthritis synovium. Arthritis of activatory Fc gamma RI and Fc gamma RIll and inhibitory Fc gamma Rl
Rheum 46: 934-945. in inflammation and cartilage destruction during experimental antigen-induced

arthritis. Am J Pathol 159: 2309-2320.

28. Banda NK, Levitt B, Wood AK, Takahashi K, Stahl GL, et al. (2010) Complement . i i o
activation pathways in murine immune complex-induced arthritis and in C3a 34.Cho YG, Cho ML, Min SY, Kim HY (2007) Type Il collagen autoimmunity in a
and C5a generation in vitro. Clin Exp Immunol 159: 100-108. mouse model of human rheumatoid arthritis. Autoimmun Rev 7: 65-70.

J Arthritis

ISSN: 2167-7921 JAHS, an open access journal

Volume 3 ¢ Issue 2 + 1000124


http://www.ncbi.nlm.nih.gov/pubmed/9364191
http://www.ncbi.nlm.nih.gov/pubmed/9364191
http://www.ncbi.nlm.nih.gov/pubmed/7052093
http://www.ncbi.nlm.nih.gov/pubmed/7052093
http://www.ncbi.nlm.nih.gov/pubmed/7086182
http://www.ncbi.nlm.nih.gov/pubmed/7086182
http://www.ncbi.nlm.nih.gov/pubmed/16563046
http://www.ncbi.nlm.nih.gov/pubmed/16563046
http://www.ncbi.nlm.nih.gov/pubmed/5312903
http://www.ncbi.nlm.nih.gov/pubmed/5312903
http://www.ncbi.nlm.nih.gov/pubmed/1994916
http://www.ncbi.nlm.nih.gov/pubmed/1994916
http://www.ncbi.nlm.nih.gov/pubmed/11953970
http://www.ncbi.nlm.nih.gov/pubmed/11953970
http://www.ncbi.nlm.nih.gov/pubmed/11953970
http://www.ncbi.nlm.nih.gov/pubmed/19843088
http://www.ncbi.nlm.nih.gov/pubmed/19843088
http://www.ncbi.nlm.nih.gov/pubmed/19843088
http://www.ncbi.nlm.nih.gov/pubmed/12428251
http://www.ncbi.nlm.nih.gov/pubmed/12428251
http://www.ncbi.nlm.nih.gov/pubmed/12428251
http://www.ncbi.nlm.nih.gov/pubmed/2785367
http://www.ncbi.nlm.nih.gov/pubmed/2785367
http://www.ncbi.nlm.nih.gov/pubmed/2785367
http://www.ncbi.nlm.nih.gov/pubmed/16572449
http://www.ncbi.nlm.nih.gov/pubmed/16572449
http://www.ncbi.nlm.nih.gov/pubmed/16572449
http://www.ncbi.nlm.nih.gov/pubmed/16572449
http://www.ncbi.nlm.nih.gov/pubmed/10790435
http://www.ncbi.nlm.nih.gov/pubmed/10790435
http://www.ncbi.nlm.nih.gov/pubmed/10790435
http://www.ncbi.nlm.nih.gov/pubmed/11733380
http://www.ncbi.nlm.nih.gov/pubmed/11733380
http://www.ncbi.nlm.nih.gov/pubmed/11733380
http://www.ncbi.nlm.nih.gov/pubmed/11733380
http://www.ncbi.nlm.nih.gov/pubmed/17967728
http://www.ncbi.nlm.nih.gov/pubmed/17967728

	Title
	Corresponding author
	Abstract
	Keywords
	Materials and Methods 
	Animals
	Induction of arthritis  
	Histopathological arthritis assessments 
	Preparation of anti-CII Fab fragments  
	Serum collection and analysis 
	Competitive binding assay 
	Complement inhibition assay  
	Statistical analyses  

	Results
	Effect of anti-CII Fabs on CIA in mice  
	Effect of anti-CII Fab on histopathological changes in CIA mice  
	Effect of anti-CII Fabs on production of anti-CII IgG antibody in serum of CIA mice 
	Effect of anti-CII Fabs on interaction of mouse CII and anti-CII pAbs 
	Effect of anti-CII Fabs on complement activation 

	Discussion 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References

